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9.6.7 Electronic unit injection
(EUI) - diesel fuel

The advantages of electronic unit injection are as
follows.

Lower emissions

Through the use of higher injection pressures (up to
2000 bar), lower emissions of particulates and NOx
are achieved, together with a reduction in the levels
of notse traditionally associated with diesel engines.

Electronic fuel quantity and
timing control

Precise electronic control also assists in the reduc-
tion of emissions.

Shot to shot fuel adjustment

This feature also provides a very quick transient
response, improving vehicle drivability.

Control of all engine functions

Through a series of sensors connected to the elec-
tronic control unit (ECU), the EUI system ensures
that all the engine functions consistently operate at
optimum performance.

Electronically controlled pilot
injection

A new feature developed to meet tighter NOx emis-
sions standards, without loss of fuel consumption.
Pilot injection also reduces combustion noise.

Communication with other
systems

Linked to the ECU, the EUI system can com-
municate with other vehicle systems such as ABS,
transmission and steering, making further systems
development possible.

Cylinder cut-out

This is used as a diagnostic aid and offers potential
for fuel economy at idling and low loads.

Reliability and durability

The EUIs reliability is proven under field condi-
tions. Experience in the truck market indicates a
service life of at least 800 000 km.

Full diagnostics capability

Fault codes can be stored and diagnostic equipment
connected.

Further development potential

EUI technology is currently only at the beginning
of its life cycle; it has significant further develop-
ment potential which will enable the system to meet
future tough emissions legislation.

In the EUI system, the fuel injection pump,
the jector and a solenoid valve are combined in
one, single unit; these unit injectors are located in the
cylinder-head, above the combustion chamber. The
EUT is driven by a rocker arm, which is in turn driven
by the engine camshaft. This is the most efficient
hydraulic and mechanical layout, giving the lowest
parasitic losses. The fuel feed and spill pass through
passages integrated tn the cylinder-head.

The EUI uses sensors and an electronic control
unit (ECU) to achieve precise injection timing and
fuel quantities. Sensors located on the engine pass
information to the ECU on all the relevant engine
functions. This evaluates the information and com-
pares it with optimum values stored in the ECU
to decide on the exact injection timing and fuel
quantity required to realize optimum performance.
Signals are then sent to the unit injector’s solenoid-
actuated spill valve system to deliver fuel at the
timing required to achieve this performance.

Injection is actuated by switching the integrated
solenoid valve. The closing point of the valve
marks the beginning of fuel delivery, and the dur-
ation of closing determines the fuel quantity. The
operating principle is as follows.

Each plunger moves through a fixed stroke, actu-
ated by the engine camshaft. On the upward (filling)
stroke, fuel passes from the cylinder-head through
a series of integrated passages and the open spill
valve into a chamber below the plunger. The ECU
then sends a signal to the solenotd stator, which
results in the closure of the spill control valve. The
plunger continues its downward stroke causing
pressure to build in the high pressure passages. At a
pre-set pressure the nozzle opens and fuel injection
begins. When the solenoid stator is de-energized the
spill control valve opens, causing the pressure to
collapse. which allows the nozzle to close, resulting
in a very rapid termination of injection.

Lucas electronic unit njectors (Figure 9.59)
have been developed in a range of sizes to suit all
engines, and can be fitted to light- and heavy-duty
engines suitable for small cars and the largest
premium trucks.

9.6.8 Lucas diesel common
rail system (LDCR)

To meet the future stringent emissions require-
ments, and offering further improvements in fuel



Figure 9.59 Unit injector {Source: Bosch Press)

economy, the common rail fuel injection system is
becoming popular.

Fuel injection cquipment with the capability of
operating at very high pressures is required to achieve
the ultra low emissions and low noise demands of
the future. The advantages of a system developed
by Lucas are summarized below.

Compact design

The compact design of the injector outline enables
the LDCR system to be used on 2 or 4 valves per
cylinder engines

Modular system

With one clectronically driven injector per engine
cylinder, the system is modular and can be used on
3, 4, 5 and 6 cylinder engines.

Low drive torque

As the pumping of the pressure rail ts not phased
with the injection, the common rail system requires
a low drive torque from the engine.

Independent injection pressure

‘The injection pressure is independent of the engine
specd and load, so ¢nabling high injection pressures
at low speed if required
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Lower NOx emissions

<njection sequences that include periods both pre
and post the main injection can be utilized to reduce
emissions, particularty NOx, enabling the system
to meet the stringent emissions levels required by
EURO-III and US98 legislation and beyond.

Noise reduction and NOx control
The inclusion of pilot injection results 1n a signifi-
cant reduction in engine noise.

Full electronic control

The common rail offers all the benefits of full elec-
tronic control for vehicles, including extremely
accurate fuel metering and timing, as well as the
option to interface with other vehicle functions.
The common rail can be easily adapted for dif-
ferent engines. The main components are as follows.

Common pressure accumulator (the ‘Rail’)
High pressure regulator.

High pressure supply pump.

Injectors.

Electronic solenoids

Electronic Control Unit.

Filter unit.

Figure 9.60 shows the layout of a common rail
injection system. The system consists of a common
pressurc accumulator, called the ‘rail’, which 1s
mounted along the engine block, and fed by a high
pressure pump. The pressure level of the rail is elec-
tronically regulated by a combination of metering
on the supply pump and fuel discharge by a high-
pressure regulator. The pressure accumulator oper-
ates independently of engine speed or load, so that
high injection pressure can be produced at low
speeds if required. A series of injectors is connected
to the rail, and each injector is opened and closed by
a solenoid, driven by the Electronic Contro! Unit.

A feed pump delivers the fuel through a filter
unit to the high-pressure pump. The high-pressure
pump delivers fuel to the high pressure rail. The
injectors inject fuel into the combustion chamber
when the solenoid valve 1s actuated.

Because the injection pressure is independent of
engine speed and load, the actual start of injection, the
njection pressure, and the duration of injection can be
freely chosen from a wide range. The introduction of
pilot injection, which is adjusted depending on engine
needs, results in significant engine noise reduction,
together with a reduction in NOx emissions. The
actuator controls the pressure in the system.

The Lucas system has been designed for use
on future HSDI engines for passenger cars, which
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Figure 9.60 Diesel common rail injection

will be required to meet the EURO-1I1 and US-98
cmissions legislation and beyond.

9.6.9 Bosch diesel systems

I'he following information is adapted from a speech
by Dr Ulrich Dohle, President of the Diesel Systems
Division, Robert Bosch GmbH. It illustrates not
only some of the interesting technology associated
with diesel injection, but also how the developments
are often led by legislation. Dieset cars are common
in Europe and are likely to become more so in the
USA in the near future.

Diesel-powered cars are more popular than ever
before in Western Europe. Since the beginning of the
1990s, the proportion of newly registered diesel-
powered cars has almost tripled — from less than 15%
in 1991 to more than 40% today. In Austria, France
and Belgium, for example, around two out of every
three newly registered cars have diesel engines.

Bosch has had a decisive influence on the
liuropean diesel boom. Modern high-pressure
injection systems have turned the heavy and dirty
slowcoaches of former times into the sporty, fuel-
cfficient and clean cars of today. Since the beginning
ol the 1990s, Bosch’s innovations have played a lcad-
g role in reducing the particulate emissions of
diesel cars by 80%, and other emissions (carbon
nonoxide, nitrogen oxide and hydrocarbons) by at
least 90%.

Observation of the Euro 4 norms will mean that
particulate emissions are reduced by as much as

Figure 9.61 Cutaway view of a2 common rail high pressure
pump (Source: Bosch Press)

90%, and the emission of carbon monoxide, nitro-
gen oxide and hydrocarbons by at least 95%. Diesel
engines are also powerful; turbocharged automo-
tive diesel engines are already capable of maximum
specific torque levels of 170Nm, and specific
power ratings of more than 60 kW/litre of cylinder
capacity. At the same time, the fuel consumption of
diesel engines is very low. Diesel is the yardstick
against which all other propulsion systems are
measured in this respect.

Bosch is working hard to optimize the injection
system in order to further reduce both fuel consump-
tion and exhaust emissions, and improve engine
performance. For cxample, Bosch has developed
the third generation of the Common Rail (CR) sys-
tem, which went into series production in May 2003.
At the heart of the new injection system is the rapid-
switch, compact inline injector with piezoclectric
technology. In 2005 the company plans to introduce
an improved variable injector nozzle, which will
make engines even quieter and cleaner. Bosch is also
working on solutions for exhaust emission treatment
systems, which in future will be obligatory for some
cars and commercial vehicles.

Third generation common rail with
piezoelectric inline injectors

In Boschs conventional Common Rail system
a magnetic coil controls the injector. A piston rod
transmits the hydraulic force required to open or
close the injector to the nozzle needle. in May 2003
series production began of Bosch’s third genera-
tion Common Rail. in which the injector actuators
consist of piezo crystals. Piezo crystals have the
property of expanding in an electrical fieid.
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The piezoclectric actuator is a package of sev-
eral hundred very small, thin crystals. The piezo
actuator switches in less than ten thousandths of a
second — less than haif the time required by a
magnetic switch. To exploit this property Bosch has
integrated the actuator into the injector body. In the
inline injector the movement of the piezo package
is transferred to the rapid-switch nozzle needle
without friction, as there are no mechanical compon-
ents. The advantages over magnetic and existing
conventional piezo injectors lie in a more precise
dosing and an improved atomization of the injected
fuel mixture within the combustion chamber.

The higher switching speed of the injector
means that the intervals between the individual fuel
tnjections can be reduced, giving a more flexible
control of the injection process. The result is that
diesel engines become even quieter, more fuel effi-
cient, cleaner and more powerful. With the in-line
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Figure 9.62 Common rail injec-
tion system components (Source:
Bosch Press)

Figure 9.63 CR diesel rail, injec-
tors, pump and ECU (Source: Bosch
Press)

Piezo actuator module
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Control valve | ’
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Figure 9.64 Piezo injector (Source: Bosch Press)

injector, the return flow of fuel not required for
injection is very small. This allowed engineers to
further reduce the delivery rate, and thus the energy
requirement, of the high-pressure pump.

The low tolerances for the injection quantity and
timing mean that the fuel dosage at the injector is
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very exact. This results in lower levels of exhaust
poltlutants. For example, one or two pre-injections
of fuel prevent the emission of white and blue
smoke just after a cold start, and combustion noise
is reduced. A supplementary injection following
immediately on the main injection lowers the emis-
sion of soot particulates and a further injection can
regenerate particulate filters, if fitted.

The Bosch third generation Common Rail sys-
tem, with piezoelectric inline injectors, can reduce
internal engine emissions by up to 20% compared
with existing magnetic or piezoelectric systems
currently in use.

Bosch has plans for another technical innovation
in the Common Rail system in 2006. Ideas involv-
ing even higher injection pressures of over 2000
bar, and injectors with variable injection geometry
are currently being explored.

Improvements to the Unit-injector
System

Bosch’s Unit-Injector System (UIS) has the highest
current injection pressure of any system at 2050 bar.
At the moment this system is exclusively manufac-
tured for passenger cars produced by VW. The very
high injection pressures result, among other things,
in low particulate emissions. This meant that some
vehicles fitted with UIS were the first to meet the
T-uro 4 emission criteria. Bosch is presently working
on a further development of the UIS. A Coaxial
Variable Nozzle will make the engines both quieter
and cleaner, and further increase available engine
performance.

The vaniable nozzle differs from the conventional
UIS injector tn the number, arrangement, diameter

Coaxial vano nozzle

and shape of the injection apertures. A magnetic
valve controls two coaxial nozzle needies and opens
up two rows of jet apertures. The first row of aper-
tures with a low rate of flow delivers small quan-
tities of fuel at the start of the combustion process,
producing a “soft’ combustion and a low level of
combustion noise. In addition, under partial load
conditions 1t improves the mixture quality, leading
to significantly reduced emisston levels.

Tests show particulate and nitrogen oxide reduc-
tions of between 25-40%. When the second row
of jet apertures (with a higher flow rate) is opened,
engine performance is enhanced without having to
increase the injection pressure. Under ideal condi-
tions, pre-injection can be dispensed with across a
broad engine speed and load range, leading to lower
particulate emissions.

Exhaust emission treatment

In Bosch’s approach to the further lowering of
diesel engine emissions, the focus is primarily on
internal engine improvements; improved fuel com-
bustion prevents, as far as possible, the formation
of pollutants and also reduces fuel consumption.
In this respect automobile manufacturers and their
component suppliers have already achieved a great
deal. A number of vehicles with 2 maximum per-
missible overall weight of between 1600-1800 kg,
and in some cases more than this, will come within
the Euro 4 thresholds even without any exhaust
treatment system.

However, heavy passenger cars will not meet
the Euro 4 standards without trecatment systems.
Bosch’s EDC (Electronic Diesel Control) handles
the management of particulate filters and nitrogen

Figure 9.65 Variable nozzle unit
injector (Source: Bosch Press)



oxide storage catalytic converters. It matches injec-
tion flexibly to the requirements of the exhaust
emission treatment systems, for example by alter-
ing injection timing, quantity and process. EDC
also matches the amount of combustion air fed to
the engine to the respective demand. This is done
by controlling the exhaust gas recirculation and
determining the setting of the throttle valve and the
operating pressure of the exhaust gas turbocharger.
Sensors convey information to the EDC about the
exhaust gas temperature, backpressure and com-
position. Engine management can, therefore, not only
determine the condition of the particulate filter and
the nitrogen oxide storage catalytic converter, but
also improve the quality of combustion.

Diesel particulate filters

If the mjection system and the particulate filter
are working optimally together, exhaust emission
values can be further improved. Bosch, therefore, is
iikely to begin mass production of diesel particulate
filters from late 2005. A final decision on this pro-
ject 1s pending. The particulate filter from Bosch
is made of sintered metal and lasts considerably
longer than current ceramic models, since its spe-
cial structure offers a high storage capacity for
oil and additive combustion residues. The filter is
designed in such a way that the filtered particulates
are very evenly deposited, allowing the condition of
the filter to be identified more reliably and its regen-
eration controlled far better than with other solu-
tions. The Bosch diesel particulate filter is designed
to last as long as the vehicle itself.

Once the storage capacity of the particulate fil-
ter has been exhausted, the filter has 10 be regener-
ated by passing hot exhaust gases through it, which
burn up the deposited particulates. In order to pro-
duce the necessary high exhaust gas temperatures,

@ = Particulate macter

Figure 9.66 Diesel exhaust particulate filter (Source: Bosch
Press)

Electronic fuel control 235

the EDC alters the amount of air fed to the engine, as
well as the amount of fuel injected and the timing
of the injection. In addition, some unburnt fuel can
be fed to the oxidizing catalytic converter by arrang-
ing for extra fuel to be injected during the expansion
stroke. The fuel combusts in the oxidizing catalytic
converter and raises the exhaust temperature even
further. Engineers are currently developing a sys-
tem for injecting fuel directly into the exhaust duct,
supplementing the injection into the combustion
chamber just referred to.

People often express the hope that particulate
filters could be fitted retrospectively to diesel-
powered vehicles. Such retro-fitting would require an
enormous technical input, since not only would the
engine have to be adjusted to the modified exhaust
system, but the control unit and the control unit soft-
ware would also have to be extensively modified.

Exhaust gas treatment for
commercial vehicles

Commercial vehicles are only able to meet the cur-
rent Euro 3 thresholds by using greatly improved
injection systems, up-to-date combustion processes
and intercooling. To meet the more stringent Euro 4
parameters, two options are possible:

e Exhaust gas recycling, if necessary in combina-
tion with the use of a particulate filter.

o Sclective Catalytic Reduction (SCR). SCR, per-
haps in combination with a particulate filter,
will be the favoured solution for Euro 5 (to be
introduced in 2008).

Bosch has developed the Denoxtronic dosage sys-
tem for delivering the reducing agents for the SCR
system. In the SCR process, the nitrogen oxide in
the exhaust gases reacts with ammonia to produce
water and nitrogen. The required ammonia is gener-
ated directly in the exhaust duct by hydrolysis from
the added reducing agent AdBlue — a solution of
water and urea. Bosch’s Denoxtronic delivers to the
catalytic converter the required amount of AdBlue
dependent on the actual operating circumstances.
It will come into use for the first time in a series
production vehicle in 2004.

Engine design using an SCR catalytic converter
reduces the nitrogen oxide emissions of commer-
cial vehicles by around 85%. This allows injection
timing to be advanced, leading to a reduction in fuel
consumption of up to 5%. If an oxidizing catalytic
converter is used, particulate emissions can also be
reduced by up to 30% — the use of an SCR catalytic
converter means that it pays to protect the environ-
ment, since the extra cost of the exhaust gas treatment
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system is soon outweighed by the savings in fuel
consumption. !

9.7 Diagnosing fuel control
system faults

9.7.1 Introduction

As with all systems, the six stages of fault-finding
should be followed.

Verify the fault.
Collect further information.
. Evaluate the evidence.
4. Carry out further tests in a logical sequence.
5 Rectify the problem.
6 Check all systems

I'he procedure outlined in the next section is related
primarily to stage 4 of the process. Table 9.5 lists
some common symptoms of a fuel system malfunc-
tion together with suggestions for the possible fault.
Note that when diagnosing engine fuel system
faults, the same symptoms may indicate an ignition
problem.

9.7.2 Testing procedure

Caution/Achtung/Attention — Burning fuel can ser-
1ously damage your health!

The following procedure is generic and, with a
little adaptation, can be applied to any fuel injection
system. Refer to manufacturer’s recommendations
i in any doubt. It is assumed the ignition system is
operating correctly. Most tests are carried out while
cranking the engine.

1. Check battery state of charge (at least 70%).

2. Hand and eye checks (all fuel and electrical con-
nections secure and clean).

3 Check fuel pressure supplied to rail (in multi-
point systems it will be about 2.5 bar but check
specifications).

4 If the pressure is nof correct jump to stage 10.

S Is injector operation OK? - continue if not (suit-
able spray pattern or dwell reading across injector
supply).

6 Check supply circuits from main relay (battery
volts minimum).

7 Continuity of injector wiring (0-0.2 © and note
that many injectors are connected in parallel).

'Dr Ulnch Dohle, President, Diesel Systems Division, Robert
Ihosch GmbH, June 2003, New Generations of Injection
Svstems: Piezoelectrics and more make diesel even cieaner and
more fuel efficient. Speech at the 56th Intemational Automotive
Press Bnefing, Boxberg

Table 9.5 Common symptoms of a fuel system malfunction
and possible faults

Symptom Possible fauk
Engine rotates but @ No fuel in the tank!
does not start @ Air filter dirty or blocked.

@ Fuel pump not running.

® No fuel being injected.
Difficult to start ® Air filter dircy or blocked.
when cold ® Fuel system wiring fault.

® Enrichment device not working

{choke or injection circuit).

Difficult to scart @ Air filter dirty or blocked.
when hot ® Fuel system wiring fault.
Engine starts ® Fuel system contamination.
but then stops ® Fuel pump or circuit fault {relay).
immediately ® Intake system air leak.
Erracic idle @ Air filter blocked.

® Inlet system air leak.

® Incorrect CO setting.

@ Fuel injectors not spraying correcty.
Misfire through ® Fuel filter blocked.
all speeds @ Fuel pump delivery low.

@ Fuel tank ventilation system blocked.
Engine stalls @ idle speed incorrect.

® CO setting incorrect.

@ Fuel filcer blocked.

@ Air filter blocked.

® Intake air leak.

® |dle control system not working.
Lack of power ® Fuel filter blocked.

® Ajr filter blocked

® Low fuel pump delivery.

@ Fuel injectors blocked.
Backfires @ Fuel system fault (air flow sensor

on some cars).

8 Sensor readings and continuity of winng
(0-0.2 Q) for the wiring sensors will vary with
type).

9. If no fuel is being injected and all tests so far
are OK, suspect ECU.

10. Fuel supply — from stage 4.

11. Supply voltage to pump (within 0.5 V battery —
pump fault if supply is OK).

12. Check pump relay and circuit (note in most
cases the ECU closes the relay but this may be
bypassed on cranking).

13. Ensure all connections (electrical and fuel) are
remade correctly.

9.8 Advanced fuel control
technology

9.8.1 Air-fuel ratio calculations

The ideal ratio by mass of air to fuel for complete
combustion is 14.7: 1. This is given the lambda



value I, which 1s known as stoichiometry. This figure
can be calculated by working out the exact number
of oxygen atoms, that are required to oxidize com-
pletely the particular number of hydrogen and carbon
atoms in the hydrocarbon fuel, then multiplying by
the atomic mass of the respective elements.

Petrol consists of a number of ingredients, these
are known as fractions and fall into three chemical
series.

o Paraffins €.g. octane CyH g
o Napthenes  e.g. cyclohexane C¢H),
e Aromatics  e.g. benzene CeHg

The ideal air fuel ratio for each of these can be cal-
culated from the balanced chemical equation and
the atomic mass of each atom. The atomic masses
of interest are:

e Carbon (C) = 12
o Hydrogen(H) = |
® Oxygen (0) =16

The balanced chemical equation for complete
combustion of octane is as follows:

2C3H g + 250, — 16CO, + 18H,0
The molecular mass of 2CyH 4 is:

@X12X8)+(2X1X18) =228
The molecular mass of 25 X0, is:

(25 X 16 X 2) = 800

Therefore the oxygen to octane ratio is 800:228 or
3.5:1; in other words 1 kg of fuel uses 3.5kg of
oxygen. Atr contains 23% of oxygen by mass (21%
by volume), which means 1 kg of air contains 0.23 kg
of oxygen. Further, there is 1kg of oxygen in
4.35kg of air.

The ideal air-fuel (A/F) ratio for complete
combustion of octane is 3.5 X 435 = 152 1.

Octane: 2CgH g + 250, — 16CO, + 18H,0
A/F ratio = 152 : 1

If a similar calculation is carried out for cyclo-
hexane and benzene, the results are as follows.

Cyclohexane: C¢Hj; + 90, — 6CO, + 6H,0
AJF ratio = 1471

Benzene: C¢Hg + 150, — 6CO, + 3H,0
A/F ratio = 13.2:1

The above exampies serve to explain how the
air-fuel ratio is calculated and how petrol/gasoline,
being a mixture of a number of fractions, has an
ideal air-fuel ratio of 14.7: 1

This figure is, however, only the theoretical
idcal and takes no account of pollutants produced
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Figure 9.67 Influence of air—fuel ratio on the three main pol-
lutants created from a spark ignition engine (no catalysc in use)

and the effect the air—fuel ratio has on engine per-
formance. With modern engine fuel controf sys-
tems it is possible to set the air-fuel ratio exactly at
this stoichiometric ratio if desired. As usual though,
a compromise must be sought as to the ideal set-
ting. Figure 9.9 shows a graph comparing engine
power output and fuel consumption, with changes
in air-fuel ratio.

Figure 9.67 shows the influence of air-fuel ratio
on the threc main pollutants created from a spark
ignition, internal combustion engine. A ratio slightly
weaker than the lambda value of 1 (or about 15.5: 1
ratio) is often an appropriate compromise.

9.9 New developments

9.9.1 Bosch lambda diesel

Lambda sensing is now also applicable to diesel
engines. This new technology makes cars cleaner
and more economical. Bosch 1s now also applying
the lambda sensor in the closed loop control con-
cept for diesel engines. The new system allows for
a previously unreached fine tuning of njection and
engine. This reduces fuel consumption and pollu-
tant emission from diesel engines.

Different from the previous concept, the lambda-
based control now optimizes the exhaust gas qual-
ity via exhaust gas recirculation, charge-air pressure
and start of injection. These parameters decisively
influence the emissions from diesel engines. A
broad-band lambda sensor, with a wide working
range, measures the oxygen content in the exhaust
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pas and renders important information on the
combustion processes in the engine, which can be
utilized for the engine management.

Compared to the standard diesel engine manage-
ment, the new Bosch system permits a stricter
udherence to low emission values. Engines are bet-
ter protected against defects. For example, the
harmful combustion in cars running in overrun may
bhe detected and corrected. In engines running under
full load, the system offers more effective smoke
suppression.

The lambda sensor will also monitor the NOx
accumulator catalytic converters (of future emission
purification systems). The sensor supplies data for
the management of the catalytic converter, which
has to be cleaned at regular intervals in order to pre-
serve its storage capability.

9.10 Self-assessment

9.10.1 Questions

1. Explain what is meant by a lambda (A)
value of 1.

. State five advantages of fuel injection.

3. With reference to the combustion process,
describe the effects of ignition timing.

4 With reference to the combustion process,
describe the effects of mixture strength.

S Draw ablock diagram of a fuel injection system.
Describe briefly the purpose of each component.

6. Explain the combustion process in a diesel
engine.

o~

Figure 9.68 Lambda sensing on a
diesel system (Source: Bosch Press)

7. Describe how electronic control of diesel fuel
injection is acheved and state the advantages
of EUL

8 List all the main components of an electronic
carburation control system and state the pur-
pose of each component.

9. Make a clearly labelied sketch to show the
operation of a fuel injector.

10. State six sources of emissions from a vehicle
and describe briefly how manufacturers are
tackling each of them.

9.10.2 Assignment

Draw an 8 X 8 look-up table (grid) for a digital
fuel control system. The horizontal axis should
represent engine speed from zero to 5000 rev/min,
and the vertical axis engine load from zero to
100%. Fill in all the boxes with realistic figures and
explain why you have chosen these figures. You
should explain the trends and not each individual
figure.

Download the ‘Automotive Technology
Electronics’ simulation program from my web site
and see if your figures agree with those in the
program. Discuss reasons why they may differ.

9.10.3 Multiple choice questions

The ratio, by mass, of air to fuel that ensures
complete and clean combustion is:

1. 147:1

2.10:1

BRI B0

4. 1:147



Exhaust gas products that are NOT harmful to the
environment are:

1. carbon dioxide and water

2. water and carbon monoxide

3. carbon monoxide and hydrocarbons

4. hydrocarbons and oxides of nitrogen

On an engine fitted with Electronic Fuel Injection,
engine load may be determined by a:

1. MAP sensor

2. throttle position sensor

3. lambda sensor

4 vacuum capsule

The type of petrol injection system which makes
use of a single injector that sprays luel towards a
throttle is termed a:

L. single pont system

2. rotary system

3. multi-point system

4. in-line system

An injector pulse width, in milliseconds, is
commonly:
1. 1.5-10
2. 1.0-30
31540
4. 2.0-30

Technician A says the speed of flame spread in a
diesel engine is affected by the air charge tempera-
ture. Technician B says the speed of flame spread in
a diesel engine is affected by atomization of the
fuel. Who is right?

1. A only

2. Bonly

3. BothAand B

4. Neither A nor B
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A valve fitted to the fuel rail in a petrol/gasoline
injection system is used to:

1. bleed air

2. depressurize the system or test pressure

3. replace fuel after changing the filter

4. connect a compression tester

Increased nitrogen oxides are formed when
combustion:

1. temperatures are high

2. temperatures are low

3. speed is slow

4 speed is fast

The function of a lambda sensor fitted in an exhaust
system is to monitor:

1. carbon monoxide

2. oxides of nitrogen

3. carbon dioxide

4. oxygen

Technician A says reduction in CO, NOx and HC
has been achieved by reducing lead in fuel. Techni-
cian B says reduction in CO, NOx and HC has been
achieved by using engine management systems.
Who is right?

1. A only

2. Bonly

3. BothA and B

4. Neither A nor B
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Engine management

10.1 Combined ignition
and fuel management

10.1.1 Introduction

As the requirements for lower and lower emissions
continue, together with the need for better perform-
ance, other areas of engine control are constantly
being investigated. This control is becoming even
more important as the possibility of carbon dioxide
cmissions being included in future regulations
increases. Some of the current and potential areas
lor further control of engine operation are included
n this section, Although some of the common areas
of ‘control’ have been covered in the previous two
chapters, this chapter will cover some aspects in
more detail and introduce further areas of engine
control. Some of the main issues are:

e Ignition timing.

o Dwell angle.

e Fuel quantity.

o EGR (exhaust gas recirculation).
o Canister purge.

o Idle speed.

An engine management system can be represented
by the standard three-stage model as shown in
Figure 10.1. This representation shows closed loop
feedback, which is a common feature, particularly
related to:

e lambda control,
o knock,
o idle speed.

Input
sensors

1]

‘ Output
ECU - zcul::fcrs |

Figure 10.1 Representation of complete engine control as the
wandard functional system

The block diagram shown as Figure 10.2 can fur-
ther represent an engine management system. This
series of ‘inputs’ and “outputs’ is a good way of rep-
resenting a complex system. This section continues
with a look at some of the less common “inputs and
outputs’.

10.1.2 Variable inlet tract

For an engine to operate at its best, volumetric effi-
ciency is not possible with fixed manifolds. This is
because the length of the inlet tract determines the
velocity of the intake air and, in particular, the propa-
gation of the pressure waves set up by the pumping
action of the cylinders. These standing waves can be
used to improve the ram effect of the charge as it
enters the cylinder but only if they coincide with
the opening of the inlet valves. The length of the
inlet tract has an effect on the frequency of these
waves. One method of changing the length of the
inlet tract is shown in Figure 10.3. The control valves
move, which changes the effective length of the inlet.

Figure 10.4 shows how the design of the inlet
manifold is a significant feature of the Volvo S80
engine

10.1.3 Variable valve timing

With the widespread use of twin cam engines, one
cam for the inlet valves and one for the exhaust

Engine
Engine
load &—‘

Engine
temperature 3

Voluge?——

Figure 10.2 General block diagram of an ignition and fuel
controt system
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Figure 10.3 Variable length inlet manifold. A
B = short tract

long tract;
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valves, it is possible to vary the valve overlap while
the engine is running. Honda has a system that
noticeably improves the power and torque range
by only opening both of the inlet valves at higher
speed. This system is shown as Figure 10.5.

A system of valves using oil pressure to turn the
cam with respect to its drive gear controls the cam
positions on the BMW system shown in Figure
10.6. The position of the cams is determined from a
suitable map held in ROM in the control unit.

A system that not only allows changes in valve
timing but also valve open periods is also starting to
be used. The system is known as active valve train
(AVT) and was intended to be a development tool
for the design of fixed camshafts. However, pro-
duction versions are being developed. The opening
of the inlet and exhaust valves will be by hydraulic

Figure 18.5 Honda's valve control system. At low revs the VTEC-E engine opens only one inlet valve per cylinder fully, so just 12 valves
control the mixture and combustion of air and fuel. This delivers maximum efficiency with the lowest possible emissions. At higher
engine speeds, hydraulic pins activate the extra valves to give 16 valve performance
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actuators working at up to 200 bar with a high-
speed servo valve controlling flow to the actuators.

10.1.4 Combustion flame and
pressure sensing

Research is ongoing in the development of cost
cfiective sensors for determining combustion pres-
sure and combustion flame quality. These sensors
arc used during development but currently are pro-
hibitively expensive for use in production. When
wvalable, these sensors will provide nstantaneous
tlosed loop feedback about the combustion pro-
vess. This will be particularly important with lean
burning engines.

10.1.5 Wide range lambda
sensors

Most lambda sensors provide excellent closed-
control of the air-fuel ratio at or very near to stoichio-
metry (14.7:1). A sensor is now available that is
able to provide a linear output between air-fuel
ratios of 12:1 and about 24 : 1. This allows closed
loop feedback over a much wider range of operating
conditions.

10.1.6 Injectors with air
shrouding

If high-speed air is introduced at the tip of an
injector, the dispersal of the fuel is considerably
improved. Droplet size can be reduced to below
50 wm during idle conditions. Figure 10.7 shows an
injector with air shrouding.

Figure 10.8 shows the effect of this air shroud-
ing as two photographs, one with the feature and

Figure 10.8 Better fuel preparation through injection with air
shrouding. Left: injection valve without air shrouding. Right:
injection valve with air shrouding

Air Air route
<

\

il

intake pipe

Ingecuion valve with air shrouding

Figure 10.7 Injection valve with air shrouding




one without. The improved dispersal and droplet
size is clear.

10.1.7 On-board diagnostics
(OBD)

Figure 10.9 shows the Bosch Motronic M5 with the
OBD 2 system. On-board diagnostics are becoming
essential for the longer term operation of a system
in order for it to produce a clean exhaust. Many
countries now require a very comprehensive diagno-
sis of all components which affect the exhaust. Any
fault detected will be indicated to the driver by a
warning light. The OBD 2 system is intended to
standardize the many varying methods used by dif-
ferent manufacturers. It is also thought that an exten-
sion to total vehicle diagnostics through a common
interface is possible in the near future.

Digital electronics allow both sensors and actu-
ators to be monitored. Allocating values to all oper-
ating states of the sensors and actuators achieves
this. If a deviation from these figures is detected, it
is stored in memory and can be output in the work-
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An accurate crankshaft speed sensor is used to
monitor ignition and combustion in the cylinders.
Misfiring alters the torque of the crankshaft for an
instant, which causes irregular rotation. This can be
monitored, thus allowing a misfire to be recognized
instantly

A number of further sensors are required for the
functions of the OBD 2 system. Another lambda
sensor, placed after the catalytic converter, moni-
tors the operation of the OBD 2. An intake pressure
sensor and a valve are needed to control the acti-
vated charcoal filter to reduce and monitor cvap-
orative emissions from the fuel tank. A differential
pressure sensor also monitors the fuel tank permea-
bility. As well as the driver’s fault lamp a consider-
able increase in the electronics is required in the
control unit in order to operate an OBD system.
A better integral-monitoring system will have a
superior effect in reducing vehicle emissions than
tighter MOT regulations.

The diagnostic socket used by systems conform-
ing to OBD 2 standards should have the following
pin configuration.

shop to assist with fault-finding, 1. Manufacturer’s discretion.
Monitoring of the ignition system is very import- 2. Bus + Line, SAE J1850.

ant as misfiring not only produces more emissions 3. Manufacturer’s discretion.

of hydrocarbons, but the unburned fuel can enter 4. Chassis ground.

the catalytic converter and burn there. This can 5. Signal ground.

cause higher than normal temperatures and may 6. Manufacturer’s discretion.

damage the catalytic converter. 7. K Line, SO 9141.
H 1 E;_pa"j?-xmm r‘_—:‘a.-_-.i_—:i::—"{l =

T et SRS o =y ' i '.Fualptess.,rahm o Hm
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Figure 10.9 Motronic M5 with OBD 2
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N Manufacturer’s discretion.
Y Manufacturer’s discretion.
1) Bus - Line, SAE J1850.
11 Manufacturer’s discretion.
12 Manufacturer’s discretion.
1§ Manufacturer’s discretion.
14 Manufacturer’s discretion.
18 1. line, 1SO 9141

16 Vehicle battery positive.

I is hoped that with future standards and goals
wt 11 will be beneficial for vehicle manufacturers
to begin implementation of at least the common
connector in the near term. Many diagnostic system
manufacturers would welcome this move.

It the current lack of standardization continues,
1t will become counter-productive for all concerned.

10.2 Exhaust emission
control

10.2.1 Engine design

Muny design details of an engine have a marked
elteet on the production of pollutant emissions. With
this 10 mind, it will be clear that the final design
ol an engine is a compromse between conflicting
inerests. The major areas of interest are as discussed
n the following sections.

10.2.2 Combustion chamber
design

Ihe main source of hydrocarbon cmissions is
unburnt fuel that is in contact with the combustion
vhamber walls. For this reason the surface area of
the walls should be kept as small as possible and
with the least complicated shape. A theoretical
wleal 1s a sphere but this is far from practical. Good
swirl of the cylinder charge is important, as this
luciinates better and more rapid burning. Perhaps
more tmportant is to ensure a good swirl in the area
ol the spark plug. This ensures a mixture quality
that 1s casier to ignite. The spark plug ts best pos-
ihoned in the centre of the combustion chamber as
this reduces the likelihood of combustion knock by
ieducing the distance the flame front has to travel.

10.2.3 Compression ratio

Ihe higher the compression ratio, the higher, in
yeneral, the thermal efficiency of the engine and
therefore the better the performance and fuel con-
sumption. The two main drawbacks to higher com-
mession ratios are the increased emissions and the

increased tendency to knock. The problem with
emissions is due to the high temperature, which in
turn causes greater production of NOx. The increase
in temperature makes the fuel and air mixture more
likely to self-ignite, causing a higher risk of com-
bustion knock. Countries which have had stringent
emission regulations for some time, such as the
USA and Japan, have tended to develop lower
compression engines. However, with the changes in
combustion chamber design and the more wide-
spread introduction of four valves per cylinder,
together with greater electronic control and other
methods of dealing with emissions, compression
ratios have increased over the years,

10.2.4 Valve timing

The etfect of valve timing on exhaust emissions can
be quite considerable. One of the main factors is the
amount of valve overlap. This is the time during
which the inlet valve has opened but the exhaust
valve has not yet closed. The duration of this phase
determines the amount of exhaust gas left in the
cylinder when the exhaust valve finally closes. This
has a significant effect on the reaction temperature
(the more exhaust gas the lower the temperature),
and hence has an effect on the emissions of NOx.
The main conflict is that, at higher speeds, a longer
inlet open peniod increases the power developed
The down-side is that this causes a greater valve
overlap and, at idle, this can greatly increase emis-
sions of hydrocarbons. This has led to the success-
ful introduction of electronically controlled valve
fiming,

10.2.5 Manifold designs

Gas flow within the inlet and exhaust manifolds is a
very complex subject. The main cause of this com-
plexity is the transient changes in flow that are due
not only to changes in engine speed but also to
the pumping action of the cylinders. This pumping
action causes pressure fluctuations in the manifolds.
If the manifolds and both induction and exhaust
systems are designed to reflect the pressure wave
back at just the right time, great improvements in
volumetric efficiency can be attained. Many vehicles
are now fitled with adjustable length induction
tracts. Longer tracts are used at lower engine speeds
and shorter tracts at higher speed.

10.2.6 Charge stratification

If the charge mixture can be inducted into the cylin-
der in such a way that a richer mixture is in the
proximity of the spark plug, then overall the cylinder



charge can be much weaker. This can bring great
advantages 1n fuel consumption, but the production
of NOx can still be a problem. The later section
on direct mixture injection development is a good
cxample of the use of this technique. Many lean-
burn engines use a form of stratification to reduce
the chances of misfire and rough running.

10.2.7 Warm up time

A significant quantity of emissions produced by
an average vehicle is created during the warm-up
phase. Suitable materials and care in the design of
the cooling system can reduce this problem. Some
engine management systems even run the ignition
timing slightly retarded during the warm-up phase
to heat the engine more quickly

10.2.8 Exhaust gas recirculation

This technique is used primarily to reduce peak
combustion temperatures and hence the production
of nitrogen oxides (NOx). Exhaust gas recirculation
(EGR) can be either internal as mentioned above,
due to valve overlap, or external via a simple arrange-
ment of pipes and a valve (Figure 10.10). A propor-
tion of exhaust gas is simply returned to the inlet
side of the engine.

This EGR is controlled electronically as deter-
mined by a ROM in the ECU. This ensures that
drivability is not affected and also that the rate of
EGR is controlled. If the rate 1s too high, then the
production of hydrocarbons increases. Figure 10.11
shows the effect of various rates of EGR.

One drawback of EGR systems is that they can
become restricted by exhaust residue over a period
of time, thus changing the actual percentage of
recirculation. However, valves are now available
that reduce this particular problem.

Mascrn dormation syt

Figure 10.10 Exhaust-gas recirculation system
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10.2.9 Ignition system

The ignition system can affect exhaust emissions
in two ways; first, by the quality of the spark pro-
duced, and secondly, the timing of the spark. The
quality of a spark will determine its ability to ignite
the mixture. The duration of the spark in particular
is sigmficant when igniting weaker mixtures. The
stronger the spark the less the likelihood of a mis~
fire, which can cause massive increases in the
production of hydrocarbons.

The timing of a spark is clearly critical but, as
ever, is a compromise with power, drivability,
consumption and emissions. Figure 10.12 is a graph
showing the influence of ignition timing on emis-
sions and fuel consumption. The production of
carbon monoxide is dependent almost only on fuel
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Figure 10.12 Influence of ignition timing on emissions and fuel
consumption
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minture and is not significantly affected by changes
m igmtion timing. Electronic and programmed
imition systems have made significant improve-
ments to the emission levels of today s engines.

10.2.10 Thermal after-burning

I'rior 10 the more widespread use of catalytic con-
verters, thermal after-burning was used to reduce
the production of hydrocarbons. In fact, hydrocar-
bons do continue to burn in the exhaust manifold
and recent research has shown that the type of mani-
fuld used. such as cast iron or pressed steel, can
have u noticeable effect on the reduction of HC. At
temperatures of about 600 °C, HC and CO are burnt
o oxadized into H,O and CO,. Ifair is injected into
the cxhaust manifold just after the valves, then the
sller-burning process can be encouraged.

10.2.11 Catalytic converters

Stringent regulations in most parts of the world
huve made the use of a catalytic converter almost
mdispensable. The three-way catalyst (TWC) is used
to great effect by most manufacturers. 1t is a very
wmple device and looks similar to a standard
exhaust box. Note that, in order to operate correctly,
lwwever, the engine must be run at - or very near
v stoichiometry. This is to ensure that the right
ingredients” are available for the catalyst to perform
ity function.

Figure 10.13 shows a view of the inside of a cata-
lytic converter. There are many types of hydrocar-
bons but the following example illustrates the main
reaction. Note that the reactions rely on some CO
being produced by the engine in order to reduce the
NOx. This is one of the reasons that manufacturers
have been forced to run engines at stoichiometry.
This legislation has tended to stifle the develop-
ment of lean-burn techniques. The fine details of
the emission regulations can in fact, have a very
marked effect on the type of reduction techniques
used. The main reactions in the “cat’ are as follows:

e 2C0 + 0, — 2C0,
e 2C,H, + 2CO — 4CO, + 6H,0
e 2NO + 2CO — N, + 2C0,

The ceramic monolith type of base, when used
as the catalyst material, is a magnesium aluminium
silicate and, due to the several thousand very small
channels, provides a large surface area. This area is
coated with a wash coat of aluminium oxide, which
further increases its effective surface area by a fac-
tor of about seven thousand. Noble metals are used
for the catalysts. Platinum promotes the oxidation
of HC and CO, and rhodium helps the reduction
of NOx. The converter shown is the latest metal
substrate tvpe with a built-in manifold. The whole
three-way catalytic converter only contains about
3-4 g of the precious metals.

ensures a fasc

Pigure 10.13 Caralytic convercer
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The ideal operating temperature range is from
about 400 to 800 °C. A serious problem to counter is
the delay in the catalyst reaching this temperature .
This is known as the “catalyst light-off time’. Vari-
ous methods have been used to reduce this time as
significant emissions are produced before ‘light-
off” occurs. Electrical heating is one solution, as is
a form of burner, which involves lighting fuel inside
the converter. Another possibility is positioning the
converter as part of the exhaust manifold and down
pipe assembly. This greatly reduces light-off time
but gas flow problems, vibration and excessive tem-
perature variations can be problems that reduce the
potential life of the unit.

Catalytic converters can be damaged in two ways.
The first is by the use of leaded fuel, which causes
lead compounds to be deposited on the active sur-
faces, thus reducing the effective area, and, secondly,
by cnginc misfire, which can cause the catalytic
converter to overheat due to burning inside the unit.
BMW, for example, uses a system on some vehicles
where a sensor monitors the output of the 1gnition
HT system and, if the spark is not present, will not
allow fuel to be mjected.

A further possible technique to reduce emissions
during the warm-up time of the catalyst is to use a
small electrically heated pre-converter as shown in
Figure 10.14. Initial tests of this system show that
the emissions of hydrocarbons during the warm-up
phase can be reduced significantly. The problem yet
to be solved is that about 30 kW of heat is required
during the first 30s to warm up the pre-converter.
This will require a current in the region of 250 A:
an extra battery may be one solution.

For a catalytic converter lo operate at its opti-
mum conversion rate in order to oxidize CO and
HC whilst reducing NOx, a narrow band within
0.5% of lambda value one is essential. Lambda sen-
sors in use at present tend to operate within about
3% of the lambda mean value. When a catalytic
converter is in prime condition this is not a problem
due to storage capacity within the converter for CO
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and O,. Damaged converters, however, cannot store
a sufficient quantity of these gases and hence become
less efficient. The damage, as suggested earlier in
this section, can be due to overheating or “poison-
mg’ due to lead or even silicon. If the control can be
kept within 0.5% of lambda the converter wili
continue to be effective even if damaged to some
extent. Sensors are becoming available that can
work to this tolerance. A second sensor fitted after
the converter can be used to ensure ideal operation.

10.2.12 Closed loop lambda
control

Current regulations have almost made mandatory
closed loop control of the air—fuel mixture in con-
junction with a three-way catalytic converter. It was
under discussion that a lambda value of 1 should
become compulsory for all operating conditions, but
this was not agreed.

Lambda control is a closed loop feedback
system in that the signal from a lambda sensor in
the exhaust can directly affect the fuel quantity
injected. The lambda sensor is described in more
detail in Chapter 2. Figure 10.15 shows a block
diagram of the lambda control system.

A graph to show the effect of lambda control and
athree-way catalyst (TWC) is shown in Figure 10.16.

| — Three-way | e
Air Fuel Engine catalyst
e metering [—| O— awe)  |—
e R \
l_.-“-, — A-Sensor
Feedback
control
mput

Figure 10.45 Fuel metering with closed loop control
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Figure 10.14 Electrically heated catalytic pre-converter
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Pigure 10.16 The effect of lambda control and a three-way
iatalyst (TWC)

{he principle of operation is as follows: the lambda
swasor produces a voltage that is proportional to the
imygen content of the exhaust, which is in tum pro-
jortional to the air- fuel ratio. At the ideal setting, this
wliage is about 450 mV. If the voltage received by the
11 15 below this value (weak mixture) the quantity
ol fucl jected is increased slightly. 1f the signal
vultage s above the threshold (rich mixture) the fuel
tpunlity is reduced. This alteration in the air- fuel ratio
st not be too sudden as it could cause the engine to
ik ‘lo prevent this, the ECU contains an integrator,
which changes the mixture over a period of time

A dclay also exists between the mixture formation
m the manifold and the measurement of the exhaust
was oxygen. This is due to the engine’s working cycle
! the speed of the inlet mixture, the time for the
eshuust to reach the sensor and the sensor’s responsc
e This is sometimes known as ‘dead time™ and
van be as much as one second at idle speed but only
# lew hundred milliseconds at higher engine speeds.

Due to the dead time the mixture cannot be con-
triotled 1o an exact value of A = 1. If the integrator
s wdjusted to allow for engine speed then it is pos-
sble 1o keep the mixture in the lambda window
{97 1.03), which is the region in which the TWC
i at its most efficient

10.3 Control of diesel
emissions

10.3.1 Introduction

I xhaust emissions from diesel engines have been
teduced considerably by changes in the design of

combustion chambers and injection technigues.
More accurate control of start of injection and spill
timing has allowed further improvements to be
made. Electronic control has also made a signifi-
cant contribution. A number of further techniques
can be employed to control emissions.

10.3.2 Exhaust gas recirculation

In much the same way as with petrol engnes,
exhaust gas recirculation (EGR) is employed pri-
marily to reduce NOx emissions by reducing the
reaction temperature in the combustion chamber.
However, if the percentage of EGR is too high,
increased hydrocarbons and soot are produced.

10.3.3 Intake air temperature

This is appropriate to turbocharged engines such
that if the air is passed through an intercooler and
there arc improvements in volumetric efficiency,
lower temperature will again reduce the production
of NOx. The intercooler is fitted in the same area as
the cooling system radiator.

10.3.4 Catalytic converter

On a diesel engine, a catalyst can be used to reduce
the emission of hydrocarbons but will have less
cffect on nitrogen oxides. This is because diesel
engines are always run with excess air to ensurce
better and more efficient burning of the fuel. A nor-
mal catalyst therefore will not strip the oxygen off
the NOx to oxidize the hydrocarbons because the
excess oxygen will be used instead. Special NOx
converters are becoming available

10.3.5 Filters

To reduce the emission of particulate matter (soot),
filters can be used. These can vary from a fine grid
design made from a ceramic material, to centnfugal
filters and water trap techniques. The problem to
overcome 1s that the filters can get blocked, which
adversely affects the overall performance. Several
techniques are cmployed, including centrifugal
filters

10.4 Complete vehicle
control systems

10.4.1 Introduction

The possibility of a complete vehicle control sys-
tem has been around since the first use of digital
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Figure 10.17 Representation of a full vehicle control system

Figure 10.18 Linking ECUs
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control. Figure 10.17 shows a representation of a
full vehicle control system. In principle, it involves
one ECU, which is capable of controlling all
aspects of the vehicle.

Figure 10.18 shows one way in which a number
of ECUs can be linked. In reality, however, rather
than one control unit, separate ECUs are used that
are able to communicate with each other via a con-
troller area network (CAN) data bus.

10.4.2 Advantages of central
control

The advantages of central control come under two
main headings, inputs and outputs. On the input
side, consider all the inputs required to operate each
of the following:

Ignition system.
Fuel system.
o Transmission system.

It will be apparent that there are many common
requirements even with just three possible areas of
vehicle control. Having one central control system
can potentially decrease the complexity of the
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10.4.3 Bosch Cartronic system

The complexity of combining systems as suggested
above is increasing. Bosch has a system involving a
hierarchy of vehicle electronics. Improvements in
performance, emissions, driver safety and comfort
require increased interconnection of various elec-
tronic systems. In the previous section, a simple
example highlighted the need for separate electronic
systems to communicate with each other. Bosch
uses a hierarchical signal structure to solve this
problem. Figure 10.19 shows two ways in which the
systems can be linked. The first using conventional
wiring and the second using a Controller Area
Network (CAN).

Figure 10.20 shows the difference between the
data flow in a stand-alone system and the data flow
in a hierarchical system. The Cartronic system
works on the principle that each system can only be
controlled by a system placed above it in the hier-
archy. As an example, the integrated transmission
control systems of engine control and gearbox con-
trol do not communicate directly but via the hier-
archically superior transmission control system.

10.4.4 Summary

Research is continuing into complete control sys-
tems for vehicles. As more and more systems are
integrated then the cost of the electronics necessary
will reduce. The computing power required for
these types of developments is increasing, and
32- (or even 64-) bit high-speed microcontrollers
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Figure 10.20 Caruronic system

will soon become the norm. The down-side of using
a single ECU to control the entire vehicle is the
replacement cost of the unit. At present prices, even
a single system ECU can cost a significant amount
Overall though, the cost of vehicle manufacture may
be less.

Full central control has other possible advan-
tages such as allowing the expansion of onboard
diagnostics (OBD) to cover the whole vehicle,
potentially saving repair time and running costs.

10.5 Case study -
Mitsubishi GDI

10.5.1 Introduction

I am grateful to Mitsubishi for the information in
this section.

For many years, innovative engine technology has
been a development priority of Mitsubishi Motors.
In particular, Mitsubishi has sought to improve
engine efficiency in an endeavour to meet growing
environmental demands - such as those for energy
conservation and the reduction of CO, emissions in
order to limit the negative impact of the greenhouse
effect.

In Mitsubishi’s endeavour to design and build
ever more efficient engines, it has devoted signifi-
cant resources to developing a gasoline direct injec-
tion engine. For years, automotive engineers have
believed this type of engine has the greatest poten-
tial to optimize fuel supply and combustion, which
in turn can deliver better performance and lower
fuel consumption. Until now, however, no one has
successfully designed an in-cylinder direct injection
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engine for use on production vehicles. A result
of Mitsubishi’s engine development capabilities,
Mitsubishi’s advanced Gasoline Direct Injection
‘GDI’ engine is the realization of an engineering
dream.

For the fuel supply, conventional engines use a
fuel 1njection system which replaced the carbur-
ation system. MPI or Multi-Point Injection, where
the fuel is injected to each intake port, is currently
one of the most widely used systems. However,
even in MP1 engines there are limits to the fuel sup-
ply response and the combustion control because
the fuel mixes with air before entering the cylinder.
Mitsubishi set out to push these limits by develop-
ing an engine where gasoline is directly injected
into the cylinder as in a diesel engine, and, more-
over, where injection timings are precisely con-
trolled to match load conditions. The GDI engine
achieved the following outstanding characteristics.

e Extremely precise control of fuel supply to
achieve fuel efficiency that exceeds that of diesel
engines by enabling combustion of an ultra-lean
mixture supply.

® A very cfficient intake and a relatively high com-
pression ratio unique to the GDI engine deliver
both high performance and a response that sur-
pass those of conventional MPI engines.

Figure 10.21 shows the progress towards higher
output and efficiency. For Mitsubishi, the technol-
ogy realized for this GDI engine will form the cor-
nerstone of the next generation of high efficiency
engines and, in its view, the technology will con-
tinue to develop in this direction.

Figure 10.22 shows the transition of the fuel
supply system.
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#igure 10.21 Progress towards higher output and efficiency
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Figure 10.22 Transition of fuel supply system

l'igure 10.23 is the Mitsubishi Gasoline Direct
Injection (GDI) engine.

10.5.2 Major objectives of the
GDI engine

o lllir-low fuel consumption that is even better
than that of diesel engines.
® Superior power to conventional MPI engines.

VTechnical features

® Lipnght straight intake ports for optimal air flow
vontrol in the cylinder.

® ( urved-top pistons for better combustion.

® lhigh-pressure fuel pump to feed pressurized
fuel into the injectors.

® ligh-pressure  swirl
wir- fuel mixture.

injectors for optimum

1990 2000

Figure 10.23 Mitsubishi gasoline direct injection ‘GDI’ engine
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Engine Speed (rpm)

Figure 10.24 Two combustion modes

The major characteristics of the GDI engine are
considered in the next few sections.

10.5.3 Lower fuel consumption
and higher output

Optimal fuel spray for two
combustion modes

Using methods and technologies umique to
Mitsubishi, the GDI engine provides both lower fuel
consumption and higher output. This seemingly
contradictory and difTicult feat is achieved with the
use of two combustion modes. Put another way, injec-
tion timings change to match engine load.

For the load conditions required in average
urban driving, fuel 1s injected late in the compres-
ston stroke, as in a diesel engine. By doing so, an
ultra-lean combustion is achieved due to an ideal
formation of a stratified air-fuel mixture. Duning
high performance driving conditions, fuel 1s injected
during the intake stroke. This enables a homoge-
neous air fuel mixture, like that in conventional
MPI engines, to deliver a higher output.

Ultra-lean combustion mode

Under most normal driving conditions, up to speeds
of 120 km/h, the Mitsubishi GDI engine operates in
ultra-lean combustion mode, resulting in less fuel
consumption. In this mode, fuel injection occurs at
the latter stage of the compression stroke and igni-
tion occurs at an ultra-lean air—fuel ratio of 30:40
(35:55, including EGR).

Superior Output Mode

When the GDI engine is operating with higher
loads or at higher speeds, fuel injection takes place
during the intake stroke. This optimizes combus-
tion by ensuring a homogeneous, cooler air-fuel
mixture which minimizes the possibility of engine
knocking.

These two modes are represented in Figure 10.24.

10.5.4 The GDI engine’s
foundation technologies

There are four technical features that make up the '
foundation technology. The ‘upright straight intake
port’ supplies optimal air flow into the cylinder. The
“curved top piston’ controls combustion by helping
to shape the air-fuel mixture. The “high-pressure
fuel pump’ supplies the high-pressure needed for
direct in-cylinder injection. In addition, the ‘high-
pressure swirl injector” controls the vaporization and
dispersion of the fuel spray.

These fundamental technologies, combined with
other unique fuel control technologies, enabled
Mitsubishi to achieve both development objectives
fuel consumption lower than that of diesel engines
and output higher than that of conventional MPI
engines. The methods are shown below.

In-cylinder air flow

The GDI enginc has upright straight intake ports -
rather than the horizontal intake ports used in con-
ventional engines. The upright straight intake ports
efficiently direct the air flow down at the curved-
top piston, which redirects the air flow into a strong
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st lumble for optimal fuel injection, as shown
W Pigare 1025

Fuel spray
Moy developed high-pressure swirl injectors pro-
Wil the ideal spray pattern to match each engine’s
sygweational modes. This is shown as Figure 10.26.
\: the same time, by applying highly swirling
Wadion to the entire fuel spray. the injectors enable
¥ lviemt luel atomization that 1s mandatory for
W Li13] even with a relatively low fuel pressure of
MWkjem

Optimized configuration of the
vombustion chamber

Iy curved-top piston controls the shape of the
s luel mixture as well as the air flow inside the

weanbustion chamber and has an important role in

Waitaining a compact air-fuel mixture. The mix-

e, which is injected late in the compression

suk e s carried towards the spark plug before it
B disperse.

Reverse
Tumble

Pigure 10.25 Upright straight intake ports

Fuel Spray Locus
(Bottom view)

Swirting Flow

Injection Nozzle

Figure 10.26 Swirl injectors

Compression Stroke Injection

Mitsubishi’s advanced in-cylinder observation
techniques, including laser-methods, have been util-
ized to determine the optimum piston shape shown
in Figure 10.27.

10.5.5 Realization of lower fuel
consumption

Basic concept

In conventional gasoline engines, dispersion of an
air-fuel mixture with the ideal density around the
spark plug was very difficult. However, this is pos-
sible in the GDI engine. Furthermore, extremely
low fuel consumption is achieved because ideal
stratification enables fuel injected late in the com-
pression stroke to maintain an ultra-lean air-fuel
mixture

An engine for analysis purposes has proved that
an air-fuel mixture with the optimum density
gathers around the spark plug in a stratified charge.
This is also borne out by analysing the behaviour
of the fuel spray immediately before ignition and
analysing the air-fuel mixture itself.

Conventional MP|

Intake Stroke Injection

Cone Shape Spray
Realization of
Homogeneous Charge



As a result, extremely stabie combustion of
an ultra-lean mixture with an air—fuel ratio of 40
(55, EGR included) is achieved as shown ip
Figure 10.28.

Figure 10.27 Optimum piston shape

Piston : Fuel Spray
40 ° before Top Dead Centre

30 ° before Top Dead Centre
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Combustion of ultra-lean mixture

In conventional MPI engines, there were limits
to the mixture’s leanness due to large changes in
combustion characteristics. However, the stratified
mixture of the GD! enabled greatly decreasing the
air-fuel ratio without leading to poorer combus-
tion. For example, during idling, when combustion
is most inactive and unstable, the GDI engine
maintains a stable and fast combustion even with
an extremely lean mixture of 40: 1 air-fuel ratio
(55:1, EGR included). Figure 10.29 shows a com-
parison between GDI and a conventional multipoint
system.

Vehicle fuel consumption

Fuel consumption is considered under idling, cruis-
ing and city driving conditions.

Fuel consumption during idling

The GDI] engine maintains stable combustion
even at low idle speeds. Moreover, it offers greater
flexibility in setting the idle speed. Compared with
conventional engines, its fuel consumption during
idling is 40% less, as represented in Figure 10.30.

20 © before Top Dead Centre

Figure 10.28 Behaviour of fuel spray (injection in compression stroke) — Schhieren photo method

GDI

Gylinden §: =t . /\
Pressure | Fr—y

Heat-
Released

Rate

DRI, d
308 TDC 30A
Crank Angle (deg)

Conventional MPI

Cylinder
Pressure i -—\
Heat-
Released
Rate
E ok a
308 TOC 30A

Crank Angle (deg)

Figure 10.29 Comparison between GDI and a conventional multipoint system




0 Automobile electrical and electronic systems

Fuel consumption during cruising

At 40 kiwh, the GDI engine uses 35% less fuel thana
v ably sized conventional engine (Figure 10.31).

Fuel consumption in city driving

In Japanese 10.15 mode tests (representative of
Iagwnese urban driving), the GDI engine used 35%
hwss fuel than comparably sized conventional gas-
itk engines. Moreover, these results indicate that
e (i)l engine uses less fuel than even diesel
engines (Figure 10.32).

Finission control

ey ious cfforts to burn a lean air—fuel mixture have
sanlted in difficulty in controlling NOx emissions.

However, for the GDI engine, 97% NOx reduction
is achieved by utilizing a high-rate EGR (Exhaust
Gas Recirculation) such as 30%, which is allowed
by the stable combustion unique to the GDI, as
well as by the use of a newly developed lean-NOx
catalyst. Figure 10.33 shows a graph of NOx emis-
sions. Figure 10.34 is a newly developed lean-NOx
catalyst.

10.5.6 Realization of superior
output

Basic concept

To achieve power superior to conventional MPI
engines, the GDI engine has a high compression

Manual Transmission

Fuel
Consumption
(b}

A 40%

o

Base

Conventional
MPI

Engine Speed (rpm}

Figure 10.30 Fuel consumption during idling

‘ Fuet consumption|

Limit of torque fiuctuation
Torque Jr e es e
Fluctuation
(%}
Conventional MP}
Fuel

Consumption
(e/PSh) |
i Stowchiometric

Lean kmit of l
conventional MP1

GDI
{Injection in compression stroke)

A35%

10 15 20

Pigure 10.31 Fuel consumption during cruising
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Manual Transmission

Engine o 10-15 Mode Fuel Economy (km/L)

S0 TR
1.8L 35%
Conventional gelied

2.0L Y/C T/C Diesel

Figure 10.32 Fuel consumption in city driving

NOx emissions at 40 km/h

Conventional

(gM) AIT%

GDi
{Injection in compression siroke)
EGR:0%

New Developed
Lean-NOx Catalyst
— T
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Figure 10.33 NOx emissions

Advantage |

» High efficiency in lean aw-fuel mixture
* High durability

[Layout ! Deoxidizing Mechanism

——
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©
Oxygen sensor L ‘ @
[ Meta \
) 4 ==

S
Newly deveioped
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Figure 10.34 Newly developed lean NOx catalyst (HC selective deoxidization type)



M

Automobile electrical and electronic systems

Pigrire 10.35 Improved volumetric efficiency

Increase :1}%
- GDI
Volumetric |~
Etticiency Conventional
%) L MPI
1 1 1
0 2000 4000 6000 8000
Engine Speed (rpm)

High
Octane
Reguirament

Increase of compression ratio

i A

#igurs 10.36 Increased compression ratio

tatio und a highly efficient air intake system, which
st in improved volumetric efficiency.

lmproved volumetric efficiency

1 wnpared with conventional engines, the Mitsubishi
Ll engine provides better volumetric efficiency.
Hha upright straight intake ports enable smoother
it intuke. The vaporization of fuel, which occurs
W the cylinder at a late stage of the compression
sioke, cools the air for better volumetric efficiency
Figine 10.35).

Inireased compression ratio

cuoling of air inside the cylinder by the vapor-
=i of fucl has another benefit to minimize
Wiyl knocking. This allows a high compression
4 wl 12, and thus improved combustion effi-
Wy (I'igure 10.36).

10
Compression Ratio

1 12 13

Compared with conventional MPI engines of a
comparable size, the GDI engine provides approxi-
mately 10% greater output and torque at all speeds
(Figure 10.37).

In high-output mode, the GDI engine provides
outstanding acceleration. Figure 10.38 compares
the performance of the GDI engine with a conven-
tional MPI engine.

10.6 Case studies — Bosch

10.6.1 Motronic M3

The combination of ignition and injection control
has several advantages. The information received
from various sensors is used for computing both
fuelling and ignition requirements. Perhaps more
importantly, ignition and injection are closely
linked. The influence they have on each other can
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Figure 10.37 Engine performance

Manual Transmission
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Figure 10.38 Vehicle acceleration

easily be taken into account to ensure that the
engine is working at its optimum, under all oper-
ation conditions.

Overall, this type of system is less complicated
than separate fuel and ignition systems and, in many
cases, the ECU is able to work in an emergency mode
by substituting missing information from sensors
with pre-programmed values. This will allow limited
but continued operation in the event of certain
system failures.

The ignition system is integrated and is operated
without a high tension distributor. The ignition pro-
cess is controlled digitally by the ECU. The data for
the ideal characteristics are stored in ROM from

information gathered during both prototyping and
development of the engine. The main parameters
for ignition advance are engine speed and load, but
greater accuracy can be achieved by taking further
parameters into account, such as engine tempera-
ture. This provides both optimum output and close
control of anti-poliution levels. Performance and
pollution level control means that the actual ignition
point must, in many cases, be a trade-off between
the two.

The injection system is multipoint and, as is
the case for all fuel systems, the amount of fuel
delivered is primarily determined by the amount of
air drawn into the engine. The method for measuring
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Figure 10.39 Bosch Motronic system components

ihese data is indirect in the case of this system as
a pressure sensor is being used 1o determine the
sl guantity.

| lectromagnetic injectors control the fuel supply
intes the engine. The injector open period is deter-
mined by the ECU. This will obtain very accurate
waiitrol of the air-fuel mixture under all operating
vunditions of the engine. The data for this are stored
W ROM in the same way as for the ignition.

ligure 10.39 shows the components of this
ayslem

Ignition system operation

{he main source of reference for the ignition sys-
tem 15 from the crankshaft position sensor. This is a
agnetic inductive pick-up sensor positioned next
to o lywheel ring containing 58 tecth. Each tooth
takues up a 6 ° angle of the flywheel with one 12 ° gap
positioned 114 ° before top dead centre (TDC) for
1w number one cylinder.

Iypical resistance of the sensor coil is 800 Q.
I'he air gap between the sensor and flywheel ring is
about 1 mm. The signal produced by the flywheel
sensor is shown in Figure 10.40. Tt is essentially a
sine wave with one cycle missing, which corres-
ponds 1o the gap in the teeth of the reluctor plate.

I he information provided to the ECU is engine
speed from the frequency of the signal, and engine
jusibion from the number of pulses before or after
the missed pulses.

I'he block diagram in Figure 10.41 shows a
Muock diagram layout of how the ignition system is

A

W VT

Gap due 1o missing tooth
This gives engine position data

W

S —
E—

b

Figure 10.40 Crankshaft sensor signal

ool | ;[ﬁicro- ] tond |

m._ g processor -_Icmml
[SM— [t R S TP
a8

Crank
sensor

Figure 10.41 Simplified layout of the control of the ignition
system

controlled. At ignition system level the ECU must
be able to:

e Determine and create advance curves.

e Establish constant energy.

o Transmit the ignition signal direct to the ignition
coil.
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Figure 10.42 Engine tming and dwell maps

The basic ignition advance angle is obtained from a
memorized cartographic map. This is held ina ROM
chip within the ECU. The parameters for this are:

e Engine rev/min — given by the flywheel sensor.
o Inlet air pressure — given by the manifold
absolute pressure sensor.

The above two parameters (speed and load) give the
basic setting but to ensure optimum advance angle
the timing is corrected by:

e Coolant temperature.
® Air temperature
o Throttle butterfly position.

The ignition is set to a predetermined advance dur-
ing the starting phase. Figure 10.42 shows a typical
advance map and a dwell map used by the Motronic
system. These data are held in ROM. For full ignition
control, the electronic control unit has first to deter-
mine the basic timing for three different conditions.

e Under idling conditions, ignition timing is often
moved very quickly by the ECU in order to con-
trol idle speed. When timing is advanced, engine
speed will increase within certain limits.

e Full load conditions require careful control of
igmtion timing to prevent combustion knock.
When a full load signal is sensed by the ECU
(high manifold pressure) the ignition advance
angle is reduced.
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e Partial throttle is the main area of control and,
as already stated, the basic timing is set initially
by a programme as a function of engine speed
and manifold pressure.

Corrections are added according to:

o Operational strategy.
o Knock protection.
o Phase correction.

The ECU will also control ignition timing variation
during overrun fuel cut-off and reinstatement and
also ensure anti-jerk control. When starting, the igni-
tion timing plan is replaced by a specific starting
stratepy. Phase correction is when the ECU adjusts
the timing to take into account the time taken for
the HT pulse to reach the spark plugs. To ensure
good drivability the ECU can limit the variations
between the two ignition systems to a maximum
value, which varies according to engine speed and
the basic injection period.

The anti-jerk function operates when the basic
injection period is less than 2.5 ms and the engine
speed is between 720 and 3200 rev/min. This func-
tion operates to correct the programmed ignition
timing n relation to the instantaneous engine speed
and a set filtered speed; this is done to stabilize the
engine rotational characteristics as much as possible.

In order to maintain constant high tension (HT)
energy, the dwell period must increase in line with
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i specd. To ensure the ignition primary cur-
pont ceaches its maximum at the point of ignition, the
i 1) controls the dwell by the use of another mem-
Wy inap, which takes battery voltage into account.

1w signal from the flywheel sensor is virtually
& sinusord created as the teeth pass the winding. The
s vinlue of this signal occurs as the sensor “sees’
the upex of cach tooth. A circuit within the ECU
ia Sehmtt trigger) converts the signal into a square
Wit The passage of the missing teeth gives a longer
thuntion signal. The ECU detects the gap in the teeth
sul fiom this, can determine the first TDC. The
sevund TDC in the cycle is determined by count-
Wy 29 teeth, which is half a revolution. The ECU,
Iwv ing determined the ignition angle then controls
1w conl every half engine revolution. Using the
wicicnce signal, the ECU switches the coil on at
s point determined by a number of teeth corres-
psunling to the dwell, before the point determined
I timing value, where the coil is switched off.

I'he ignition module is only used as a simple
swiich 1o control the coil primary windings. It con-
sisis ot a Darlington-type amplifier. This switching
tinction is carried out within the ECU on some sys-
twans, this choice very much depends on the loca-
e of the ECU compared with the ignition coil.
Also, the heat generated by the switching of heavy
eutient may be better separate from the main ECU.
A final consideration is whether the interference
wauscd by the switching could cause problems
within the ECU.

I'he “distributorless’ igmtion coil is made up of
iwi primary windings and two secondary wind-
ihgy The primary windings have a common 12V
supply and are switched to earth in turn in the nor-
mal manner. The primary resistance is of the order

]:;::t—_-:fl—

N Foel 1\ Fuel
filler |/ pump

of 0.5} and the secondary resistance is 14.5k{).
The system works on the lost spark principle in that
cylinders 1 and 4 fire together as do 2 and 3. The
disadvantage of this system is that one cylinder of
each pair has the spark jumping from the plug earth
electrode to the centre. However, owing to the very
high energy available for the spark, this has no
significant effect on performance.

The HT cables used are resistive. Spark plugs
used for this system are standard but vary between
types of engine. A gap of around 0.8 mm is the norm.

Fuel supply

Fuel is collected from the tank by a pump either
immersed in it or outside, but near the tank. The
immersed type is quieter in operation has better
cooling and no internal leaks. The fuel is directed
forwards to the fuel rail or manifold, via a paper
filter. Figure 10.43 shows the fuel supply system.

Fuel pressure is maintained at about 2.5 bar
above manifold pressure by a regulator mounted on
the fuel rail. Excess fuel 1s returned to the tank. The
fuel is usually picked up via a swirl pot in the tank
to prevent acration of the fuel. Each of the four inlet
manifold tracts has its own injector.

The fuel pump is a high-pressure type and is a
two-stage device. A low-pressure stage, created by a
turbine, draws fuel from the tank and a high-pressure
stage, created by a gear pump, delivers fuel to the
filter. It is powered by a 12V supply from the fuel
pump relay, which is controlied by the ECU as a
safety measure.

The fuel pump characteristics are:

o Delivery — 120 litres per hour at 3 bars.
@ Resistance - 0.8 () (static).

Fuel tank

Lj

->

Pressure
regu|a|or

—::j‘ Fuel rail

|

R

Pigure 10.43 The main components in che fuel supply system
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e Voltage - 12V.
e Current—- 10.5A.

The rotation of the turbine draws fuel in via the
inlet. The fuel passes through the turbine and enters
the pump housing where it is pressurized by rota-
tion of the pump and the reduction of the volume in
the gear chambers. This pressure opens a residual
valve and fuel passes to the filter. When the pump
stops, pressure is maintained by this valve, which
prevents the fuel returning. If, due to a faulty regu-
lator or a blockage in the line, fuel pressure rises
above 7 bar an over-pressure valve will open, releas-
ing fuel back to the tank. Figure 9.30 shows this
type of pump.

The fuel filter is placed between the fuel pump
and the fuel rail. It is fitted to ensure that the outlet
screen traps any paper particles from the filter
element. The filter will stop contamination down 10
between 8 and 10 pm. Replacement of the filter varies
between manufacturers but 80000 km (50 000 miles)
ts often recommended.

The fuel rail, in addition to providing a uniform
supply to the injectors, acts as an accumulator.
Depending on the size of the fuel rail some systems
also use an extra accumulator. The volume of the
fuel rail is large enough to act as a pressure fluctu-
ation damper, ensuring that all injectors are sup-
phed with fuel at a constant pressure.

Injectors and associated
components

One injector is used for each cylinder although very
high performance vehicles may use two. The inject-
ors are connected to the fuel rail by a rubber seal.
The injector is an clectrically operated valve manu-
factured to a very high precision. The injector com-
prises a body and needle attached to a magnetic
core. When the winding in the injector housing is
energized, the core or armature is attracted and the
valve opens, compressing a return spring. The fuel
is defivered in a fine spray to wait behind the closed
inlet valve until the induction stroke begins. Pro-
viding the pressure across the injector remains con-
stant, the quantity of fuel admitted is related to the
open period, which in turn is determined by the time
the electromagnetic circuit is energized. The inject-
ors typically have the following characteristics
(Figure 9.29 shows typical fuel injectors):

e Supply voltage - 12V.
® Resistance - 16 ).
® Static output — 150 cc per minute at 3 bar

The purpose of the fuel pressure regulator is to
maintain differential pressure across the injectors at
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a pre-determined constant. This means the regula-
tor must adjust the fuel pressure in response to
changes in manifold pressure. It is made of two com-
pressed cases containing a diaphragm, spring and
avalve. Figure 9.31 is a fuel pressure regulator simi-
lar to those used on this and many other injection
systems.

The calibration of the regulator valve is deter-
mined by the spring tension. Changes in manilold
pressure vary the basic setting. When the fuel pres-
sure 1s sufficient to move the diaphragm, the valve
opens and allows fuel to return to the tank. The
decrease in pressure in the manifold, also acting on
the diaphragm for example, idle speed, will allow:
the valve to open more easily, hence maintaining a
constant differential pressure between the fuel rail
and the inlet manifold. This is a constant across the
injectors and hence the quantity of fuel injected 15
determined only by the open time of the injectors.
The differential pressure is maintained at about
2.5 bar.

The air supply circuit will vary considerably
between manufacturers but an individual manifold
from a collector housing, into which the air is fed
via a simple butterfly valve, cssentially supplies each
cylinder. The air is supplied from a suitable filter. A
supplementary air circuit is utilized during the warm-
up period after a cold start and to control idle speed.

Fuel mixture calculation

The quantity of fuel to be injected is determined
primarily by the quantity of air drawn into the
engine. This is dependent on two factors:

e Engine rpm.
e Inlet manifold pressure.

This speed load characteristic is held in the ECU
memory in ROM look-up tables.

A sensor connected to the manifold by a
pipe senses the manifold absolute pressure. It is a
piezoelectric-type sensor, where the resistance varies
with pressure. The sensor is fed with a stabilized
5V supply and transmits an output voltage accord-
ng to the pressure. The sensor 1s fitted away from
the manifold and hence a pipe is required to con-
nect it. A volumetric capacity is usually fitted in
this line to damp down pressure fluctuations. The
output signal varies between about 0.25 V at 0.17 bar
to about 475V at 1.05 bar. Figure 10.44 shows a
pressure sensor and its voltage output.

The density of air varies with temperature such
that the information from the MAP sensor on air
quantity will be incorrect over wide temperature
variations. An air temperature sensor is used to
inform the ECU of the inlet air temperature such
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that the ECU may correct the quantity of fuel
wsted As the temperature of air decreases its dens-
Wy increases and hence the quantity of fuel injected
M also be increased.

I'he sensor is a negative temperature coefficient
(NIU) resistor. The resistance value decreases as
Wiperature increases and vice versa. The output
vhatsctenistic of this sensor is non-linear. Further
tktaits about this type of sensor and one solution to
ihe non-lincar response problem are examined in
Chapter 2

In order to operate the injectors, the ECU needs
W hnow  in addition to air pressure — the engine
sjneel to determine the injection quantity. The same
flywheel sensor used by the ignition system pro-
vikes this information. All four injectors operate
simultancously, once per engine revolution, inject-
g hall of the required fuel. This helps to ensure
lwlanced combustion. The start of injection varies
serviding to 1gnition timing.

A basic open period for the injectors is deter-
mihed by using the ROM information relating to

Four piezo resistance
, strain gauges

_ Aneroid
chamber

Ot vorage

(aher processng)

MAP

Figirs 10.44 Pressure sensor and its voltage output

manifold pressure and engine speed. 1wo correc-
tions are then made, one relative to air temperature
and another depending on whether the engine is
idling, at full or partial load.

The ECU then carnes out another group of cor-
rections, if applicable:

after-start enrichment,

operational enrichment,

acceleration enrichment,

weakening on deceleration,

cut-off on overrun,

reinstatement of injection afier cut-off,
correction for battery voltage variation.

Under starting conditions, the injection period is
calculated differently. This is determined mostly
from a set figure, which is varied as a function of
temperature.

The coolant temperature sensor is a thermistor
and is used to provide a signal to the ECU relating
to engine coolant temperature. The ECU can then
calculate any corrections to fuel injection and igni-
tion timing. The operation of this sensor is the same
as the air temperature sensor.

The throttle potentiometer is fixed on the throt-
tle butterfly spindle and informs the ECU of the
throttle position and rate of change of throttle pos-
ition. The sensor provides information on acceler-
ation, deceleration and whether the throttle is in the
full load or idle position. Figure 10.45 shows the
throttle potentiometer and its electrical circuit It
comprises a vanable resistance and a fixed resist-
ance. As is common with many sensors, a fixed
supply of 5V is provided and the return signal will

V° =
LS kG2
OVa_ —1—5 o5y
6 k() (stabilized)

O\,
— Throtde
potentiometer
y. 5
==
o) R

Figure 10.45 Throtle potentiometer and its electncal circurt



viary approxsmately between 0 and 5 V. The voltage
ncreascs as the throttle is opened.

Operating functions The operation functions
employed by this system can be examined under a
number of headings or phases, as follows.

Starting phase Entry to the starting phase
occurs as soon as the ECU receives a signal from
the flywheel sensor. The ignition advance is deter-
mined relative to the engine speed and the water
temperature. The ECU operates the injectors four
times per engine cycle (twice per crankshaft revo-
lution) in order to obtain the most uniform mixture
and to avoid wetting the plugs during the starting
phase. Figure 10.46 shows the injection and igni-
tion timing relative to engine position. Injection
ceases 24 ° after the flywheel TDC signal. The ECU
sets an appropriate injection period, corrected in
relation to water temperature if starting from cold
and air temperature if starting from hot. Exit from
this starting phase is when the engine speed passes
a threshold determined by water temperature.

After-start enrichment phase Enrichment is
necessary to avoid stalling after starting. The
amount of enrichment is determined by water and
air temperature and decreases under control of the
ECU. If the engine is cold or an intermediate tem-
perature, the initial mixture is a function of water
temperature. If the engine is hot, the initial mixture
is a function of air and water temperature. Figure
10.47 is a representation of the decreasing mixture
enrichment after a cold start. If the engine happens
to stop within a certain period of time just after a
cold start, the next post-start enrichment will be
reduced shghtly.

Engine cold running phase During warm up,
the ignition timing is corrected in relation to water
temperature. Timing will alse alter depending on
engine speed and load. During the warm-up phase,
the injector open period is increased by the coolant

Ind __Comp __ Ign Exh

&

e
T2
2
A
w

Injection Intet
four umes per engne cycle
during starting

Figure 10.46 Injection and ignition timing relative to engine
position
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temperature signal to make up for fuel losses and to
prevent the engine speed dropping. The enrichment
factor is reduced as the resistance of the tempera-
ture sensor falls, finally ceasing at 80°C. Figure
10.48 shows the enrichment factor during warm up.
The enrichment factor is determined by engine
speed and temperature at idle and at other times by
the programmed injection period relative to engine
speed as well as the water temperature. To over-
come the frictional resistance of a cold c¢ngine it
is tmportant to increase the mixture supply. This
is achieved by using a supplementary air control
device, which allows air to bypass the throttle
butterfly

Idling phase Air required for idling bypasses the
throttle butierfly by a passage in the throttle hous-
ing. A volume screw is fitted for adjustment of idle
speed. [dle mixture adjustment is carried out elec-
tronically in response to the adjusting of a potentio-
meter, either on the ECU or as a separate unit. The
ignition and injection functions for idle condition
are set using information from the throttle potentio-
meter that the throttle is at the idle position, and
engine speed is set by information from the fly-
wheel sensor.

lowtial mxeure
//

Temperature

Figure 10.47 Decreasing mixture enrichment after a cold start

o )

Encichment factor
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[
i
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Figure 10.48 Enrichment factor during warm up
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Full load phase Under full load conditions the
sgenion timing is related to engine speed and full
kel information from the throttle potentiometer.
e injection function in order to achieve maximum
poer must be set such that the mixture ratio is
wwivascd 1 12 1. The information from the throttle
jsdenliometer triggers a programme in the ECU to
witich the mixture in relation to engine speed in
it 10 cnsure maximum power over the speed
e but also to minimize the nisk of knocking. It
# alse important not to increase fuel consumption
wiwvessanly and not to allow significant increases
# ¢xhaust cmissions.

Adtsleration phase When a rapid acceleration
In dtected by the ECU from the rate of change of
e Lnottle potentiometer signal, enrichment occurs
et # certain number of ignitions. The enrichment
walue 1y determined from water temperature and
favusure vanations in the inlet manifold. The enrich-
#wan then decreases over a number of ignitions.
Vigsune 10,49 shows the acceleration enrichment
phase The enrichment is applied for the calibrated
munber of 1gnitions and then reduced at a fixed rate
wil 11 13 non-existent. Acceleration enrichment will
mn oueur if the engine speed is above 5000 rev/min
w al wdle. Under very strong acceleration it is pos-
#ihile t0 have unsynchronized injection. This is deter-
i from the water temperature, a ROM map of
thiulile position against engine speed and a battery
wulispe correction.,

D)eccleration phase If the change in manifold
j#vssure is greater than about 30 mbar the ECU
vanses the mixture to be weakened relative to the
ikiected pressure change.

Injection cut-off on deceleration phase This
i kesigned to improve fuel economy and to reduce
pmihiculur emissions of hydrocarbons. It will occur
when the throttle is closed and when the engine
sjwed is above a threshold refated to water tempera-
tie (nbout 1500 rev/min). When the engine speed

- l  Inital value

—

\\

~

=

- ————

~
o

N

Number of ignitions

Figure 10.49 Acceleration enrichment phase

falis to about 1000 rev/min, injection recommences
with the period rising to the value associated with the
current engine speed and load. Figure 10.50 shows
the strategy used to control injection cut-out and
reinstatement.

Knock protection phase Ignition timing is also
controlled to reduce jerking and possible knocking
during cut-off and reinstatement. The calculated
advance is reduced to keep the ignition just under the
knock limit. The advance correction against knock
is 2 programme relating to injection period, engine
speed and water/air temperature.

Engine speed limitation Injection is cut-ofl
when the engine speed rises above 6900 rev/min
and is reinstated below this figure. This is simply to
afford some protection against over-revving of the
engine and the damage that may be caused.

Battery voltage correction This is a correction
in addition to all other functions in order to com-
pensate for changes in system voltage. The voltage
is converted every TDC and the correction is then
applied to all njection period calculations. On
account of the time taken for full current to flow
in the injector winding and the time taken for the
current to cease, a variation exists depending on
applied voltage. Figure 10.51 shows how this delay
can occur; if S is greater than S, a correction is

Cutout 8
t - Ju Reinstatemment
‘ f
£ 4 1\\\
1
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z 4 : !
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H i Time
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ty ! avoid jerk 1 ] pon
2 H 1 4 )
-

i ' =
| t Idie advance L_rr

J

Inection tme

Cutout , Progressive
re-increase

\Time control!

Figure 10.50 Strategy used to control injection cut-out and
reinstatement



required. §; — S, = § where S represents the time
delay due to the inductance of the injector winding.
-

10.6.2 Motronic Gasoline Direct
Injection (GDi)

Introduction

Bosch’s high-pressure injection system for gasoline
engines is based on a pressure reservoir and a fuel
rail, which a high-pressure pump charges to a regu-
lated pressure of up to 120 bar. The fuel can therefore

|I.SIA)>

-4

Corrert

¥ J | Time
51+ 57 = 5, a delay in njector current

Figure 10.51 Injector operation time curve
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be injected directly into thc combustion chambei
via electro-magnetic injectors. This system achieve!
reduced emissions and improved fuel consumption.

The air mass drawn in can be adjusted throug
the electronically controlled throttle valve (gas-by-
wire) and is measured with the help of an air mass
meter. For mixture control, a wide-band oxygen
sensor 1s used in the exhaust. It is positioned before
the catalytic converters. This sensor can measure
range between lambda = 0.8 and infinity. The elec-
tronic engine control unit regulates the operating
modes of the engine with gasoline direct injection
in three ways:

o Stratified charge operation - with lambda valu
greater than 1.

e Homogenous operation - at lambda = 1.

® Rich homogenous operation — with lambda = 0.8

Compared to the tradittonal manifold injection sys
tem, the entire fuel amount must be injected i
full-load operation in a quarter of the time. The
available time is significantly shorter during strati
fied charge operation in part load. Especially al
idle, injection times of less than 0.5 ms are requir
due to the lower fuel consumption. This is only one
fifth of the available time for manifold injection,
The fuel must be atomized very finely in orde;
to create an optimal mixture in the brief mome
between injection and ignition. The fuel droplets fi
direct injection are on average smaller than 20
This is only one-fifth of the droplet size reach
with the traditional manifold injection and one-thir

Figure 10.52 Injector used by gasoline direct injection (Source: Bosch Press)
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o i dinmeter of a single human hair. This improves
wifiency considerably. However, even more import-
st than fine atomization is an even fuel distribu-
=eh 1 the injection beam. This is done to achieve
isal und uniform combustion.

Comventional spark ignition emgines have a
femisspzenous air/fuel mixture at a 14.7: 1 ratio, cor-
faponding to a value of lambda = 1. Direct injec-
%en wngines. however, operate according to the
ssinlified charge concept in the part load range
sl tunction with high excess air. In return, very low
sl consumption is achieved.

Wih retarded fuel injection, a combustion
shamber split into two parts is an ideal condition,
il tuel injection just before the 1gnition point and
Wies hon directly into the combustion chamber. The

# uli 15 a combustible air/fuel mixture cloud on the
sk plug. This is cushioned in a thermally insu-
Wil lnyer, which is composed of air and residual

wilisust pas. The engine operates with an almost
wempleiely opened throttle valve, which reduces
M ng losses.

Wity stratified charge operation, the lambda value
% he combustion chamber is between about 1.5
Wl U In the part load range, gasoline direct injec-
e awchieves the greatest fuel savings with up to 40%
il ulle compared to conveational fuel injection.

W ith increasing engine load, and therefore increas-
Wy njection quantities, the stratified charge cloud
I ames even richer and emisston characteristics
Bome worse. Like diesel engine combustion, soot

may form. In order to prevent this, the DI-Motronic
engine control converts to a homogenous cylinder
charge at a pre-defined engine load. The system
injects very early during the intake process in order
to achieve a good air/fuel mixture at a value of
lambda = 1.

As is the case for conventional manifold injec-
tion systems, the amount of air drawn in at all oper-
ating modes is adjusted through the throttle valve
according to the desired torque specified by the
driver. The Motronic ECU calculates the amount of
fuel to be injected from the drawn-in air mass and
performs an additional correction via lambda con-
trol. In this mode of operation, a torque increase
of up to 5% is possible. Both the thermodynamic
cooling effect of the fuel vaporizing directly in the
combustion chamber and the higher compression
of the engine with gasoline direct injection play a
role in this.

For these different operating modes two central
demands are raised for engine control:

e The injection point must be adjustable between
“late’ (during the compression phase) and “early”
(during the intake phase) depending on the oper-
ating point.

e The adjustment for the drawn-in air mass must
be detached from the throttle pedal position in
order to permit unthrottled engine operation in
the lower load range. However, throttle control
in the upper load range must also be permitted.

1LAN

. § B Bosch components specrfically lor DE

1 Bosch componenis

#15:# 10.53 Bosch Gasoline Direct Injection DI-Motronic (Source: Bosch Press)
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Figure 10.55 System components showing fuel and electrical connections (Source: Bosch Press)
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Plgure 10.56 Switching between operating modes depending
wn sngine load (Source: Bosch Press)

Stratified mode

Fuel
distributor

With optimal use of the advantages, the average
fuel saving is up to 15%.

{n stratified charge operation the nitrogen oxide
(NOx) segments in the very lean exhaust cannot be
reduced by a conventional, three-way catalytic con-
verter. The NOx can be reduced by approximately
70% through exhaust returns before the catalytic
converter. However, this is not enough to fulfil the
ambitious emission himits of the future. Therefore,
emissions containing NOx must undergo special
treatment. Engine designers are using an additional
NOx accumulator catalytic converter in the exhaust

Homogeneous mode

- NOx catalytc
convertet
|

Pigure 10.58

Lambda sensor



system. The NOx is deposited in the form of
nitrates (HNO;) on the converter surface, with the
oxygen still contained in the lean exhaust, -

The capacity of the NOx accumulator catalytic
converter is limited. Therefore, as soon as it is
exhausted the catalytic converter must be regener-
ated. In order to remove the deposited nitrates, the
Di-Motronic briefly changes over to its third
operating mode (rich homogenous operation with
lambda values of about 0.8). The nitrate, together
with the carbon monoxide, is reduced in the
exhaust to non-harmful nitrogen and oxygen. When
the engine operates in this range, the engine torque
is adjusted according to the driver’s pedal position
by opening the throttle valve. Engine management
achieves the difficult task of changing between the
different operating modes, in a fraction of a second,
In a way not noticeable to the driver.

The continuing challenge, set by legislation, is
to reduce vehicle emissions to very low levels. The
DI-Motronic system, which is now used by many
manufacturers, continues to reflect the good name
of Bosch.

10.7 Diagnosing engine
management system faults

10.7.1 Introduction

As with all systems the six stages of fault finding
should be followed.

. Verify the fault.

. Collect further information.

. Evaluate the evidence.

. Carry out further tests in a logical sequence.
. Rectify the problem.

. Check all systems.

bW —

The procedure outlined in the next section is related
primarily to stage 4 of the process. Table 10.1 is
based on information available from ‘Autodata’ in
its excellent range of books. [t relates in particular
to the Bosch LH-Jetronic fuel system but it is also a
good guide to many other systems. The numbers
relate to the order in which the systems should be
checked.

10.7.2 ECU auto-diagnostic
function

Most ECUs are equipped to advise the driver of a
fault in the system and to aid the repairer in detec-
tion of the problem. The detected fault is first
notified to the driver by a dashboard warning light.

Table 10.1 Common symptoms of an engine malfunction a
checks for possible faults

FEngine management

Symptoms

Check for possible faults

Engine wil!
not start

o

Engine difficulc 1.

to start

when cold 2.

NV AW

hd

Engine difficult 1.

to start
when warm

e VawN

™~

fag=,

Engine starcs
then stops

o0

-

Erratic idling
speed

w o~

>

1. Engine and battery earth conne
2. Fuel filter and fuel pump.

28

4. Fuses/fuel pump/system relays.
5. Fuel injection system wiring and

. Coolant temperature sensor.

. Fuel pressure regulator and

. ECU and connector.
. Limp home function — if ficted.

. Fusesfuel pump/system relays.
. Fuel filcer and fuel pump.

. Air intake system for leaks.

. Coolant temperature sensor.

. Auxiliary air valvefidle speed

. Fuses/fuel pump/system relays,
. Fuel filter and fuel pump.

. Air intake system for leaks.

. Coolant temperature sensor.
. Fuel injection system wiring and

. Air sensor filter.
. ECU and connector.

-0

. Engine and battery earth connecl
. Fuel filter and fuel pump.

. Air intake system for leaks.

. Fusesffuel pump/system relays.

. Coolant temperature sensor.
. Fuel injection system wiring an:

O NV AW N

- Engine and battery earth

Air intake system for leaks.

connections

Auxiliary 2ir valve/idle speed
conuol valve.

delivery rate.

Engine and battery earth
connections.

Fuel injection system wiring and
connections.

control valve,

Fuel pressure regulator and
delivery rate.

ECU and connector.

Limp home function — if fitted.

Engine and battery earth
connections

connections.

Air mass meter.

Fuel pressure regulator and
delivery rate.

Knock control — if fitted.

Idle speed and CO content.
Throttle potentiometer.

connections.
ECU and connector.
Limp home function — if fitred.

connections.

Air intake system for leaks.
Auxiliary air valve/idle speed
control valve.

Idle speed and CO content.

(Co
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Check for possible faults
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. Aur incake system for leaks.
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. Fuel injection system wiring and

connections.

. Coolant temperature sensor.

Knock cantrol — if fitcted.

Air mass meter.

Fuel pressure regulator and delivery
rate.

ECU and connector.

Limp home function — if fitted.

Vacuum hoses for leaks.
Auxiliary air valve/idle speed controt
valve

. Idle speed and CO content.
. Coolant temperature sensor.

. Engine and battery earth connections.

Air intake system for leaks.

. Fuel injection system wiring and

connections.

. Coolant temperature sensor.
. Fuel pressure regulator and delivery

rate.
Air mass meter.
Fuses/fuel pump/system relays.

. Air flow sensor.

. Engine and battery earth connections.

Air intake system for leaks.
Fuel mjection system wiring and
connections.

. Vacuum hoses for leaks.
. Coolant temperature sensor.
. Fuel pressure regulator and delivery

rate.

. Air mass meter.

£CU and connector.

. Limp home function — if fitted.

. Engine and batzery earth connections.
. Throttle linkage.

. Vacuum hoses for leaks.

. Auxiliary air vatve/idle speed control

valve.

Fuel lines for blockage.

Fuel fitter and fuel pump.
Injector valves.

ECU and connector.

Limp home function — ff ficted.

. Air intake system for leaks.

Fuel injection system wiring and
connections,

. Coolant temperature sensor.

. Throtte potentiometer,

. Fuses/fuel pump/system relays.
. Air sensor filter.

. Injector valves.

. Air mass meter.

. Knock control ~ if ficted.

Fuel injection system wiring and
connections.

Symptoms

Check for passible faulcs

Poor engine
response

Excessive fuel

consumption

CO level too high

CO level roo low

Poor performance
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. Air mass meter.
. ECU and connector.

. Engine and battery earth connections.

Air intake system for leaks.

. Fuel injection system wiring and

connections.

Throtde linkage.

Coolant temperature sensor.

Fuel pressure regulator and delivery
rate.

Air mass meter.

ECU and connector.

. Limp home funcuon — if ficted.

. Engine and battery earth connections.
. ldle speed and CO content.

. Throttle potentiometer.

. Throttle valve/housing/sticking/initial

position.

. Fuel pressure regulator and delivery

rate.

Caoolant temperature sensor.
Air mass meter.

Limp home function — if ficted.

Limp home function - if ficted.
£CU and connector.

Emission control and EGR valve — if
fitted.

. Fuel injection system wiring and

connections.

. Ar intake system for leaks.
. Coolant temperature sensor.
. Fuel pressure regutacor and delivery

rate.

. Engine and battery earth connections.
. Air intake system for leaks.
. Idle speed and CO content.

Coolant temperature sensor.

. Fuel injection system wiring and

connections.

Injector valves.

ECU and connector.

Limp home function — f fitted.

. Air mass meter.

Fuel pressure regulator and delivery
rate.

. Engine and bartery earth connections.
. Air intake system for leaks.
. Throttle valverhousing/sticking/initia)

position.

. Fuel injection system wiring and

connections.

. Coolant temperature sensor.
. Fuel pressure regulator/fuel pressure

and delivery rare.

. Air mass meter.

ECVU and connector.
Limp home function — if ficted.




A code giving the details is held in RAM within the
ECU. The repairer can read this fault code as an aid
to fault-finding. -

Each fault detected is memorized as a numerical
code and can only be erased by a voluntary action.
Often, if the fault is not detected again for 50 starts
of the engine, the ECU erases the code automat-
ically. Only serious faults will light the lamp but
minor faults are still recorded in memory. The
faults are memorized in the order of occurrence.
Certain major faults will cause the ECU to switch
over to an emergency mode. In this mode, the ECU
substitutes alternative values in place of the faulty
signal. This is called a ‘limp home facility’.

Faults can be read as two digit numbers from the
flashing warning light by shorting the diagnostic
wire to earth for more than 2.5 s but less than 10s.
Earthing this wire for more than 10s will erase the
fault memory, as does removing the ECU constant
battery supply. Earthing a wire to read fault codes
should only be carried out in accordance with the
manufacturer’s recommendations. The same coded
signals can be more easily read on many after-sales
service testers. On some systems it is not possible
to read the fault codes without a code reader

10.7.3 Testing procedure

Caution/Achtung/Attention
seriously damage your health!
Caution/Achtung/Attention - High voltages can
seriously damage your health!

Burming fuel can

The following procedure is very generic but with a
little adaptation can be applied to any fuel injection
system. Refer to the manufacturer’s recommenda-
tions if in any doubt.

1. Check battery state of charge (at least 70%).

2. Hand and eye checks (all fuel and electrical con-

nections secure and clean)

3. Check for spark at plug lead (if poor or no spark

jump to stage 15).

4. Check fuel pressure supplied to rail (for multi-
point systems it will be about 2.5 bar but check
specifications).

. If the pressure is NOT correct jump to stage 11,

6. Is injector operation OK? - continue if NOT

(suitable spray pattern or dwell reading across
injector supply).

7. Check supply circuits from main relay (battery
volts minmum).

. Continuity of injector wiring (0--0.2 {2 and note
that many injectors are connected in parallel).

w

o0
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hed

Sensor readings and continuity of wiring
(0-0.2 Q for the wiring sensors will vary with |
type). 4

10. If no fuel is being injected and all tests so far §
are OK (suspect ECU). g

11. Fuel supply — from stage 5. E

12. Supply voltage to pump (within 0.5V of bat- |
tery - pump fault if supply is OK).

13. Check pump relay and circuit (note that, in most |
cases, the ECU closes the relay but this may be
bypassed on cranking).

14. Ensure all connections (electrical and fuel) are
remade correctly.

15. Ignition section (if appropriate).

16. Check supply to ignition coil (within 0.5V of
battery).

17. Spark from coil via known good HT lead
(jumps about 10 mm, but do not try more).

18. If good spark then check HT system for track-
ing and open circuits. Check plug condition '
(leads should be a maximum resistance of about |
30 k{)/m per lead) — stop here in this procedure. :

19. If no spark, or it will only jump a short dis-
tance, continue with this procedure (colour of |
spark is not relevant).

20. Check continuity of coil windings (primary l
0.5-3 81, secondary severul k(}).

21. Supply and earth to "module’ (12 V minimum
supply, earth drop 0.5 V maximum).

22 Supply to pulse generator if appropnate i
(10-12 V).

23. Output of pulse generator (inductive about
1V AC when cranking, Hall-type switches
0-8V DC).

24. Continuity of LT wires (0-0.1 £2).

25. Suspect ECU but only if all of the above tests

are satisfactory. '

10.7.4 Injection duration signals

Figure 10.59 shows typical injector signals as
would be shown on an oscilloscope during a test
procedure. These will vary depending on the par-
ticular system but, in principle. are the same. The '8
most important parts of the traces are marked. |
These are the open time or dwell, current limiting
phase and the back EMF produced when the
injector is switched off. The traces showing vari- |
ations in the dwell represent how the quantity of fuel
injected 1s varied. The difference in how the dwell
is varied is due to the method of injector switching,
If a simple on/off technique 1s used then the trace
will be as shown in the first two sketches; if current
limiting is used then the trace will be stighdy dif-
ferent, as shown by the lower two sketches.
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Figure 10.59 Injector signals as would be shown on an oscil-
ki ope during a test procedure

Ihese traces are very useful for diagnosing
tanlis it is possible to see how the trace changes
wnler the engine operating conditions, for example:

® |)oes the trace width extend under acceleration?

® 1)ocs the trace cut off on overrun?

® [xs the trace width reduce as the engine
warins up?

10.8 Advanced engine
imanagement technology

10.8.1 Speed density and fuel
talculations

I npine management systems that do not use an air
Ilow scnsor rely on the speed—density method for
sktermining the required fuel quantity. Accurate
measurement of the manifold absolute pressure
IMAD) and intake air temperature are essential with
s technique.

I'he volume flow rate of air taken into an engine
al n piven speed can be calculated by:

rem X 0N, |
[——- —\le - /'.(:R\
60 A2}

whoeie A, = air volume flow rate (litres/s);
f1/¢, = exhaust gas recirculation volume (litres/s);
{1 displacement of the engine (litres), and
I volumetric efficiency (as a percentage from
hwik-up tables).

I'he density of air in the inlet manifold is related
i its (emperature and pressure. [f these are measured

accurately then density can be calculated. A basic

gas law states that, in a fixed volume:

d, = (l“,{& X I—°
Po i

&5
S

where d, = density, p, = intake pressure; and
7 = intake temperature.

Do, 4y and T, are known values relating to pres-
sure, density and temperature under “sea level stand-
ard day’ (SL.SD) conditions.

The mass of the air can be calculated by:

M,=d, XV
where Af, = mass of air (kg); 4, = density of the
air (kg/litre); and V = volume of air (litres).

The mass flow rate can now be calculated by:

Ly = dy X 4,
where 4, = air mass flow rate (kg/s).

Finally, by substitution and simplification, air
mass flow can be calculated by:

o
i a

[/e/'.u DV,

— EGR,
120

Further to this calculation, the basic fuel quantity
can be determined as follows:
ey
F=2n
AR

where /= fuel quantity (kg) and 4A/R = desired
air—fuel ratio.

To inject the required quantity of fuel, the final
calculation is that of the injector pulse width:

i)
Re

where 7' = time and Ry = fuel injector(s) delivery
rate.

Note that the actual injection period will also
depend on a number of other factors such as tem-
perature and throttle position. The total fuel quan-
tity may also be injected in two halves.

10.8.2 Ignition timing calculation

Data relating to the ideal ignition timing for a
particular engine are collected from dynamometer
tests and operational tests in the vehicle. These data
are stored in the form of look-up tables in ROM.
These look-up tables hold data relative to the speed
and load of the engine. The number of look-up
values is determined by the computing power of the
microcontroller, in other words the number of bits,
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Figure 10.60 Determination of eflective ignition timing

as this determines the size of memory that can be
addressed.

Inputs from speed and load sensors are con-
verted to digital numbers and these form the refer-
ence to find the ideal timing value. A value can also
be looked up for the temperature correction. These
two digital numbers are now added to give a final
figure. Further corrections can be added in this way
for conditions such as overrun and even barometric
pressure if required.

This “timing number’ is used to set the point at
which the coil is switched off: that is, the actual igni-
tion point. The ECU receives a timing pulse from
the “missing flywheel tooth’ and starts a “down
counter . The coil is fired (switched off) when the
counter reaches the “timing number’. The comput-
ing of the actual ‘timing number’ is represented by
Figure 10.60.

To prevent engine damage caused by detonation
or combustion knock, but still allow the timing to
be set as far advanced as possible, a knock sensor is
used. The knock sensor (accelerometer) detects
the onset of combustion knock, but the detection
process only takes place in a ‘knock window™. This

window is just a few degrees of crankshaft rotatio:
either side of top dead centre compression for eac
cylinder. This window is the only time knock ¢
occur and is also a quiet time as far as valve open-
ing and closing is concerned. The sensor is tuned
respond to a particular frequency range of abou
5-10kHz, which also helps to eliminate erroneous
signals. The resonant frequency of this type o
accelerometer is greater than about 25 kHz.

The signal from the knock sensor is filtered an
integrated it the ECU. A detection circuit deter-
mines a yes/no answer to whether the engine knocke
or not. When knock is detected on a particular
cylinder, the timing for that cylinder is retarded b
a set figure, often 2°, each time the cylinder fires,
until the knocking stops. The timing 1s then advanc
more slowly back towards the look-up value. Figure
10.61 represents this process in more detail.

10.8.3 Dwell calculation

In order for an ignition system to produce constant
energy the dwell angle must increase as the engine
speed increases. Ideal dwell values are held in a
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Wk g table, engine speed forms one axis, and
Sty vollage the other. If battery voltage falls, the
Wl angle is increased to compensate. The “dweli
#wmibr 19 used in a similar way to the ‘timing
funlui n the previous section except that this
M (he “dwell number’ is used to determine the
#wileh-on point of the coil during operation of the
et counter

10.8.4 Injection duration
calculation

The main criteria for the quantity of fuel required
for injection are engine speed and load. Further
corrections are then added. Figure 10.62 represents
the process carried out in a digital electronic con-
trol unit to calculate injection duration. The process

Detection of knock
A

| | 1l | i
{ Critical zone =

Advance °
-
2
2
a

5
Rapid Siow Slow
correction correction steps

Figine 10.61 How timing is varied in response to combustion knock
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W “uschon duration calculation is summarized as
Nl

e A busic open period for the injectors is deter-
wined from the ROM information relating to
vopne speed and load.

s < unicctions for air and engine temperature.

e Ulling, full or partial load corrections.

e Allcr-start enrichment.

® ' 'pentional enrichment.

¢ Acceleration enrichment.

e \tuakening on deceleration.

e  ut-off on over-run.

e Hemstatement of injection after cut-off.

s t ancetion for battery voltage variation.

Uinfuer starting conditions the injection period is
sk ulated differently. This is determined from a set
lgoe varied as a function of temperature

10.8.5 Developing and testing
wiftware

Ihwte 1s, of course, more than one way of produ-
(siy it computer’ program. Most programs used in
i clectronic control unit of a vehicle digital con-
finl wystem are specialist applications and, as such,
we one-off creations. The method used to create the
Tl program is known as the “top down structured
pogramming  technique’. Following on from a
e for the final product, the process can be seen
i pass through six definable stages.

| Reguirement analysis seeks to answer the ques-
fion as 1o whether a computerized approach is the
hest solution. Tt is, in effect, a feasibility study.
lnsk definition is a process of deciding exactly
what the software will perform. The outcome of
ihis stage will be a set of functional specifications.
I'rogram design becomes more important as the
vomplexity of the task increases. This is because,
where possible, it is recommended that the pro-
pram be split into a number of much smaller
tasks, each with its own detailed specification.
Coding is the stage at which the task begins to
e represented by a computer language. This is
when the task becomes more difficult to follow
us the language now used is to be understood by
the “computer’.

ebugging and validation is the process of cor-
iccung any errors or a bug in the program code
und then finafly ensuning that it is valid. This
means checking that the desired outputs appear
In response to appropriate inputs. In other words,
does it work? (As a slight aside. did you know
that the original computer bug was actually a

moth trapped between the contacts of a relay?)
Note that it is very important to get the program
right at this stage as it is likely to be incorp-
orated into tens of thousands of specially pro-
duced microcontrollers. A serious error can be
very expensive to rectify.

6. Operation and maintenance is the stage when
the program is actually in use. Occasionally
slight errors do not corme to light until this stage,
such as a slight hesitation during acceleration at
high altitude or some other obscure problem.
These can be rectified by program maintenance
for inclusion 1n later models.

This section has been included with the intention of
filling in the broader picture of what is involved in
producing a program for, say, an electronic spark
advance system. Many good books are available for
further reading on this subject

10.8.6 Simulation program

Automotive Technology (AT) is a training and diag-
nostic software program. It works in conjunction
with this textbook and on-line learning. All com-
plex electronically controlled systems can be con-
sidered as having:

INPUTS -- CONTROL - OUTPUTS

The main ‘AT program works in the same way but
also ncorporates diagnostics. [n other words, it will
help you learn how complex systems work and how
to diagnose faults with them. The program concen-
trates on engine management, starting and charging.
A MultiScope program is included that allows actual
tests to be carried out and the results viewed on a
scope or a multimeter. The software is fully func-
tional but runs out of fuel' It should be registered if
you continue to use it to prevent the tank leaking ...

The program atlows you to “drive’ the vehicle or
directly change inputs to systems such as engine
management. The computer (just like the computer
in a vehicle), will calculate the outputs of the sys-
tem. Engine management 1s the main area covered
but other systems are available for use. The system
can be set to provide telemetry to the MultiScope as
the car is driven round the Stlverstone circuit!

The diagnostics part of the program is designed
to assist with diagnosing faults in automotive
systems. Tt is ideal to help with the development of
diagnostic skills.

The comprehensive diagnostic routines are part
of the program. These can also be printed for use in
the workshop. A step by step process helps you
track down any fault. The MultiScope program is
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Figure 10.63

used to test the operation of sensors and actuators.
Faults can be set to allow practice of diagnostic
techniques.

The program (as well as other useful resources)
can be downloaded from: www.automotive-
technology. co.uk

10.8.7 Hot chipping!

Hot chipping is the name often given to the fitting
of new processors/memory to improve the perform-
ance of a vehicle. It should be noted that the improve-
ments are at the expense of economy, emissions and
engine life! Fitting a “Power Processor’, which is a
programmable computer specifically designed for
high performance engines, is the first step. The fuel
map, engine ignition timing map, acceleration fuel
and all parameters for fuel management are program-
mable using an IBM compatible PC or laptop com-
puter. Note that a new ECU is needed in most cases
but this does allow improvement of other features.
The software even allows changes to be made
while you are driving the vehicle. This system is
appropriate for virtually any fuel injected engine.
A basic calibration is used to get the engine started
and running. The user then performs fine tuning.

Tolomaty ot . Licarmedtboc o e 1|

The systems are capable of closed or open lox
operation. Some systems even feature control o
nitrous injection with automatic engagement base
on throttle position and rev/min. Ignition timing i
automatically retarded with pre-set parameters.

CalMap Software is a well respected system fe
developing custom calibrations for high perform:
ance engines. The software atlows ‘online’ a
“offhine” adjustments to be made to the ‘ACCE
Digital Fuel Injection Power Processors’ (contac
information is available in Chapter 18). The soft:
ware kit comes with an interface cable, a user man:
ual and a floppy disk, which contains the software
The software is user friendly and arguably shoul
be considered a must for all modern performanc
shops. Setting and adjusting the spark curve for yo!
distributor from a laptop computer in the vehicle i
possible — as you are driving down the road. Sna
shots can be taken using the software. For example,
you could record a set distance run and revie
the engine performance in order to determine ho
the engine is running.

Tuning a fuel-injected engine requires expert
ence, time and patience. One mistake with the lapto
keyboard and your engine can easily be turned int
a pile of junk from detonation or a lean condition
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When determining the size of the base fuel map’s
ey min resolution, the cell widths should be as
shall us possible. This gives the most tuning set
ok i the operating range of the engine. If the
mag v configured to 5000 rev/min, any resolution
sl thut figure would be lost, but resolution
wanhd be pained where the engine spends its most
Wine, 1 ¢ below 5000 rev/min.

11 the fucl map is calibrated to 5000 rev/min and
M valibrated pulse width at that speed is 12 ms, the
#111wall keep issuing pulses of 12 ms at any speed
wan e this value. It 1s beneficial to use as many of
e 246 (16 X 16 look-up table or 2 relating to 8
M) set points as possible during tuning. This is
walablished by setting the rev/min between cells.
Jhe' larpest fuel commands should be at the peak
Wpue and, as the engine speed escalates above
gk tonque, the pulse width reduces. Most values
Benn the 1{CU’s inputs and outputs will be available
v oscreen’ as if from the serial data ink on a
mluction ECU.

Must sysiems use “interpolative’ software, mean-
Wy the cells surrounding the actual chosen cell in
#w tiel map will affect the 1ssued pulse width.
Lty the fuel calculations as near to the stoichio-
WWitie set point as possible and using very little, if
Wiy uny gen sensor trim is a good technique. This 1s
e approach that the origmal equipment manufac-
Bsves use While working on the base fuel map,
mete that with injector pulse widths betow 2 ms. you
#te cntering an unstable range. Work with all of the
#+llx wround the chosen idle cell because the sur-
mminding cell values are used for interpolation. Large
watintions i matrix values around the idle cell can
! to surging

e resolution of the ignition map is referenced
fann (e Tuel table and 1s scaled at a rate of 1.5 to the
hal luble The same theory applies to the spark table,
# 1o the fuel table, 1n regard to keeping the same
tming command beyond its rev/min resolution. The
wit=wnt of retardation required to stop detonation
imne 91y started 1in the combustion chamber is
§ivuie than the amount that would be needed never
I wllow detonation to start. A trial and error method
& twuined for the best results. The amount of spark
mlvinee 1s affected by engine criteria such as:

® ' ylinder-head combustion chamber design.

s Sisture movement.

® Uiston design.

® iulnke manifold length and material.

® . cmpression ratio.

8 Available fuel.

# !hoimal transfer from the cylinder-head to the
vouling system.

10.8.8 Artificial Intelligence

Artificial intelligence (Al) is the ability of an artifi-
cial mechanism to exhibit intelligent behaviour.
The term invites speculation about what constitutes
the mind or intelligence. Such questions can be con-
sidered separately, but the endeavour to construct
and understand increasingly sophisticated mech-
anisms continues.

Al has shown great promise in the area of expert
systems, or knowledge-based expert programs,
which, although powerful when answering ques-
tions within a specific domain, are nevertheless
incapable of any type of adaptable, or truly intelli-
gent, reasoning.

No generally accepted theories have yet emerged
within the field of Al due in part to Al being a new
science. However, it 1s assumed that on the highest
level, an Al system must receive input from its
environment, determine an action or response and
deliver an output to its environment. This requires
techniques of expert reasoning, common sense
reasoning, problem solving, planning, signal inter-
pretation and learning. Finally, the system must
construct a response that will be effective in its
environment.

The possibilities for Al in vehicle use are unlim-
ited In fact, it becomes more a question of how
much control the driver would be willing to hand
over to the car. If, for example, the vehicle radar
detects that you tend to follow the car in front too
closely, should it cause the brakes to be applied?
The answer would probably be no, but if the ques-
tion was, as the engine seems to surge at idle should
the idle speed be increased slightly, then the answer
would most likely be yes.

It is not just the taking in of information and
then applying a response as this is carried out by all
electrontc systems to some extent, but in being able
to adapt and change. For example, if the engine was
noticed to surge when the idle speed was set to
600rev/min, then the ECU would increase the
speed to, say, 700rev/min. The adaptability, or a
very simple form of Al, comes in deciding to set the
idle speed at 700 rev/min on future occasions. This
principle of modifying the response is the key. Many
systems use a variation of this idea to control idle
speed and also to adapt air fuel ratios in response
to a lambda sensor signal.

An adaptive ignition system has the ability to
adapt the ignition point to the prevailing conditions.
Programmed ignition has precise values stored in
the memory appropriate for a particular engine.
However, due to manufacturing tolerances, engine
wear with age and road conditions means that the



ideal timing does not always correspond to that
held in the ECU memory.

The adaptive ignition ECU has a thpge-
dimensional memory map as normal for looking up
the basic timing setting, but it also has the ability
to alter the spark timing rapidly, either retarding or
advancing, and to assess the effect this has on engine
torque. The ECU monitors engine speed by the
crankshaft sensor, and if it sees an increase in speed
after a timing alteration, it can assume better com-
bustion. Ifthis is the case, the appropriate speed load
site on the memory map is updated. The increase in
speed detected is for one cylinder at a time; there-
fore, normal engine speed changes due to the
throttle operation do not affect the setting.

The operation of the adaptive ignition system is
such as to try and achieve a certain slope on the
timing versus torque curve as shown by Figure
10.64. Often the slope is zero (point A) for maximum

Maximum torque

A/ when siope = 0

Torque
[

T T T
Spark advance

Figure 10.64 Timing versus torque curve
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economy but is sometimes non-zero (point B), to
avoid detonation and reduce emissions ]
Figure 10.65 shows the adaptive ignition block &
diagram. The fixed spark timing map produces a 1
‘non-adapted’ timing setting. A variation is then
added or subtracted from this point and the variation’§
is also sent to the slope detector. The slope detectol
determines whether the engine torque was increased
or decreased from the measure of the slope on the
torque/timing curve compared with data from the
slope map. The difference is used to update the timing
correction map. The correction map can be updated
every time a spark variation occurs, allowing ve
fast adaptation even during rapid changes in enging
operation. The slope map can be used to aim for eithi
maximum torque of Minimum €missions.

10.8.9 Neural computing

The technology behind neural computing is rela:
tively new and is expanding rapidly. The excitin
aspect is that neural networks have the capacity to
learn rather than having to be programmed. Th
form of artificial intelligence does not require spe=
cific instructions on how a problem can be solved.}]
The user allows the computer to adapt itself during
a traming period, based on examples of simil
problems. After training, the computer is able &
relate the problem to the solution, inputs to outputs,j
and thus offer a viable answer to the "question”.

The main part of a neural computer is the neura
network, a schematic representation of which I
shown in Figure 10.66. In this representation tl
circles represent neurons and the lines represent
links between them. A neuron is a simple processo:
which takes one or more inputs and produces a
output. Each input has an associated “weight
which determines its intensity or strength. Th
neuron simply has to determine the weight of it

|
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Figure 10.65 Adaptive ignition bloci diagram
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Pigrs 10.66 Neural network
wypts and produce a suitably weighted output. The

Sl of neurons 1n a network can range from
B 1o many thousands.

I way the system learns is by comparing its
Sl vatput with an expected output. This produces
& st value, which in turn changes the relative
Wi his of the links back through the whole network.
1 cventually results in an ideal solution, as con-
Wtons teading to the correct answer are strength-
sl This. in principle, is similar to the way a human
Wen works. The neural computing system has a
Manber of advantages over the conventional method.

® \Vwry lust operation due to “parallel processing’.

# “oduced development time.

#® Dility to find solutions to problems that are
shitienlt to define.

@ i luaible approach to a solution, which can be

s:hapled to changing circumstances.

» ire tobust, as it can handle “fuzzy" data or unex-
jwated situations. An adaptive fuzzy system acts
Wt n human expert. It learns from experience
wul uses new data to fine-tune its knowledge.

e advantages outlined make the use of neural
Seie s nutomobile systems almost ievitable. Some
W san starting to be used in such a way that the
Sine control system is able to learn the driver's
B e and anticipate the next most likely action.
W an then set appropriate system parameters before
#% stion even happens!

10.9 New developments in
sngine management

10.9.1 Introduction

Bini b is going on all the time into different ways
W idiong emissions in order to keep within the
Sen and expected regulations. In a way, the

European market has an advantage as the emission
laws in the USA and, in particular, the State of
California, are very stringent and set to become
more so. It is reasonable to expect that EC regula-
tions will broadly follow the same route. The one
potential difference is if CO; is included in the legis-
lation. This will, in effect, make fuel consumption
as big an issue as noxious emissions. Some of the
current areas of development are briefly mentioned
below. It is becoming clear that nitrogen oxides are
the most difficult gases to reduce in line with future
legslation. The technology for a NOx reducing cata-
lyst has just started to reach production stage.

10.9.2 Lean burn engines

Any engine running at a lambda value greater than
one is a form of lean burn. In other words, the com-
bustion takes place with an excess of ait. Fuel con-
sumption is improved and CO, emissions are lower
than with a conventional ‘lambda equals one and
catalyst systern’. However, with the same comparison,
NOx emussions are higher. This is due to the excess
air factor. Rough running can also be a problem
with lean burn (Figure 10.67), due to the problems
encountered lighting lean mixtures. A form of charge
stratification is a way of improving this. Note also the
case studies i this and the previous chapters.

10.9.3 Direct mixture injection

A new technique called DMI, or direct mixture
injection, shows a potential 30% saving in fuel
This system involves loading a small mixing cham-
ber above the cylinder-head with a suitable quantity
of fuel during the compression stroke and start of
combustion. This may be by a normal injector. The
heat of the chamber ensures total fuel evaporation.
During an appropriate point in the next cycle the
mixture is injected into the combustion chamber.
This is one of the key advances because it is injected
in such a way that the charge is in the immediate
vicinity of the spark plug. This stratification is con-
trolled by the mixture injection valve opening, the
in-cylinder pressure and the mixing chamber pres-
sure. Figure 10.68 shows the layout of a DMI sys-
tem. The lambda values possible with this system
range from 8 to 10 at idle and from 0.9 to 1 at full
load. Compare this with the lean limits of a homo-
geneous mixture, which is typically A = 1.6-1.8.

10.9.4 Two-stroke engines

The two-stroke engine could be the answer to emis-
sion problems, but experts have differing views.
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Figure 10.68 Layour of a direct mixture injection syscem

The main reason for this is that the potential
improvements for the four-stroke system have by no
means been exhausted. The claimed advantages of
the two-stroke engine are lower weight, lower fuel
consumption and higher power density. These, how-
ever, differ depending on engine design. The major
disadvantages are less smooth running, shorter life
and higher NOx emissions. An Australian company,
Orbital, have made a considerable contribution 1o
two-stroke technology. A simple shutter control 1s
used in their system and, in a published paper, a one-
litre two-stroke engine was compared with a one-litre
four-stroke engine. The two-stroke engine weighs
30% less, has lower consumption and low NOx
levels while being comparable in all other ways. The
engine can use direct injection to stratify the charge.

10.9.5 Alternative fuels

Engines using alcohol (e.g. ethanol) do not require
major design changes. The fuel supply components

Engine management

would need to withstand corrosion and slightly di
ferent cold start strategies are needed. Other tha
this, changes to the engine ‘maps’ are all that i
required. If an alcohol sensor is used in the fuel tan
the management system could adapt to changes 1
the percentage of alcohol used, if mixed with petro
Some advantages in emissions arc apparent wil
ethanol-petrol mixtures. It is said that the use o
alcohol fuels is a political, not a technical issue.

Gas powered engines have been used for som:
time but storage of suitable quantities is a proble
These engines, however, do produce lower CO, H
and CO, emisstons. Hydrogen powered vehicle:
offer the potential to exceed the ultra low emissiol
vehicle (ULEV) limits, but are still in the ear
stages. Many manufacturers do, however, ha
prototypes. Electric powered vehicles, which me
the zero emission vehicle (ZEV) limits, are di
cussed in Chapter 17.

When all alternatives are considered it is cle
that the petrol/gasoline and diesel engines are n¢
casily replaceable. Indeed there are still many po!
sible areas for further improvements.

10.9.6 Delphi’s ‘building block’
approach to advanced engine
management systems

This section is included as an example of how 1
‘current thinking’ is going with regard to engi
management systems in general. Delphi is a we
respected company in this area. 1

The following is taken from a Press Release
Delpht Energy & Engine Management System
Presentation to the SAE, 1998.

‘Engine management is the science of equippin
and calibrating an engine to achieve the cleanes
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pble exhaust stream while maintaining top per-
B and fuel economy, and continuously diag-
g sysiem faults. However, the focus on those
Piutilies often varies around the world, reflecting
Ay povernmental regulations, customer expect-
9 and driving conditions and a host of vehicle
Bws and content levels.

fepieally. an engine management system inte-
piwies numerous elements, including:

8 A enpine control module (ECM),

8  ontrol and diagnostics software.

& Mitair induction and control subsystem.

® A lucl handling module.

8 A fucl injection module.

8 Au ignmition subsystem.

® A ntalytic converter.

8 A wubsystem to handle evaporative emissions.
& A uancty of sensors and solenoids.”

Ihpln states the following: “We don’t start at
il zero with each customer, in each market,
st ench vehicle. We use modular systems archi-
S, rapid calibration development tools and
Sbhiols based on real world models. We use off-
¥ shell interchangeable hardware whenever pos-
Wil and software that will work in most systems
Wt niost processors. We use “plug and play” tools,
W auto-code generation, so we do not have to
Seetibie the whole system when we modify a
e of 11

Hiwhhyhted advanced engine management sys-
B include the following:

Sedular systems architecture

Dielphi's building block approach to engine
mwoapement selects from sets of “commonized™,
sivivhangeable software and electronics in the
“agine or powertrain control modules.

Allowing OEMs to custom-build systems for
Wulely differing markets.

Soliware has expansion/deletion capabilities.
Sostems are designed with a minimum number
ol husic clectronic controllers, which can be
papanded if desired.

® | smponent hardware is interchangeable among
olvins

Switware can be used across a variety of systems.
Maind Calibration Development Tools (RapidCal).
Wapnd prototyping permits immediate evaluation
# lw performance of new systems developments.
Hesults can be benchmarked against plant/
soniiol models and rapid prototypes to verify
siiect implementation.

Midel-Based Controls (MBC).

o Control algorithms are redesigned around phys-
ically based models or mathematical representa-
tions of “the real world™.

o Piece changes only require changing the calibra-
tion data for that single piece, rather than chang-
ing the whole system.

e MBC technologies include pneumatic and
thermal estimators, model-based transient fuel
control and individual cylinder fuel control.

Benefits of the building block approach include the
foilowmg:

e Saves development costs.

o Offers flexibility to manufacturers.

® Adapts easily to the necds of a variety of cus-
tomers, from emerging markets to high-end
applications.

o Allows use of off-the-shelf components with
minimal recalibration after modification.

o Enables compliance with varying emissions regu-
lations over a wide range of driving conditions,
driving habits, customer expectations and vchicle
types.

e Saves fuel, reduces emissions.

® Reduces time-to-market for vehicle manu-
facturers.”

10.9.7 Video link diagnostics

Some manufacturers have introduced hand-held
video cameras to aid with diagnosing faults. This is
relevant to all areas of the vehicle as well as engine
management systems.

The camera is linked via an Internet/modem line
from the dealers to the manufacturers. The techni-
cian is therefore able to show what tests have been
done as well as describe the problem to the engineer/
specialist.

10.9.8 Saab combustion control
system

Introduction

The Saab Combustion Control (SCC) system has
been developed to reduce fuel consumption and
significantly reduce exhaust emissions. However,
engine performance is not affected. The key to the
operation of the SCC is the use of exhaust gases.
By circulating a significant proportion of exhaust
gas back into the combustion process, the fuel con-
sumption can be reduced by up to 10%. The exhaust
emissions can also be reduced to a value below the
American Ultra Low Emission Vehicle 2 (ULEV2)
and the European Euro 4 requirements. This tech-
nology almost halved the carbon monoxide and



Figure 10.69 Combusuon control spark plug injector
{Source: Saab)

hydrocarbon emissions, and cut the nitrogen oxide
emissions by 75%.

Unlike standard direct injection systems, the
SCC system reaps bencfits without disturbing the
ideal air-to-fuel ratio (14.7: 1). This ratio is neces-
sary for a conventional three-way catalytic con-
verter to work properly. The most important aspects
of the SCC system are:

o Air-assisted fuel injection with turbulence gener-
ator — the injector unit and spark plug are com-
bined into one umt known as the spark plug
injector (SP1). Fuel is injected directly into the
cylinder with the help of compressed air and
another blast of air creates turbulence in the
cylinder just before the fuel is ignited. This assists
combustion and shortens the combustion time.

® Variable valve timing — variable cams are used
so that the SCC system can vary the opening
and closing of the inlet and exhaust valves. This
allows exhaust gases to be mixed into the com-
bustion air in the cylinder. This is the key aspect
that gets the benefits of direct injection while keep-
ing lambda = | under most operating conditions.
The exact recirculation percentage depends on
the operating conditions, but up to 70% of the
cylinder contents during combustion can consist
of exhaust gases.
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e Variable spark plug gap with high spark energy
the spark plug gap is variable from 1-3.5 mm:
The spark is created from the centre electrode o
the SPI to a fixed earth electrode, witha 3.5m
gap, or to an earth electrode actually on
piston. Very high spark energy (about 80 mJ) i
necessary to ignite an air/fuel mixture that i
mixed with 70% of exhaust gases.

The best way to understand the SCC process 1S 1
start with the expansion or power stroke (the fol
lowing numbers refer to Figure 10.70).

1. The power stroke operates in the normal way
air/fuel mixture burns, increases the pressu
and this forces the piston down.

2. As the piston reaches the end of the pows
stroke, the exhaust valves open and most of t
exhaust is discharged through the exhaust po
Remaining exhaust gases are discharging as th
piston rises on the exhaust stroke

3. Fuel is injected into the cylinder via the SPI ju
before the piston reaches TDC. The inlet valv
open at the same time. Exhaust, mixed with fuel
is discharged through both the exhaust and int
ports.

4. At the start of the inlet stroke, the exhaust and in}
valves open and the mixture of exhaust and fuel i
drawn back from the exhaust manifold into 1
cylinder. A significant proportion of the cxhau:
fuel mixture now flows up into the inlet ports.

5. As the piston continues to move down, the exhau:
valves close but the inlet valves stay open. T
exhaust/fuel mixture that flowed into the inl
manifold is now drawn back into the cylinder.

6. As the piston nears BDC, all the exhaust'fu
mixture 1s drawn back into the cylinder. Towar
the end of the inlet stroke, only air is drawn in.

7. As the piston moves upwards during the com
pression stroke, the inlet valves close and th
mixture of exhaust, air and fuel is compress
About half way up the compression stroke, thi
SPI delivers a blast of air into the cylinder. Thi
creates turbulence that facilitates combustion ai
therefore shortens the combustion time.

8. Just before the piston reaches TDC, a spark fro
the electrode of the SPI ignites the mixture (a
and the next expansion stroke begins (b).

The three-way catalytic converter is still the mo!
important exhaust emission control element. This 18
because it can catalyse up to 99% of the harmful
components in the exhaust gases. However, th
catalvtic converter has no influence on the carbo
dioxide (CO,) emissions, which are directly pr
portional to the fuel consumption.
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~u 10.70 Stages of combustion control (Source: Saab}

Ihiect injection of petrol is a good way of lower-
w# [ucl consumption. Because a precise amount of
- fwel 15 injected directly into the cylinder, the con-
Sumption can be controlled more accurately. How-
st only the area around the plug is ignitable
e aine the remainder of the cylinder is filled with
eh With standard direct injection systems, this
e hices tuel consumption but results in higher nitro-
g oade emissions. The resulting exhaust gases
Wi not ideally suited to a conventional three-way
“aalvtic converter. For this reason, a special cata-
Wi converter with a “nitrogen oxide trap” has to

8b

be used. These are more expensive because they
have higher levels of precious metals. In addition,
they are more temperature-sensitive and need cool-
ing when under heavy load. This is often achieved
by injecting extra fuel. To regenerate the NOx trap
when it is ‘full up’, the engine also has to be run
briefly on a richer fuel/air mixture.

The SCC system also contributes towards redu-
cing pumping losses. These usually occur when an
engine 1s running at low load with the throttle almost
closed. Under these conditions, the piston in the
cylinder operates under a partial vacuum during the



induction stroke. The extra encrgy required for
pulling down the piston results in increased fuel
consumptiont. In an SCC engine the cylinder is sup-
plied with just the amount of fuel and air needed at
any particular time. The remainder of the cylinder
1s filled with exhaust gases. This means that the pis-
ton does not need to draw in extra air and pumping
losses are reduced. The exhaust gases account for
60-70% of the combustion chamber volume, while
29-39% is air; the fuel occupies less than 1%. In
general, a higher proportion of exhaust gas is used
when the engine is running at low load.

Under low load conditions, the spark is fired from
the centre electrode of the plug injector to a fixed
carth electrode with a gap of 3.5mm. Under high
load conditions, the spark is fired later (retarded).
The gas density in the combustion chamber, under
these conditions, is too high for the spark to jump
3.5mm. A pin on the piston is used instead. The
spark will jump to the electrode on the piston when
the gap is less than 3.5mm.

The Saab combustion control system is now in
use and is proving to be very effective. Develop-
ments are continuing.

10.9.9 Active cooling —Valeo

Valeo has developed an active cooling system known
as THEMIS. This systemn uses electronic control to
manage and optimize engine temperature. The main
system components are an electronic valve, an elec-
tronically controlled fan and an electrical water
pump. Engine temperature is controlled by the effi-
cient management of coolant and air within and
around the engine. The advantages of this system are:

e Reduced fuel consumption.
® Lower emissions.
® Reduced engine wear.

Figure 10.71 Pumptronic® — electric cooling pump (Source:
Valeo}
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Better cabin comfort is achieved by boosting of
the heating at lower engine speeds, and heating i
the cabin is maintained in cold weather after thi
engine has been switched off.

Development of Valeo’s fuily electronicall
controlled thermal management system, THEMIS
started, in 1995, to work towards satisfying thy
Euro [V and Euro V emission levels and the Corpo
Average Fuel Economy (CAFE) regulation fo
North America. Valeo designed and prototyped sev
eral variants of THEMIS. These have been test
extensively on various European and US cars frol
1.4 litre L4 to 3.8 litre V6 engines.

The complete architecture consists of:

o Pumptronic® or electronic water pump. Thi
system uses brushless motor technology, wet-ro
and rare earth magnets. This results in a glol
efficiency of over 55%.

® Fantronic® or continuous variable speed

system. This uses an embedded pulse widt]

modulation driver in the motor, which is coole:
by the fan blades themselves.

Multi-way proportional electronic valve.

Engine temperature sensor

Electronic control unit.

Optimized heat exchangers (coolant radiators an

heater cores)

Inaddition to improved fuel efficiency, reduced emi
sion levels, enhanced cabin comfort and improvi
engine rehiability, it is possible to have fail-safe
modes, self diagnosis options and servicing diagn
sis. Fuel consumption and emissions were test
according to the European and US test cycles @

laboratory conditions. Field testing was carried o

at very low temperatures in Northern Europe and

the hottest temperatures in Southern Europe.
Coolant does not flow during warm up, to allo

the engine to heat up quickly; this limits therm

losses. Emissions of HC decrcase by 10% al

CO by 0-20% during the test cycles. NOx remai

unchanged. A higher coolant temperature (11

115°C vs 95°C) is possible on low and mediu

loads. This results in more efficient combustio

a 2-5% fuel economy and proportionate reductiof

of CO, emissions The following benefits are al

evident:

o Boosting water flow in cold weather provid
30 minutes of heating even after the engine h,
stopped.

® When cabin heating is not required, there is n
water flow in the heater core to optimize climat
control systems.

o Knocking and local boiling in the cylinder he:
are reduced. At high engine load, the ECLU
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lwons engine temperature to an average 90°C

ol taximum performance.

Mo thermal shocks or heat peak when the engine

sogm The electric water pump boosts water flow

i winure a steady reduction of temperature when

TN sary

8 |'ential trouble can be anticipated. In the case of
» 1apid nise of temperature, the controller boosts
e water flow and/or the fan system.

I valco THEMIS system tunes and controls the
Wi alion of the various components continuously.
i component is not working correctly, the sys-
b i compensate by over-boosting another com-
et This is known as a fail-safe mode and the
4ver 1v informed via a warning light. Overall, this

Flgtn 10.72 Fantronic® -~ electrically operated cooling fan
Pis Valeo)

-
2

Plprs 10.73 Electronic control valve (Source: Vateo)

active cooling system also reduces the power con-
sumed by the water pump. The first applications are
expected in 2005.

10.9.10 Engine trends — spark
ignition

Recently in Europe (late 2003), vehicles with com-
pression ignition (Cl) engines have started to out-
sell the spark igmtion (SI) versions. However, because
of this competition, as well as that from alternative
fuel vehicles, engineers are making more develop-
ments to the SI engine. More power, reduced con-
sumption and emissions, together with more efficient
packaging are the key challenges being met. Some
of the innovations under development and/or in use
are considered briefly here.

Variable compression ratios

A higher compression ratio results in greater ther-
mal efficiency. However, it also makes the engine
run hotter and the components are under greater
stress. Being able to vary the compression ratio to
achieve improvements under certain speed and load
conditions is an innovative approach. Saab has done
considerable work in this area.

Electromechanical valve train

Full control of valve operation means engine man-
agement can lake greater control. However, operat-
ing valves independently is difficult - so the camshaft
will be with us for some time yet. Lotus engineers
have made significant advancements using hydraulic
operating mechanisms.

High efficiency superchargers

New developments in supercharging mean that the
charger itself takes less energy from the engine. Of
particular interest are electrically driven super-
chargers because they allow full electronic control.

Cylinder deactivation

This technique has been tried on and off for a num-
ber of years. The capacity of, say, a 3-litre V8 is
reduced when used around town, with the conse-
quent reduction in consumption and emissions. GM
uses this system on their XV8 engine. It is called
displacement on demand.

High pressure direct injection

Gasoline direct injection is now becoming common-
place. However, work is ongoing to increase the fuel
pressure. as this results in more possibilities for



controlling the cylinder charge. Needless to say,
Bosch are working in this area!

Reduced-current draw-fuel pumps-

A simple but effective technique, which can result
in lower emissions and consumption, is to reduce
the electrical current consumed. A fuel pump has
been developed by Visteon, which can increase fuel
economy by up to 0.2 mpg.

Intelligent valve control

Honda have produced an engine for the RSX that
uses intelligent valve control. The valve lift and
phase can be controlled electronically. The result is
impressive economy and low emissions.

Gas-by-wire

This concept has been in use by BMW for some
time. The idea is that the driver's instructions, via
the throttle pedal, are interpreted and the throttle
is moved to achieve optimum performance. For
example, for full acceleration the driver *floors’ the
pedal - which opens the throttle fully on a trad-
itional system — but opens the throttle more progres-
sively on a gas-by-wire system.

Air-assisted direct fuel injection

One important aspect of direct fuel injection is that
the charge in the cylinder can be stratified. In other
words, the region around the plug is at the ideal
ratio, but a large part of the cylinder is then made
up of air or, better, recirculated exhaust gases. Ford
now have an engine that can run as lean as 60 1.

‘W’ engine configuration

An interesting cylinder configuration, quite appro-
priately developed by VW, is the ‘double V’ or "W*
concept. This allows a W12 engine to be as com-
pact as a V8. The result is very smooth operation
and a relatively low mass which. as with any reduc-
tion in mass, improves efficiency.

Some of the areas outlined above are discussed
n more detail in other parts of this book. The over-
all implication, however, is that there 1s a lot of life
left in the ST engine yet ..

10.10 Self-assessment

10.10.1 Questions

1. Describe what is meant by “Engine management”.

2. State what the term ‘light off” refers to in con-
nection with catalytic converters.

3. Explain the stages of calculating “fuel quantity’
that take place in an ECU.
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4. Make a clearly labelled sketch to show ai

exhaust gas recirculation system.

. Draw a block diagram of an engine management]]

system showing all the main inputs and outputs.

. Describe the purpose of on-board diagnosticsi(}
(OBD).

7. Make a simple sketch to show a variable lengtl

inlet manifold system. 1

. State the information provided by a throttlef

potentiometer. i

. State four methods of reducing diesel enging!

emissions.

10. Explain the operation of a gasoline direct injec={

tion (GDI) system.

w

(=}

o0

o

10.10.2 Assignment

1. Research the current state of development of
“fean-burn” technology. Produce an essay dis
cussing current progress. Consider also th
advantages and disadvantages of this method o
engine operation. Make a reasoned prediction o
the way in which this technology will develop.

2. Compare the early version of the Motronic systel
with the Motronic M5 or other systems and repos
on where, and why, changes have been made.

10.10.3 Multiple choice question

Gasoline direct injection systems allow mixture t
the cylinder to be:

1. homogenous

2. stratified

3. mcremental

4. strong

The main ECU ‘input’ parameters for calculating
ignition timing and injector duration are:
1. speed and temperature

2. speed and load

3. pressure and temperature

4. pressure and load

A throttle potentiometer provides information
relating to:

1. throttle position and engine load

2. throttle position and driver intention

3. idle position and engine load

4. idle position and driver intention

One design feature of an inlet manifold that ensures &
all cylinders are supplied with the same volume and
air flow characteristics 1s the:

1. length and diameter

2. fitting of an air flow meter

3. fitting of a MAP sensor

4. matenal it is made from
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Aksuization and distribution of fuel is generally
BjRined of the air:

I el 1 reduced

I pressure 13 reduced

1 i wated

4 1= ooeled

A aiulviic converter is fitted close to the exhaust
Banitvld because:

|l ix the furthest point from the expansion box

il s protected from vibration

#slinust heat aids chemical reactions

4 wahaust gas speed is low at this point

Mewsinement of exhaust emissions, just after start-

g I cngine from cold, gives a higher than speci-

fiestion reading. The reason for this is:

| ihe temperature of the catalyst is low

1 the catalyst is faulty

4 wuimbustion temperature is always higher after
sl l-up

4 tompression pressures are higher after start-up

A function that switches off the injectors during
certain conditions is known as:

1. over-run fuel cut-off

2. deceleration reduction

3. under-run fuel cut-off

4. acceleration reduction

An EGR system usually operates during:
1. cold starts

2. high vacuum conditions

3. fast accelerations

4. engine decelerations

A correctly functioning lambda sensor will give
readings between:

1. 0.002-0.008 volts

2. 0.02-0.08 volts

3. 0.2-0.8 volts

4. 2-8 volts
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Lighting

11.1 Lighting
fundamentals

11.1.1 Introduction

Vehicle lighting systems are very important, particu-
larly where road safety is concerned. If headlights
were suddenly to fail at night and at high speed, the
result could be catastrophic. Many technmiques have
been used, ranging from automatic changeover cir-
cuits to thermal circuit breakers, which pulse the
fights rather than putting them out as a blown fuse
would. Modern wiring systems fuse each bulb fila-
ment separately and even if the main supply to
the headlights failed, it is likely that dim-dip would
stil} work

We have come a long way since lights such as
the Lucas “King of the road” were in use. These were
acetylene lamps' A key point to remember with
vehicle lights is that they must allow the driver to:

e See in the dark.
® Be seen in the dark (or conditions of poor
visibility).

Sidelights, tail lights, brake lights and others are
relatively straightforward. Headlights present the
most problems, namely that, on dipped beam they
must provide adequate light for the driver but with-
out dazzling other road users. Many techniques have
been tried over the years and great advances have
been made, but the conflict between seeing and daz-
zling is very difficult to overcome. One of the latest
developments, ultra-violet (UV) lighting, which is
discussed later, shows some promise.

11.1.2 Bulbs

Joseph Swan in the UK demonstrated the first light
bulb in 1878. Much incremental development has
taken place since that time. The number, shape and
size of bulbs used on vehicles is increasing all the
time, Figure 11.1 shows a common selection. Most
bulbs for vehicle lighting are generally either conven-
tional tungsten filament bulbs or tungsten halogen.

Headlamp  Sidelamp Stop/Tail

Figure 11.1 Selection of bulbs

/

Figure 11.2 A bulb filament is like a spiralled spiral

In the conventional buib the tungsten filament §
heated to incandescence by an electric current. [n
vacuum the temperature is about 2300 ° C. Tungst
is a heavy metallic element and has the symbol
its atomic number is 74 and its atomic weight 2.8
The pure metal is steel grey to tin white in coloul
Its physical properties include the highest meltin
point of all metals: 3410 °C. Pure tungsten is easil
forged, spun, drawn and extruded, whereas in a
impure state it is brittle and can be fabricated onl
with difficulty. Tungsten oxidizes in air, especiall
at higher temperatures, but it is resistant to corr
sion and 1s only slightly attacked by most mineral
acids. Tungsten or its alloys are therefore ideal for us
as filaments for electric light bulbs. The filament i
normally wound into a “spiralied spiral” to allow
suitable length of thin wire in a small space and t
provide some mechanical strength. Figure 11.2 sho
a typical bulb filament.

If the temperature mentioned above is exceed
even in a vacuum, then the filament will becom
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44y wolanle and break. This is why the voltage at
Wi w bulb is operated must be kept within tight
Sl e vacuum in a bulb prevents the conduc-
S ul heat from the filament but limits the operat-
Wy Ieahnature

t1ax 1illed bulbs are more usual, where the glass
Bl 15 14lled with an inert gas such as argon under
Wesaiie This allows the filament to work at a
Wb temperature without failing and therefore
b o whiter light. These bulbs will produce
St 7 I W compared with a vacuum bulb, which
Wil pronlitee about 11 1m/W.

Almost all vehicles now use tungsten halogen

Bullis o their headlights as these are able to
sl about 241m/W (more for some modern
Wi The bulb has a long life and will not blacken

et 4 penod of time like other bulbs. This is because
B il pas bulbs, over a period of time, about 10%
W Ihe [ament metal evaporates and 1s deposited
9 the bulb wall. The gas in halogen bulbs is mostly
Pshine |he name halogen is used because there are
B clements within group VIIA of the periodic
Wi known collectively as the halogens. The name,
Wiivedd 11om the Greek hal- and -gen, means “salt-
dmuliing . I'he four halogens are bromine, chlorine,
Bueiine and iodine. They are highly reactive and
¢ not found free in nature. The gas 1s filled to a
fvasuic of several bar.

Hw glass envelope used for the tungsten halo~
o balb 1s made from fused silicon or quartz. The
W sien {lament still evaporates but, on its way to
W bulh wall, the tungsten atom combines with two
w more halogen atoms forming a tungsten halide.
1 his will not be deposited on to the bulb because of
W wpetature. The convection currents will cause the
falide 1w move back towards the filament at some
geiintand it then sphts up, returning the tungsten to
W Lilament and releasing the halogen. Because of
Wis the bulb will not become blackened, the light
waiput will therefore remain constant throughout its
Hiv: | he envelope can also be made smaller as can the
filmnent. thus allowing better focusing. Figure 11.3
W o tungsten halogen headlight bulb.

Neat, some common bulbs are discussed further.

Pestoon

I plass envetope has a tubular shape, with the fila-
Wt streiched between brass caps cemented to the
il ends. This bulb was commonty used for number-
e and interior roof lighting.

Miniature centre contact (MCC)

15 bulb has a bayonet cap consisting of two locat-
Wy pins projecting from either side of the cylindrical

Figure 11.3 Halogen bulb

cap. The diameter of the cap is about 9 mm. It has
a single central contact (SCC), with the metal cap
body forming the second contact, often the earth
connection. It is made with various power ratings
ranging from 1 to SW.

Capless bulb

These bulbs have a semi-tubular glass envelope
with a flattened end, which provides the support for
the terminal wires, which are bent over to form the
two contacts. The power rating is up to SW, and
these bulbs are used for panel lights, sidelights and
parking. They are now very popular due to the low
cost of manufacture.

Single contact, small bayonet cap
(SsBC)

These bulbs have a bayonet cap with a diameter of
about 15 mm with a spherical glass envelope enclos-
ing asingle filament. A single central contact (SCC)
uses the metal cap body to form the second contact.
The size or wattage of the bulb is normally 5W or
21 W. The small 5W bulb, is used for side or tail
lights and the larger 21 W bulb is used for indicators,
hazard, reversing and rear fog-lights.

Double contact, small bayonet cap

Similar in shape and size to the large SCC 15 mm
SBC bulb, as described above. It has two filaments,
one end of each being connected to an end contact,
and both of the other ends are joined to the cap
body forming a third contact, which is usually the
carth. These caps have offset bayonet pins so that
the two filaments, which are of different wattage,



cannot be connected the wrong way around. One
filament is used for the stop light and the other for
the tail light. They are rated at 21 and SW (21/5 W)
respectively. =

11.1.3 External lights

Regulations exist relating to external lights, the fol-
lowing is a simplified interpretation and amalgam-
ation of current regulations, the range of permissible
luminous intensity is given in brackets afier each sub
heading.

Sidelights (up to 60 cd)

A vehicle must have two sidelights each with wattage
of less than 7W. Most vehicles have the sidelights
incorporated as part of the headlight assembly.

Rear lights (up to 60 cd)

Again, two must be fitted each with wattage not
less than 5W. Lights used in Europe must be ‘E’
marked and show a diffused light. Their position
must be within 400 mm from the vehicle edge and
over 500 mm apart, and between 350 and 1500 mm
above the ground.

Brake lights (40-100 cd)

There two lights are often combined with the rear
lights. They must be between 15 and 36 W each,
with diffused light and must operate when any form
of first line brake is applied. Brake lights must be
between 350 and 1500 mm above the ground and at
least 500 mm apart in a symmetrical position. High-
level brake lights are now allowed and, if fitted,
must operate with the primary brake lights.

Reversing lights (300-600 cd)

No more than two lights may be fitied with a max-
imum wattage each of 24 W. The light must not
dazzle and either be switched automatically from
the gearbox or with a switch incorporating a warn-
ing light. Safety reversing ‘beepers’ are now often
fitted in conjunction with this circuit, particularly
on larger vehicles.

Day running lights (800 cd max)

Volvo use day running lights as these are in
fact required in Sweden and Finland. These lights
come on with the ignition and must only work in
conjunction with the rear lights. Their function is to
indicate that the vehicle 1s moving or about to move.
They switch off when parking or headlights are
selected.
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Rear fog lights (150-300 cd)

One or two may be fitted but, if only one, then &
must be on the offside or centre line of the vehicl
They must be between 250 and 1000 mm above th
ground and over 100 mm from any brake light. T
wattage is normally 21 W and they must only oper:
ate when either the sidelights, headlights or fronf
fog lights are in use.

Front spot and fog lights
If front spot lights are fitted (auxiliary driving lights
they must be between 500 and 1200 mm above th
ground and more than 400 mm from the side
the vehicle. If the lights are non-dipping then th
must only operate when the headlights are on mai
beam. Front fog lamps are fitted below 500m
from the ground and may only be used in fog of
falling snow. Spot lamps are designed to produce
long beam of light to illuminate the road in the dis
tance. Fog lights are designed to produce a sha
cut off line such as to illuminate the road just i
front of the vehicle but without reflecting back ol
causing glare.

Figure 11.4 shows a selection of vehicle lig
designs and some of the groupings used.

11.1.4 Headlight reflectors

Light from a source, such as the filament of a bul
can be projected in the form of a beam of varyin
patterns by using a suitable reflector and a len
Reflectors used for headlights are usually para
bolic, bifocal or homifocal. Lenses, which are al
used as the headlight cover glass, are used to diree
the hight to the side of the road and in a downwar
direction. Figure 11.5 shows how lenses and reflect
ors can be used to direct the light.

The object of the headlight reflector is to dir
the random light rays produced by the bulb into
beam of concentrated hight by applving the laws o;
reflection. Bulb filament position relative to t
reflector is important, if the desired beam directio
and shape are to be obtained. This i1s demonstrat
in Figure 11.5(a). First, the light source (the lig
filament) is at the focal point, so the reflected beal
will be parallel to the principal axis. If the filame
is between the focal point and the reflector, the
reflected beam will diverge — that is, spread out
wards along the principal axis. Alternatively, 1
the filament is positioned in front of the focal point
the reflected beam will converge towards the prin-
cipal axis.

A reflector is basically a layer of silver, chrom
or aluminium deposited on a smooth and polish
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surlace such as brass or glass. Consider a mirror
wilector that “caves in” — this is called a concave
wtlector The centre point on the reflector is called
ilw pole, and a line drawn perpendicular to the sur-
fue from the pole is known as the principal axis.
It w hight source is moved along this line, a point
%11l be found where the radiating hight produces a
witecied beam parallel to the principal axis. This
j=unt 15 known as the focal point, and its distance
llom the pole 1s known as the focal length.

Parabolic reflector

A purabola is a curve similar in shape to the curved
j=th of a stone thrown forward in the air. A para-
bulic reflector (Figure 11.5(a)) has the property of
#llccting rays parallel to the principal axis when a
kght source is placed at its focal point, no matter
where the rays fall on the reflector. It therefore

produces a bright parallel reflected beam of con-
stant light intensity. With a parabolic reflector, most
of the light rays from the light-bulb are reflected
and only a small amount of direct rays disperses as
stray light.

The intensity of reflected light is strongest near
the beam axis, except for light cut-off by the bulb
itself. The intensity drops off towards the outer edges
of the beam. A common type of reflector and bulb
arrangement is shown in Figure 11.6 where the dip
filament is shielded. This gives a nice sharp cut-off
line when on dip beam and is used mostly with
asymmetric headlights.

Bifocal reflector

The bifocal reflector (Figure 11.5(c)) as its name
suggests has two reflector sections with different
focal points. This helps to take advantage of the



light striking the lower reflector area. The parabolic
section in the lower area is designed to reflect light
down to improve the near field area just in front of
the vehicle. This techmque is not suitable for twin
filament bulbs, it is therefore only used on vehicles
with a four-headlight system. With the aid of powerful
CAD programs, variable focus reflectors can be made
with non-parabolic sections to produce a smooth
transition between each area.

Homifocal reflector

A homifocal reflector (Figure 11.5(d)) is made up
of a number of sections each with a common focal
point. This design allows a shorter focal length and
hence, overall, the light unit will have less depth.

Figure 11.4 Vehicle lighting desi
{a) Ford Mustang (b) Jaguar S-Ty,
(c) Mercedes-Benz S-class; (d) thi
Hyundai XG

The effective luminous flux is also increased. It ¢
be used with a twin filament bulb to provide dipa
main beam. The light from the main reflector secti
provides the normal long range lighting and th
auxiliary reflectors improve near field and lateral
lighting.

Poly-ellipsoidal headlight system
(PES)

The poly-ellipsoidal system (PES) as shown 1
Figure 11.7 was introduced by Bosch in 1983. |
allows the light produced to be as good, or in som:
cases better than conventional lights, but with
light-opening area of less than 30 cm?. This is ache
ieved by using a CAD designed elliptical reflect
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and projection optics. A shield is used to ensure
a suitable beam pattern. This can be for a clearly
defined cut-off line or even an intentional fack of
sharpness. The newer PES Plus system, which is
intended for larger vehicles, further improves the
near-field illumination. These lights are only used
with single filament bulbs and must form part of a
four-headlamp system.

11.1.5 Headlight lenses

A good headlight should have a powerful far-reaching
central beam, around which the light is distributed
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both horizontally and vertically in order to illumin
ate as great an area of the road surface as possible
The beam formation can be considerably improved
by passing the reflected light rays through a tran:
parent block of lenses. It is the function of the
lenses partially to redistribute the reflected ligh
beam and any stray light rays, so that a better overal
road illumination is achieved with the minimum of
glare. A block prism lens is shown as Figure 11.5(b)

Lenses work on the principle of refraction - tha
is, the change in the direction of light rays whe
passing into or out of a transparent medium, such 2
glass (plastic on some very recent headlights). The
headlight front cover and glass lens, is divided up
into a large number of small rectangular zone!
each zone being formed optically in the shape of @

e

-Iu-\uo!
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Reflector

Actuator

$as 1.8 Munual headlighe levelling

(g

o/

= -~ Main beam concave flute or a combination of flute and prisms.
L = & ™ The shape of these sections is such that, when th
/ﬂiL_’/ i at o i rough_ly parallel beam passes lhrolugh the glgss, cac
/Q\*b(j/ T individual lens element will rcdl.rect the vllght ray .
i - To— to obtain an improved overall light projection ol Actuator
=— = beam pattern.
\/ == The flutes control the horizontal spread of light C?:::d
\\\‘ﬁ Di;Ia b At the same time the prisms sharply bend the ray§ ——
Main beam downwards to give diffused local lighting just 1
filament front of the vehicle. The action of lenses is sho
D.p beam as Figure 11.5(b).
Ol A i Many headlights are now made with clear lenses
Figure 11.6 Creating a dip beam with a twin filament shielded which means that all the light directionality is pel "‘“'ﬂ".::": !2
bulb formed by the reflector (see Figure 11.4). ‘ /—
. S
Suspevmon
Conventional system New system: PES-PLUS Whee! m

-- 11,9 Automatic headlight adjustment

11.1.6 Headlight levelling

the ponciple of headlight levelling is very simple,
% jwnition of the lights must change depending on
#& load in the vehicle. Figure |1.8 shows a simple
mwnual niming device operated by the driver.

A nutomatic system can be operated from sen-
W prinitioned on the vehicle suspension. This will
Ml automatic compensation for whatever the
sl distribution on the vehicle. Figure 11.9 shows
¥ layout of this system. The actuators, which actu-
#h miwve the lights, can vary from hydraulic
M yicas (o stepper motors.

Ihe practicality of headlight aiming is repre-
S by Figure 11.10. Adjustment is by moving
B wiews positioned on the headlights, such that
W will cause the light to move up and down the
W will cause side-to-side movement.

Light distribution

Figure 11.7 Improved poly-ellipsoid low beam

Honzoneal
Fixed adms/tmmt

=

1]

Yeruaal
adjustment

Figure 11.10 Principle of headlight aiming

Translucent
screen //

Headlight

Mirror

Figure 11.11 Beam setter principle

Headlight horizontal centre line
Headlight veruical centre fine

1% dip
Height |
from
floor Cut-off
1o light
centre
Beamn pattern

Ground level
Figure 11.12 Headlight aiming board

11.1.7 Headlight beam setting

Many types of beam-setting equipment are avail-
able and most work on the same principle, which is
represented in Figure 11.11. The method is the same
as using an aiming board but is more convenient
and accurate due to easier working and less room
being required.

To set the headlights of a car using an aiming
board the following procedure should be adopted.

1. Park the car on level ground, square on to a ver-
tical aiming board at a distance of 10 m if possible.
The car should be unladen except for the driver.

2. Mark out the aiming board as shown in Figure

11.12.

. Bounce the suspension to ensure it is level.

4. With the lights set on dip beam, adjust the cut-off
line to the horizontal mark, which will be | cm*

w

* or what the f: err d
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Figure 11.13 Simplified lighting circuit

below the height of the headlight centre, for every
1m the car is away from the board. The break-
off point should be adjusted to the centre line of
each light in turn.

11.2 Lighting circuits

11.2.1 Basic lighting circuit

Figure 11 13 shows a simple lighting circuit. Whilst
this representation helps to demonstrate the way in
which a lighting circuit operates, it is not now used
in this simple form. The circuit does, however, help
to show in a simple way how various lights in and
around the vehicle operate with respect to each other.
For example, fog lights can be wired to work only
when the sidelights are on. Another example is
how the headlights cannot be operated without the
sidelights first being switched on.

11.2.2 Dim-dip circuit

Dim-dip headlights are an attempt to stop drivers just
using sidelights in semi-dark or poor visibility condi-
tions. The circuit is such that when sidelights and
ignition are on together, then the headlights will come
on automatically at about one-sixth of normal power.
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Ignition Dim dip relay

SwOECh I oo

| Dim dip
resistor

Dlplmam __89 é
switch

®__

Figure 11.14 Simplified circuit of dim-dip lights using 2 seri
resistor

If there is any doubt as to the visibility or con
ditions, switch on dipped headlights. [f yoi
vehicle is in good order it will not discharge t
battery.

Dim-dip lights are achieved in one of two ways. T
first uses a simple resistor in series with the hea
light bulb and the second is to use a ‘chopper’ mo
ule, which swiiches the power to the headligh
on and off rapidly. In either case the “dimmer’ i
bypassed when the driver selects normal headligh:
Figure 11.14 is a simplified circuit of dim-dip lighi
using a series resistor. This is the most cost-effecti
method but has the problem that the resistor (al
1 Q) gets quite hot and hence has to be position:
appropriately.

11.3 Gas discharge and
LED lighting

11.3.1 Gas discharge lamps

Gas discharge headlamps (GDL) are now being fi
ted to vehicles. They have the potential to provi
more effective illumination and new design pos!
bilities for the front of a vehicle. The conflict betwe:
aerodynamic styling and suitable lighting position
is an economy/safety tradeoff, which is undesirabl
The new headlamps make a significant contnb:
tion towards improving this situation because the
can be relatively small. The GDL system consists ¢
three main components.
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Lainp

T80 aperies in a very different way from conven-
Wl mandescent bulbs. A much higher voltage
B wewided Figure 11.15 illustrates the operating
P ile of'a GD bulb.

allast system

T80 contuins an ignition and control unit and con-
g dhe chectrical system voltage into the operating
Wlluge requited by the lamp. It controls the igni-
P slupe and run up as well as regulating during
seeinnous use and finally monitors operation as a
Wiets aspeet. Figure 11,16 shows the lamp circuit
B! ciponents.

Meadlamp

I deupn of the headlamp is broadly similar to
Snestional units, However, in order to meet the
Jiiks w1 [or dazzle, a more accurate finish is needed,
Wsi v more production costs are involved.

1 source of light in the gas discharge lamp
W wn clectric arc, and the actual discharge bulb is
Wil about 10mm across. Two electrodes extend
Wi the bulb, which is made from quartz glass. The
S t=tween these electrodes is 4 mm. The distance
Wtween the end of the electrode and the bulb
Lot surface 1s 25 mm — this corresponds to the
Winessions of the standardized H1 bulb.

A1 oom lemperature, the bulb contains a mixture
W ercury, various metal salts and xenon under
Wesuic. When the light is switched on, the xenon
lsnates at once and evaporates the mercury and
%l sults. The high luminous efficiency is due to
B motal vapour mixture. The mercury generates
tnnat ol the Hight and the metal salts affect the colour

Luminous
P

Wavelength

Luminous
-

Y

uv IR
Wavelength

Figure 11.17 Spectrum of light produced by the GDL (top)
compared with that from a halogen Hl bulb

Table 11.1  Comparison of Hi and DI bulbs

Bulb Light (%) Heat (%) UV radiation (%)
HI 8 92 <1

Dt 28 58 14

spectrum. Figure 11.17 shows the spectrum of light
produced by the GDL compared with that from a
halogen H1 bulb. Table 11.1 highlights the differ-
ence in output between the D1 and H1 bulbs (the
figures are approximate and for comparison only).

The high output of UV radiation from the GDL
means that for reasons of safety, special filters are
required. Figure 11.18 shows the luminance of the
GDL again compared with an H1 bulb. The average
output of the GDL 15 three times greater.

To start the D1 lamp, the following four stages
are run through in sequence.

o [gnition - a high voltage pulse causes a spark to
jump between the electrodes, which ionizes the
gap. This creates a tubular discharge path.
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Figure 11.18 Luminance of the GDL compared with a halogen
light bulb

o Immediate light - the current flowing along the
discharge path excites the xenon, which then
emits light at about 20% of its continuous value.

o Run-up — the lamp is now operated at increased
wattage, the temperature rises rapidly and the
mercury and metal salts evaporate. The pressure in
the lamp increases as the luminous flux increases
and the light shifts from the blue to the white
range.

e Continuous — the lamp is now operated at a sta-
bilized power rating of 35 W. This ensures that the
arc remains still and the output does not flicker.
The luminous flux (280001Im) and the colour
temperature (4500 K) are reached.

In order to control the above stages of operation, a
ballast system is required. A high voltage, which can
be as much as 20kV, is generated to start the arc.
During run-up, the ballast system limits the current
and then also limits voltage. This wattage control
allows the light to build up very quickly but pre-
vents overshoot, which would reduce the life of the
bulb. The ballast unit also contains radio suppression
and safety circuits.

The complete headlamp can be designed in a
different way, as the D1 bulb produces 2.5 times the
light flux and at less than half the temperature of
the conventional H1 bulb. This allows far greater
variation in the styling of the headlamp and hence
the front end of the vehicle.

If the GDL system is used as a dip beam, the
self-levelling lights are required because of the high
luminous intensities. However, use as a main beam
may be a problem because of the on/off nature. A
GDL system for dip beam, which stays on all the time
and is supplemented by a conventional main beam
(four-headlamp system), may be the most appropriate
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use. Figure 11.5(¢) shows the light distribution o
the D1 and H1 bulbs used in headlamps.

11.3.2 Ultraviolet headlights

The GDL can be used to produce ultraviolet (UVi
lights. Since UV radiation is virtually invisible it will
not dazzle oncoming traffic but will illuminate fluor-
escent objects such as specially treated road mark=
ings and clothing. These glow in the dark much like
white shirt under some disco lights. The UV light wi
also penetrate fog and mist, as the light reflected by
water droplets is invisible. It will even pass througl
a few centimetres of snow.

Cars with UV lights use a four-headlamp system:
This consists of two conventional halogen main/di
lights and two UV lights. The UV lights come o
al the same time as the dipped beams, effectivel
doubling their range but without dazzling,

Two-stage blue filters are used to eliminate visibl
light. Precise control of the filter colour is nced
to ensure UVB and UVC are filtered out, as the:
can cause eye damage and skin cancer. This jcave
UVA, which is just beyond the visible spectrum an
is used, for example, in suntan lamps. However,
some danger still exists; for example, if a child wer
1o look directly and at close range into the faint bl
glow of the lights. To prevent this, the lights wi
only operate when the vehicle is moving. This is
very promising contribution to road safety.

11.3.3 LED lighting

Light emitting diode (LED) displays were first pr
duced commercially in 1968. Almost from this ti
there has been speculation as to possible vehicl
applications. Such LEDs have certainly foun
applications in the interior vehicle, particularly ¥
dashboard displays. However, until recently, legi
lation has prevented the use of LEDs for exteri
lighting. A simple change in the legislative languaj
from ‘incandescent lamp’ to ‘light source’, has
last made it possible to use lighting devices oth
than filament bulbs. Figure 11.19 shows a light un
containing LEDs.

The advantages of LED lighting are clear, t
greatest being reliability. LEDs have a typical rat
life of over 50 000 hours, compared with just a fe
thousand for incandescent lamps. The environme
in which vehicle lights have to survive is hostile
say the least. Extreme vanations in temperature an
humidity as well as serious shocks and vibration hav
to be endured.

LEDs are more expensive than bulbs but t
potential savings in design costs due to sealed unt
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Figre 11,19 Lighe units with LEDs

W used and the greater freedom of design could
“uiweiph the extra expense. A further advantage is
that they turn on quicker than ordinary bulbs. This
s 1on time is important; the times are about 130 ms
S the |LEDs. and 200 ms for bulbs. If this is related
W a vehicle brake tight at motorway speeds, then
#w increased reaction time equates to about a car
Bupth This is also potentially a major contribution
# 1ond safety.

Muast of the major manufacturers are undertaking
wavnrch ainto the use of LED lighting. Much time is
Sy spent looking at the use of LEDs as high-level
Wb e lights. This is because of their shock resist-
e which will allow them to be mounted on the
&1 id In convertible cars, which have no rear
we=an as such, this application is ideal. Many manu-
M luiers are designing rear spoilers with lights built
W uiud this is a good development as a safety aspect.

Henvy vehicle side marker hights are an area of
Wi where LEDs have proved popular. Many light-
= manufacturers are already producing lights for
W wlici-market. Being able to use sealed units will
givatly crease the life expectancy. Side indicator
S-iters are a similar issue due to the harsh envir-
Soental conditions.

11.4 Case studies

11.4.1 Rover lighting circuit

Y cireut shown in Figure 11.20 is the complete
Eyhting system of a Rover vehicle. Operation of the
i parts of this circuit is as follows.

Sidelights

Operation of the switch allows the supply on the N
or N/S wire (colour codes are discussed on page
85) to pass to fuses 7 and 8 on an R wire. The two
fuses then supply left sidelights and right sidelights
as well as the number plate light.

Dipped beam

When the dip beam is selected, a supply is passed to
fuse 9 on a U wire and then to the dim-dip unit,
which is now de-cnergized. This then allows a sup-
ply to fuses 10 and 11 on the O/U wire. This supply
is then passed to the left light on a U/K wire and the
right light on a U/B wire.

Main beam

Selecting main beam allows a supply on the U/W
wire to the main/dip relay, thus energizing it. A sup-
ply is therefore placed on fuses 21 and 22 and hence
to cach of the headlight main beam bulbs.

Dim-dip

When sidelights are on there is a supply to the dim-
dip unit on the R/B wire. If the ignition supplies a
second feed on the G wire then the unit will allow a
supply from fuse 5 to the dim-dip resistor on an N/S
wire and then on to the dim-dip unit on an N/G wirc
The unit then links this supply to fuses 10 and 11
(dip beam fuses).

11.4.2 Generic lighting circuit —
Bosch

Figure 11.21 shows a typical lighting circuit using
the “flow diagram’ or schematic technique. The iden-
tifiers are listed in the Table 11.2. Note that, when
following this circuit, the wires do not pass directly
through the “lamp check module’ from top to bottom.
There is a connection to the appropriate lamp but
this will be through for example, a sensing cotl.

Also, note how codes are used to show conncc-
tions from some components to others rather than a
line representing the wire. This is to reduce the
number of wires in general but also to reduce cross-
over points

11.4.3 Xenon lighting — Hella

The risk of being injured or killed in a traffic acci-
dent on the roads is much higher at mght than dur-
ing the day, in spite of the smaller volumes of traffic.
Although only about 33% of accidents occur at dusk
or in the dark, the number of persons seriously
injured increases by 50%, and the number of deaths
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Figure 11.21 Lighting circuit

Yabds 11.2 \dentifiers for Figure 11.21

S—

iy e Device

Dimmer for instrument lighting
Fog warning lamps

Main beam headlamps
Fog tamps

Dip beam headlamps
Side-marker lamps
Number plate lamp

Tail lamps

Reverse lamp
Inscrument lighting
Indicator lamps

Lighting relay

Headlamp switch

Fog lamp switch

Dip switch

Stop lamp switch

Turn signal switch
Back-up lamp switch
Hazard warning switch
Plug, lamp check module
Plug, check control
Socket, hazard warning relay

£33 30 22

-

ure

+ vompared with accidents that occur during

wypade fuctors such as self-dazzling caused
s surfaces. higher speeds because of the
tatlic density and a reduction of about 25%
dustinee maintained to the vehicle in front,
1ulsting 1o eye physiology play a very import-
o

“v o e faster than any other sensory organ,
e human eye’s powers of vision begin to

31 flow diagram

deteriorate noticeably from as early an age as 30!
The consequence of this — a reduction in visual acu-
ity and contrast sensitivity when the light begins to
fade - is a situation that is very rarely noticed by the
motorist, as these functional deficits develop only
slowly.

However, the vision - even of a person with
healthy eyes — is considerably reduced at night. The
associated risk factors include delayed adjustment
to changes between light and dark, impaired colour
vision and the slow transition from day to night,
which, through the habituation effect, can lull the
motorist into a false sense of sccurity.

Hella - for the past 100 years a forerunner in the
development and production of innovative head-lamp
and lighting systems - is therefore giving increas-
ing backing to xenon technology, the only system
that offers more light than conventional tungsten
bulbs - and that is daylight quality.

However, a good xenon headlamp alone is not
enough to translate the additional light quantity and
quality into increased safety. In order, for example,
to avoid the hazard of being dazzled by oncoming
traffic, the legally required range of additional
equipment ncludes such items as headlamp clean-
ing equipment and automatic beam levellers. Only
the system as whole is able to provide the clear
advantage of higher safety for all road-users, even
under the most adverse weather conditions. This
means that even in rain, fog and snow, spatial vision
1s improved and the motorist’s orientation abilities
are less restricted.

Already today, according to a survey, 94% of
xenon headlamp users are convinced of their positive



benefits. Night vision is improved claim 85% of
users — in the case of the over-50s this figure is even
increased to 90%. Visibility in rain is atso judgedsby
80% to be better, while 75% of those surveyed have
perceived an increase in safety for cyclists and
pedestrians owing to the wider illumination of the
road. The same percentage maintains that, thanks to
xenon light, obstacles on the road are more easily
recognized.

In order to make this increase in active safety
available to as many road users as possible, the auto-
mobile industry — whether as standard equipment or
as an optional accessory — is laying more emphasis
on xenon headlamps. The annual requirement for
xenon headlamps in Europe is estimated to rise
to over two miltion units by the year 2000. Today,
more than 600 000 cars have already been equipped
with xenon headlamps.

The xenon bulb ts a micro-discharge bulb filled
with a mixture of noble gases including xenon. The
bulb has no filament, as is the case with a halogen
bulb, but the light arc is created between two elec-
trodes. As 1s the case with other gas discharge bulbs,
the xenon bulb has an electronic starter for quick
ignition, and requires an electronic ballast to func-
tion properly.

The xenon bulb provides more than twice the
amount of light ot a halogen bulb, while only con-
suming half the power. Therefore, the driver can see
more clearty, and the car has more power for other
functions. Moreover, it is environmentally friendly,
as less power means less fuel consumption. The
clear white light produced by the xenon bulb is sim-
ilar to daylight. Research has shown that this
enables drivers to concentrate better. Furthermore,
this particular light colour reflects the road mark-
ings and signs better than conventional lighting.
The xenon bulb also dehivers a marked contribution
to road safety in the event of limited visibility due
to weather conditions. In practical terms, the kife
span of the bulb is equal to that of the car, which
means that the bulb need only be replaced in excep-
tional cases.

The light produced by a xenon bulb is, in fact, not
blue but white, falling well within the international
specifications for white light - the light only appears
blue in comparison to the warmer ‘yellow’ light pro-
duced by halogen. However, it clearly appears white
in comparison to daylight. Technically speaking, it is
possible to adapt the light colour produced, but this

would lead to a substantial loss of intensity, thereby
cancelling out the particular advantages.

The international regulations governing light
distribution and intensity on the road are very sirict.
Xenon light falls well within these boundaries.

W Ll electrical and electronic systems
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WL Baropean safety legislation. The bulbs are
B ntachangeable with existing bulbs.

WUE the introduction of BlueVision, Philips
St Lighting is illuminating the way ahead
8 fuiwie of enhanced headlamp performance.
W W s white light BlueVision. For the
S fason that the Blue Vision lamps reproduce
S Bgi e light - in night-time conditions!

L e UV cut quartz developed by Philips

Saligen lumps means that BlueVision can safely

Wt [ all headlamps. However, it should be
W i halogen technology is not comparable to
B S ischarge technology, fitted as original

Figure 11.22 Hella xenon lighting St 1o more and more of the world’s cars.

In addition, technically speaking, xenon lighting @
less irritating than conventional light. As the ligh
darkness borders are much more clearly defined, le:
light is reflected into the eyes of oncoming drivers
The increased amount {double) of Jight produced i
mainly used to achieve higher intensity and bettef
distribution of light on the road. Moreover, thi
verges are also better lit. There are three condition
that must be met. These are contained in the intel
national regulations concerning the use of xenol
light: the headlamps must be aligned according 4
regulations; the vehicle must be fitted with an auig
matic headlamp levelling system, so that when ¢
load 1s increased the headlight beams are automa
cally adjusted:; the headlamp must be fitted with g
automatic cleaning system, as dirt deposits on t
lens act as a diffuser, thereby projecting the lig
beyond the prescribed range. These three cond
tions together with the extensive life span of t
xenon bulb greatly reduce the risk of incorree
aligned headlamps. The use of halogen bulbs enta
a much higher risk.

Xenon light sometimes appears to irritate oncol
ing drivers. In normal circumstances drivers lo
straight ahead; however, due to the conspicuo
colour of xenon light, drivers are more inclined
look into the headlamps. The same phenomenon w
experienced during the introduction of halogen hes
lamps in the 1960s. In those days peopie also spol
of ‘that irritating white light. The introduction ¢
xenon headlamps will therefore entail a period
which everybody will become accustomed. Figy
11.22 shows the xenon lamp from Hella.

11,45 New signalling and
Aighting technologies

W L ghting Systems has developed new signal
- ”nqv technologies to provide more variety and
s an 1o signal lamp concepts, which are a key
W (ealure on cars,

h‘l aspect signal lamps

| Wt signal lamps are based on the com-
shape technology widely used in headlamps.
iwllern is no longer completely controlled by
W bt by the reflector which, in some cases,
W i conjunction with an intermediary filter.
sWionnl lens optics using prisms is mini-
4 pivng the impression of greater depth and

hi-colour signal lamps

sionocolour technology, in addition to the
el red functions (stop, tail lamp and fog),
8 S and turn signat functions appear red
nol in use, but emit white and amber light
Wiely when functioning. Several technolo-
Wl this possible. In the case of subtractive
ws lumps, coloured screens are placed in
ol the bulb. Their colours are selected so that,
Simiunction with the red of the external lens,
sulour the light emitted by the lamp in line
#w regulations: white for reverse, amber for
W sipnal. Complementary colour technology
# tso-colour external lens, which combines
Whsainant) and its complementary colour (yel-
I the turn signal, blue for reverse). The com-
o of these two lights — red and yellow for the
wpnal 1ed and blue for reverse — produces the
W vl hight (white or amber) stipulated by the

INTIN

11.4.4 Blue lights!

Philips ‘BlueVision™ white light stimulates dri
concentration and makes night-time driving l¢
tiring and reflects much better on road markings
signs. The new headlight and sidelight bulbs me

Linear lighting

Linear tail lamps can easily be harmonized with the
design of the vehicle by introducing the aspect of
very elongated lamps. Each function hght is narrow,
(35 mm), and can be up to 400 mm long. The lamps
use optical intermediary screens, which are so pre-
cise that they not only fulfil legal photometric require-
ments but also create a harmonious overall aspect
and very distinct separations between the function
lights. This new technology is particularly well suited
for the rear of mini-vans and light trucks.

New light sources for signal lamps

LED (light emitting diode) and neon combination
lamps are a unique way to combine style and safety.
Innovative style: thanks to their compactness, LED
and neon offer enhanced design flexibility, notably
for highlighting the lines of the vehicle and illumin-
ating the bumper. Their homogeneous or pointillist
appearance accentuates the differentiation and
high-tech aspect of these signal lamps. Increased
safety: the response time of these new sources,
approximately 0.2 s faster than incandescent bulbs,
allows danger to be anticipated as it provides the
equivalent of 5m extra braking distance for a
vehicle travelling behind at 120 km/h.

Centre high mounted stop lamps
(CHMSLs)

AnLED CHMSL itluminates 0.2 s faster than conven-
tional incandescent lamps, improving driver response
time and providing extra braking distance of Sm at
120km/h. Owing to their low height and reduced
depth, LED CHMSLs can be easily harmonized with
all vehicle designs, whether they are mounted inside
or integrated into the exterior body or spoiler. The
lifetime of an LED CHMSL is greater than 2000
hours, exceeding the average use of the light during
the life of the vehicle. Each new LED generation
feature enhances photometric performance and allows
a reduction in the number of LEDs required for the
CHMSL function. This number has already decreased
from 16 to 12 in some configurations and should
decrease even further over the next few years.

Neon technology

As with LED technology, neon lamps have an almost
instantaneous response time (increased safety), take
up little space (design flexibility) and last more than
2000 hours, thus exceeding the average use of a
CHMSL during the life of the vehicle. Moreover, the
neon CHMSL is very homogeneous in appearance
and offers unmatched laterat visibility.



11.4.6 Electric headlamp
levelling actuators

The primary function of a levelling actuator i to
adjust the low beam in accordance with the load car-
nied by the car and thereby avoid dazzling oncoming
traffic. Manual electric levelling actuators are con-
nected up to a control knob on the dashboard so
allowing the driver to adjust beam height.

In addition 1o its range of manual electric head-
lamp levelling actuators, Valeo now also offers a
new range of automatic actuators. As their name
implies, these products do not require any driver
adjustment. They are of two types.

e Automatic static actuators adjust beam height to
the optimum position in line with vehicle load
conditions. The system includes two sensors
(front and rear) which measure the attitude of the
vehicle. An electronic module converts data from
the sensors and drives two electric gear motors (or
actuators) located at the rear of the headlamps,
which are mechanically attached to the reflectors.
Beam height is adjusted every 10-30s.

o Automatic dynamic adjusters have two sensors,
an electronic module and two actuators. The
sensors are the same as in the static system but
the electronic module is more sophisticated in
that it includes electronics that control rapid
response actuator stepper motors. Response time
to changes in vehicle antitude due to acceleration
or deceleration is measured in tenths of a second.
Corrective action is continuous and provides
enhanced driving comfort, as the beam aim 1s
optimized. In line with regulations, automatic
dynamic levelling actuators are mandatory on all
vehicles equipped with high intensity discharge
(HID) lighting systems.

11.4.7 Baroptic styling concept

The Baroptic concept provides flexibility in the front-
end styling of vehicles for the year 2000 and beyond
while optimizing acrodynamics. The Baroptic light-
ing system’s volume is significantly reduced as
compared with complex shape technology. The vol-
ume benefits allow enhanced management of “under
hood’ packaging. The product is a breakthrough both
in terms of volume and shape. The futuristic elong-
ated appearance of Baroptic headlamps, illuminated
or not, sets them apart from conventional head-
lamps which tend to be oval or circular-shaped.
The Baroptic uses a new optical concept. Trad-
itionally, the luminous flux emitted by the source 1s
reflected by the surface of the reflector (parabolic
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or complex shape) and the beam is spread by a st
ated outer lens or refocused by the inner lenss
(cHiptical reflector), which then projects this fl
onto the road.

In the Baroptic system, the luminous flux genel
ated either by a halogen or a HID lamp is project
into an optical guide with reflecting facets. It is thy
focused through lenses and, positioned along t
optical guide, which defines, in conjunction wr
shields, the desired beam characteristics: spr
width, length, cut-off and homogeneity.

The benefit of this total reflection system is th
photometric performance is similar to normal-siz
headlamps. The spread of light is also optimiz
which serves to enhance visual comfort when dri
ing at night. The Baroptic system is currently und
development.

11.4.8 Complex shape reflectors

The surface of the reflector is calculated througl
advanced computer analysis using a minimum o
50000 individual points, each specific to the hea
lamp model under design. The third generation
complex shape reflectors (SC3) combines the ben:
fits of the first two developments and controls bo
beam cut-off and pattern as well as homogenei
SC3 headlamp lenses can be perfectly clear or wi
striations purely for decorative purposes. The lens
there to enhance aesthetic appeal and acrodynamic:
Figure 11.23 shows a headlamp using this techniq
together with some other lighting components.

11.4.9 Infrared lights

Thermal-imaging technology promises to mal
night driving less hazardous Infrared thermal
imaging systems are going to be fitted to cars. T|
Cadillac division of General Motors is now offen
a system called “Night Vision’ as an option. A
“‘Night Vision” is switched on, ‘hot’ objects, inclui
ing animals and people show up as white in t
thermal image, as shown in Figure 11.24

The infrared end of the light spectrum was di
covered as long ago as 1800 by William Hersche
When investigating light passing through a pris
Herschel found heat was being emitted by rays
could not see. This part of the spectrum is call
infrared (from the Latin infra, meaning ‘below!
because the rays are below the frequency
red light. The infrared spectrum begins al a wav
length of about 0.75 pm and extends up to 1m
Every object at a temperature above absolute ze
(—273 °C) emits some kind of infrared radiation.
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Figure 14.23 SC3 and other light-
ing products from Valeo’

Pigure 11.24 Night vision system in use

On the vehicle system a camera umt sits on
Hadlump-type mountings in the centre of the car,
fwlund the front grille. Its aim is adjusted just like
il ol headlamps. The mid-grille position was
shwinen because most front collisions involve offset
tather than full head-on impacts. However, the sen-
w15 claimed to be tough enough to withstand

mph (14.5kph) bumper impacts anyway. The
or 1s focused 125 m ahcad of the car as shown

p Figure 11.25.
he outer lens of the sensor is coated with
slicon 1o protect it against scratching. Behind this
lwo lenses made of black glass called tecalgen-
W Ihis is a composite material that transmits

Figure 11.25 Night vision system range

infrared easily but visible light will not pass
through it.

The device looks a bit like a conventional cam-
era, but instead of film it houses a bank of ferro-
electric barium-strontium-titanate (BST) sensor
elements; 76800 of them can be packed onto a
substrate measuring 25 mm square. Each element is
a temperature dependent capacitor, the capacitance
of which changes in direct proportion to how much
infrared radiation it senses. This is termed an
uncooled focal planc array (UFPA). An electrically-
heated element maintains a temperature of 10°C
inside the UFPA, enabling it to operate between
ambient temperatures of ~40 and +85°C



Between the lens and the bank of UFPA sensor
elements there is a thin silicon disc rotated by an
electric motor at 1800 rev/min. Helical swirls arc
etched on some segments of the disc. Infrared radi-
ation is blocked by the swirls but passes straight
through the plain segments. The UFPA clements
respond to the thermal energy of the objects viewed
by the lens. Each sensor’s reading switches on and
off every 1/30 of a second, thus providing video sig-
nals for the system’s head-up display (HUD).

The display, built into the dashboard, projects a
black-and-white image, which the driver sees near
the front edge of the car’s bonnet. Objects in the
image are the same size as viewed by the UFPA,
helping the driver judge distances to them.

11.4.10 RGBS lights

The reliability of the LED is allowing designers to
integrate lights into the vehicle body in ways that
have so far not been possible. The colour of light
emitied by LEDs is red, orange, amber, yellow or
green Developments are progressing to produce a
blue LED which, when combined with red and green,
will allow white light from a solid state device. Red,
green and blue are the primary colours of light and
can be mixed to produce any other colour. This is how
the combinations of pixels (RGB), on a colour moni-
tor or television screen operate

The possibilities as the technology develops are
very wide. The type of lights used and the possible
position of the lights on the vehicle are limitless.
Rear lights in particular could be changed depending
on what the requirements were. For example, when
travelling normally, the rear lights would be red but
when reversing all of the light could be white.

11.4.11 Single light-source
lighting

It is now possible to use a gas discharge lamp (GDL)
as a central source for vehicle lighting. Development
of this new headlamp system allows a reduction
in headlamp dimensions for the same output or
improved lighting with the same dimensions. Using
a GDL as a central light source for all the vehicle
lights is shown 1n Figure 11.26.

The principle is that light from the ‘super light
source’, is distributed to the hcadlamps and other
lamps by a light-guide or fibre-optic link. The light
from the GDL enters the fibre-optics via special
lenses and leaves the light-guide in a similar manner
as shown in Figure 11.27. A patterned covered lens
provides the required light distribution. Shields can

Glass fibre
Ight guides
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Figure 11.26 Using a GDL as central light source for all
vehicle lights
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Figure 11.27 The light from the gas discharge lamp (G
enters and leaves the light guide via a special lens

provide functions such as indicators, or elec
chromatic switches may even become available.

Heat build-up can be a problem in the fibr
optics but an infrared permeable coating on t
reflector will help to alleviate this issue. The lig
guide system has a very low photometric efficicn
(10-20% at best), but the very efficient light sour
still makes this technique feasible. One of the ma
advantages is being able to improve the light dist
bution of the main headlamp. Due to the leg
limits with regard to dazzle, conventional ligh
do not intensely illuminate the area just under {
cut-off line. Consequently, several glass fibre bundl
can be used to direct the light in an even distributi
onto the desired areas of the road.

The central light source can be placed anywhe;
in the vehicle. Only one source is required but it 1
thought that a second would be used for safety re
sons. A vehicle at present uses some 30 to 40 bulb:
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ol Hise umber could be reduced markedly. A sin-
0 dght source could be utilized for rear lights on
W ehuede, which would altow rear lights with an
Wl depth of only about 15 mm. This could be
Sl with light from a single conventional bulb.

11.5 Diagnosing lighting
system faults

11.5.1 Introduction

S8 with all systems the six stages of faultfinding
Ml b followed.

L Yenly the fault,

$ i ulleet further information.

& Paalute the evidence.

4 ¢+ wry out further tests in a logical sequence.
3 Jimtily the problem.

# ¢ heck all sytems.

18y procedure outlined in the next section is related
iy 1 stage 4 of the process. Table 11.3 lists
Wi common symptoms of a lighting system mal-
S o together with suggestions for the possible
Bl e faults are very generic but will serve as a
Fsl ivminder.

11.5.2 Testing procedure

1% piocess of checking a lighting system circuit is
Ismdly as follows:

I Nand and eye checks (loose wires, loose switches
wwl other obvious faults) - all connections clean
aid tight,

falde 11.3 Common symptoms and possible faules of a
Kgiikia aysitem malfunction

i —
gy Possible fault
s i * High resistance in the circuit

* Low alternator output

* Discoloured lenses or reflectors
Pasilights out Suspension fault

B e atment Loose fitungs
Damage to body panels

Adjustment incorrect

Bulbs blown

Fuse bjown

Loose or broken
wiring/connections/fuse
Relay not working
Corrosion in light units
Switch not making contact

A o not work

2. Check battery (see Chapter 5) — must be 70%

charged.

3. Check bulb(s)

ohmmeter.

4. Fuse continuity — (do not trust your eyes) volt-

age at both sides with a meter or a test lamp.

S. If used, does the relay click (if yes, jump to
stage 8) — this means the relay has operated, it
is not necessarily making contact.

. Supply to switch — battery volts.

. Supply from the switch - battery volts.
Supplies to relay - battery volts.

. Feed out of the relay - battery volts.

. Voltage supply to the light - within 0.5 V of the
battery.

11, Earth circuit (continuity or voltage) - 0 or 0V,

visual check or test with

L= =2 R =N

=

11.6 Advanced lighting
technology

11.6.1 Lighting terms and
definitions

Many unusual terms are used when relating to Hght-
ing, this section aims to give a simplified description
of those used when dealing with vehicle lighting.
First, terms associated with the light itself are given,
and then terms relating more particularly to vehicle
lights. The definitions given are generally related to
the construction and use of headlights.

Luminous flux (¢)

The unit of juminous flux is the lumen (Im).
Luminous flux is defined as the amount of light
passing through an area in one second. The lumen
1s defined as the light falling on a unit area at a unit
distance from a light source, which has a luminous
intensity of one candela.

Luminous intensity /

This is the power to produce illumination at a dis-
tance. The unit is the candela (cd); it is a measure of
the brightness of the light rather than the amount of
light falling on an object.

IHlumination intensity E

This can be defined on a surface as the luminous
flux reaching it per unit area. The luminous inten-
sity of a surface such as the road will be reduced if
the light rays are at an angle. The unit is the lux (Ix),
it is equivalent to one lumen per square metre or to



the illuminance of a surface one metre from a point
source of light of one candela. In simple terms it
depends on the brightness, distance from, and angle
to, a light source.

Brightness or luminance L

This should not be confused with illumination. For
example when driving at night the illumination
from the vehicle lights will remain constant. The
brightness or luminance of the road will vary
depending on its surface colour. Luminance there-
fore depends not just on the illumination but also
on the light reflected back from the surface.

Range of a headlight

The distance at which the headlight beam still has a
specified luminous intensity.

Geometric range

This ts the distance to the cut-off tine on the road
surface when the dip beam is set at an inclination
below the horizontal.

Visual range

This is affected by many factors so cannot be
expressed in units but it is defined broadly as the
distance within the luminous field of vision, at which
an object can still be seen.

Signal identification range

The distance at which a light signal can be seen
under poor conditions.

Glare or dazzle

This is again difficult to express, as different people
will perccive it in different ways. A figure is used,
however, and that is if the luminous intensity is 11x
at a distance of 25 m, in front of a dipped headlight
at the height of the light centre, then the light is said
not to glare or dazzle. The old British method stated
that the lights must not dazzle a person on the same
horizontal plane as the vehicle at a distance over
25 feet, whose eye level is more than 3 ft 6 in above
the plane (I presume s/he is sitting down.)! In gen-
eral, headlights when on dipped beam must fail
below a horizontal line by 1% (1.2% or more in
some cases) or 1 cm/m.

11.6.2 Expert Lighting Systems

The Expert Lighting System is a new Valeo tech-
nology developed to adapt the headlamp beam to
various road and traffic conditions. The low beam
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is adapted to curves and the high beam to the veh
cle’s speed. These lighting functions provide drivel
with:

o enhanced comfort due to the increased quants
of light and quality of the beam,

e improved safety, particularly in difficult drivi
conditions such as winding mountain roads.

This function is achieved by additional movi
reflectors, which rotate according to the positig
of the steering wheel (in line with the dircctig
of the driver’s sight). The additional beam ilium
nates the area beyond or at the curve that is not nol
mally illuminated by a traditional low bea
function.

High beam adaptation to speed is based on t
translation of ‘additional mirrors’ within the hig
beam reflector. The high beam is automatical
adapted for beam width and range according t
vehicle speed. This function is not subject to 1
introduction of new regulations.

11.6.3 Intelligent front
lighting — Hella

The lighting of modern vehicles has improved co;
tinually in the past few decades. The halogen tee
nology developed by Hella in particular set n
standards after it was introduced early in the 1970
as has xenon technology in the 1990s. The adva
tages of these systems were, and still are, their hig
lighting performance and their precise light dist
bution. The intelligent lighting systems of t
future. however, will have to offer even mo
than this in order to make driving safer and mo
enjoyable.

In cooperation with the motor industry, Hella
masterminding a project for the development of
intetligent front lighting system for future gene
ations of motor vehicles. Market research surv
conducted all over Europe first enabled an analys
to be made of the requirements drivers make
their vehicle lighting.

European drivers, according to this study, would
like the front lighting to respond to the various d
ferent light conditions they encounter such as da
light, twilight, night-time, and driving in and outd
tunnels, and to such weather situations as rain, f¢
or falling snow. They would aiso like better illu
nation on bends. Drivers would also like better i
on motorways. Their list of requirements al
includes better light along the edge of the road, ani
additional light for parking in a narrow space a
when reversing.
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S Hella s highung experts, turning these require-
Sk into an intelligent front tighting system means
S bensive detail work and the development of
Bl ew lighting technologies that can respond in
e diflerent ways to all these different situ-
# o some of which call for contradictory patterns

& MM distribution.
f o mstance, direct lighting of the area immedi-
B hont of the car is desirable when the roadway
8 sy bait can dazzle oncoming traffic if the road is
Wt Pght emitted above the cut-off line in fog
Wil the dniver him/herself. And a long-range,
I B pmtiern of hight distribution for high-speed
8 ey dnving is unsuitable on twisting country
Bl where the need is for a broad illumination in
Bt ol the car. possibly augmented by special head-
B (i bends or a “dynamic’ long-range lighting
Bl Despite the wide diversity of all these light-

“luition patterns, none must be allowed to
ttv wncoming drivers.

Awirber theme is the idea of lights that switch on

stically. Unlit vehicles keep turning up at night,

amliwe 1n city-centre traffic, because the street

I 18 S0 pood that some drivers fail to notice that

B o driving without lights. The same phenome-

B i be seen where cars drive through tunnels. In

354 «puen, the unlit vehicles represent a major safety
s Iwwanse other road users can hardly see them.

~ Wilh the aid of the sensors that are already

Il on some vehicles, an intelligent lighting

I Sl can recognize the ever-changing light situa-

wil gve the appropriate assistance to the driver.

9% imtance, the sunlight sensors that already exist

B antiolling air-conditioning systems, or speed

Sming devices, could also deliver data to an intelh-

W lizhting system.

Aikhnonal sensors for ambient light and light
Wity i the field of vision, for identifying a dry or
Qﬂ nund Tog, and whether the road ahead is straight

surved, could also deliver important data. In
pul- i vehicles with digital electronic systems and
B itertuces, these data will not only be useful to
¥ highung systems but also to the other electron-
Bally controlled systems, such as ABS or ASR, and

e Ihe driver vital assistance particularly in the
@m diflicult driving situations.

{hw dJata transmitted by the various sensors on a
Sl le can only be put to use if the vehicle has a
‘4 samic’ headlamp system that is capable of pro-
B ing vanous different light-distribution patterns.
$his could begin with an automatic, dynamic height-
@ﬁu stiment and headlamps that automatically swivel

s and could even include variable reflectors

B nhm
P10

a whole range of light-distribution

Figure 11.28 Dynamic bending hght and normal lighting
{Source: Valeo)

11.7 New developments in
lighting systems

11.7.1 Light duties

Bending Light

Valco is developing a headlight technology it calls
‘Bending Light’.! This technique automatically
directs light into road bends to optimize forward
visibility at night. The technology makes a signifi-
cant contribution to comfort and convenience by
reducing driver fatigue.

The Bending Light system consists of a bi-xenon
projector, or reflector headlamp, that can rotate up
from its normal position. An additional projector, or
reflector, or a combination of the two can be used to
deliver more light into a road bend. The actuation of
the motorized lighting unit, within each headlamp
assembly, is controlled by an electronic control unit,
which employs signals from the steering wheel and
wheel-speed sensors. A link to a satellite navigation
system (GPS) can also be used if required.

Bending Light is the first of a new generation of
adaptive front lighting systems to be launched by
Valeo following an extensive R&D program. The
range includes three distinct lighting types:

o Motorway Lighting - typically above 80km/h
(50 mph), the low-beam function of the head-
lamp is raised using a signal received from the
wheel-speed sensor to actuate a self-levelling
system, which increases driver visibility at high
speeds

® Adverse Weather Lighting — provides, under
reduced-visibility conditions i fog, rain and
snow, additional illumination to help keep track

!'Valeo, 2002/3, Adaptive Front Lighting Systems — Bending
Light
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Horizontal rotation axis

of road edges, while light is removed from the
foreground to reduce reflection from the wet road

e Town Lighting - in well-illuminated urban
areas the light beam is lowered and lateral light
is increased, improving pedestrian and cyclist
identification at crossings as well as reducing
dazzle.

Bending Light is an intelligent headlamp system that
optimizes the night-time illumination of road curves
by directional control of vehicle headlamps. To turn
an increased quantity of light into road bends auto-
matically, Bending Light systems adopt several flex-
ible design approaches. Dynamic Bending Light
(DBL) uses a Bi-Xenon lamp (projector or reflector
type) housed in each headlamp unit, together with an
electronic actuator and an electronic control unit.
This design facilitates the horizontal rotation of
the Bi-Xenon lamp by up to 15° from the normal
“straight-ahead’ position. This function is controlled
by a microcontroller linked to the vehicle’s data net-
work with real-time inputs from both the steering
angle and speed sensors. Fixed Bending Light (FBL)
employs an additional projector or reflector type
lamp integrated into the headlamp unit at a 45 ° angle.

Advanced Frontlighting System
(AFS)

Visteon's Advanced Frontlighting System? incorp-
orates innovative electronic controls to adjust head-
light output so that the beam pattern 1s directed for
specific driving conditions, such as speed and
vehicle direction. The driver automatically experi-
ences the optimized hght distribution according to

2Visteon, June 17, 2002, Innovations Advanced Front
Lighting Systems

Figure 11.29 Mechanical design of
the AFS (Source: Visteon)

Figure 11.30 Situation where AFS improves target detection
{Source: Visteon)

the individual driving situation, thus enhancing

visibility and safety for drivers at night.
Advanced Frontlighting Systems included:
Basic function:

o Electronic control module.
® Swivel low beam headlamp.
e Halogen in low beam.

Expanded function - provides additional featuresg
above the basic function:

o Electronic control module.

® Beam pattern will adjust up at high speeds an
down and outward at low speeds.

e 42V compatible !

e Ability to shift the low beam up when the high®
beam is activated.

o Longer and narrower light distribution to incr
visibility at greater distances.



i Awomobide electrical and electronic systems

Sigwrw 11,31 Four functions of AFS (Source: Visteon)

® Shotter and wider light distribution to increase
vithihity at closer distances
e nuwer flexibility to activate/deactivate the system.

Fah system is equipped with sensors, that detect
Pasneing conditions, a driver-controlled switch, an
A ionie control unit, which processes data from
W sensors, and electronic mechanisms that repos-
Wion the headlights. Each system is controlled by a
Visiwon proprietary algorithm that controls head-
St actuation. A central processor receives data
S i steering wheel sensor (to measure steering
wile ) n speed sensor and axle sensors to direct the
P liphts in real time.

When a vehicle turns a corner, for instance, the
witer headlight maintains a straight beam pattern
w&ile the inner headlight beam illuminates the
s ommg turn. AFS responds to vehicle speed,
@husting for higher and lower speeds. Additionally,
W s when high beams are activated, the system
fadinsts the low beam upwards to further extend the
Mie of vision,

 mie fundamental differentiator of these systems is
Visteon's ability to scale them to the manufacturer’s
swndd- This system can use cost-effective Halogen
kalbs Visteon's internal surveys revealed that while

Inele buyers know and understand the benefits
#i Xenon technology, the higher cost of Xenon
Bullis could act as a potential deterrent to consumers.
I % pending on manufacturer needs, Advanced Front-
Nghting Systems can be modified to recognize and
Lagond o a variety of road conditions, and can also
I implemented on vehicles with 14 or 42V elec-
Ml systems.

Visteon's Advanced Frontlighting Systems also
wlivs o preat degree of design flexibility for vehicle
seupners. These systems, well suited to the recent
o0 towards projector-style headlights, can be eas-
My puckaged as an articulated assembly in reflector-
My ie headlamps.

Other lighting developments

l\wo other continuing areas of lighting developments
W the use of light emitting diodes (LEDs) and gas
discharge lighting (GDL).

Figure 11.32 LED lighting (Source: Visteon)

Figure 11.33 Xenon lighting (Source: Visteon)

LEDs have a typical rated life often 25 times that
of incandescent lamps. Extreme variations in tem-
perature and humidity, as well as serious shocks
and vibration, have to be endured. LEDs are more
suited to this type of environment. LEDs are more
expensive than bulbs, but the potential savings in
design costs, due to sealed units being used and
greater freedom of design, could outweigh the extra
expense. A further advantage is that they turn on
quicker than ordinary bulbs - important when used
as stoplights.

The benefit of Xenon lighting is that it emits
more than twice the amount of light of a halogen
bulb, while only consuming half the power. There-
fore, the driver can see more clearly and the car has
more power for other functions.

The clear white light produced by the xenon
bulb ts similar to daylight, and research has shown
that this enables drivers to concentrate better. In
practical terms, the life span of the bulb is equal to




that of the car, which means that the bulb need only
be replaced in exceptional cases.

11.7.2 LEDs

LED displays have been used for many years n
dashboards and other instrument-type applications.
However, until recently, LEDs were not expected
to be used for replacing bulbs in lighting apphi-
cations. LEDs provide much higher reliability and
lower power consumption, as well as requiring less
maintenance.

Recent advances in brightness and colour avail-
ability are leading to the use of LEDs in place of
incandescent lamps. It currently takes a cluster of
LED:s to match the light output of an ordinary bulb,
but the LED cluster only consumes about 15% of
the power for the same light output. Incandescent
lamps need replacing after about 1000 hours
whereas LEDs will last up to 100000 hours.

Recently, due to the advent of gallium nitride
(GaN) and indium doped gallium nitride (InGaN),

super-bright” LEDs are starting to replace incan-
descent bulbs. Blue is a key issue - or at least a key
colour. In addition to adding another colour to the
‘instrument palate’, blue is key in working within a
matrix of red and green. In other words, when com-
bined it will produce white or any other colour of
light. However, while white light can be created by
the ‘RGB’ method, coating an ‘In(GaN’ blue LED
with phosphor directly produces a white light out-
put by a process commonly called the phosphor
down-conversion method.

A number of manufacturers have focussed on
production or purchase of InGaN LEDs. InGaN
LEDs have fallen in price by over 50% recently and
are expected to do the same again in the near future.
LEDs will continue to become more popular for
less traditional uses.

11.8 Self-assessment

11.8.1 Questions

1. Describe briefly the reasons for fitting vehicle
lights.

2. State four methods of converting electrical
energy into light energy.

3. Explain the reason why headlights are fused
independently.

4. Draw a simplified circuit of a lighting system
showing the side- and headlight bulbs, light
switch, dip switch and main beam warning
light.
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5. Make a clearly labelled sketch to show t
-aiming board” method of setting headlig
alignment.

6. Describe the operation of a gas dischal
lamp.

7. List the advantages and disadvantages of g
discharge lamps.

8. Explain the operation of infrared lighti
and sketch a block diagram of the syste
components.

9. Define the term ‘Expert or Intelligent lightin,

10. Draw a typical dim-dip circuit and state t
reason why it is used.

11.8.2 Assignment

Design a vehicle lighting system using technolo,
described in this chapter. Decide which techniq
you are going to use and justify your choices. Fi
example, you may choose to use a single li
source for all lights or you may decide to use nei
lights for the rear and gas discharge for the frol
Whatever the choice, it should be justified wi
sound reasons such as cost, safety, acrodynami
styling, reliability and so on.

Make sketches to show exterior views. Cir¢
diagrams are not necessary but you should ng
where components would be located. State whetl
the vehicle is standard or ‘top of the range’ etc.

11.8.3 Multiple choice
questions

In a conventional incandescent bulb the filament
made from:

1. halogen

2. tungsten

3. quartz

4. non-resistive wire

In a headlamp the bulb’s filament position relats
to the reflector ensures:

1. the correct beam direction

2. reduced electrical resistance
3. the correct beam colour

4. increased electrical resistance

An asymmetric headlight gives a:
1. whiter light

2. dim-dip facility

3. diverging beam pattern

4. sharp cut-off line when on dip

Technician A says dim-dip lighting is achieved
a simple series resistor. Technician B says dim-
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i achicved by switching on and off fast.

_i_h_’uh Aund B
Weitles A nor B

win wdvantage of using light emitting diodes
1} m vehicle lighting is:

i vanicty of colours available

#hat Ihey produce whiter light

o long lite

il of the above

B waltuye of a stoplight bulb is normally:
"w

¢ safety hazard associated with gas discharge
i related to the:

of high voltages

Wav ol kryptonite gas

Ienigth of time to coot down

fngth of time to discharge

The headlights of a vehicle fail to illuminate when
switched on. An initial visual check shows the
wiring to be OK and the relay ‘clicks’. Technician A
says the fault is poor relay earth connection.
Technician B says check the relay output. Who is
right?

1. A only

2. Bonly

3. Both A and B

4. Neither A nor B

Correct headlamp beam alignment is necessary
because:

1. itis a legal requirement

2. it ensures efficient operation

3. road safety is improved

4. all of the above

Checking the stoplight switch can be done by

removing the wires and:

1. bridging them with a jumper wire

2. bridging the switch terminals with a test
lamp

3. bridging them with a voltmeter

4. bridging the switch terminals with an ammeter
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Auxiliaries

12.1 Windscreen washers
and wipers

12.1.1 Functional requirements

The requirements of the wiper system are simple.
The windscreen must be clean enough to provide
suitable visibility at all times. To do this, the wiper
system must meet the following requirements.

Efficient removal of water and snow.

Efficient removal of dirt.

Operate at temperatures from —30 to 80°C.
Pass the stall and snow load test.

Service life in the region of 1500000 wipe cycles.
Resistant to corroston from acid, alkali and ozone.

In order to meet the above criteria, components of
good quality are required for both the wiper and
washer system. The actual method used by the
blades m cleaning the screen can vary, providing
the legally prescribed area of the screen is cleaned.
Figure 12.1 shows five such techniques.

Figure 12.2 shows how the front screen is split
into ‘zones’ and how a ‘non-circular wiping’ tech-
nique is applied.

12.1.2 Wiper blades

The wiper blades are made of a rubber compound
and are held on to the screen by a spring in the
wiper arm. The aerodynamic properties of the
wiper blades have become increasingly important
due to the design of the vehicle as different air cur-
rents flow on and around the screen area. The strip
on top of the rubber element is often perforated to
reduce air drag. A good quality blade will have a
contact width of about 0.1 mm. The lip wipes the
surface of the screen at an angle of about 45°. The
pressure of the blade on the screen is also important
as the coefTicient of friction between the rubber and
glass can vary from 0.8 to 2.5 when dry and 0.1 to
0.6 when wet. Temperature and velocity will also
affect these figures.

5

Figure 12.1 Five techniques of moving wiper blades on
screen

12.1.3 Wiper linkages

Most wiper linkages consist of series or parall
mechanisms. Some older types use a flexible
and wheel boxes similar to the operating mecl
ism of many sunroofs. One of the main considgis
ations for the design of a wiper linkage is the poin
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b t1.1 Non-circular wiping

Arm and blade
wept positions

Motor owput after
worm gear reduction

113 Two typical wiper linkage layouts

b ihe blades must reverse. This is because of
lugh forces on the motor and linkage at this
It 1he reverse point is set so that the linkage is
% nuamum force transmission angle then the
w action of the blades puts less strain on the
1+ lhis also ensures smoother operation.
1+ 12.3 shows two typical wiper linkage lay-
{he first figure is shown at the reverse point.
that the position of the rotary link and the
» ul the rods are designed to reduce the load-
wn the motor at this point.

Vigwie 124 shows one method used on some
¢ les together with the cam linkage, which allows
seteen parking.

Motor drive
Clockwise — normnal
Anti-clockwise - park

Figure 12.4 Wiper linkage used on some vehicles, together
with the cam fink which allows off-screen reverse parking

12.1.4 Wiper motors

Most, if not all, wiper motors now in use are the per-
manent magnet motors. The drive is taken via a
worm gear to increase torque and reduce speed.
Three brushes may be used to allow two-speed oper-
ation. The normal speed operates through two-
brushes placed in the usual positions opposite to
each other. For a fast speed, the third brush is placed
closer to the earth brush. This reduces the number of
armature windings between them, which reduces
resistance and hence increases current and therefore
speed Figure 12.5 shows two typical wiper motors.
Typical specifications for wiper motor speed and
hence wipe frequency are 45rev/min at normal
speed and 65 rev/min at fast speed. The motor must
be able to overcome the starting friction of each
blade at a mmimum speed of 5 rev/min.

The characteristics of a typical car wiper motor
are shown in Figure 12.6. The two sets of curves
indicate fast and slow speed.

Wiper motors, or the associated circuit, often
have some kind of short circuit protection. This is to
protect the motor in the event of stalling, if frozen to
the screen for example. A thermal trip of some type
is often used or a current sensing circuit in the wiper
ECU, if fitted. The maximum time a motor can with-
stand stalled current is normally specified. This is
usually in the region of about 15 minutes.

12.1.5 Windscreen washers

The windscreen washer system usually consists of a
simple DC permanent magnet motor driving a cen-
trifugal water pump. The water, preferably with a
cleaning additive, 1s directed onto an appropriate
part of the screen by two or more jets. A non-return
valve is often fitted in the line to the jets to prevent



Rear motor with
electronic components

Relatve values

Figure 12.6 Characteristics of a wiper motor; the two sets of
curves indicate fast and slow speed

water siphoning back to the reservoir. This also
allows ‘instant’ operation when the washer button 1s
pressed. The washer circuit is normally linked to the
wiper circuit such that when the washers are oper-
ated the wipers start automatically and wiil continue
for several more sweeps after the washers have
stopped. The circuit is shown in the next section.

12.1.6 Washer and wiper circuits

Figure 12.7 shows a circuit for fast, slow and inter-
mittent wiper contro!. The switches are shown in
the off position and the motor is stopped and in its
park position. Note that the two main brushes of the
motor are connected together via the limit switch,
delay unit contacts and the wiper switch. This
causes regenerative braking because of the current
generated by the motor due to its momentum after
the power is switched off. Being connected to a
very low resistance loads up the “generator” and it
stops instantly when the park limit switch closes.

Front wiper motor

Auxiliaries 31

Figure 12.5 Wiper motors

When either the delay contacts or the main switc
contacts are operated the motor will run at slot
speed. When fast speed is selected the third brush o
the motor is used. On switching off, the motor wi
continue to run until the park limit switch changi
over to the position shown. This switch is only in
position shown when the blades are in the parks
position.

A simple capacitor-resistor (CR) timer circi
often based around a 555 IC or similar intcgrat
circuit is used to control intermittent wipe. Ti
charge or discharge time of the capacitor caus
delay in the operation of a transistor, which in tu
operates a relay with change-over contacts.

Figure 12.8 shows the circuit of a programmi
wiper system. The ECU contains two change-ov
relays to enable the motor to be reversed. Also ¢
tained in the ECU is a circuit to switch off ¢
motor supply in the event of the blades stalling.
reset this the driver’s switch must be returned to t
off position.

12.1.7 Electronic control of
windscreen wipers

Further control of wipers other than just delay
possible with appropriate electronic control. Mai
facturers have used programmed electronic conf
of the windscreen wipers for a number of vears n¢
One system consists of a two-speed motor with t
timit switches, one for the park position and one (
operates at the top limit of the sweep. A col
switch is utilized that has positions for wash/wi
fast speed, slow speed, flick wipe and delay. a
which has several settings. The heart of this syste
the programmed wiper control unit. An innova
feature is that the wiper blades may be parked bell
the screen. This is achieved by utilizing the top li
switch to signal the ECU to reverse the motor
parking. The switch is normally closed and switch
open circuit when the blades reach the "A’ post. D
to the design of the linkage, the arms move furth
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when working in reverse and pull the blades off the
screen. The normal park limit switch stops the motor,
via the ECU in this position. -

Some vehicles use a similar system with even
more enhanced facilities. This is regulated by either
a central control unit (CCU) or a multifunction unit
(MFU). These units can often control other systems
as well as the wipers, thus allowing reduced wiring
bulk under the dash area. Electric windows, head-
lights and a heated rear window, to name just a few,
are now often controlled by a central unit. A CCU
allows the following facilities for the wipers (front
and rear).

Front wash/wipe

The CCU activates the wipers when the washer
switch is pressed and keeps them going for a further
six seconds when the switch is released.

Intermittent wipe

When the switch is moved to this position, the CCU
operates the wipers for one sweep. When back in
the rest position, the CCU waits for a set time and
then operates another sweep and so on. This con-
tinues until the switch is moved to the off position.
The time delay can be set by the driver - as one of
five settings of a variable resistor. This changes the
delay from about 3 s with a resistance of 500 £}, to a
delay of about 20 s with a resistance of 5400 ().

Rear wiper system

When the switch is operated, the CCU operates the
rear wipers for three sweeps by counting the signal
from the park switch. The wiper will then be activated
once every six seconds until switched off by
the driver.

Rear wash/wipe

When the rear washer switch is pressed, the CCU
will operate the rear wiper and then continue its
operation for three sweeps after the washer switch
is released. If the rear wiper is not switched on the
CCU will operate the blades for one more sweep
after about 18s. This is commonly known as the
“dribble wipe’!

Rear wiper when reverse gear is
selected

If the front wipers are switched on and reverse gear
is selected the CCU will operate the rear wiper con-
tinuously. This will stop when either the front wipers
are switched off or reverse gear is deselected.

Auxiliaries 3

Stall protection

When the rear wiper is operated, the CCU stal
timer. If no movement is detected within 15s 1
power to the motor is removed. This is reset wl
the driver’s switch is moved to the off position.

12.1.8 Microprocessor
controlled wipers

A problem facing car manufacturers is that
fitting a suitable wiper linkage into the mini
space available with modern body styles. One s
tion is to use a separate motor for cach blade. |
leaves another problem, and that is how to svnch
ize the operation of each motor. In order to all
synchronization, a datum point and a way of m
uring distance from this point is needed. The so
tion to this is to utilize a normal park limit switc
the datum and to count the revolutions of the mo
armature to imply distance moved.

A computer program can then be used to con
the motors. The inputs to the program are from ¢
driver’s switch, the motor limit switches and ¢
motor armature revolution counters. Fully p
grammed operation in this way will allow m
sophisticated facilities to be used if required.
slight delay in the start and reverse point of ¢
motor can be used to reduce high current draw:

12.2 Signalling circuits

12.2.1 Introduction

Direction indicators have a number of statutol
requirements. The light produced must be am
but the indicators may be grouped with ofl
lamps. The flashing rate must be between one a
two per second with a relative ‘on’ time of betw
30 and 57%. If a fault develops, this must be ap
ent to the driver by the operation of a warning i
on the dashboard. The fault can be indicated
distinct change in frequency of operation or 1
warning light remaining on. If one of the m
bulbs fails then the remaining lights should ¢
tinue to flash perceptibly.

Legislation exists as to the mounting position
the exterior lamps. such that the rear indica
lights must be within a set distance of the tail lig
and within a set height. The wattage of the indical
light bulbs is normally 21 W at 6. 12 or 24V
appropriate.

Brake lights fall under the heading of auxiliari
or ‘signalling’. A circuit is examined later in
section.
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e 119 Circuit diagram of an electronic flasher unit

1.2 Flasher units

12 % shows the internal circuit of an electronic
' uit ['he operation of this unit is based around
Weeginted circuit. The type shown can operate at
{our '1'W bulbs (front and rear) and two 5W
«y=ulers-when operating in hazard mode. This
sonlinue for several hours if required. Flasher
atv tuted by the number of bulbs they are cap-
ul operating. When towing a trailer or caravan
unil must be able to operate at a higher wattage.
wimils use a relay for the actual switching as this
I ssceptible to voltage spikes and also provides
minhible signal.
i1 vlectronic circuit is constructed together with
#elny, on a printed circuit board. Very few com-
s ure used as the integrated circuit is specially
il for use as an indicator timer. The integrated
int itse 1t has three main sections. The relay driver,
< aillator and a bulb failure circuit. A Zener diode
Kl an to the IC to ensure constant voltage such
ihe liequency of operation will remain constant
the sunge 10-15 V. The timer for the oscillator is
#iolled by Ry and C. The values are normally set
goc un on—off ratio of 50% and an operating
sy of 1.5 Hz (90 per minute).
Ihe on-off signals produced by the oscillator are
il to a driver circuit, which is a Darlington pair
With 0 dinde connected to protect it from back-EMF
5\ relay coil is switched on and off. Bulb failure

1

Figure 12.10 Electronic flasher unic

pomrenee Brake lights
L e
[—'/ =TT
Ignition Peepeend
switch /J

Brake light ])\
relay A \ Brake light

switch

Figure 12.11 Typical brake light circuit

is recognized when the volt drop across the low
value resistor R, falls. The bulb failure circuit causes
the oscillator to double the speed of operation. Extra
capacitors can be used for added protection against
transient voltages and for interference suppression.
Figure 12.10 shows the normal ‘packaging’ for a
flasher unit.

12.2.3 Brake lights

Figure 12.11 shows a typical brake light circuit.
Most incorporate a relay to switch the lights, which
is in turn operated by a spring-loaded switch on the
brake pedal. Links from this circuit to cruise control
may be found This is to cause the cruise control to
switch off as the brakes are operated.

12.3 Other auxiliary
systems

12.3.1 Electric horns

Regulations in most countries state that the horn (or
audible warning device) should produce a uniform




Figure 12.12 Horn and circuit

sound. This consequently makes sirens and melody-
type fanfare homs illegal! Most horns draw a large
current, so are switched by a suitable relay.

The standard horn operates by simple electro-
magnetic switching. As current flow causes an arma-
ture that is attached to a tone disc to be attracted to a
stop, a set of contacts 1s opened. This disconnects the
current allowing the armature and disc to return
under spring tension. The whole process keeps
repeating when the horn switch is on. The frequency
of movement and hence the fundamental tone is
arranged to lie between 1.8 and 3.5kHz. This gives
good penetration through traffic noise. Twin hom
systems, which have a high and low tone horn, are
often used. This produces a more pleasing sound but
is still very audible in both town and higher speed
conditions. Figure 12.12 shows a typical horn
together with its associated circuit.

12.3.2 Engine cooling fan motors

Most engine cooling fan motors (radiator cooling)
are simple permanent magnet types. Figure 12.13
shows a typical example. The fans used often have
the blades placed asymmetrically (balanced but not
in a regular pattern) to reduce noise when operating,

When twin cooling fans and motors are fitted,
they can be run in series or parallel. This is often the
case when air conditioning is used as the condenser
is usually placed in front of the radiator and extra
cooling air speed may be needed.

A circuit for series or paralle! operation of cooling
fans is shown in Figure 12.14.

12.3.3 Headlight wipers and
washers
There are two ways in which headlights are cleaned,

first by high pressure jets, and secondly by small
wiper blades with low pressure water supply. The

Auxiliaries

peed
S,and S, for parallel — full speed

Figure 12.14 Circuit for series or paraltel operatiol
cooling fans

second method is, in fact, much the same as v
screen cleaning but on a smaller scale. The h:
pressure system tends to be favoured but can sul
in very cold conditions due to the fluid freezing
is expected that the wash system should be cap:
of about 50 operations before refilling of the res
voir is necessary. Figure 12.15 shows the press|
wash technique.

Headlight cleaners are often combined with
windscreen washers. They operate each time |
windscreen washers are activated, if the headl
are also switched on

A retractable nozzle for headlight cleaners is of
used. When the water pressure is pumped to
nozzle it pushes the nozzle from its retracted posit
flush with the bodywork. When the washing is ¢
pleted the jet is retracted back into the housing.

Some minor vehicle electrical systems, which
not covered elsewhere, are shown in Figure 12
Cigar lighter, clock, rotating beacon and clectric &
1al are all circuits that could be used by many ot
systems,
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a= 11,15 Headlight washers in action

12.4 Case studies

12.4.1 Indicators and hazard
reuit — Rover

W s vt diagram shown in Figure 12,17 is part of
B Lot from a Rover car and shows the full layout
W idicator and hazard lights wiring. Note how
lweaid switch, when operated, disconnects the
e supply from the flasher unit and replaces it
# vonstant supply. The hazard system will there-
epennle at any time but the indicators will only
Bt swhen the ignition is switched on. When the
whn switch 1s operated left or right, the front,
#iud repeater bulbs are connected to the output
il of the flasher unit, which then operates and
% the bulbs to flash.

When the hazard switch is operated, five sets of
W ts ure moved. Two sets connect left and right
wits to the output of the flasher unit. One set dis-
wots the ignition supply and another set con-
In the battery supply to the unit. The final sct of
acis couses a hazard warning light to be oper-
On this and most vehicles the hazard switch is
sinated when the sidelights are switched on.

w hen operating in hazard mode the bulbs would
W BA (94W/12 V).

14:36 | b

Figure 12,16 Electric aerial, rotating beacon, cigar lighter and
clock circuic

However, this current will peak much higher due
to the cold resistance of the bulbs. In the circuit
shown, the top fuse i1s direct from the battery and
the other is ignition controlled.

With the ignition switched on, fuse 1 in the pas-
senger compartment fusebox provides a feed to the
hazard warning switch on the G wire. Provided the
hazard warning switch is in the off position the feed
crosses the switch and supplies the flasher unit on
the LG/K wire. When the switch control is moved
for a right turn, the switch makes contact when the
LG/N wire from the flasher unit is connected to the
G/W wire, allowing a supply to pass the right-hand
front and rear indicator lights and then to earth on
the B wire. When the switch control is moved for a
left turn, the switch makes contact with the G/R
wire, which allows the supply 10 pass to the left-
hand front and rear indicator lights and then to carth
on the B wire. The action of the flasher unit causes
the circuit to “make and break®

By pressing the hazard warning switch a batiery
supply on the N/O from fuse 3 (1.4, 2.0 and diesel
models) or 4 (1.6 models) in the engine bay {usebox
crosses the switch and supplies the flasher unit on
the LG/K wire. At the same time contacts are
closed to connect the hazard warning light and the
flasher unit to both the G/W and GIR wires, the
right-hand and left-hand indicators and the warning
light flash alternately.
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Figure 12.17 Indicator and hazard circuit — Rover

12.4.2 Wiper circuit — Ford screen, depending on vehicle speed. At high s ?, g
i e e, B o bl the air stream can cause the blades to Iift and ju 8= |
The circuit shown in Figure 12.18 is similar to that This seriously reduces the cleaning effectivene e :}
1, -

used on many Ford vehicles. Note that the two sets the original pressure is set to compensate thi ! 3 g
of swnclh contacts are melchanntfall)[ linked together pressure al rest could deform the arms and bl £ LR
The switches are shown in the “off” position. A link The pressure control system is shown in Fi = 3
is shown to a headlamp cleaning relay (if fitted) to 12.19. Sensors are used to determine the air st 3 ;
allow operation of the headlamp washers as the velocity and intensity of the rain. An ECU cval :

screen washers are used. This will only occur if the the data from these sensors and passes an appr g
headlamps are also switched on. . y ate signal to the servo motor. When the blad -

~ The wire codes follow the convention outlined in the rest position, pressure is very low to a g z

in Chapter 3. The motor is a three-brush PM type damage. The pressure rises with increasing ve 2 ;

and contains a parking switch. Following the top speed and heavy rain. >

terminal of the motor, as shown, results in a con- The system is able to respond very quickly !

nection to earth via the control switch and the limit that, when overtaking, the deluge of spray is l - ¥

switch. This is to achieve regenerative braking. by increased pressuré and also, if the screen 13

off, the pressure is reduced to prevent scraping. z

12.4.3 Wiper blade pressure E
control 12.4.4 Valeo wiper systems

Bosch has a system of wiper pressure control, which Car makers are constantly looking for ways to re

can infinitely vary the pressure of the blade onto the the noise generated by wiper systems. The two

Figure 12.18 Wiperiwasher control circuit used by Ford




Figure 12.19 Wiper blade pressure control system

sources of noise are the wiper blade (particularly
when it turns over at the end of each movement) and
the wiper motor.

Valeo has produced a new rear wiper module
offering an original solution to these problems in the
form of a specific, integrated electronics control
system. This system 1s designed around an H-bridge
power stage, which has no relays. This eliminates
all switching noise. The control algorithm provides
pinpoint management of wiper speed; it slows the
blades at the end of each cycle, thus cutting out
turning noise.

Note: an H-bridge uses four power devices that
are connected to reverse the voltage across both ter-
minals of a load. This is used to control the direction
of a motor.

Current wiper systems that are based on an alter-
native rotary movement cover a wipe area of between
50 and 60% of the total surface area of the rear win-
dow. This limit is due to the height'width ratio and the
curve of the window. Valeos linear rear wiper con-
cept ensures optimum visual comfort as it covers over
80% of the rear window surface; this is a visibility
gain for the driver exceeding 60%.

This increase in the drivers field of vision
enhances safety, especially during low-speed mano-
euvres such as reversing or parking. The linear rear
wiper concept is in keeping with the trend towards
narrower, highly convex rear windows and can be

Auxiliaries

Figure 12.20 Linear wiper systemn

fully integrated into vehicle design. Figure 12
shows this techmique.

The Silencio windshield wiper offers two md
innovations to enhance passenger comfort and saf¢

@ A new extended-life rubber coating called "Ske
o A wear indicator that tells the driver when
change the wiper.

External wear factors such as UV, ozone, polluti
windshield wiper fluid. etc. damage the rubber bl
and affect wiping quality. ‘Skin’ is a new coating
protects the blade

This surface coating, composed of a slippi
agent, a polymer bonding agent and an ‘impe
ability” agent, can be applied to natural or synth
rubber. An innovative polymerization process cnst
long-lasting adhesion to the blade. By protecting
blade from wear, “Skin’ maintains initial wipi
quality longer and also eliminates rubber squeaki
and friction noise on dry glass.

Silencio 1s also fitted with a wear indicator
tells the driver the state of wear of the wiper bla
The indicator - a round tab fixed to the wi
degrades at the same speed as the rubber bia
External wear factors such as UV, ozone and pol
tion activate chemicals in the indicator which
gradually changes colour, going from black to
low, as the wiper wears out.

12.4.5 Electronic fan system
control

The electronic control of the fan system is a furt
step in the drive to improve engine cooli
management. Besides reducing electrical consul
tion, one of the main benefits of Valeo’s concept
the reduction in noise levels thanks to continu
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b sued regulation, adjusted to the minimum

flim required for engine cooling and A/C
nent

Slio 18 due 10 start producing these variable speed

W units in 2000. They have the following

wl (catures,

dhstneal consumption reduced by half for an
e usage profile.

Sise level reduced by 15 dBa at half speed.
il start of the fan, which removes peak starting
suitents and provides a better subjective sound
el

e tionic Tunctions designed to improve the safety
#he [ are possible; speed can be adapted to the
muin required, diagnostic functions are pos-
anl self-protection in case of fan lock due to
woiination is built in,
I'w lnn clectronic management unit can be easily
kst in different places in the engine compart-
o mect all types of customer specifications, even
st demanding ones in terms of high temperature.
1 1w currently developing a new concept that has a

Tabie 12.1

compact pulse width modulation (PWM) module
integrated into the motor.

12.5 Diagnosing auxiliary
system faults

12.5.1 Introduction

As with all systems the six stages of fault-finding
should be followed.

1. Verify the fault.

2. Collect further information.

3. Evaluate the evidence.

4. Carry out further tests in a logical sequence.
5. Rectify the problem.

6. Check all systems.

The procedure outlined in the next section is related
primarily to stage 4 of the process. Table 12.1 lists
some common symptoms of an auxiliary system
malfunction together with suggestions for the

Common symptoms and possible faults of an auxiliary system matfunczion

Symptom

Possible fault

Hwn ot working or poor sound quality

Wipers not working or poor operation

Washers not working or poor operation

fndicators not working oF incorrect operating speed

I T

Hoster blower not working or poor operation

Loose or broken wiring/connections/fuse.
Corrosion in horn connections.

Switch not making contact.

High resis@ance contact on switch or wiring.
Relay not working.

Loose or broken wiring/connections/fuse.
Corrosion in wiper connections.

Switch not making contact.

High resistance contact on switch or wiring.
Relay/timer not working,

Motor brushes or slip ring connections worn.
Limit switch contacts open circuit or high resistance.
Blades and/or arm springs in poor condition.
Loose or broken wiring/connectionsfuse,
Corrosion in washer motor connections.
Switch not making contact.

Pump motor poor or not working.

Blocked pipes or jets.

Incorrect fluid additive used.

Bulb(s) blown.

Loose or broken wiring/connections/fuse.
Corrosion in horn connections.

Switch not making contact.

High resistance contact on switch or wiring.
Reky not working.

Loose or broken wiring/connections/fuse.
Switch not making contact.

Motor brushes worn.

Speed selection resistors open circuit




possible fault. The faults are very generic but will
serve as a good reminder.

12.5.2 Testing procedure

The process of checking an auxiliary system circuit
is broadly as follows.

1. Hand and eye checks (loose wires, loose
switches and other obvious faults) — all con-
nections clean and tight.

2. Check battery (see Chapter 5) — must be 70%

charged.

. Check motor linkage/bulbs — visual check.

4. Fuse continuity — (do not trust your eyes) volt-
age at both sides with a meter or a test lamp.

5. Ifused does the relay click (if yes, jump to stage
8) - this means the relay has operated, but it is
not necessarily making contact.

. Supply to switch — battery volts.

. Supply from the switch - battery volts.

. Supplies to relay - battery volts.

. Feed out of the relay - battery volts.

. Voltage supply to the motor ~ within 0.5V of
the battery.

11. Earth circuit (continuity or voltage) - 0 or 0V,

W
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12.6 Advanced auxiliary
systems technology

12.6.1 Wiper motor torque
calculations

The torque required to overcome starting friction of
each wiper blade can be calculated as follows:

r= Fumfsfll[ - Iél%

where

7 = torque to move one wiper arm;

I+ = force of one blade onto the screen;

Bmax = maximum dry coefficient of friction
(eg 25),

fs = multiplier for joint friction (e.g. 1.15);

h = tolerance factor (e g. 1.12);

) = wiper arm length;

w, = maximum angular velocity of arm;

wn, = mean angular velocity of motor crank;

e = efficiency of the motor gear unit
(e.g. 0.8),

R, = motor winding resistance - hot;

R. = motor winding resistance — cold.

Auxiliaries 3.

12.6.2 PM Motor - electronic
speed control

The automotive industry uses permanent mag
(PM) motors because they are economical to pi
duce and provide good performance. A simple ¢
rent limiting resistor or a voltage regulator can vi
the motor’s speed. This simple method is often us|
for motors requiring variable speed cont
However, to control the speed of a motor that dra
20 A at full speed and about 10 A at half speed i
problem.

At full speed, the overall motor control syste
efficiency i1s around 80%. If the speed is redu
half the system’s, then efficiency drops to 4
This is because there would be a heat loss of 7
in the series resistor and 14 W lost in the motog:
more efficient speed control system is there
needed.

One way is to interrupt the motor’s voltage
variable duty cycle using a switching power sup)
A system known as pulse width modulat
(PWM ) has been developed. An introduction tot
technique follows.

Because the armature of the PM motor acts 4
flywheel, the voltage interruption rate can be 1
or slower, without causing the motor’s speed to
sate. A problem at this or other audible frequen
is the noise generated from within the motol
higher frequencies, 16 kHz for example, the au
noise is minimized. A further noise problem is
nificant EMR (electromagnetic radiation). The
generated by the fast switching speeds. This ¢
improved by slowing down the switching
of the operating signal. A compromise has t
made between the edge speeds and power d
heat loss.

When the EMR problems are safely contat
the stalled motor condition must be considered:
motor’s copper windings have a positive tem|
ture coefficient of 0.00393 /°C. Therefol
0.25 ) motor resistance value at 25°C woul
about 0.18Q) at —40°C. Using a typical
motor as the load, the maximum stalled or |
rotor current can be calculated to be about
as shown:

[ = 08
lel’
where £ = maximum power supply e
(144V) and R, = minimum motor resis|
(0.180))

When the maximum motor current has bei
culated, the specifications of the power trans|



M8 dwomobile electrical and electronic systems
s b ketermined. In this case, the device needs an
W vurrent rating of at least 77 A. However, a
Bl consideration for reliable power transistor
Sptalion 15 1ls worst case heat dissipation.

I wurst case includes maximum values for the
B voliage, ambient temperature and motor
Sie A junction temperature of 150°C for
jsmwi fransistors is used as a maximum point.

fslliwing cquation calculates the transistor’s
with allowable heat dissipation for use in an
"L emironment using a 2.7 ° C/W heat sink and
® | { W junction to case power FET thermal

LR

g = Mgy
R@JC + ReCS + RgpSA

i

.

0 /o, = maximum allowable junction tem-
v (150°C); TAp,, = maximum ambient
wintire (85°C); R@JC = junction to case
l resistance (1°C/W); ReC'S = case to
stk interface thermal resistance (0.1°C/W),
4 hueat sink to ambient thermal resistance
T Ow)

$isinp the given figure results in a value of about
IW Tlus s considerably better than using a
M 1esistor, but to achieve this, several power
dstirs would have to be connected in parallel.
Want heat sinking is also necessary.

Phis techimque may become popular because of
Slgimlicant improvement in efficiency over con-
il methods and the possibilities for greater
et the speed of a PM motor.

12.7 New developments in
auxiliary systems

12.7.1 Electronic wiper control

The first electronically controlled reversing twin-
motor wiper system was fitled to the 2002
Volkswagen Phaeton. The two main advantages are
that the twin motor system does not use much space
and also results in excellent visibility in any situation.
Traditional wiper systems have two wiper arms con-
nected to a single motor via an appropriate linkage.
With this new system, the wiper arms are synchro-
nized electronically and do not share a mechanical
link. The motors reverse, under electronic control, at
the end of the wipe area. The motors decelerate
before reversing to reduce shock toading. This also
reduces the reversing noise and increases the service
life of the wiper blades

The electronic wiper system reduces the impact
of headwind and rain intensity on the wiping fre-
quency, and the size of the wipe pattern. In this way,
the electronic system always provides the maximum
ficld of view at a constant sweep rate. When the
wipers are turned off, the blades and arms park
under the screen. This improves aerodynamics and
reduces the risk of injuries during collisions with
pedestrians. The wiper system can be made to oper-
ate automatically if it 1s combined with a rain and
light sensor.

The two drives of the wiper arms are adjustable
to suit specific features of the vehicle and a linkage
1s not used. This means that manufacturers gain

Figure 12.21 Comparison of
single- and twin-motor wiper sys-
tems (Source: Bosch Press)




Enlarged wipe fleld
(I} Extended reversing posruon
@ Excended park posidon -

significant installation advantages. This is particu-
larly so in vehicles with contrary-motion systems.
The system is adjustable to match specific vehicle
construction details.

12.7.2 Electric engine cooling

Using an electric motor in place of the coolant or
water pump means that power consumption can be
reduced and engine cooling can be electronically
controlled or enhanced. The pump shown here is
used in conjunction with an electronic valve and
fan. The valve replaces the thermostat. The advan-
tages of this technique are:

o Reduced fuel consumption (through reduced
power usage, as well as efficiency gains).

o Lower emissions.
o Reduced engine wear.

The electronic water pump shown uses brushl
motor technology, wet-rotor and rare earth m
nets. See section 10.9.9 for further details.

12.8 Self-assessment

12.8.1 Questions

1

Auxiliaries 3.

Figure 12.22 Electronically c
wolled wiper system (Soul
Bosch Press)

Figure 12.23 Twin-motor wi
in position (Source: Bosch Pre

State four electrical systems considered to
“auxiliaries’.

. Describe briefly how a flasher/indicator umi

rated.
Make a clearly labelled sketch to show a ty
cal wiper motor linkage.
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12 24 Electnic cooling pump (Source: Valeo)

4 |hiww a circuit diagram of an indicator circuit,
#iu! label each part

|t five requirements of a wiper system.

I xpluin how off-screen parking is achieved by
MYNC WIpET systems.

Dencribe what is meant by the term ‘stall pro-
] wetion” in relation to wiper motors.

. 8 [haw a clearly labelled brake light circuit
Include three 21 W bulbs, a relay and fuse as
well as the brake light switch.

t ulculate the rating of the fuse required in
Ouestion 8.

I splain with the aid of a sketch what is meant
In “windscreen zones’.

8.2 Assignment

wstigate a modern vehicle and produce a report
W il cificiency and operation of the washer and
B nysiems (front and rear).

~ Muke a rcasoned list of suggestions as to how
wovements could be made. Consider for the pur-
of fateral thinking that, in this case, money is
M an fssuc!

12.8.3 Multiple choice questions

ki checking the operation of a relay, an audible
1% heard when the switch is operated. If there
o supply out from the relay this indicates:

that the relay is faulty

#n vpen circuit supply

# faulty switch

b il of these

vperating frequency of an electronic flasher
| s

BIH,

| SH

3. 25Hz
4. 35Hz

The wattage of an indicator bulb is normally:
1. 5W

2. 6W

3 12w

4. 21W

A wiper motor may use three brushes in order to:
1. increase torque

2. allow two speed operation

3. allow three speed operation

4. provide intermittent operation

A thermal trip may be incorporated in a wiper
motor in order to:

1. park the blades

2. protect the motor

3. provide intermittent operation

4. slow the blades in heavy rain

When the two main brushes of a wiper motor are
connected together via the limit switch, delay unit
contacts and the wiper switch, this causes:

1. fast speed operation

2. slow speed operation

3. regenerative braking

4. none of the above

Off-screen parking of wiper blades reduces:
1. current draw

2. voltage drop

3. aerodynamic drag

4. aerodynamic drop

The delay time in a wiper control unit is set by a
resistor and:

1. an inductor

2. atransistor

3. adiode

4. a capacitor

A front screen wiper system can have:
1. only one motor

2. two motors

3. no motors

4. all of the above

A vehicle horn produces sound because a tone disc
is made to vibrate by:

1. electrostatics

2. electroplating

3. electrocuting

4. electromagnetism
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Instrumentation

13.1 Gauges and sensors

13.1.1 Introduction

The topic of instrumentation has now reached such
a level as to have become a subject in its own right.
This chapter covers some of the basic principles of
the science, with examples as to how it relates to
automobile systems. By definition, an instrumenta-
tion system can be said to convert a "variable’, into
areadable or usable display. For example, a fuel level
instrument system will display, often by an analogue
gauge, a representation of the fuel in the tank.

Instrumentation is not always associated with a
gauge or a read-out type display. In many cases the
whole system can be used just to operate a warning
light. However, the system must still work to cer-
tain standards, for example if a low outside tempera-
ture warning light did not illuminate at the correct
time, a dangerous situation could develop.

This chapter will cover vehicle instrumentation
systems in use and examine in more detail the
issues involved in choosing or designing an instru-
mentation system. Chapter 2 contains many details
associated with sensors, an integral part of an
instrumentation system, and it may be appropriate
to refer back for some information related to this
chapter

13.1.2 Sensors

In order to put some limit on the size of this section,
only electrical sensors associated with vehicle use
will be considered. Sensors are used in vehicle
applications for many purposes. for example, the
coolant temperature thermistor is used to provide
data to the engine management system as well as to
the driver via a display. For the purpose of provid-
ing information to the driver, Table 13.1 gives a list
of measurands (things that are measured) together
with typical sensors, which is representative of
today’s vehicles.

Figure 13.1 shows some of the sensors listed in
Table 13.1.

Table 13.1 Measurements and sensors

Measurement required Sensor example

Fuel level Variable resistor
Temperatures Thermistor

Bulb failure Reed relay

Road speed Inductive pulse generator
Engine speed Hall effect

Fluid levels Float and reed switch

Oil pressure Diaphragm switch

Brake pad wear Embedded concact wire

Lights in operation
Battery charge rate

Butb and simple circuit
Buib circuit/voltage monif

13.1.3 Thermal-type gauges

Thermal gauges, which are ideal for fuel a
engine temperature indication, have been in use
many years. This will continue because of th
simple design and inherent ‘thermal” damping, |
gauge works by utilizing the heating effect of el
tricity and the benefit of the widely adopted bime
strip. As a current flows through a simple heati
coil wound on a bimetal strip, heat causcs the st
to bend. The bimetal strip is connected to a poinl
on a suitable scale. The amount of bend is pro
tional to the heat, which in turn is proportio
the current flowing. Providing the sensor can
its resistance in proportion to the measurand (
fuel level), the gauge will indicate a suitable rej
sentation providing it has been calibrated for the
ticular task. Figure 13.2 shows a representatio
a typical thermal gauge.

The inherent damping is due to the slow then
effect on the bimetal strip. This causes the ncedlk
move very stowly to its final position. It can be s
to have a large time constant. This is a partic
advantage for displaying fuel level, as the vari
resistor in the tank will move, as the fuel mows
due to vehicle movement! If the gauge were abl
react quickly it would be constantly moving.
movement of the fuel however is, in effect, av
aged out and a relatively accurate display can
obtained. Some clectronically driven thermal fi
gauges are damped even more by the control svstet
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Hall effect
Magnet
5

Hall IC
Magnet
Float
Reed
switch

Fluid level

pwe 13.9 Sensors used for instrumentation
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13.2 Bimenal strip operation in a thermal-type gauge

Ihermal-type gauges are used with a variable
istor und float in a fuel tank or with a thermistor
the engine water jacket. Figure 13.3 shows the
it of these two together. The resistance of the
wnk scnder can be made non-linear to counter-
amy non-linear response of the gauge. The sender
sistunce is at a maximum when the tank is empty.
A constant voltage supply is required to prevent
hanges 1n the vehicle system voltage affecting
i icading This is because, if the system voltage
sensed, the current flowing would increase and

Pressure
switch
i il
[=)
| Embedded
contact

Simpla
warning
light

Fuel
switch Tank
e . Do o
“ (O
Voltage
stabliizer
Temp
£Ruge Temp

ender
R !
Figure 13.3 Bimeul fuel and temperature gauge circuit

hence the gauges would read higher. Most voltage
stabilizers are simple Zener diode circuits, as shown
in Figure 13.4.

13.1.4 Moving iron gauges

The moving iron gauge was in use earlier than the
thermal type but is now gaining popularity for some
applications. Figure 13.5 shows the circuit and
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Figure 13.4 A voltage stabilizer

Scale

. no
5

A
fron
h / ‘,,wmmgon
/v a core
! —— —
| |
: iz s
[
Tank
—— r"r‘:der

|

bk

Figure 13.5 Circuit/principle of the moving iron gauge

principle of the moving iron gauge system. Two
small electromagnets are used which act upon a
small soft iron armature connected to a pointer. The
armature will position itself between the cores of
the electromagnets depending on the magnetic
strength of each. The ratio of magnetism in each
core is changed as the linear vanable resistance
sender changes and hence the needle is moved. This
type of gauge reacts very quickly (it has a small
time constant) and is prone to swing about with
movement of the vehicle. Some form of external
damping can be used to improve this problem
Resistor R, is used to balance out the resistance of
the tank sender. A good way to visualize the opera-
tion of the circuit is to note that when the tank is
half full, the resistance of the sender will be the
same as the resistance of R(. This makes the circuit
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Figure 13.6 Principle of the air-cored gauge together
circurt when used 25 a fuel level or temperature indicat
the resultant magnetic fields

balanced and the gauge will read half full. The s
resistance is at a maximum when the tank is fi

13.1.5 Air-cored gauges

Air-cored gauges work on the same principle
compass needle lining up with a magnetic
The needle of the display is attached to a very
permanent magnet. Three coils of wire are us
each produces a magnetic field. The magnet wi
up with the resultant of the three fields. The ¢
flowing and the number of turns (ampere-t
determine the strength of the magnetic flu
duced by each coil. As the number of turns re
constant the current is the key factor. Figu
shows the principle of the air-cored gauge toj
with the circuit for use as a temperature ind
The ballast resistor on the left is used to limit
imum current and the calibration resistor is us
calibration. The thermistor is the temperature s¢
As the thermistor resistance is increased, the ¢
in all three coils will change. Current through
be increased but the current in coils A and |
decrease. The resultant magnetic fields are §
in Figure 13.6. This moves the magnetic arm
accordingly.
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3% Wi cored gauge has a number of advantages.
W alinost instant response and, as the needle
i magnetic field, it will not move as the
vhangcs position. The gauge can be arranged
Sehinue 1o register the last position even
wwttched off or, if a small *pull off” magnet is
W will return to its zero position. As a system
vhange would affect the current flowing in all
ks vanations are cancelled out, negating the
fiw volwge stabilization. Note that the operation
41 1o the moving iron gauge.

1.6 Other types of gauges

stion of any of the above types of gauge can
| 1 display other required outputs, such as
ur b pressure. Gauges to display road or
speed, however, need to react very quickly
v Many systems now use siepper motors
purpose although some retain the conven-
i valde driven speedometers
v 137 shows a block diagram of a
neter, which uses an ammeter as the gauge.
= =lem uses a quenched oscillator sensor that
jmimluce & constant amplitude signal even at
him speed. The frequency of the signal is pro-
wl 1o road speed. The sensor is driven from
thax or a final drive output. The electronic
| signal conditioning circuit consists firstly
S bt trigger, which shapes the signal and
w any noise picked up in the wiring. The
table 15 used to produce uniform signals in
hn to those from the pulse generator The
vl gauge will read an average of the pulses.
#vviaye value 1s dependent on the frequency of
(wt signal, which in turn is dependent on
spued. The odometer is driven by a stepper

13 7 Block diagram of a speedometer system which
Peple ammeter as the gauge

motor, which is driven by the output of a divider
and a power amplifier. The divider is to calibrate the
action of the stepper motor to the distance covered.
The actual speedometer gauge can be calibrated to
any vehicle by changing the time delay of the
monostable (see Chapter 2).

A system for driving a tachometer is similar to
the speedometer system. Pulses from the ignition
primary circuit are often used to drive this gauge.
Figure 13.8 shows the block diagram of a typical
system.

13.1.7 A digital instrumentation
system

Figure 13.9 shows a typical digital instrumentation
system. All signal conditioning and logic functions
are carnied out in the ECU. This will often form part
of the dashboard assembly. Standard sensors pro-
vide information to the ECU, which in turn will drive
suitable displays. The ECU contains a ROM sec-
tion, which allows it to be programmed to a specific

[ = 1

Figure 13.9 Digital instrumencation system

[ {3 {2

© 11.8 Block diagram of a tachometer which uses signals from the ignition coil



vehicle. The gauges used are as described in the
above sections. Some of the extra functions avail-
able with this system are described briefly as folioys.

o Low fuel warning light - can be made to illumin-
ate at a particular resistance reading from the
fuel tank sender unit.

e High engine temperature warning light - can
be made to operate at a set resistance of the
thermistor.

e Steady reading of the temperature gauge - to
prevent the gauge fluctuating as the cooling sys-
tem thermostat operates, the gauge can be made
to read only at, say, five set figures. For example,
if the input resistance varies from 240 to 200 ()
as the thermostat operates, the ECU will output
Jjust one reading, corresponding to ‘normal’ on the
gauge. If the resistance is much higher or lower
the gauge will read to one of the five higher or
lower positions. This gives a low resolution but
high readability for the driver.

@ Oil pressure or other warning lights can be made
to flash — this is more likely to catch the driver’s
attention.

® Service or inspection interval warning lights can
be used - the warning lights are operated broadly
as a function of time but, for example, the ser-
vice interval is reduced if the engine experiences
high speeds and/or high temperatures. Oil con-
dition sensors are also used to help determine
service intervals.

@ Alternator warning light — works as normal but
the same or an extra light can be made to operate
if the output is reduced or if the drive belt slips.
This is achieved by a wire from one phase of the

Fuel Other 2
sender Sensors

pu—

Temp
display

Figure 13.10 Block diagram of high temperature and low fuel
warning lights. The A/D converter is time division multiplexed to
various sensors

| o5 |
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alternator providing a pulsed signal, which is ¢
pared to a pulsed signal from the 1gnition. If
ratio of the puises changed this would indi
a shipping belt.

As an example of how some of this system wol
consider the high temperature and low fuel warni
lights as examples. Figure 13.10 shows a bl
diagram of just this part of the overall system.

The analogue to digital converter is time divisi
multiplexed to various sensors. The signals fr
the temperature and fuel level sensors will prodi
a certain digital representation of a numerical val
when they reach say 180§} (about 105°C) i
2002 (10 Hitres left), respectively. These figu
(assigned to variables “temp_input’ and ‘fuel_inpi
can then be compared with those pre-program
into memory, variables ‘high _temp”and ‘low_fu
The following simplified lines of computer
gram indicate the logical result.

IF temp _input > high temp THEN
high_temp light = on

IF fuel-input > low fuel THEN
low fuel light = on

A whole program is built up which can be r
suitable for any particular vehicle requirements.

13.2 Driver information

13.2.1 Vehicle condition
monitoring

VCM or vehicle condition monitoring is a for
instrumentation. It has now become difficultto
arate it from the more normal instrumentation §
tem discussed in the first part of this chapter.
complete VCM system can include driver infor
tion relating to the following list of systems th
be monitored.

High engine temperature.

Low fuel.

Low brake fluid.

Worn brake pads.

Low coolant level.

Low oil level.

Low screen washer fluid.

Low outside temperature.

Bulb failure.

Doors, bonnet or boot open warning.

Figure 13.11 shows a trip computer display, w
also incorporates the vehicle map (see next secti
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13.12 Bulb failure warning circuit

I circuit shown in Figure 13.12 can be used
1ate bulb failure warning lights for whatever
wlar cireuit it 1s monitoring. The simple prin-
i« that the reed relay is only operated when the
Ising monitored 1s drawing current. The fluid
lanperalure level monitoring systems work ina
W way to the systems described earlier but in
vases the level of a fluid is monitored by a
il switch.

IH level can be monitored by measuring the
e of a heated wire on the end of the dipstick.
wunll current is passed through the wire to heat it.
nnwh of the wire is covered by oil will deter-
it (emperature and therefore its resistance.
Many of the circuits monitored use a dual resist-
4 stem so that the circuit itself is also checked.
v 13 13 shows the equivalent circuit for this
W In effect, it will produce one of three
sle outputs: high resistance, low resistance or
B vt of-range reading. The high or low resistance
s are used to indicate say correct fluid level
Iy fluid level. A figure outside these limits
ikl indicate a circuit fault of either a short or
11 CiTcuit connection.

Qutput

High S, open l
Low S, closed R
Qutof range if

ware breaks or shorts

wn

o
Py

Figure 13.13 Equivalent circuit of a dual resistance self-testing
system

Table 13.2 Input to the syscem

Input Source

Clock signal
Vehicle speed
Fuel being used
Fuel in the tank
Mode/Setv/Clear

Crystal osciltator

Speed sensor or instruments ECU
Injector open time or flow meter
Tank sender unit

Data input by the driver

The display is often just a collection of LEDs or a
back lit LCD. These are arranged into suitable pat-
terns and shapes such as to represent the circuit or
system being monitored. An open door will illumin-
ate a symbol that looks like the door of the vehicle
map (plan view of the car) is open. Low outside tem-
perature or ice warning is often a large snowflake.

13.2.2 Trip computer

The trip computer used on many top range vehicles
1s arguably an expensive novelty, but ts popular none-
theless. The display and keypad of a typical trip
computer are shown in Figure 13.11. The functions
available on most systems are:

Time and date.

Elapsed time or a stop watch.
Estimated time of arrival.
Average fuel consumption.
Range on remaining fuel.
Trip distance.

The above details can usually be displayed in imper-
ial, US or metric units as required. In order to cal-
culate the above outputs the inputs to the system
shown in Table 13.2 are required.

Figure 13.14 shows a block diagram of a trip
computer system. Note that several systems use the
same inputs and that several systems ‘communicate’
with each other. This makes the overall wiring very
bulky —1if not complicated. This type of interaction
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Figure 13.14 Display of a typical trip computer

and commonality between systems has been one of
the reasons for the development of multiplexed
wiring technigues (see Chapter 3).

13.2.3 Traffic information

Over 25 years have passed since we first watched
James Bond use a tracking device, which showed a
moving blip across a screen on the dashboard of his
Aston Martin. Advances in computer technology
and GPS systems have turned this into reality.

In Califormia, many motor vehicles have been
equipped with a gadget called the Navigator, which
helps drivers get to a destination by displaying their
vehicle’s location on a glowing green map. The Navi-
gator, introduced by a company known as Etak, is
an electronic road map that calculates position by
means of dead reckoning. Data from a solid-state
compass installed in the vehicle’s roof and from
sensors mounted on its wheels are processed by a
computer and displayed on a dashboard screen. The
car’s position is represented as a fixed triangle on a
map, which scrolis down as the car moves forward
and rotates sideways when it tumns.

Toyota already offers a computerized dash-board
map on an expensive model sold only in Japan, but
many manufacturers are considering fitting these
devices in the near future. Jaguar, as part of a pro-
ject called “Prometheus’, in conjunction with other
manufacturers, has developed a computerized system
that picks up information from static transmitters.
This system gives directions and advanced warning
of road junctions, signposts and speed limits

Other forms of driver information systems are
being considered, such as one being developed in
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USA. ‘DriverGuide’ is the electronic equivalent
winding down a window and asking for directy
By choosing from a variety of screen menus, {
driver can specify where he or she wants to
Twenty seconds later a printed sheet of driv
instructions constructed from a cartographic daf
base will be printed. Computerized routc findi
software is already very popular. lts one probl
that the data on disk is out of date instantly due
roadworks and other restrictions. Transmitting |
data to the vehicle is the answer.

13.3 Visual displays

13.3.1 Choosing the best displa
readability ]

T'he function of any visual display is to communi
information to the desired level of accuracy. M
displays used in the vehicle must provide instant
but the accuracy is not always important. Anal
displays can provide almost instant feedback from @
short glance. For example, if the needle of the e
perature gauge is about in the middle then the dm
can assume that the engine temperature is wil
suitable limits. A digital read-out of tempel
such as 98 ° C would not be as easy to interpret. |
is a good example as to why even when digital
cessing and display techniques are used, the act
read-out will still be in analogue form. Figure 13
shows a display using analogue gauges.

Figure 13.16 shows an instrument display us!
digital representation. Numerical and other for
display are, however, used for many applicati
Some of these are as follows:

Vehicle map.

Trip computer.

Clock.

Radio displays.

Route finding displays.
General instruments.

These displays can be created in a number of w
the following sections examine each of these in
detail. To drive individual segments or parts
complete display, a technique called #:me divis
multiplexing is often used.

13.3.2 Light-emitting diode
displays
If the PN junction of a diode is manufactured {r

gallium arsenide phosphide (GaAsP), light wil
emitted from the junction when a current is mad
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B e 11,15 Analogue display
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Pagpre 13,46 A display using LEDs

§=a i the forward-biased direction. This is a light-
St diode (LED) and will produce red, yellow
W given light with slight changes in the manufac-
By rocess. LEDs are used extensively as indi-
Bt on clectronic equipment and in digital
Wl s They last for a very long time (50000
%) and draw only a small current.

|11 displays are tending to be replaced for
Bimolile use by the liquid crystal type display,
Rl d cun be backlit to make it easier to read in the
W hight However, LEDs are still popular for many
Rl 0Ns.

the actual display will normally consist of a
Ml of LEDs arranged into a suitable pattern for
# 1euired output. This can range from the stand-
ol ‘n-segment display to show numbers, to a
Samen-designed  speedometer  display. A small
#imlor of LED displays are shown in Figure 13.17

$1.3.3 Liquid crystal displays

L hiind crystals are substances that do not melt
Bty from a sohid to the liquid phase, but first
0 lliough a paracrystalline stage in which the

Wit are partially ordered. In this stage. a liquid
S sial 15 a cloudy or translucent fluid but still has
S of the optical properties of a solid crystal.

Figure 13.17 LED displays

The three main types of liquid crystals are
smectic, nematic and cholesteric (twisted nematic),
which are differentiated by the alignments of the
rod-shaped molecules. Smectic liquid crystals have
molecules parallel 10 one another, forming a layer,
but within the layer no patiern exists. Nematic types
have the rod-like molecules oriented parallel to one
another but have no layer structure. The cholesteric
types have parallel molecules, and the layers are
arranged in a helical, or spiral, fashion

Mechanical stress, electric and magnetic fields,
pressure and temperature can alter the molecular
structure of liquid crystals. A liquid crystal also scat-
ters light that shines on it. Because of these proper-
ties, liquid crystals are used to display letters and
numbers on calculators, digital watches and auto-
mobile instrument displays. LCDs are also used
for portable computer screens and even television




Figure 13.18 Principle of a liquid cryscal display

screens. The LCD has many more areas of potential
use and developments are ongoing. In particular,
this type of display is now good enough to repro-
duce pictures and text on computer screens.

One type of display uses the cholesteric type of
liquid crystal. This display is achieved by only allow-
ing polarized light to enter the liquid crystal which,
as it passes through the crystal, is rotated by 90°.
The light then passes through a second polarizer,
which is set at 90° to the first. A mirror at the back
of the arrangement reflects the light so that it
returns through the polarizer, the crystal and the
front polarizer again. The net result is that light is
simply reflected, but only when the liquid crystal is
in this onc particular state.

When a voltage of about 10 V at 50 Hz is applied
to the crystal, it becomes disorganized and the light
passing through it is no longer twisted by 90 °. This
means that the light polarized by the first polarizer
will not pass through the second, and will therefore
not be reflected. This will show as a dark area on
the display

These areas are constructed into suitable seg-
ments in much the same way as with LEDs to pro-
vide whatever type of display is required. The size
of each individual area can be very small, such as to
form one pixel of a TV or computer screen if appro-
priate. Figure 13.18 shows a representation of how
this liquid crystal display works.

LCDs use very low power but do require a source
of light to operate. To be able to read the display in
the dark some form of lighting for the display is
required. Instead of using a reflecting mirror at the
back of the display a source of light known as back-
lighting can be used. A condition known as DC elec-
troluminescence is an ideal phenomenon. This uses
a zinc-sulphide based compound, which is placed
between two electrodes in much the same way as the

Instrumeniation

Light eminted
/by stectroluminescence

Figure 13.19 Backlighting effect can be used to good cff
display purposes

fRlamen
(tungsten wares)

Electrons are Z
atracted to

segements on
the screen

Figure 13.20 Vacuum fluorescent display

liquid crystal, but it emits light when a volta
applied. Figure 13.19 shows how this backlig|
effect can be used to good effect for display purp

13.3.4 Vacuum fluorescent
displays

A vacuum fluorescent display (VFD) worl
much the same way as a television tube and sct
It is becoming increasingly popular for vchicl
because it produces a bright light (which is a
able) and a wider choice of colours than LED orl
displays. Figure 13.20 shows that the VFD sy
consists of three main components. These ar
filament, the grid and the screen with scg
placed approprately for the intended use of the
play. The filament forms the cathode and the §
ments the anode of the main circuit. The coni
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i ts wsed 10 control brightness as the voltage is

Whan a current is passed through the tungsten
i Lhey become red hot (several hundred
ventigrade) and emit electrons. The whole
1 mmde 10 contain a good vacuum so that the
i arc not affected by any outside influence.
ey itients are coated with a fluorescent substance
i sinnecied to a control wire. The segments are
& positive potential to attract the ¢lectrons.
vlectrons strike the segments they fluoresce,
a yellow-green or a blue-green light depend-
w0 e type of phosphor used to coat the seg-
#s |1 the potential of the grid is changed, the
¢ of clectrons striking the segments can be
| thus affecting the brightness. If no seg-
wie connected to a supply (often only about
) then all the electrons emitted are stopped at
W gt The grid is also important in that it tends to
the movement of electrons.
Fiaue 13.21 shows a circuit used to control a
) HNote how the potential of the segments when
Busted 15 nbove that of the grid. The driver circuit
s system is much the same, 1n principle, as
i siher display, ie. the electronic control will
1 une or more of the appropriate segments to
y 1o produce the desired output.
bha glass tront of the display can be coloured 1o
s n o the readability and aesthetic value. This type
=l has many advantages but the main prob-
him anlomobile use 1s its susceptibility to shock
sibvation T'his can be overcome, however, with
b mountings.

13.21 Circuit which could be used to control aVFD

13.3.5 Head-up displays

One of the main problems to solve with any auto-
mobile instrument or monitoring display is that the
driver has to look away from the road to see the infor-
mation. Also, in many cases, the driver does not
actually need to look at the display, and hence could
miss an important warning such as low oil pressure.
Many techniques can be used such as waming beep-
ers or placing the instruments almost in view, but
one of the most innovative is the head-up display
(HUD). This was originally developed by the aircraft
industry for fighter pilots; aircraft designers had
similar problems in displaying up to 100 different
warning devices in an aircraft cockpit. Figure 13.22
shows the principle of a head-up display. Inform-
ation from a display device, which could be a CRT
(cathode ray tube), is directed onto a partially reflect-
ing mirror. The information displayed on the CRT
would therefore have to be reversed for this system.
Under normal circumstances the driver would be
able to see the road through the mirror. The bright-
ness of the display would, of course, have to be
adjusted to suit ambient lighting conditions. A great
deal of data could be presented when this system is
computer controlled.

A problem, however, is which information to
provide in this way. The specedometer could form
part of a lower level display and a low oil pressure
could cause a flash right in front of the driver. A
visual warning could also be displayed when a for-
ward facing radar detects an impending collision.
Current HUD systems are for straight-ahead vision,
but liquid crystal rear view mirrors, used to dim and
cut headhight glare automatically, can be used as an
effective display screen for rear facing, blind spot
detecting radar.

One of the most interesting studies is to determine
exactly where the dniver is looking at any point in
time, which could be used to determine where the
head-up display would be projected at any particular

Figure 13.22 Head-up display




time. The technique involves tiny video cameras,
coupled to a laser beam that reflects from the cornea
of the driver’s eye and can measure exactly whare
he or she is looking. Apart from its use in research,
the eye motion detector is one of a series of tools
used in bio-mechanical research that can directly
monitor the physical well-being of the driver. Some
of these tools could eventually be used actively to
control the car or to wake up a driver who is at risk
of falling asleep.

13.3.6 Display techniques
summary

Most of the discussion in previous sections has been
related to the activation of an individual display
device. The techniques used for - and the layout of
dashboard or display panels are very important.
To a great extent this again comes back to readabil-
ity. When so many techniques are available to the
designer it is tempting to use the most technologi-
cally advanced. This, however, is not always the
best. [t is prudent to ask the one simple question:
what is the most appropriate display technique for
this application? Figure 13.23 shows a display that
combines some of the devices discussed previously.
Many of the decisions regarding the display are
going to be according to the preference of the
designer. 1 find numerical display of vehicle speed

Speed Warrung lights Revs

B T 2 (e
> T (o]
e ff pressure
LY JET mw S
Speetk;rmer Txholmeter Tem:;enture

amjogue drptal bar

Figure 13.23 Displays which combine some of the devices
discussed

Figure 13.24 An instrument panel and other readout displays
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or engine rev/min irritating. Even the bar graph
plays are not as good as simple analogue ne
(this, however, is only my opinion).

The layout and the way that instruments are i
bined is an area in which much research has
carried out. This relates to the time it takes the dr
to gain the information required when looking a
from the road to glance at the instrument pi
Figure 13.24 shows an instrument panel and o
readout displays. Note how compact it is so
the information can be absorbed almost withou
driver having to scan to each readout in turn.
aesthetic looks of the dashboard are an impo
selling point for a vehicle. This could be at odds
the best readability on some occasions.

13.4 Case studies

13.4.1 Air-cored temperature
gauge — Rover

Figure 13.25 shows the system used on some Ri
vehicles for the temperature gauge. It is an
cored device with fluid damping. The temper:
gauge is fitted with a spiral pull off spring to
the gauge read “cold” when the ignition is swi
off. The fuel gauge is very similar but retai
position when the ignition is off.
When the system receives a supply [rol
1igmtion the resistance of the thermistor determ
the current flowing through the coils. When en;
coolant temperature is low, the resistance of
sender will be high. This will cause the volfz
point X to be higher than that at point Y. Thi
be above the Zener voltage and so the dio
conduct in its reverse direction. Current will
through coil A and coil B directly but also a
path will exist through R and the diode, effec
bypassing coil A. This will cause the magneti
coil B to be greater than coil A, deflecting the mi
and pointer towards the cold side. As the resis
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B B sder falls with increasing temperature, the
S al X wall fall, reducing the current through
B alliwing the needle to rise.

A4 sl operating temperature, the voltage at X
8 st under the Zener diode breakdown voltage.
Weat through each coil will now be the same and
e will read in the centre. If coolant tempera-
Wnssanes further, then current will flow through
Sl in s forward direction, thus increasing
Suient through coil A, which will cause the
= nove 1o the hot side. Operation of the fuel
W sinnlar but a resistor is used in place of the

Wu:dr‘.

Vane

11.2% Air-cored gauge with fluld damping

® 1) .16 Alpine’ navigation system mounted in a vehicle

Zener diode. The diode is used to stabilize the gauge
when reading “normal’ to reduce fluctuations due to
thermoslat operation.

13.4.2 Car navigation system —
Alpine Electronics

The ‘Alpine’ navigation system is one of the most
advanced systems in current use. It features very
accurate maps, is easy to use and even offers some
voice guidance. The system consists of the base unit,
a monitor, an antenna, a remote control and CD-
ROM discs. Figure 13.26 shows the system in a
vehicle. The followng features are highlighted by
“Alpine’

One easy setting and you're on your way. You
can input and have the system search for your des-
tination in a variety of ways: by address, street name,
category or memory point. Destinations can be set
by quick alphabetical input or you can switch directly
to common destinations like airports or hotels.
Popup menus allow you to choose spellings of
destinations, memory inputs, etc. by using the
remote control cursor.

Once inputting is done, the system calculates the
best route to your destination according to your
mstructions. You can choose whether to go via motor-
way or normal streets, and also include local-points
(like restaurants or fuel stations) or exclude avoid-
points, which you set. If traffic flow is obstructed,
use ‘Alternate Route Setting” instantly to get a new
route. Cross-border routes can also be specified.

Alpine gives ‘Voice Guidance’ to the destin-
ation, as well as a wide selection of display options.
The *Basic Direction Mode’ displays only the most
essential information, so as not to distract you from
driving. It clearly shows the car’s direction, distance




to next junction, and time remaining to destination.
The direction at the next junction is also shown — a
big advantage in heavy traffic. ‘Intersection Zoom’
is a facility allowing a closer look, and any of sev-
eral display modes, such as north-up or heading-up,
are available Figure 13.27 shows two screenshots
from the system.

Intersection Zoom is an interesting feature of the
Alpine system and the key to its easy to understand
guidance. As you approach an intersection, the
upcoming junction is enlarged so you know exactly
what turns are required to stay on your route. If a
Junction is missed, the ‘Auto Reroute’ function cal-
culates a new route within seconds. It works so
smoothly and quickly you may not even realize you
have missed your original way!

Alpine has become the most successful naviga-
tion system in the world. This has been achieved
by meeting present demands and also by anticipat-
ing future needs. For instance, if you change from
summer to winter tyres, the system may have to be
calibrated. The Alpine system auto-calibrates during
the first few miles and software updates are easily
downloaded from CD into the flash memory.

13.4.3 Telematics

The information provided here is taken from infor-
mation provided by the Automobile Association
(AA), a well-respected organization, in the UK.
Similar developments are taking place across the
world. It was difficult to know whether * Telematics’
should be included in the instrumentation section
or elsewhere - but here it is anyway.

The car is a necessary component of our lives.
Over the last 50 years the number of vehicles has
grown 10-fold and, by 2030, traffic is expected to
have increased by a further 60%. The cost of per-
sonal transport is high; we should be acting now to
case congestion, save fuel and protect the environ-
ment. The technology to create some of the solu-
tions is already available.

Figure 13.27 Screenshots from "Alpine” showing (a) intersection zoom and (b) automatic rerouting
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First-generation telematics services are alre
available, or under development. They include:

o Voice based roadside assistance, emcrge
dispatch, traffic information services and r
advice.

o Travel guidance, points of interest, touring ¢
travel information.

o Stolen vehicle tracking by satellite

® Radio Data System (RDS) built into most
radios and the recent launch of RDS-TI
(Traffic Message Channel).

A fifih of all driving time is spent getting losf
unfamiliar roads even though it is possible to
point specific locations like fuel stations and ¢
guide a vehicle to them.

A small telematics control unit fitted in a vehi
can open up a new world of information servi
using a combination of communications and ¢
puting technology. The unit 1s connected to a ref
that constantly calculates the vehicle’s position us
data received from satellites. These data are ¢
bined with other information and fed to the
matics service centre. The information could
be used to guide a patrol vehicle to a breakd
By linking the telematics unit, the service cei
could even use a diagnostic program to identify
mechanical or electrical problem.

As Europe’s largest traffic information br
caster, the AA has taken a leading role in nine
arate EC transport studies and has develd
real-time traffic management systems that pr
instant information about road problems and u
gested routes. When an onboard telematics uf
Iinked to a vehicle’s engine management syst
will be able to monitor vehicle performance
give advance warning of mechanical problei
the near future, a wide range of vital new se!
may be on offer.

o Traffic information. To give drivers the be
quickest route destination given the road ¢
tions at the time.
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# Foute gudance. The service centre will be able
W valvulate the best route to a nominated destin-
st tnking into account traffic conditions
Suny (he way, and relay it to a visual and aud-
M (lisplay in the vehicle.
Ralio Date System Traffic Message Channel
YADS- TMC). This is coded traffic information,
Wsdcast continuously as a sub-carrier on a
sutinal radio channel, with updates made very
H) seconds. A driver can choose precisely when
&3 in she receives the information, and can even
teosaly particular roads that are relevant to their
W journey.
Wlucle tracking, This is tracking technology that
L tiace a stolen vehicle and identify its location
Samole services. To lock, unlock or immobilize
# vehicle remotely. The operator will even be able
~ W tlash ihe vehicle’s lights to belp you locate it in
e park
Swaipency dispatch. An in-vehicle emergency
Bt that will be able to alert the emergency
ssvices lo an incident and give its location.
Alsinanvely, the services could be alerted auto-
Wwitally by a vehicle sensor, triggered by an
#veni such as a deploved airbag.
Muinote vehicle diagnostics. Telematics will pre-
=1 when your vehicle is about to break down,
et arrunge for a patrol to meet you at a conveni-
Wil nearby location.
Fhuting car data. Every vehicle fitted with a
Wivmutics unit could eventually help to keep traf-
% mwving by automatically and continuously
gvding the service centre with details of traf-
W llow in its immediate location. That traffic
Sundition data can then be assessed and fed back
Wl 1o other drivers who may be approaching the
e arca and possible congestion.

1ata [rom Automobile Association, 1998)

10.3 Common symptoms and possible faults of an
sseation system malfunction

Possible fault

e teiperacure
hath read high

® Voltage stabilizer.

t=ad fulifhot or
Neddd all the cime
wits do not work

@ Short/open circuit sensors.

@ Short or open circuit wiring.

® Loose or broken wiring/
connectionsifuse.

@ Inoperative instrument
voltage stabilizer.

® Sender units (sensor) faulty.

® Gauge unit fault (not very
common}).

13.5 Diagnosing
instrumentation system
faults

13.5.1 Introduction

As with all systems the six stages of fault-finding
should be foliowed.

. Verify the fault.

. Collect further information.

. Evaluate the evidence.

. Carry out further tests in a logical sequence.
. Rectify the problem

. Check all systems

N R W N -

The procedure outlined in the next section is related
pnimarily to stage 4 of the process. Table 13.3 lists
some common symptoms of an instrumentation sys-
tem malfunction together with suggestions for the
possible fault. The faults are very generic but will
serve as a good reminder.

13.5.2 Testing procedure

The process of checking a thermal gauge fuct or
temperature instrument system is broadly as follows.

1. Hand and eye checks (loose wires, loose switches
and other obvious faults) — all connections clean
and tight.

2. Either fit a known good 200 () resistor in place
of the temperature sender - gauge should read full.

3. Or short fuel tank sender wire to earth — gauge
should read full.

4. Check continuity of wire from gauge to sender -
0t0 054

5. Check supply voltage to gauge (pulsed 0-12V
on old systems) -- 10 V stabilized on most.

6. If all above tests are OK the gauge head is at fault.

13.6 Advanced
instrumentation technology

13.6.1 Multiplexed displays

In order to drive even a simple seven-segment dis-
play, at least eight wiring connections are required.
This would be one supply and seven earths (one for
each segment). This does not include auxiliary lines




required for other purposes, such as backlighting or
brightness. To display three seven-segment units,
up to about 30 wires and connections would be
needed.

To reduce the wiring, time division multiplexing
is used. This means that the individual display unit
will only be lit during its own small time slot. From
Figure 13.28 it can be seen that, if the bottom con-
nection 1s made at the same time as the appropriate
data is present on the seven input lines, only one
seven-segment display will be activated. This is
carried out for each in turn, thousands of times a
second and the human eye does not perceive a
flicker.

The technique of multiplexing is taken a stage
further by some systems, in that one digital con-
troller carries out the whole of the data or signal
processing. Figure 13.29 shows this in block diagram
form. The technique is known as data sampling.
The electronic control unit samples each input in
turn in its own time slot, and outputs to the appro-
priate display again in a form suitable for the dis-
play device used. The electronics will contain a
number of A/D and D/A converters and these will
also be multiplexed where possible.

ot gl

wales

| 2 3
MUX signals

Figure $3.28 Time divisions multiplexing is used so the indi-
vidual display unit will only be lit during its own small time slot

Instrumentation

13.6.2 Quantization

When analogue signals are converted to digi
process called quantization takes place. This ¢
be described as digital encoding. Digital en
ing breaks down all data into elementary bi
digits (bits), which enable it to be processed, stol
transmitted and decoded as required by com
technologies.

The value of an analogue signal changes smo
between zero and a maximum. This infinitely
ing quantity is converted to a series of discrete
of 0 or | by a process known as quantization,
range of values from zero to the maximum possil
divided into a discrete number of steps or quan
tion levels. The number of steps possible depe
the bit size of the word the digital processors can
with. For an 8-bit word, the range can be divided
256 steps (2%), i.e. from 00000000, to 111111
These digital ‘samples’ should always be take
more than twice the frequency of the analogue si
to ensure accurate reproduction.

Quantization introduces an error into the pr
as each value is ‘rounded’ to the nearest quanti
level. The greater the number of quantization le
the more accurate the process will be, but obvi
increased accuracy involves more bits being us
define the increased number of levels.

13.6.3 Holography

A holographic image is a three-dimensional rej
sentation of the original subject It can be cre
by splitting a laser beam into object and refern
beams. These beams produce an interference
tern, which can be stored on a plate or projec
to a spectal screen. Some research is curmn
ongoing towards ustng holography to improve
driving safety. Information from infrared cami

Figure 13.29 Block diagram showing how multiplexing is taken a stage further by some systems
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I pmecessed, and then an enhanced holo-
umape can be projected onto a vehicle
"Wen

.7 New developments
instrumentation

1.1 Global positioning
om (GPS)

1974 o 1979 a trial using six satellites allowed
tior in North America for just four hours per
Ihis 1l was extended worldwide by using
watelhites until 1982, at which time it was
that the system would be extended to twenty-
stelhies, in six orbits, with four operating in
Iwse orbits are not symmetrical and they can
W =nl They are set at a height of about 21 000 km
4 niles) and take approximately twelve hours
Hul the Farth.
ik system was developed by the American
iment of Defence. Using an encrypted code
% a pround location to be positioned to within
sennimetres. The signal employed for civilian
s artilicially reduced in quality so that pos-
accuracy is in the region of 50 m.
i (IS satellites send out svnchronized infor-
r 1ifYy times a second. Data on orbit position,
m! identification signals are transmitted. The
hon computer, in the vehicle or elsewhere,
s sipnals from up to eight satellites. The times
I the signals to reach the vehicle are calcu-
ol the same time. From this information the
ywilee can calculate the distance from each satel-
e current vehicle position can then be deter-
Al wsing three coordinates. Imagine the three
Wes forming a triangle - the position of the
i within that triangle can be determined if the
ave Irom cach corner (satellite) is known.
{he satellites each have very accurate atomic
= (four of them) that are synchronized by a
snmication link between satellites. Navigation
yuiers also have clocks and, to eliminate the dif-
wo between satellite time and computer time,
klitional measurement to a more distant satellite
wn
I main components of a “sat-nav’ system are
nin Figure 13.31. Maps of towns and cities as
as names of towns, cities and roads are stored
£ 1) ROM in the main unit Information on main
» und menu sound/text is also held. The unit is
unicd 1in the boot or under the passenger seat.

Figure 13.30 Satellites used to determine vehicle position
(Source: Ford}

In addition to the GPS, the operating unit also con-
trols the ICE system.

The navigation unit processes the following
input signals:

o Magnetic field sensor OR turn angle sensor
(depending on version).

o ABS wheel speed sensor signals.

® GPS positioning information.

e Data from the CD-ROM.

e Reverse light switch.

The wheel speed sensors provide information on dis-
tance covered. The sensors on the non-driven wheels
are used because the driven wheels slip when accel-
erating. On some versions turn angle is calculated by
comparing left and right hand signals. This is not
necessary when a turn angle sensor is used.

The reverse light switch is used because the
signals from the whee! speed sensors do not indicate
if the vehicle is travelling forwards or in reverse.
The GPS antenna receives the satellite signals and
also amplifies them. It 1s mounted under the panel
in front of the windscreen or a similar position.

The magnetic field sensor (if used) is usually
located at the top of the rear window in a sealed
housing. The compass determines direction of
travel in relation to the Earth’s magnetic field. It
also senses the changes in direction when driving
round a corner or a bend.

The two crossed measuring coils sense changes
in the Earth’s magnetic field because it has a differ-
ent effect in each of them. The direction of the
Earth’s field can be calculated from the polarity and
voltage produced by these two coils. The smaller




.\‘\“'

Instrumentation

X

P T35 mmmrne 57 o
] - ! ;};Lw—_'—u L e [ i

I

Figure 13.34 Radio navigation system (Source: Ford). 1. ABS module (distance information calculated from wheel speed sens:
GPS antenna. 3. Reverse light switch. 4. Main computer including CD-ROM drive. 5. Speakers. 6. Display and operating unit. 7. Magf
field sensor (not used if the main unit contains a turn angle sensor).
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Figure 13.32 Magnetic field sensor or compass (Source: Ford).
1.Sensor element. 2. Evaluation circuit.

excitation coil produces a signal that causes the fer-
rite core to oscillate. The direction of the Earth’s
magnetic field causes the signals from the measur-
ing coils to change depending on the direction of
the vehicle. One problem with this type of sensor is
that it is also affected by other magnetic fields such
as that produced by the heated rear window.
Allowance must therefore be made for this in the
configuration.

The turn angle sensor allows the navigation
computer to follow a digital map, in conjunction
with other sensor signals, because it provides accur-
ate information about the turning of the vehicle
around its vertical axis It is mounted in the main

Figure 13.33 Turn angle sensor (Source: Ford). Piezo el
element (picks up acceleration in the cwisting direci
around the vertical axis of the vehicle A). 2. Piezo ele
ment (causes vibration in direction C).

unit and supersedes the magnetic compass. The
sor is like a tiny tuning fork that is made to vibl
in the kilohertz range, by the two lower Pi
electric elements. The upper elements sense
acceleration when the vehicle changes direct
this is because the twisting of the Piezo clem
causes an electrical charge. This signal is proci
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S ied into a voltage that corresponds to vehicle
ity movement, and sent on to the main comn-
P The advantage of this type of sensor is that it
h W sensitive to magnetic effects.

Ihe operation method and functions available will
Wy with manufacturers and are also under constant
& slopnent. However, Figure 13.34 is a typical
Pemple as used by Ford. A later display and con-
$+ sanl version is shown in Figure 13.35; the func-
e havc been developed but are similar.

1oai und speech output in a number of languages
B Sumally available. When English is selected as
W language, a choice of metric and imperial meas-
Wi is also available.

When the NAV function is selected, a menu
M that shows options such as:

B Askdross entry.

Address book (for pre-set destinations).

Potnts of interest.

Last destination.

System setup (includes a diagnostic mode on
some systems).

To use the system, the destination address is entered
using the cursor keys. The systems ‘predict’ the
possible destination as letters are entered, so it is
not usually necessary to enter the complete address.
Once the destination is set the unit will calculate
the route. Options may be given for the shortest
or quickest routes at this stage. Driving instruc-
tions, relating to the route to be followed, are given
visually on the display and audibly through the
speakers.
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Pigeire 11.35 Telematics display (Source: Ford)

11

| % 1).34 Typical operating unit display (Source: Ford). 1. On/off switch. 2.Volume, bass, fade and balance {selected by SEL). 3. Mute
W 4 Display area. 5.Tape control. 6. Tape/CD. 7. Wavebands. 8. Navigation system on/off. 9. Info. 10. Detour function. 11. Pre-set sta-
B 12 Menu/return 13. Cursor control. 14, Select audio funcdon.




Even though the satellite information only pro-
vides a positional accuracy of about 50 m, using
dead-reckoning the intelligent software sysican
can still get the driver to their destination with an
accuracy of about 5 m. Dead-reckoning means that
the vehicle position is determined from speed sen-
sor and turn angle signals. The computer can
update the vehicle position given by the GPS data
by using the possible positions on the stored digital
map. For example, when the vehicle approaches
and then makes a right turn, the combination of
GPS data and dead-reckoning allows its position to
be determined more accurately. This is because in
many places on the map only onc particular posi-
tion is possibie - it is assumed that short cuts across
fields are not taken'! Dead-reckoning even allows
navigation when satellite signals are disrupted.
However, the starting position of a journey would
also need to be entered

Global positioning systems use a combination
of information from satellites and sensors to accu-
rately determine the vehicle position on a digital
map. A route can then be calculated to a given des-
tination. Like all vehicle systems, GPS continues to
develop and will do for some time yet as more fea-
tures are added to the software. Already it is pos-
sible to “ask’ the system for the ncarest fuel station
or restaurant, for example. Work is continuing as
more vehicle entertainment and telematics systems

converge.

Instrumentution

13.7.2 Advanced telematics
and communications
systems — Jaguar

The following description, supplied by lJag
relates to the 2004 Jaguar XJ and is a good illusf
tion of how telematics and communication syt
are progressing:

JaguarVoice, an industry-first for Jaguar in |
provides drivers and rear passengers with acc
voice-activated control of compatible systems, incl
ing primary audio functions, teletext, tclephi
climate control, navigation systems and in-veh
displays. Jaguar has made voice activation - a tecl
ogy to reduce distraction when driving - an ong
research priority. All vehicles are pre-wired for ms
lation of the desired language mode. The syst
will be available in English, French, and Spanisl

A push-to-talk (PTT) button located on
steering wheel and in the rear multimedia swil
pack (where specified) activates the JaguarVol
system, and automatically mutes the audio syst
volume, for telephone use.

DVD Navigation, a Denso navigation sys!
with a large 7-inch screen, is available across thi
range. Using exceptionally fast DVD technol
to deliver timely mapping information to the ¢l
touch-sensitive screen, the system is easily
grammed with the desired destination, such
house number or street junction. Alternativel

Figure 13.36 Jaguar DVD/Navigation
screen (Source: Ford)
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P code can be entered into the system, which
B calculates a route and instructs the driver via
Sl und voice puidance. If the driver strays off
8 1oute, the system recalculates a revised routing
B 0 desired destination and guides accordingly.
I echnology allows complete mapping of; for
Weuple. the whole of the USA on one disc.

Along the route, the system can indicate *points of
W oat |, including restaurants, hotels, fuel stations,

% 0y arcas and Jaguar dealers, and can even be
;- i with the fuel gauge to automatically display
S uel stations when the fuel level indicated
e
ihe navigation system receives signals from
Wl positioning satellites (GPS) that aflow its
frone control unit (ECU) to calculate the vehi-
% onact location, along with its speed and direc-
A using 1nputs from ABS system sensors and a
s opic sensor. The navigation system’s crystal
¢ sereen is also used for touch-screen program-
W ol vehicle systems. Navigation is optional
B the range.
Ihe new rear seat multimedia system allows rear
jsissengers to access the audio and video sys-
B ndependently of the driver and front seat pas-
et The front passenger could be listening to a
W1 wiile one of the rear seat passengers is viewing
L8 il on DVD and the other rear seat passenger
0 5 video game.

1w 16 cm (6.5-inch) colour display screens are
Wiled in the rear of the front scat head restraints
B oo and TV viewing. Rear seat passengers use
B phones to listen to the audio output in comfort,

e 13.37 BMW HUD - a clear information source — albeit in German here! (Source: Stemens)

The rear multimedia switch pack controls audio
and video signals and has an open architecture to
accept all types of inputs from devices. Sockets for
two accessory headphones are also located in the
switch pack. The rear multimedia system is optional
on XJR and Vanden Plas versions.

A high quality sound system comes as standard.
The 8-speaker sound system fitted to the XJ8 fea-
tures a single-slot CD and radio with RDS, and
automatic volume control. The system is pre-wired
for a six-disc CD auto-changer. A 320 watt Jaguar
Premium sound system with 12 speakers, digital
sound processing, power amplifier, subwoofers, as
well as the remote six-disc CD auto-changer and
single-slot CD/radio is fitted as standard on XJR
and Vanden Plas and optional on the XJ8.

(It is interesting to note that, as with many devel-
opments, telematics is converging with other sys-
tems. This is particularly so with the multimedia
systems.)

13.7.3 Siemens cockpit display
system

Some one hundred years after the invention of the
speedometer, modern cockpits have advanced well
beyond the primitive instrumentation of the first
cars and trucks. Although round instruments with
pointers and scales are still in evidence, ever larger
displays, screens and dazzling iflumination technolo-
gies optimize a growing driver information load.
Siemens VDO Automotive AG’ (Siemens) is at work




on exciting new developments such as the coloured
head-up display, which will change information
management behind the steering wheel dramadic-
ally. Although vehicles today generate more data,
commands and messages that have to be transmit-
ted, the driver is informed much faster and far more
efficiently than in the past.

Currently, it is taken as a given that our vehicles
will keep drivers informed about the important
things, such as a low oil level or the proper road exit
to take. Instruments are now more or less fully pro-
grammable and offer the ideal medium for the
exchange of information. Modern instrumentation,
going well beyond the conventional requirements
of speed, rpm and fuel consumption, provide in-
depth analysis of mechanical problems, or project
information, from the on-board computer directly
into the driver’s line of sight. What's more, naviga-
tion instructions and controls for the audio system
and telephonc are increasingly being shifted out of
the centre console and into the instrument cluster.

Instrumentation technology has developed
quickly. While the first screen displays in the mid-
1980s were small monochrome screens, they have
given way to large full-colour monitors. The latest
instruments can even create three-dimensional
graphics on a high-resolution TFT (thin film tran-
sistor) monitor. For navigation purposes, megabyte-
scale image data are programmed into systems today,
offering the driver a variety of scenarios composed
from more than 300 individual images. In addition,
navigation controls make use of several hundred
pictograms and, in some cases, moving animations.
Mechanical warnings may be viewed on the instru-
ment cluster — with supplementary information in
several languages. Powerful computing is naturally
required for this enormous graphics capability. For
this reason Siemens is one of the first supphers to
use 32-bit processors that guarantee particularly
high computing speeds.

Siemens designs instrumentation to make the best
use of the limited space behind the steering wheel
Where a miniaturization of printed circuit boards,
controllers and movements is not sufficient alone,
displays are completely integrated into the round
dashboard instrument - as in the BMW 7 Series or
in the E-Class from Mercedes-Benz. Here, Siemens
developers place the pointer either through the mid-
dle of the dot matrix display or on an invisible ring
around the outside of the instrument scale. This pre-
vents, for example, a telephone directory display
from being obscured. And, so that the circular
segment display for the autonomous cruise control
does not interfere with navigation tnstructions,
several displays are often layered. In light of these

Instrumentation

developments, the instrument cluster display hi
great future. In the near term, it will even be
sible 1o display the pointer and dial of a fully re
figurable instrument cluster as a digital com
animation. Farther out, the digital cluster may
displace other elements from the instrument pa

To maintain effective eye contact between di
and vehicle, the illumination has to be right. For
reason Siemens has consistently forged new grol
with the development of many high-tech higl
technologies. In the beginning instruments ¥
floodlit from the outside using a bulb, and later
minated from the rear through a partially trans)
ent dial. Since 1995 light-emitting diodes (L
have offered perfect colour saturation, uniform
mination and maintenance-free operation. Tl
extremely bright light sources are available in pi
tically the entire colour spectrum, including the v
LED. A novel solution helped eliminate the an
ing halo that surrounded the speedometer pos
shaft in some devices. Today the pointer is irradi
with invisible ultraviolet LED light which becod
visible only in a tip made of luminescent mat
Many of these new technologies, of course., rei
new electronics. In order to save space on the pril
circuit board, Siemens is employing a unique s
tion that is now on the speedometer dial o
Mercedes-Benz E-Class — a white electrolumi
cent film. Parallel to this work is also being dol
a projection display in which the surface of
cockpit is used as a projector screen. This a
new freedom for the designer because even ¢
surfaces could be used for the display in the fu
Another interesting design twist: when the ¢
parked, the instrument cluster is completely nvis|

In the near future the classic dashboard instrul
will be getting additional support. Siemens wil
bring the first programmable colour head-u
play into production. The HUD will signific
expand the display area of the instrument
Important information on speed, vehicle con
and navigation can be projected in colour ont
windscreen with a powerful light source and mi
In the direct field of view the driver can im
ately receive information without taking his
off the road. Tests have already shown that
concentration is maintained for longer periods
the head-up display. The eyes adapt very quic
the information projected on the windshield;
is also less time lag between the appearance
information and the driver’s reaction

That time saving means safer driving.'

1Siemens, Nov. 7, 2002, Frankfurt, www siemens com
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= 1118 Construction of an EL lamp (Source: Durel}

1.4 Electroluminescent
irument lighting — Durel

suiinescent backlighting is an enticing tech-
tor the automotive industry because of its
slorm lighting charactenistics. Durel Corpor-
bas done significant development work in this
"} leatroluminescent (EL) lamps provide a range
iy opportunities for instrument designers
An )L lamp is similar to a capacitor. It consists
¢ dielecine layer and a light-emitting phosphor
Iwiween two conductive plates. The device
t i be protected from high voltages but the
tie layer achieves this because it is an insula-
Allcinating current (AC) is needed to operate an
amp The AC generates an electric field across
jhsphor and dielectric layers. The phosphor
i are excited by the electric field which
them to move to a higher energy orbit. When
alectrons fall back to a lower orbit, energy is
saul 10 the form of light.
“Fulycthylene terephthalate (PET) is used as the
material for many EL lamps. The front elec-
i mude of indium un oxide (ITO). The phos-
sielectric and rear electrode are screen printed
il 1TO side of the polyester, which results in
wv of light that is thin and flat.
ke are a number of clear benefits to EL
i

Bhutormity.

Wiirability.

} fonihility (thin and lightweight).
$ s to make into different shapes.

| i power consumption and low heat gencration.
Mmple to design.

sther options for instrument lighting are bulbs,
emitting diodes and cold-cathode fluorescent

M. terren, CL Baker and RT Eckersley, 2002, Durel Corp.
2002-01-1039
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Emitted light

+

i

e Polyester
— ITO
Phospor
Dielectric
" Rear electrode

Figure 13.39 IC inverter for an EL system (Source: Durel)

lamps (sometimes known as vacuum fluorescent
displays). EL lamps are often superior to these
other types, particularly when mstruments are con-
sidered as a complete system.

A wide range of colours can be created using the
EL method. This is achieved by blending combin-
ations of phosphors before screen printing. It is also
possible to print selected areas with different phos-
phors, thus creating a multi-coloured lamp. Typical
colours are blue-green, green, yellow-green, white,
blue and orange-red.

Because EL lamps need AC to emit light, it is
necessary to use an inverter. Typically, the signal
used for EL operation is 60 to 150V, at a fre-
quency of 300 to 500 Hz. The current draw of the
inverter and lit arca is only about 1 to 2mA/cm?.
EL lamps can operate for over 20 000 hours, which
usually exceeds the life of the vehicle.

For final assembly purposes the EL lamp is
essentially a 2.5 mm-thick film that is sandwiched
between a backplate and the graphic overlay

The future for EL instrument lighting is bright!
The reduced costs and uniform lighting characteristics
make the technology desirable to designers. With fur-
ther development of brighter EL lamps, daytime light-
ing and “telltale’ lighting will also become possible.



13.8 Self-assessment

13.8.1 Questions

1. State the main advantage of a thermal gauge.
2. Make a clearly labelled sketch of a thermal fuel
gauge circuit.
3. Describe why moving iron and air-cored
gauges do not need a voltage stabtlizer.
4. Define the term, ‘driver information”.
5. Explain why digital displays are multiplexed
6. Draw the circuit of a bulb failure system and
describe its operation.
7. List five typical outputs of a trip computer and
the inputs required to calculate each of them.
8. Describe with the aid of a sketch how a head-up
display (HUD) operates.
9. Explain the opcration of an air-cored fuel
gauge system.
10. Describe what is meant by ‘Telematics’.

13.8.2 Assignment

Design an instrument display for a car. Choose what-
ever type of display techniques you want, but make
a report justifying your choices. Some key issues
to consider are readability, accuracy, cost and aes-
thetic appeal.

13.8.3 Multiple choice questions

When checking an NTC type temperature sensor,
Technician A says remember resistance increases as
temperature increases. Technician B says remember
resistance decreases as temperature increases Who
is night?

1. A only

2. B only

3. BothAand B

4 Neither A nor B

One characteristic of a thermal type fuel gauge is its:
1. slow moving needle

2. almost instantaneous response

3. need for a reed switch type sensor

4. ability to be used for oil pressure measurement

The component which prevents changes in the sys-
tem voltage affecting a gauge reading is called a:

1. moving iron resistor

2. variable resistor

3. current regulator

4. voltage stabilizer

Instrumentation

An air-cored gauge uses the same principle as:
1. acompass needle lining up with a magnetic
2. wind pushing a windmill blade

3. a bi-metal strip moving the needle when heal
4 none of these

The instrument which uses pulses from the 1za
primary circuit is a:
1. speedometer

2. tachometer

3. ammeter

4. odometer

A vehicle condition monitoring system can mon

1. bulb operation by monitoring current dra!
the lights

2. door position by signals from switches

3. brake pad wear by contact wires in the fri
material

4. all of the above

One reason for using a dual resistance system i

L. if one resistor breaks down the other will
operate

2. so that the circuit itself is checked

3. it reduces the operating temperature of
resistors

4. so the current flow in the circuit is increa:

The basic functions available on a trip com

include:

1. average fuel consumption, trip distance, ¢l
time

2. top distance, elapsed time, fuel remaining

3. elapsed time, fuel remaining, estimated ti
arrival

4. fuel remaining, estimated time of arrival
and time

Technician A says advantages of LEDs are t
last a very long time and only draw a small ¢
Technician B says a disadvantage of LEDs is
only produce red, yellow or green light. Who is
1. A only

2. Bonly

3. BothA and B

4. Neither A nor B

Backlighting of a liquid crystal display (L
used in order to:

1. be able to read the display

2. prevent DC electroluminescence

3. display the light in a forward biased direc
4. increase vacuum fluorescence
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ir conditioning

.1 Conventional heating
il ventilation

1.1 Introduction

st clectrical heating 1 have come across was
ul gloves with heating elements woven into the
wl (¢ 1920). These were then connected fo
sehicle clectrical system and worked like little
w lires. The thought of what happened in the
%l a short circuit 1s a little worrying!
"I development of interior vehicle heating has
i tneremental process and will continue to be
~ il infroduction of air conditioning being the
Ml siep The comfort we now take for granted
Sune very cold beginnings, but the technology
s wten of the vehicle electrical system is still
g Systems now range from basic hot/cold air
% 10 complex automatic temperature and cli-
vontrol systems.

leating and ventilation system has a simple
reguirements, which are met to varying stand-
I'hese can be summarized as follows.

aliustable 1emperature in the vehicle cabin.
toat must be available as soon as possible.
ssiribute heat to various parts of the vehicle.
wilste with fresh air with minimum noise.
ihtalc the demisting of all windows.
ol control operation.

alurve hist, whilst by no means definitive, gives
ation of what is required from a heating and
alion system. As usual, the more complex the
i the more the requirements are fulfilled. This
teqtly related to cost.
ne solutions to the above requirements are
«d below, starting with simple ventilation and
on 1o full automatic temperature control.
14 1 shows a representation of the perceived
iiable temperature in the vehicle compared
ihe outside temperature.

1.2 Ventilation

i fresh air from outside the vehicle to be cir-
| inside the cabin, a pressure difference must

be created. This is achieved by using a plenum
chamber. A plenum chamber by definition holds a
gas (in this case air), at a pressure higher than the
ambient pressure. The plenum chamber on a vehicle
ts usually situated just below the windscreen, behind
the bonnet hood. When the vehicle is moving the air
flow over the vehicle will cause a higher pressure in
this area. Figure 14.2 shows an illustration of the
plenum chamber effect. Suitable flaps and drains are
utilized to prevent water entering the car through
this opening.

By means of distribution trunking, control flaps
and suitable ‘nozzles’, the air can be directed as
required. This system is enhanced with the addition
of a variable speed blower motor. Figure 14.3 shows
a typical ventilation and heating system layout.

B

20 -0 0 10 20 =
Cutside temperature

Figure 14.1 Representation of comfortable temperature

ﬂ

Ar o i ﬁ Windscreen
flow 7,/ >
/
i Borritn
Plenum
chamber

Figure 14.2 Plenum chamber effect



When extra air is forced into a vehicle cabin the
interior pressure would increase if no outlet was
available. Most passenger cars have the outlet griljs
on each side of the vehicle above or near the rear
quarter panels or doors.

14.1.3 Heating system -
water-cooled engine

Heat from the engine is utilized to increase the tem-
perature of the car interior. This is achieved by use
of a heat exchanger, called the heater matrix. Due
to the action of the thermostat in the engine cooling
system the water temperature remains broadly con-
stant. This allows for the air being passed over the
heater matrix to be heated by a set amount depend-
ing on the outside air temperature and the rate of air
flow. A source of hot air is therefore available for
heating the vehicle interior. However, some form of
control is required over how much heat (if any), is
required. The method used on most modern vehicles
is the blending technique. This is simply a control
flap, which determines how much of the air being
passed into the vehicle is directed over the heater
matrix. The main drawback of this system is the
change in air flow with vehicle speed. Some sys-
tems use a valve to control the hot coolant flowing
to the heater matrix.

By a suitable arrangement of flaps it is possible
to direct air of the chosen temperature to selected
areas of the vehicle interior. In general, basic sys-
tems allow the warm air to be adjusted between
the inside of the windscreen and the driver and

>
e " Air to
screem

e Temperature
controt flap

\

Direcuon

Figure 14.3 Vendilation and heating system

controt flap

Air conditioning

passen ger foot wells. Most vehicles also have s
vents clirecting warm air at the drivers and |
passcrrger’s side windows. Fresh cool air ou
with d i rectional nozzles are also fitted.

One final facility, which is available on 1
vehicless, is the choice between fresh or recirel
air. Thie main reason for this is to decrease thell
it takes to demist or defrost the vehicle windg
and sixmply to heat the car interior more qui¢
a high er temperature. The other reason is tha
example, in heavy congested traffic, the outsid
may n ot be very clean

14.1 .4 Heater blower motors

The mu otors used to increase air flow are simple
maneit magnet two-brush motors. The blowes
is ofte=n the centrifugal type and in many case
bladess are positioned asymmetrically to re
resonzant noise. Figure 14.4 shows a typical mi
and f=yn arrangement. Varying the voltage sup|
contresls motor speed. This is achieved by ¢
dropp» ing resistors. The speed in some ¢
made “infinitely’ variable by the use of a va
resistor. In most cases the motor is controlle
threc  or four set speeds.

Figxure 14.5 shows a circuit diagram typica
three— speed control system. The resistors are
ally vaire wound and are placed in the air str
preves nt overheating. These resistors will havi
values s in the region of 1 {} or less.

Figur—e 14.4 HYAC motor mounted in spiral housing

Resistors are wire wound
and in air stream for cooling

R~

Figumsere 14.5 Circuit diagram of a three-speed control 3
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14.0.5 Electronic heating control

vehicles that have electronic control of the
yystem also include air conditioning, which
% wad i the next section. However, a short
ipion at this stage will help to lead into the
vunplex systems. Figure 14.6 shows a block
W representing an electronically controlled
M hcaling system.

I his sy stem requires control of the blower motor,
thap. direction flaps and the fresh or recircu-
a1t llap. The technique involves one or a num-
sl i perature sensors suitably positioned in the
i inicnior, to provide information for the ECU.
Ie1! responds to information received from
sansars and sets the controls to their optimum
wiin | he whole arrangement is, in fact, a sim-
W loop feedback system with the air tem-
closing the loop. The ECU has to compare
Psilien of the temperature control switch with
Sfonmation that is supplied by the sensors and
vunl or heat the car interior as required.

1.2 Air conditioning

1.1 Introduction

le fitted with air conditioning allows the tem-
{ the cabin to be controlled to the 1deal or
yumiortable value determined by the ambient
ums. [he system as a whole still utilizes the
W heating and ventilation components, but
W important addition of an evaporator, which
W)y and dehumidifies the air.

i conditioning can be manually controlled or,
mn oflen the case, combined with some form
tiomic control. The system as a whole can be
Iii vl us a type of refrigerator or heat exchanger.
i ivmaoved from the car interior and dispersed
puiside air.

]

i
]

14.2.2 Principle of refrigeration

To understand the principle of refrigeration the fol-
lowing terms and definitions will be useful.

o Heat is a form of energy.

o Temperature means the degree of heat of an
object.

o Heat will only flow from a higher to a lower tem-
perature.

o Heat quantity is measured in ‘calories’ (more
often keal).

@ 1kcal heat quantity, changes the temperature of
1 kg of liquid water by 1°C.

o Change of state, is a term used to describe the
changing of a solid to a liquid, a liquid to a gas,
a gas to a liquid or a liquid to a solid.

o Evaporation is used to describe the change of
state from a liquid to a gas

o Condensation is used to describe the change of
state from gas to liquid.

o Latent heat describes the energy required to
evaporate a liquid without changing its tempera-
ture (breaking of molecular bonds), or the amount
of heat given off when a gas condenses back into
a liquid without changing temperature (making
of molecular bonds).

Latent heat in the change of state of a refrigerant is
the key to air conditioning. A simple example of this
is that if you put a liquid such as methylated spirits on
your hand it feels cold. This is because it cvaporates
and the change of state (liquid to gas) uses heat from
your body. This is why the process is often thought of
as ‘unheating’ rather than cooling.

The refrigerant used in many air conditioning
systems is known as R134A. This substance changes
state from liquid to gas at —26.3 °C. R134A is hydro-
fluorocarbon (HFC) rather than chlorofiuorocarbon
(CFC) based, due to the problems with atmospheric
ozone depletion associated with CFC-based refriger-
ants. Note that this type of refrigerant is nof com-
patible with older systems.

A key to understanding refrigeration is to remem-
ber that a low-pressure refrigerant will have low tem-
perature, and a high-pressure refrigerant will have a
high temperature.

Figure 14.7 shows the basic principle of an air
conditioning or refrigeration system. The basic com-
ponents are the evaporator, condenser and pump or
compressor. The evaporator is situated in the car; the
condenser outside the car, usually in the air stream.
The compressor is driven by the engine.

As the pump operates it will cause the pressure
on its intake side to fall, which will allow the refriger-
ant in the evaporator to evaporate and draw heat




from the vehicle interior. The high pressure or output
of the pump is connected to the condenser. The pres-
sure causes the refrigerant to condense (in the coms
denser): thus giving off heat outside the vehicle as
it changes state.

Several further components are needed for effi-
cient operation; these are explained over the next
few sections. Figure 14.8 shows some typical com-
ponents of an air conditioning system.

Figure 14,7 Basic principle of an air conditioning or refrigera-
tion system

Place fin evaporator

Air conditioning unit

Complete air conditioning system

Figure 14.8 Heating ventilation and air conditioning (HVAC)

Air conditioning 3

14.2.3 Air conditioning overvie

The operation of the system is a continuous cyi
The compressor pumps low pressure but heat [a
vapour from the evaporator, compresses it and p
it as a super-heated vapour under high press
the condenser. The temperature of the refriger
this stage is much higher than the outside air t
perature, hence it gives up its heat via the fins on
condenser as it changes state back to a liquid.

This high-pressure liquid is then passed to
receiver-drier where any vapour which has not
turned back to a liquid is stored, and a desiccant
removes any moisture (water) that is contamina
the refrigerant. The high-pressure liquid is n
passed through the thermostatic cxpansion v
and is converted back to a low-pressure liquid @
passes through a restriction in the valve into
evaporator. This valve is the element of the sy
that controls the refrigerant flow and hence
amount of cooling provided. As the liquid chan
state to a gas in the evaporator, it takes up heat fi
its surroundings, thus cooling or ‘unheating’
air that is forced over the fins. The low pres
vapour leaves the evaporator returning to the pul

4 Heating and
¥ Ventilation unit
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$4.9 Air conditioning operation

B completing the cycle. The cycle is represented
.. e 149,

I he temperature of the refrigerant increases
wil certain limits, condenser cooling fans can
swilched in to supplement the ram air effect.

A salety switch is fitted in the high-pressure side
wint systems. It is often known as a high-low
suie switch, as it will switch off the compressor
W jressure is too high due to a component fault,
il the pressure is too low due to a leakage, thus
tiny. the compressor.

,2.4 Automatic temperature
ntrol

temperature control systems provide a com-
interior temperature in line with the pas-
controlled input. The electronic control unit
Il control of fan speed, air distribution, air
inture, fresh or recirculated air and the air con-
sing pump. These systems will soon be able to
wi! wutomatic demist or defrost, when rehiable
% arc available. A single button will currently
W system to full defrost or demist.

A number of sensors are used to provide input to
P

An anbicnt temperature sensor mounted outside
W vehicle will allow compensation for extreme
&wperature variations. This device is usually a
BB i stor.

A solar Hight sensor can be mounted on the fascia
swiiel This device 1s a photodiode and allows a
Weasurement of direct sunlight from which the
#01] can determine whether to increase the air
W 1he face vents.

! in-car temperature sensors are simple ther-
Weators but, to allow for an accurate reading, a
sull motor and fan can be used to take a sam-
e of interior air and direct it over the sensing
wlaments.

A voolant iemperature sensor is used to monitor
ke temperature of the coolant supplied to the
soater matnix. This sensor is used to prevent

operation of the system until coolant tempera-
ture is high enough to heat the vehicle interior.
@ Driver input control switches.

The ECU takes information from all of the above
sources and will set the system in the most appropri-
ate manner as determined by the software. Control of
the flaps can be either by solenoid controlled vac-
uum actuators or by small motors. The main blower
motor is controlled by a heavy duty power transistor
and is constantly vanable. These systems are able to
provide a comfortable interior temperature when
exterior conditions range from — 10 to +35°C even
in extreme sunlight.

14.3 Other heating
systems

14.3.1 Seat heating

The concept of seat heating is very simple. A heat-
ing element is placed in the seat, together with an
on-off switch and a control to regulate the heat.
However, the design of these heaters is more com-
plex than first appears.

The heater must meet the following criteria.

e The heater must only supply the heat loss experi-
enced by the person’s body.

e Heat to be supplied only at the major contact
points.

® Lcather and fabric seats require different sys-
tems due to their different thermal properties.

o Heating elements must fit the design of the seat.

e The elements must pass the same rigorous tests as
the seat, such as squirm, jounce and bump tests.

Figure 14.10 shows a seat containing heating
elements.

In order for the passengers (including the driver)
to be comfortable, rigorous tests have been carried
out to find the optimum heat settings and the best
position for the heating elements. Many tests are car-
ried out on new designs, using a manikin with sensors
attached, to measure the temperature and heat flow.

The cable used for most heating elements is
known as a Sine Cable and consists of muiti-strand
alloyed copper. This cable may be coated with tin or
insulated as the application demands. The heating
element is laminated and bonded between layers of
polyurethane foam.

The traditional method of control is a simple
thermostat switch. Recent developments, however,
tend to favour electronic control combined with
a thermistor. A major supplier of seat heaters,




Figure 14.10 Seat containing heating element

Scandmec Ltd, supplies an electronic system that
includes push button switches, potentiometers, timer
function, short and open circuit detection. This is 1
addition o accurate control of the chosen tempera-
ture setting. These seat heaters will heat up to provide
an initial sensation in 1 minute and to full regulated
temperature in 3 minutes.

14.3.2 Screen heating

Heating of the rear screen involves a very simple
circuit as shown in Figure 14.11. The heating ele-
ments consist of a thin metallic strip bonded to the
glass. When a current is passed through the elements,
heat is generated and the window will defrost or
demist. This circuit can draw high current, 10-15 A
being typical. Because of this, the circuit often con-
tains a timer relay to prevent the heater beng left on
100 long. The timer will switch off after 10-15 mun-
utes. The elements are usually positioned to defrost
the main area of the screen and the rest position of the
rear wiper blade if fitted.

Front windscreen heating is being introduced
on some vehicles. This of course presents more prob-
lems than the rear screen, as vision must not
be obscured. The technology, drawn from the aircraft
industry, involves very thin wires cast into the glass.
As with the heated rear window, this device can con-
sume a large current and is operated by a timer relay.

Air conditioning

Heated screen

Rélay often i
nchuding Control switch
a mer

Figure 14.11 Screen heaung circuit.

14.4 Case studies

14.4.1 Air conditioning — Rove

Figure 14.12 is the air conditioning system I
showing all the main components.

The compressor shown in Figure 14.13 is |
driven from the engine crankshaft and it acts
pump circulating refrigerant through the syste:
compressor shown is a piston and reed valve ty
the refrigerant is drawn into the cylinder due t
action of the piston, the outlet valve is closed di
the pressure. When the piston begins its compre
stroke the inlet reed valve closes and the outlet o
This compressor is controlled by an clectrom:
clutch, which may be either under manual cont
electronic control depending on the type of syst

Figure 14.14 shows the condenser fitted in
of the vehicle radiator. It is very similar mn cons
tion to the radiator and fulfils a similar role
heat is conducted through the alumintum pi
fins to the surrounding air and then, by a pre
convection, is dispersed by the air movemen
air movement is caused by the ram effect, wh
supplemented by fans as required.

Figure 14.15 is the receiver- drier assembly
connected in the high-pressure line betw:
condenser and the thermostatic expansion v
This component has four features.

® A reservoir lo hold refrigerant until a great
is required.

o A filter to prevent contaminants circu
through the system.

e Vapour is retained in this unit until it finall
verts back to a ligmd.

® A drying agent removes any moisture 1o
system. The substance used in R134A syste
Zeolite. Some manufacturers recommend th
unit should be replaced if the system has
open to the atmosphere

A sight glass is fitted to some receiver—driers to
an tndication of refrigerant condition and sy
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Drwve pulley
\
Electromagnetic clutch

® $4.13 Air conditioning compressor

i T'he refrigerant generally appears clear if
s in order,

k= |hermostatic expansion valve is shown as part
uie 14 16 together with the evaporator assem-
1 bas two tunctions to fulfit:

4 snirol the flow of refrigerant as demanded by
B sustem.

wluce refrigerant pressure in the evaporator.
ihwrmostatic expansion valve 1s a simple
vontrolled ball valve, which has a diaphragm

hed 10 spring. A temperature sensitive gas
as carbon dioxide acts upon the diaphragm.

Condenser -~

High pressure
servicing point L
Duel pressure =
switch 7~
Condenser

Figure 14.14 Air conditoning condenser

The gas 1s in a closed system including a capillary
tube and a sensing bulb. This sensing bulb is
secured on the evaporator. If the temperature of the
evaporator rises, the gas in the bulb expands and
acts on the diaphragm such as to open the ball valve




and allow a greater flow of refrigerant. If the evap-
orator were to become too cold, then the gas in the
bulb will contract and the ball valve will close. la
this way, the flow of refrigerant is controlled and
the temperature of the evaporator is held fairly con-

stant under varying air flow conditions.

inlet

Figure 14.15 Receiver—drier

Figure 14.16 Evaporator and thermostatic expansion valve

Outler

——— Dessicant bag

Air conditioning

The evaporator assembly is similar in consf
tion to the condenser, consisting of fins to m
mize heat transfer. It is mounted in the car uj
the dash panel, forming part of the overall he
and ventilation system. The refrigerant chai
state mn the evaporator from a liquid to a vapo
well as cooling the air passed over it, the cvapol
also removes moisture from the air. This is beci
the moisture in the air will condense on the
and can be drained away. The action is muc
breathing on a cold pane of glass. A thermisf
fitted to the evaporator on some systems to mo
temperature. The compressor is cycled if the
perature falls below about 3 or 4 °C to preven
chance of water freezing on the evaporator,
would restrict air flow.

The electrical circuit is shown in Figure 1
The following points are worthy of note.

e A connection exists between the air conditi
ECU and the engine management ECU. The
sons for this are so that the compressor ¢
switched off under very hard acceleration a
enable better control of engine 1dle.

\ Thermistor Drain tube
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o Twin cooling fans are used to cool the condenser.
These can be run at two speeds using relays to
connect them in series for slow operation, or #h
parallel for full speed.

® A number of safety features are included such as
the high/low pressure switches.

14.4.2 Electrically driven
air conditioning

To drive the air conditioning pump electrically
could provide the following benefits:

Sealed motor and pump assembly.
Smaller and less complex compressor
Flexible positioning (no drive belt).

Full cooling capacity at any engine speed.
Greater control is possible.

The motor output power necessary to drive an electric
automotive air conditioning (A/C) system depends
on the cooling capacity of the system, its efficiency
and the boundary conditions (temperatures) it is
operating against. All of these quantities are vari-
able under normal vehicle operation. The use of a
‘brushless’ motor has been considered. The follow-
ing ‘standard’ rating conditions are useful in assess-
ing maximum power levels.

Stop-and-go driving in heavy traffic
Under these test conditions, high compressor dis-
charge pressures will tend to overload the motor. To
prevent this problem, fresh air must be restricted at
idle to reduce evaporator foad and, if possible, the
condenser fan should operate at overspeed condi-
tions. The motor must be operated at lower speeds
during idle to prevent overload and, consequently,
will not reach its maximum power requirement.

Hot soak followed by puli down

This test is established by placing the vehicle in a hot
sunny cnvironment until the cabin temperature nises
to about 65 ° C. The vehicle is then operated at about
50km/h with maximum A/C and fan speed control
settings. An electric A/C system operating at about
half of its maximum speed offers pull down per-
formance equivalent to a conventional A/C system.
If operated at maximum during the pull down test,
a significant reduction in the time taken to reach
acceptable cabin temperatures could be achieved.

Cruising with full fresh air intake

This operating condition requires the A/C system
to maintain comfortable cabin temperatures while
processing significant quantities of outside air.

Air conditioning

This establishes a maximum capacity level, whigl
turn sets the size of the motor and its drive cle
ics. For conventional A/C systems, a 3.75 kW m
is a reasonable estimate for this condition. A
70% of the total load is used to condition the fi
outside air. Reducing or eliminating fresh air |
at highway speeds has a direct influence on the's
of the electric drive system.

A senies of computer simulations was cond
to explore ways of reducing the motor power requ
ment. Using a two-stage cycle with 25% {res|
results ina 1.5 kW load on the motor. A conventi
cycle using a high-efficiency compressor cou
with a 20% fresh air limitation also results
1.5kW load. A 1.5kW motor is a realistic 0|
for automotive air conditioning.

The combined motor and electronics cost si
icantly affects the feasibility of electric automg
A/C systems. Cost increases significantly &
required motor power increases. Developme
more efficient A/C systems is ongoing. Assul
these developments are successful, a [.5kW ¢
trically driven A/C system will be possible an
be able to provide performance equal to or
than today’s systems.

In this application, brushless DC motor sys
are expected to achieve efficiencies of 85-90%
designed specifically for sealed automotivi
applications. This translates into a maximum
trical demand from the vehicle power supply
tem of 1.7kW when the A/C electrical drive ope
under maximum cooling conditions

Research is continuing in this area bul
many other developments, the current extra co!
the system may soon be outweighed by the be
of extra control.

14.5 Diagnosing air
conditioning system fau

14.5.1 Introduction

As with all systems, the six stages of fault-fi
should be followed

. Verify the fault.

. Collect further information.

. Evaluate the evidence.

. Carry out further tests in a logical sequ
. Rectify the problem.

. Check all systems.

[« NN I - VS I S

Table 14.1 lists some common symptoms of &
conditioning system malfunction together wi
gestions for the possible fault. The faults are ge
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fobie 14.1 Symptoms and faults of an air conditioning system

§1

Spiom Possible fault

ANer stopping the compressor,
P esnre falls quickly to about
95 4% and chen falls gradually

I % harge pressure low

Air in the system or. if no bubbles are seen in the sight glass as the condenser is
coaled with water. excessive refrigerant may be the fauk.

Fault with the compressor or, if bubbles are seen, low refrigeranc.

8 harge temperature is Frozen evaporator.

fwws: than normal

s uon pressure too high

S uon and discharge pressure
e high clogged fins.
% tion and discharge pressure
o YW

Red igniant loss
-

Clogged or kinked pipes.

High pressure valve fault, excessive refrigerant or expansion valve open too long.

Excessive refrigerant in the system or condenser not working due to fan fault or

Oily marks (from the lubricant in the refrigerant) near joints or seals indicate leaks.

will serve as a good reminder. It is assumed an
iMiule pressure gauge set has been connecled.

1.5.2 Testing procedure

wi work on the refrigerant side of air condi-
iy sysiems unless you have been trained and
avess to suitable equipment.

Ihe process of checking an air conditioning sys-
1s broadly as follows.

Manl and eye checks (loose wires, loose switches
) uther obvious faults) — all connections clean
! tight

& hwek system pressures.

wek discharge temperature.

msjuet receiver—drier sight glass.

Mlei to the previous table.

1.6 Advanced
mperature control
hnology

.1 Heat transfer

is a reminder of the key terms associated with
ansler

tivection

sucigy transfer that involves the movement of
Wl (pas or liquid). Fluid in contact with the
of heat expands and tends to rise within the
ul the Nuid. Cooler fluid sinks to take its place,
Wy & convection current.

nduction

ul heat energy through a material without the
wuent of any part of the material itself. Heat

energy is present in all materials in the form of the
kinetic energy of their vibrating molecules, and
may be conducted from one molecule to the next in
the form of this mechanical vibration. In the case of
metals, which are particularly good conductors of
heat, the free electrons within the material carry
heat around very quickly.

Radiation

In physics, radiation is the emission of radiant
energy as particles or waves; for example, heat,
light, alpha particles and beta particles.

When designing a heating or air conditioning
system, calculations can be used to determine the
heating or cooling effect required. The following is
the matn heat current equation and can be used, for

example, to help determine the heat loss through
the windows.

A0 o AT e AT
Ar Ax Ax/ kA
where AQ) = heat energy, A7 = temperature,

Ax = thickness/distance of material, A = time, k =
thermal conductivity of the material (W m 'K '),

A = cross-sectional area, A()/Ar can be thought of as
“heat current’.

14.6.2 Armature reaction

Most heater motors, like many other motors, are
unidirectional due to the positioning of the brushes.
When a motor is running it also acts as a generator
producing a back EMFE. The brushes of a motor
(or generator) must be placed around the commutator
in such a way that, as the armature rotates and the
brushes effectively short one commutator segment
to the next, no EMF must be present in that associ-
ated armature winding,
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Figure 14.18 Field warp which causes armature reaction

If an EMF is present. then current will flow
when the short is made. This creates sparks at the
brushes and is known as armature reaction. To over-
come this problem, the brushes are moved from the
geometric neutral axis to the magnetic neutral axis
of the motor fields. This is because, as armature cur-
rent flows, the magnetism created around the arma-
ture windings interacts with the main magnetic field
causing 1t to warp. Figure 14.18. shows this field
warp diagrammatically. This phenomenon was used
in some very early generators as a way of control-
ling output.

14.7 New developments
in temperature control
systems

14.7.1 Heating is cool

Two interesting developments by Valco show how
heating systems can actually be quite cool! These are:

e Pollution sensor.
e Photo-catalyst.

The pollution sensor provides improved cabin air
quality for enhanced comfort of vehicle passengers.
The sensor detects the principal noxious atmos-
pheric pollutants (carbon monoxide and nitrogen
dioxides) present in the environment. It fits into the
air inlets of the heating and AC system. By electronic
control, the sensor automatically activates the air
recirculation mode, sealing off the cabin from harm-
ful air pollution. The flaps can be closed in as little
as 1.8 seconds. This results in a 20% decrease in
pollution concentration and a 40% decrease in pas-
sengers noticing the odours.

Air conditioning

Using a photo-catalyst means that air in the ¢
can be improved because pollutant gases are ¢
inated. These gases can be destroyed by the
action of a photo-catalyst. Volatile organic com
ents, nitrogen and sulphur oxides are the main
prits. Bacteria can also be eliminated because:
are killed on the filter. The photo-catalyst, whi
made of titanium oxide (TiO,), is self-regene
to ensure long life. The system is 70% effic
on toluene after 6 minutes in recirculation my
can also be made to start automatically in as
ation with the pollution sensor.

14.7.2 Electric heating and
air conditioning

The increased demand for electrical power in ge
has made the move to 42V a certainty. This ch
also allows other options to be considered in thi
present pursuit of improved comfort with red
consumption and emissions. Climate controt
will play an important role in this respect. §
small air conditioning (AC) components us
42 V systems may remain at 14 V. However. th
major existing components in terms of power
sumption will switch to 42 V. These are:

e Blower motor,
® PTC-R (positive
resistance) heater.

temperature  coeffi

The maximum power of a blower motor can
400 W, which at 14 V means a current draw of
30A. if a 14 V alternator is not used, the r
42/14 V Dc/Dce converter and wiring will nee
particularly robust. The power consumed by
tric heaters is between 500 and 1500 W. It i
fore crucial to convert to 42 V. For similar re
electrically driven AC compressors are only
tical at 42 V. PTC-R electric heaters (small ¢
fires!) mean that heat is not taken from the
cooling system. Overall, the clear solutioj
change the components directly to 42 V.

The use of pulse width modulation con
the blower motor is one way to increase th
range. The current draw of the 42 V motor wi
third of that for a 14V type. This also res
improved efficiency in the vehicle system’
tronic components. The other major compol
the AC compressor.

Manufacturers have already improved
ical compressors. However, using an electn
pressor will allow further improvements in effi
and control. Electrical compressors consume
3-4kW so 14V is not practical. Further, whe
pared with the low efficiency of 14V alte
(about 50%), the 42 V machines are much betts
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Mt at ubout 80%. The change to 42 V also means
W% saximum current to the electrical compressor
W In: under 100 A

il clectrically driven compressor is clearly a
W clement for overall efficiency of the electrical
A1 wysiems. The electrical air conditioning (E-AC)
Ssessor will be a combination of two main

B log s

# Sl design - which leads to a high refrigerant
#atnbution and volumetric efficiency.
Hishless motor — with high electrical efficiency.

Iwo technologies mean that the system is
1o udapt the thermodynamic cycle to changing
tual conditions very quickly. There are four key
stinal and/or environmental benefits that result
b ihis These are:

Al ind go functionality.

Waiery temperature control.

¥ iliciency improvements.

Woliiperant leakage reduction/elimination.

U main fuel consumption reduction in 42 V
I 1x the result of using regenerative braking
M stop and go’ function. This is particularly
walde in city driving because braking and stops
Sesuent This has little or no effect on comfort il
sabient temperature is moderate. However, in
sl or damp conditions conventional HVAC
wients could cause problems. This is because
) heat energy from the engine and mechanical
4 vin the belt drive to the compressor -~ which
#ih required to maintain cabin comfort - can
& upmibicant effect on engine operation. End
will. of course, also expect a fuel-consumption
v especially in view of the higher price for
ismvertrains. For these reasons, electrical heat-
Gaal wr conditioning is an essential step in the
RICNT PrOCESS.

the “stop and go’ function the use of an elec-

yompressor is the only choice for maintaining
1 levels duning engine stops. A further advan-

#x ond users s that poor cooling performance
will be avorded. This 1s because compressor

will be independent from engine speed. E-AC

o 1esult in more efficient dehumidification.

“lts in better visibility from the beginning of
Wy In conventional cars, a slow warm-up can

eilicient de-misting after a cold start

) new clectnical HVAC devices will use regen-

) muking cnergy, as well as alternator-generated

+ that will be stored in batteries. New battenes

« nickel metal hydride (NIMH), or lithium-

umits, are very efficient, but require thermal

6l 10 puarantee adequate performance. NiMH

batteries work best at temperatures above 10°C
(50°F) - they are also sensitive to corrosion. which
increasces significantly above 35 °C (95 °F). To keep
battery temperature in the ideal range, electrical
heating and air conditioning become essential. This is
because the heating/cooling system will still oper-
ate when the vehicle is stopped or parked.

The efficiency of mechanical AC systems has
been improved by techniques that allow their
capacity to be varied and adjusted. This minimizes
and optimizes evaporation pressure, which, overall,
results in a better balance between required and
produced cooling powers.

It is often assumed that a conventional AC system
must be refilled every 3 or 4 years. This is because
of refrigerant leakage There are three identified
sources of leakage (other than obvious faults):

o Imperfect connections.
e Permeable flexible hoses.
o Compressor lip seal.

Because an electrical compressor does not use a lip
seal, the total feakage is reduced by about 30%.
Also, because the electrical compressor will not be
fitted to the engine, more aluminium pipes will be
used instead of flexible hoses. AC system main-
tenance could, therefore, be almost eliminated if
improved double-scal connections are used.

The improved operation of the system in relation
to efficiency and comfort levels means that E-AC is
a technology that will become standard - in the not
too distant future.

14.8 Self-assessment

14.8.1 Questions

1. State the meaning of “plenum chamber’.

2. Make a clearly labelled sketch to show the main
components of an air conditioning system

3. Explain the principle of refrigeration

4. Draw a circuit showing how “dropping’ resist-
ors are used to control motor speed

5. Describe the operation of an air conditioning
system.

6. State three potential benefits of an electrically
driven air conditioning compressor.

7. Define: heat flow, radiation, convection and
conduction.

8. Describe the reason for und the operation of a
thermostatic expansion valve.

9. Draw a circuit of a screen heater that includes a
timer relay.

10. List four functional requirements of a seat heater




Figure 14.19 Chrysler cooling module

14.8.2 Assignment

1. In relation to heating and air conditioning sys-
tems, discuss why the temperature and climate
settings in a vehicle may need to be changed under
different external conditions to achieve the same
‘perceived or ideal’ feeling of comfort. Draw a
block diagram of the system and add appropriate
comments as to how this ‘ideal’ effect could be
achieved.

2. Figure 14.19 shows a cooling module for a
Chrysler. Design a suitable electrical circuit to
run the motors at two speeds.

3. Produce a report, following the standard format,
about the operation of an air conditioning sys-
tem fitted to a vehicle.

14.8.3 Multiple choice questions

The function of a plenum chamber in a ventilation
system is to:

1. circulate air inside the cabin

2. exhaust air from the cabin

3. hold air at a pressure higher than ambient pressure
4. hold air at a pressure lower than ambient pressure

One reason for using recirculated air in a heating
system is because it

1. decreases warm up time

2. increases warm up time

3. reduces pollution

4. reduces traffic congestion

Technician A says the heater motor speed is con-
trolled by using dropping resistors. Technician B
says the heater motor speed is controlled by using a
variable resistor. Who is right?

1. A only

2. Bonly

Air conditioning

3. BothA and B
4. Neither A nor B

The requirements of a scat heater system
include:
1. that the heater must supply more than the

loss experienced by the person’s body
2. that heat must be supplied only at the major

tact points
3. that heating elements must be of a um

design to fit all seats
4. all of the above

The refrigerant used in many air conditioni
tems is known as:

INCEE

2. Ozone

3. R134A

4. —263C

The most hikely position of a condenser ona ¢
1. outside the car in the air stream

2. inside the car, behind the dashboard
3. bolted to the engine

4. none of the above

The change of state that takes place in the ev
ator is: ;
1. solid to liquid
2. liquid to gas
3. gas to liquid
4. liquid to sohd

Which of the following is a true statement:
1. an air conditioning compressor is control

an electromagnetic clutch
2. an air conditioning compressor is perma

driven
3. the compressor is always mechamcally con
4. the compressor is always manually contro

The component that controls the flow of refri
as demanded by the system is called the:
1. compressor

2. condenser

3. evaporator

4. expansion valve

The current drawn by a blower motor run
full speed is likely to be about:
1. 0.15amps

2. 1.5amps

3. 15amps

4. 150 amps



8.1 Anti-lock brakes

i.l.l Introduction

tason for the development of anti-lock brakes

) s very simple. Under braking conditions, if
w more of the vehicle wheels locks (begins to
#) there are a number of consequences.

ik ing distance increases.
Wiy control is lost.
Blwiinal tyre wear.

win jous result is that an accident is far more
v 1o oceur. The maximum deceleration of a
ki 1n schieved when maximum energy conver-
is luhing place in the brake system. This is the
1sion of kinetic energy to heat energy at the
winl brake drums. The potential for this con-
Wi process between a tyre skidding, even on a
w15 far less. A good driver can pump the
a ot und off to prevent tocking but electronic
ol vun achieve even better results.

AN 15 becoming more common on lower price
s which should be a significant contribution
v It is important to remember, however, that
Wil use, the system is not intended to allow
iliiving and shorter braking distances. It should
| us operating in an emergency only. Figure
§ shurwvs how ABS can help to maintain steering

even under very heavy braking conditions.

1.2 Requirements of ABS

«| way of considering the operation of a com-
1l system is to ask: ‘what must the system be
W do?" In other words, what are the require-

' Ihese can be considered for ABS under the

W svent of the ABS system failing the conven-
| binkes must still operate to their full poten-
I addition, a warning must be given to the

-hassis electrical systems

Braking
with ABS

Without
ABS

Figure 15.1 ABS can help maintain steering cantrol

driver. This is normally in the form of a simple
warning light.

Manoeuvrability must be
maintained

Good steering and road holding must continue when
the ABS system ts operating. This is arguably the key
issue, as being able to swerve around a hazard whilst
still braking hard is often the best course of action.

Immediate response must be
available

Even over a short distance the system must react
such as to make use of the best grip on the road. The
response must be appropriate whether the driver
applies the brakes gently or slams them on hard.

Operational influences

Normal driving and manoeuvring should produce no
rcaction on the brake pedal. The stability and steer-
ing must be retained under all road conditions. The
system must also adapt to braking hysterests when
the brakes are applied, released and then re-applied.



Even if the wheels on one side are on dry tarmac and
the other side on ice, the yaw (rotation about the ver-
tical axis of the vehicle) of the vehicle must be k€pt
to a minimum and only increase slowly in order to
allow the driver to compensate.

Controlled wheels

In its basic form, at least one wheel on each side of
the vehicle should be controtled on a separate cir-
cuit. It is now general for all four wheels to be sep-
arately controlled on passenger vehicles.

Speed range of operation

The system must operate under all speed conditions
down to walking pace. At this very slow speed even
when the wheels lock the vehicle will come to rest
very quickly. If the wheels did not lock then, in
theory, the vehicle would never stop!

Other operating conditions

The system must be able to recognize aquaplaning
and react accordingly. It must also still operate on
an uneven road surface. The one area still not per-
fected is braking from slow speed on snow. The
ABS will actually increase stopping distance in
snow but steering will be maintained. This is con-
sidered to be a suitable trade-off.

A number of different types of anti-lock brake
systems are in use, but all try to achieve the require-
ments as set out above.

15.1.3 General system
description

As with other systems, ABS can be considered as a
central control unit with a series of inputs and out-
puts. An ABS system is represented by the closed
loop system block diagram shown in Figure 15.2.
The most important of the inputs are the wheel
speed sensors, and the main output is some form of
brake system pressure control.

The task of the control unit is to compare signals
from each wheel sensor to measure the acceleration
or deceleration of an individual wheel. From these
data and pre-programmed look-up tables, brake pres-
sure to one or more of the wheels can be regulated.
Brake pressure can be reduced, held constant or
allowed 10 increase. The maximum pressure is deter-
mined by the driver’s pressure on the brake pedal

A number of variables are sensed, used or con-
trolled by this system.

Pedal pressure
Determined by the driver.

Chassis electrical systems

ECU

7 VVira connection

Figure 15.2 Ant-lock brake system

Brake pressure
Under normal braking this is proportional I¢
pressure but under control of the ABS it &
reduced, held or allowed to increase.

Controlled variable
This is the actual result of changes in brake pi
in other words the wheel speed, which then
acceleration, deceleration and slip to be dete

Road/vehicle conditions

Disturbances such as the vehicle load, the
the road, tyre condition and brake system co

From the wheel speed sensors the EC
lates the following.

Vehicle reference speed

Determined from the combination of two
wheel sensor signals. After the start of bra
ECU uses this value as its reference.

Wheel acceleration or decele

This is a live measurement that is ¢
changing.

Brake slip

Although this cannot be measured direct|
can be calculated from the vehicle refere
This figure is then used to determine whei
should take control of the brake pressure.

Vehicle deceleration

During brake pressure control, the ECU
vehicle reference speed as the starting
decreases it in a linear manner. The rate of d
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Shimined by the evaluation of all signals
Wi flom the wheel sensors.

I and non-driven wheels on the vehicle
W taated in different ways as they behave dif-
when braking.

% hyionl combination of wheel deceleration/
wion and slip 1s used as the controlled vari-
I8 sctual strategy used for ABS control varies
% pperating conditions.

{4 ABS components

¢ a tew variations between manufacturers

Wy 1 humber of different components. For the

ol syslems, however, there are three main
"

| ypreed sensors.
o control unit.
il modulator.

ul speed sensors

w devices are simple inductance sensors
& i conjunction with a toothed wheel. They
#l i penmanent magnet and a soft iron rod
which 1s wound a coil of wire. As the toothed

#8 1 A microprocessor as used in an ABS ECU

wheel rotates, the changes in inductance of the mag-
netic circuit generate a signal; the frequency and
voltage of which are proportional to wheel speed.
The frequency is the signal used by the electronic
control unit. The coil resistance is of the order of
1 k). Coaxial cable is used to prevent interference
affecting the signal. Some systems now use “Hall
effect’ sensors, as described in Chapter 2.

Electronic control unit

The function of the ECU (Figure 15.3 shows part of
an ECU) is to take in information from the wheel
sensors and calculate the best course of action for
the hydraulic modulator. The heart of a modern
ECU consists of two microprocessors such as the
Motorola 68HC11, which run the same program
independently of each other. This ensures greater
security against any fault, which could adversely
affect braking performance because the operation
of each processor should be identical. If a fault 1s
detected, the ABS disconnects itself and operates a
warning light. Both processors have non-volatile
memory into which {ault codes can be written for
later service and diagnostic access. The ECU also
has suitable input signal processing stages and out-
put or driver stages for actuator control.




The ECU performs a self-test after the ignition
is switched on. A failure will result in disconnec-
tion of the system. The following list forms the seh
test procedure

o Current supply.

o Exterior and interior interfaces.

o Transmission of data.

o Communication between the two micro-
Processors.

® Operation of valves and relays.

e Operation of fault memory control.

e Reading and writing functions of the internal
memory.

All this takes about 300 ms.

Hydraulic modulator

The hydraulic modulator as shown in Figure 15.4
has three operating positions.

® Pressure build-up - brake line open to the master
cylinder.

® Pressure reducing - brake line open to the
accumulator.

® Pressure holding - brake line closed.

The valves are controlled by electrical solenoids,
which have a low inductance so they react very
quickly. The motor only runs when ABS is activated.

Chassis electrical systems

15.1.5 Anti-lock brake system
control

The control of ABS can be summarized u
number of headings as given below.

Brake pressure control
commencement

The start of ABS engagement is known as “firsl
trol cycle smoothing’. This smoothing stage it
sary in order not to react to minor disturban
as an uneven road surface, which can cause ¢
in the wheel sensor signals. The threshold of e
ment is critical as, if it were too soon, it wol
distracting to the driver and cause unnecessary:
ponent wear. too late and steering/stability col
lost on the first control cycle

Even road surface regulation

Under these ideal circumstances adhesion 15 4
constant ABS works at its best under the
ditions, regulation frequency is relatively 10
small changes in brake pressure.

Vehicle yaw (twist about the
vertical axis, swerving moment)

When braking on a road surface with differen
sion under the left and right wheels, the vehie
yaw or start to spin. The driver can control thi

Pressure from master cyhnder

Accumulator to store fluid

Motor to return
flud w master

cyhinder

Solenoid
shutde valve

()

Figure 15.4 ABS hydraulic modulator. (a) Normal pressure build-up; (b) holding phase; () reducing
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secting if time is available. This can be achieved
Wi the front wheel with poor adhesion becomes
e, the pressure to the other front wheel is
wel This acts to reduce the vehicle yaw, which is
ularly important, when the vehicle is cornering,

vibration

speed instability occurs frequently and at
w on rough roads. Due to this instability,
pessure tends to be reduced more than it 1s
o during ABS operation. This could lead to
al waking under certain conditions. Adaptation
¢ vorditions is therefore necessary to overcome
geublem. An increase in brake pressure is made
Juning hard re-acceleration of the wheel after
waiuble instant. With modern soft suspension
s the axle may be subject to vibration. This
pwine superimposed signals on the wheel speed
% I'heindicated accelerations can be the same
B wtuil unstable braking conditions. A slight
i the reaction of the ABS due to the delay in
anoothing — the time taken to move control
and 4 tme lag in the brake lines — helps to
Ihe eftect of axle vibration. The regular fre-
wl the vibrations can be recognized by the
! & constant brake pressure is introduced when
Silnations are recognized.

1.6 Control strategy

Wtepy of the anti-lock brake system can be
nzed as follows.

jued brake pressure reduction during wheel
§ mstability so the wheel will re-accelerate
without too much pressure reduction, which
wvond under braking.

%l risc in brake pressure during and after
i acecleration to a value just less than the
Isbility pressure.

ivle increase in brake pressure in the event
mwicascd adhesion.

utivity suited to the prevalent conditions.

i lock braking must not be initiated during
E vibration.

apphication of these five main requirements
& (he need for compromise between them
s} programming and prototype testing can
il level of compromise but some disadvan-
hav e 1o be accepted. The best example of this
&g on uneven ground in deep snow, as decel-
 less effective unless the wheels are locked
i4 this cxample, priority is given to stability
Ihan stopping distance, as directional controt
wwiod in these circumstances.

Plunger !

— Sprng /s 1
—

~ Chain

Lever Tnvei / ﬂ jebam

Electromagneuc

Figure 15.5 Motor and spring anti-lock brake syscem

15.1.7 Variations of ABS

A novel approach to ABS has been developed which
uses springs and a motor to produce the brake pres-
sure conditions of reducing, holding or increasing.
The potential advantage of this technique is that the
response is smooth rather than pulsed. Figure 15.5
shows the layout of the motor and spring system.

15.2 Active suspension

15.2.1 Introduction

Active suspension, like many other innovations, was
developed in the Grand Prix world. It is now slowly
becoming more popular on production vehicles. It is
interesting to note that just as some Formula 1 teams
perfected it, the rules changed (1993-94) 1o prevent
its use!

Conventional suspension systems are always a
compromise between soft springs for comfort and
harder springing for better cornering ability. A sus-
pension system has to fulfil four main functions.

e Absorb bumps.

o Manage nose dive when braking.
e Prevent roll when cornering.

e Control body movement.

This means that some functions have to be comprom-
ised in order to fulfil others to a greater extent.




15.2.2 Operation

Active suspension allows the best of both worlds,
This is achieved by replacing the conventional
springs with double-acting hydraulic units. These
are controlled by an ECU, which receives signals
from various sensors. Oil pressure in excess of 150
bar is supplied to the hydraulic units from a pump.
A servo valve controls the oil, which is arguably the
most critical component.

The main benefits of active suspension arc as
follows.

e Improvements in ride comfort, handling and
safety.

e Predictable control of the vehicle under different
conditions.

o No change in handling between laden and
unladen.

15.2.3 Sensors, actuators and
system operation

To control the hydraulic units to the best advantage,
the ECU needs to ‘know’ certain information. This
is determined from sensor readings from various

parts of the vehicle. A number of sensors are used
to provide information to the suspension ECU.

Load sensor
A load cell used to determine whether actual load is
positioned on each hydraulic ram.

Displacement and vertical
acceleration

This sensor can take a number of forms, as simple
as a variable resistor or a more accurate and sensi-
tive linear sensor such as the LVDT (see Chapter 2).

Lateral and longitudinal
acceleration

Acceleration can be determined from a pendulum-
type sensor using strain gauges linked to a mass, or
devices similar to an engine knock sensor.

Yaw transducer

Yaw can be determined from lateral acceleration
if the sensor is mounted at the front or rear of the
vehicle.

Steering position

As well as steering position, rate of change of pos-
ition is determined from a rotary position sensor.
This device can be a light beam and detector type or
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similar. If the rate of change of steering positi
beyond a threshold the system will switch
harder suspension setting.

Vehicle speed

The speed of the vehicle is taken from a sta
type sensor as used for operating the speedo

Throttle position

Similar to the existing throttle potentiomets
gives data on the driver’s intention to accele
decclerate allowing the suspension to switcl
harder setting when appropriate.

Driver mode selection

A switch is provided allowing the driver to ¢
soft or hard settings. Even if the soft setil
selected, the system will switch to hard, un
tain operational conditions.

The layout of the suspension system also sh
simplified view of the hydraulic unit. This
effect, a hydraulic ram and can have oil und
high pressure fed to the upper or lower chaml
actual operation of the whole system is as foll¢
a wheel meets a bump in the road there is incr
upward acceleration and vertical load. This infg
tion is fed to the ECU, which calculates thi
wheel displacement. A control signal is now
the servo valve(s), which control the posilioﬁ
main hydraulic units. As this process can occi
dreds of times per second, the wheel can®
the contour of the road surface. This cushi
vehicle body from unwanted forces.

By considering information from other s
such as the lateral acceleration sensor, whic
data relating to cornering, and the longitudi
sor, which gives data relating to braking or 4
ation forwards, the actuators can be moved to
maximum stability at all times.

Active suspension looks set to have an ¢as
the future. The benefits are considerable and,
ponent prices reduce, the system will beco:
able on more vehicles. It is expected that even
vehicles may be fitted with active suspensk
near future. A representation of an clectroni
trolled suspension system is shown in Figure’

15.3 Traction control

15.3.1 Introduction

The steerability of a vehicle is not only los
the wheels lock up on braking; the same eff
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wheels spin when driving off under severe
twlion. Elcctronic traction control has been
wil us a supplement to ABS. This control sys-
jeevents the wheels from spinning when mov-
1 o1 when accelerating sharply while on the
In this way, an individual wheel, which is
i 1% braked in a controlled manner. If both or
ihw wheels are spinning, the dnive torque is
i+l by mcans of an engine control function.
b control has become known as ASR or TCR.
i ion control is not normally available as an
sudent system, but in combination with ABS.
fa hecause many of the components required
wame as for the ABS. Traction control only
vs u change in logic control in the ECU and a
salia control clements such as control of the
i Figure 15.7 shows a block diagram of a
vontrol system. Note the links with ABS
¥ enpine control system.
s ion control will intervene to achieve the
iy

mintain stability.
wshwtion of yawing moment reactions.

Figure 15.8 ABS and traction control ECU on the modulator

@ Provide optimum propulsion at all speeds.
® Reduce dniver workload

The following list of advantages can be claimed for
a good traction control system.

Improved tractive force.

Better safety and stability on poor surfaces.
Less driver stress.

Longer tyre life.

No wheel spin on turning and cornering.

An automatic control system can intervene in many
cases more quickly and precisely than the driver of
the vehicle. This allows stability to be maintained at
time when the driver might not have been able to cope
with the situation. Figure 15.8 shows an ABS and
traction control modulator, complete with an ECU.

15.3.2 Control functions

Control of tractive force can be by a number of
methods. Figure 15.9 shows a comparison of three
techniques used to prevent wheel spin, throttle,
ignition and brake control.

Throttle control

This can be via an actuator, which can move the
throtile cable, or if the vehicle employs a drive-by-
wire accelerator, then control will be in conjunction
with the engine management ECU. This throttle
control will be independent of the driver’s throtile
pedal position. This method alone is relatively slow
to control engine torque.

Ignition control

If ignition is retarded, the engine torque can be
reduced by up to 50% in a very short space of time.
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Figure 15.9 Comparison of three techniques used to prevent
wheel spin: throttle, ignition and brake conurol
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Figure 15.10 Layout of a traction control system which
includes links with other vehicle control systems

Engine

The timing is adjusted by a set ramp from the igni-
tion map value.

Braking effect

If the spinning wheel is restricted by brake pres-
sure, the reduction in torque at the affected wheel is
very fast. Maximum brake pressure is not used, to
ensure passenger comfort is maintained.

15.3.3 System operation

The layout of a traction control system, which
includes links with other vehicle control systems, is
shown in Figure 15.10. The description that follows
is for a vehicle with an electronic (drive-by-wire)
accelerator.

A simple sensor determines the position of the
accelerator and, taking into account other vanables
such as engine temperature and speed for example,
the throttle is set at the optimum position by a servo
motor. When accelerating, the increase in engine
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torque leads to an increase in driving torque
wheels. In order for optimum acceleration, the'
imum possible driving torque must be transfen
the road. If driving torque exceeds that which ¢
transferred, then wheel slip will occur, at leasta
wheel. The result of this is that the vehicle begi
unstable.

When wheel spin is detected the throttle pos
and ignition timing are adjusted but the best re
are gained when the brakes are applied to th
ming wheel. This not only prevents the wheel
spinning but acts such as to provide a limited sl
ferential action. This is particularly good whi
road with varying braking force coefficients.
the brakes are applied, a valve in the hydraulic
lator assembly moves over to allow traction ¢
operation. This allows pressure from the pump
applied to the brakes on the offending wheel
valves — in the same way as with ABS - can p!
pressure build-up, pressure hold and pressure
tion. This all takes place without the driver tou
the brake pedal.

The summary of this is that the braking
must be applied to the slipping wheel. such
equalize the combined braking coefficient for
driving wheel.

15.4 Automatic
transmission

15.4.1 Introduction

The main aim of electronically controtled autor
transmission (ECAT) is to improve conve
automatic transmission in the following ways.

e Gear changes should be smoother and qui

e [mproved performance.

e Reduced fuel consumption.

® Reduction of characteristic changes over §
life.

o Increased reliability.

The actual operation of an automatic gea )
beyond the scope of this book. However, the i
ant points to remember are that gear chang
lock-up of the torque converter are controll
hydraulic pressure. In an ECAT system, clectn
controlled solenoid valves can influence
hydraulic pressure. Figure 15.11 is a block diaj
of an ECAT system.

Most ECAT systems now have a transmi
ECU that is in communication with the engine cof
ECU (by a CAN — controller area network - daf
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iy vases). The system as a whole consists of a
Lot of sensors providing data to the ECU, which
tin v able to control a number of actuators or
sl devices. Figure 15.12 shows a modern auto-
B pearbox as used by the Porsche Carrera.

14.4.2 Control of gear shift and

within the ECU. Data from the sensors are used to
reference a look-up table mainly as a function of
engine speed and vehicle speed. Data from other
sensors are also taken into consideration. Actual
gear shifts are initiated by changes in hydraulic
pressure, which is controlled by solenoid valves.

iguc converter
b an L.CAT system, the actual point of gear shift e
:d from pre-programmed memo Qs sony '
wetormined  from  pre-prog ry e ;
hect J ‘ = ; .
fesd — : :
walpack = Adv | : :
Thiettle Solenoid | ;
= = Normal | ‘
prraton | el | - :
wdive o lenoid of ignition _ '
|__vave2 | '
Lock up 3 h §
cv - ’ y v
!T'" ECU soleno Ret v
} w2 tutch 5
e | solenoid H
— = o
oo : “_,-
tpeed | .| Diagrostc |
L__output Wlm“ : Sl s
b Town ] . A torque
5 control
Crndant ]I -l :L ’ Time
Basic Feedback Shift
v | control control : completion

Figure 15.13 Transmission output torque from systems with
and without engine torque control

% 15.12 Automatic gearbox as used in the Porsche Carrera



The two main control functions of this system
are hydraulic pressure and engine torque. The tem-
porary reduction in engine torque during gear shifter
ing (about 200 ms) allows smooth operation. This is
because the peaks of gearbox output torque are sup-
pressed, which causes the characteristic surge as the
gears change on conventional automatics. Figure
15.13 shows a comparison of transmission output
torque from systems with and without engine torque
control. Also shown are the transmission speed and
the timing control of the engine. Engine torque con-
trol can be by throttle movement, fuel cut-off or
ignition timing retardation. The latter seems to have
proved the most appropriate for modern systems.

Figure 15.14 shows how control of hydraulic
pressure during gear up-shift again prevents a surge
in transmission output torque. The hydraulic pres-
sure control is in three stages as shown in the figure.

Basic pressure control

Pressure is set to an optimum value for speed of the
gear shift. This can be adapted as the system learns
the ideal pressure by monitoring shift time and
changing the pressure accordingly.

Transmission
speed

Clutch
hydraulic
pressure

Torque i “‘\/—_—' —

output | e
s Time
Basic ! Feedback Shift
control | control completion
. conurol

Figure 15.14 Control of hydraulic pressure
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Feedback control

The ECU detects the deviation of the rotat
speed of the input shaft from a target value
adjusts pressure to maintain fine control.

Completion control

Torque converter hydraulic pressure is red
momentarily so that as the engine torque ol
control is released, the potential surge is previ
Because of these control functions, smooth
shifis are possible and, due to the learning abil
some ECUs, the characteristics remain con
throughout the life of the system.

Torque converter lock-up

The ability to lock up the torque converter has
used for some time, even on vehicles with mor
ventional automatic transmission. This gives
fuel economy, quietness and improved drivel
Lock-up is carried out using a hydraulic valve, ¥
can be operated gradually to produce a smooth
sition. The timing of lock-up is determined
ECU memory in terms of the vehicle spe
acceleration,

15.4.3 Summary

The use of integrated intelligent control o
the engine and transmission allows consi
improvements to the operation of automatic
boxes. Improvements are possible to effic
performance and smoothness of operation.
facilities become available to the driver §
being able to select the desired mode of opel
This can be a choice between, for exampl
formance and economy. The tie up between
control and transmission control helps to
trate how it is becoming more difficult to col
vehicle systems as isolated units and how
consideration must be given to the overlap
system boundarics.

15.5 Other chassis
electrical systems

15.5.1 Electric power steerin
There are three electric power steering tcchni

o Replacing the conventional system pum ]
an electric motor whilst the ram remains
the same.
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# - Jive motor, which directly assists with the
Mewiing and has no hydraulic components.
Adlive steering in which the steering wheel is
S Maced with a joystick.

"5 flist of these systems is popular, as the pump
saly run when needed. This gives some savings
50 lwel consumption and also allows the drive
anungement at the front of the engine to be
Hlhed

The sccond system listed is now becoming the
sommon An electric motor acts directly on the
fy viu an epicyclic gear train. This completely
wes the hydraulic pump and servo cylinder.
¢ eluminates the fuel penalty of the conventional
il greatly simplifies the drive arrangements.
2 slall when the power stecring is operated at
spwed 15 also eliminated. An optical torque sen-
i wsed 10 measure driver effort on the steering
| The sensor works by measuring light from an
4 which is shining through holes that are aligned
¥ at either end of a 50mm torsion bar fitted
Il sieering column. This system occupies little
s haminct space (something which is at a pre-
these days), and the 400 W motor only aver-
about 2 A under urban driving conditions. The
Isaclits over conventional hydraulic methods
s iderable.

£elive steering” is the name given to a system
eyl by Saab from its expenence in the aircraft
1y I'he technique is known as drive-by-wire. A
b in used in place of the steering wheel and an

ol sensors determines the required output and,

Hhw control unit, operates two electro-hydraulic

W valves. The ECU filters out spurious data

Ihe sensors and provides a feedback to the

ek 1n order to maintain driver feel. As a safety

#v. clectronic circuits have built in self-test

ws and backup modules. Hydraulic fluid pres-

i also held in reserve in an accumulator. Figure

1 shows an overview of the active steering sys-

tacal benefit could be gained using this tech-

due to the removal of the steering column —

wh some opposition is expected to this radical

weh! Disabled drivers, however, may consider

W be a major improvement

$.2 Electronic clutch

ehketronic clutch was developed for racing
I 1o improve the getaway performance. For
tion vehicles, a strategy has been developed to
et the driver’s intention. With greater throttle
ings. the strategy changes to prevent abuse and
line damage. Electrical control of the clutch

Sensors ; _ [®a
Digitat fifatcsy)

ECu

= A —— -
signals — cylinder
Wamni
r outputs
s Analogue
ensors T ECU Backup! Sele'::tor
| backup _Ihmerﬂ bl g
Figure 15.15 Overview of active steering system
Torque
transmitted
! i
Pulse Clutch
modulation travel

Figure 15.16 Torque transmitted curve for an electronic
clutch system

release bearing position is by a solenoid actuator,
which can be modulated by signals from the ECU.
This allows the time to reach the ideal take-off pos-
ition to be reduced and the ability of the clutch to
transmit torque to be improved. The efficiency of the
whole system can therefore be increased. Figure
15.16 shows the torque transmitted curve for an elec-
tronic clutch system. A switch could be provided to
change between performance or economy mode.

15.5.3 Active roll reduction

The conventional anti-roll bar, as fitted to many
vehicles, is replaced with a bar containing a rotary
actuator. The actuators are hydraulically operated
from a dedicated pump. Lateral acceleration is cal-
culated by the ECU from steering angle and road
speed. Hydraulic pressure is then rcgulated as
required to the front and rear actuators such as to
provide a force on the roll bar preventing the body of
the vehicle from tilting. A good use for this system is
on larger panel vans although it is being offered as an
option to a range of vehicles. Figure 15.17 shows the
positioning of one of the actuators for active roll
reduction.
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Figure 15.17 Positioning of one of the actuators for active roll

reduction

15.5.4 Electronic limited slip
differential

Conventional limited slip differentials (LSDs) can-
not be designed for optimum performance because
of the effect on the vehicle when cornering. Their
characteristics cannot be changed when driving.
Front-wheel drive vehicles have even more problems
due to the adverse effect on the steering. These issues
have prompted the development of electronic control
for the LSD.

The slip limiting action is controlled by a multi-
disc clutch positioned between the crown wheel and
the differential housing. It is able, if required, to lock
the axle fully. The pressure on the cluich plates is
controlled by hydraulic pressure, which in turn is
controlled by a solenoid valve under the influence of
an ECU. Data are provided to the ECU from stand-
ard ABS-type whee) sensors. Figure 15.18 shows a
block diagram of a final drive and differential untt
with electronic control.

15.5.5 Brake assist systems

Brake assist systems may be developed because of
evidence showing that drivers are not realizing the
full benefit of anti-lock braking systems (ABSs).
The introduction of ABS has not resulted in the
reduction of accidents that had been hoped for. The
reason for this is debatable; one view is that many
drivers do not push hard enough on the brake pedal
during an emergency stop, therefore the tyres do
not slip sufficiently to engage the antilock system.
To counteract this problem, companies are
developing brake assist systems that apply more
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]
: 0: How several systems could be finked together:
ikes. traction control; active suspension; four-wheel

hydraulic pressure than normal if an em v Wigine management; automatic transmission

condition is sensed. The system’s ability to
whether a braking operation is an emerg
not, is critical. Pedal force sensors only, as
pedal force sensors in conjunction with ap
sensors, are under development, as are the ¢
strategies. If field tests produce satisfactory
brake assist systems could be introduced re
quickly into mass production.

Electric actuators may even begin to
place of conventional wheel cylinders. I
controlled DC motors operating on drun
have the potential advantages of lower total
weight and cost. Developments are occurri!
area of magnetic braking, which has the po!
remove al} wearing components from the

M Inanagement.
HnAlic ransmission.

1319 15 a block diagram showing how the
sistems could be linked together. When
Sislems are working together, significant
Wients in the operation of each can be pro-
Isearch is still to be carried out in this area

It significant benefits are still possibie in
Al

! Automatic clutch

, Lampact Automatic Clutch (CAC) elim-
W% need for a clutch pedal. Cars equipped
Wiy CAC are therefore more comfortable
) fun !9 drive as the driver is freed from
Wi cfiort of depressing and releasing the
“slal every time he or she changes gear. The
i remuins, however, leaving active control
Wt with the driver,
“aleo CAC is an add-on system, which can
't conventional manual transmissions, [t
0l u clutch actuator, a powerful CPU and
ssnsors driven by dedicated software that
‘el lor each vehicle type. Figure 15.20
M clutch actuator, .
4 Ysleo CAC uses electromechanical actua-
. it therefore more compact, weighs less
¥ luss compared with hydraulic systems. Its
sempensation spring allows for very fast
lime  (declutching  time:  70-100 ms)

15.5.6 Total vehicle dynami

Throughout this chapter on chassis electr
tems, and in previous chapters on engine
may have become apparent that more and my
tronic systems are required to be in commun
achieve optimum results. This is one of t
forces behind data bus communications (Ch
because many of the sensors used by variou$
are common. Data are used by each in a sl
ferent way but many systems have an effect
Systems, which are now quite commo;
themselves to combined control, are as fol

e Anti-lock brakes.

e Traction control.

@ Active suspension.
o Four-wheel steering.

Figure 15.21 Robotized manual gearbox

combined with low electrical consumption (20 W)
:ts 1l6-b|‘t electronic control unit and power elec-
é]c::tcr:) n::e developed and produced by Valeo
Valgo has developed high performance com-
puter simulation tools to design operati ng software
thatl can make the car respond exactly in line with
vehicle manufacturers requirements.
: The Valeo CAC is also designed to provide max-
tmum safety and includes fault modes to minimize
the impact of potential component failure. Figure
15.21 shows a ‘robotized’ manual gearbox. :




15.5.8 Drive-by-wire — Delphi

Automotive technology has advanced gradually,
and much of it has simply been a refinement of
existing systems. Drive-by-wire technologies will
change everything we know about designing, manu-
facturing and driving cars.

Drive-by-wire technology involves the replace-
ment of traditional mechanical systems for steening,
braking, throttic and suspension functions, with elec-
tronic controllers, actuators and sensors. For example,
in Delphi’s steer-by-wire system, the mechamical links
between the steering wheel and the front wheels are
replaced with two motorized assist mechanisms,
a hand-wheel feedback umit and an electronic con-
troller. As a result, the steering column, steering
shaft, the pump and intermediate shafi and the hoses,
fluids and belts associated with a traditional power
steering system are completely eliminated. This
enables improved system performance, simplified
packaging and design flexibility.

Delphi’s brake-by-wire system, known as the
Galileo Intelligent Brake Control System, is already
n use in General Motors” electric vehicle, the EV-1
The front hydraulic brakes are applied electncally,
while the rear brakes are applied with a fully electric
system. This eliminates the need for a vacuum
booster, which gives increased packaging flexibility.
Additional benefits include reduced mass for
improved fuel efficiency in gas-powered vehicles,
casier assembly and improved braking performance.

Electronic throttle control (ETC) replaces the
throttle cables that run from the accelerator pedal to
the engine. An electronic link replaces the traditional
mechanical link, which communicates with an
engine control module (ECM). The 1997 Chevrolet
Corvette featured an ETC, developed by Delphi, and
was the first gas-powcred General Motors’ passenger
car to be so equipped. There are a number of benefits
associated with ETC, including reduced mass, lower
emissions, and increased throttle response.

Other drive-by-wire systems under development
include damping by wire and roll by wire, where
actuators and controllers replace conventional
dampers and roll bars. Sensors measure vehicle yaw
and levelling, as well as vehicle speed. Utilizing
these data, a signal is sent to the proper actuators to
damp the suspension actively. Itis an infinitely vari-

able system that can even compensate for the empty-
ing of the fuel tank. Such a suspension reduces
mass, which helps improve fuel economy, while
improving ride and handling. It also reduces assem-
bly time due to fewer parts and a simpler design.

Taken as a whole, these drive-by-wire systems
allow for greatly increased modularity, which
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simplifies vehicle assembly, with the resultant, |
vehicle cost potential. In addition, they are em
mentally friendly, since the number of hos:
leys and fluids are reduced or eliminated.
importantly, however, drive-by-wire systems
a new freedom 1o how vehicles are designed, §
factured and ultimately used by the consi
Prepare for a dramatic paradigm shift as en
new design and assembly philosophies evolv

Vehicle design will take different forms, all
manufacturers to do things previously thought
sible with traditional technology and manufae
processes. The vehicle’s steering wheel i
example. Steer-by-wire technology will aliow
tual replacement of the steering wheel and co
since the mechanical link between the steering
and the front wheels is no longer necessary. The
will be available for designers to do something’
pletely different, such as incorporating new e
absorbing systems in the body structure.

From an assembly standpoint, the cntire s!
for steering, damping and braking can be con
in one module, which will arrive at the ass
point as a fully tested unit that is simply plugg;
the vehicle. The simplicity of this module ap,
will greatly reduce assembly time, while at th
time increasing quality, since it will arrivi
tested. Manufacturers will find cost savings i
iety of areas.

15.6 Case studies

15.6.1 Tiptronic S — Porsche

Developed by Porsche, Tiptronic S is a fully
ligent” multi-programme  aulomatic trans
with additional fingertip control. The dual-fu
5-speed, automatic transmission, with acti
driving programmes is controlled by the *}
Tiptronic’ control system. As an alternative,
addition to, the automatic mode, it is also pos:
shift manually with fingertip controls.
Tiptronic first appeared in 1990 with tec!
directly descended from F1 and the ‘Le
Porsche 962s, which went on to win the 19
Mans 24 Hrs’. The Tiptronic S system featur
ual shift control integrated into the stecring
With two rocker switches in the spokes of th
ing wheel, Tiptronic S offers an impressiv
unique driving experience.
Once i manual mode, a driver can shifti
ally by pushing one of the two rocker sw
Slight pressure of the thumb is all it takes t¢
up - tipping it downward will produce a dow
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1% liwation and design of the rocker switches, as
Wl ax (he distinetly perceptible pressure points, in
bmation with electronic transmission manage-
I 1ule out any shift errors. The chosen gear is
» indicated via a read-out located on the
kancter
Ihe quick responses of the transmission trig-
I by just a thumb push generate an absolutely
sncous  driving impression, gear changes
¢ Iwice as quick as a manual gear-box. Since
hands remain at the wheel. Porsche, with its
wine §, has extended levels of primary safety.
I liptronic S system ‘learns’ about a particu-
Wi ang style by monitoring eight sensors around
var. which include throttle speed and position,
speed, engine speed and temperature, lateral
kuation and deceleration. Redline-controlled
Ine programmes in the system prevent
ne damage due to shift errors
Fhe shift patterns range from an economic variant
wiwnth motoring to dynamic motoring with the
i revving to maximum torque and power in the
siive pears before changing, and downshifting
wpontely from relatively high engine speeds.
) mun cments of the accelerator pedal, as well as
mccleration, result in a graduated change of
maps, right up the most extreme variant. In
i, the system is intelligent enough to react to
diving conditions and, for example, to down-
when braking before corners, which obviously
s driving style with manual gearboxes
1his ntelligent shift program’ - ISP for short
$w Pursche Tiptronic S is characterized by the
g special features in addition to the five
Mtic clectronic shift maps.

wurm-up program, which suppresses carly up-
shilling 1o ensure a rapid rise to the engine oper-
iy temperature o ensure clean emissions.
vine shifting ~ when the accelerator pedal
ikepressed and released rapidly, the most
“dynamic’ shift map is available instantaneously.
Buppression of the overrun up-shift on a sudden
Mg of the throttle — eg. no gear change
il-bend.
ko initiated downshift to the next lower gear
B more efficient engine braking.
lokiing onto a gear in curves — i.e. no gear
#hange whilst in mid-bend.
Liiaduated up-shifting from lower gears to prevent
pinicdiate change over to the top gear, especially
phet uctive downshifiing.
Mentification of uphill stretches to stay in the
Mot gears as long as possible when driving up
W downhill.

Fluid reservoir

Wheel brake

Modulator . L*Chamber z
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Figure 15.22 Honda ABS

@ Slip-induced up-shifting initiated by inertia
forces when braking on slippery surfaces (rain,
snow) to improve lateral guidance of the dnving
wheels and consequently driving stability.

15.6.2 Honda anti-lock brakes

A Honda anti-lock brake system is based on the
plunger principle. Figure 15.22 shows the schematic
diagram. When anti-lock is not operating, the cham-
ber labelled W is connected to the reservoir via the
outlet valve. The chamber is held at atmospheric
pressure because the inlet valve blocks the line from
the pressure accumulator. During braking, pressure
15 created in the master cylinder and fluid flows
from chamber Z into chamber X, moving the piston
and increasing pressure in chamber Y.

If a wheel threatens to lock, the outlet valve
closes, pressure in chamber W rises and prevents
further movement of the piston thus holding the
pressure. If the risk of lock-up continues the inlet
valve opens and allows fluid to flow from the accu-
mulator into chamber W. This pressure moves the
piston back, thus reducing the pressure to the wheel
cylinder. When the nsk of lockup has gone, the
inlet valve closes and the Aold phase is restored.

The Honda system is a refatively simple ABS and
has just two control channels. The front wheel which
has the higher coefficient of fction determines the
brake pressure for both front wheels. The result is
that one front wheel may lock during extreme brak-
ing. The rear wheel with the /ower coefTicient of fric-
tion determines the rear brake pressure.

15.6.3 ABS - Chevrolet Corvette

The anti-lock braking system (ABS) was intro-
duced on the Corvette in 1986 and is designed to
maintain vehicle control even under severe braking
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Figure 15.23 Chevrolet Corvette ABS components

conditions. The system does this by monitoring the
speed of cach wheel and then controiling the brake
line pressure to prevent the wheels from locking.

Every time the vehicle is started, the anti-lock
warning light illuminates for a short time and then
goes out to indicate that the system is operating
correctly. A test, which actually runs the modulator
valve, ensures that the system is fully functional.
This test occurs when the vehicle is first started and
when it reaches about 7km/h (4 miles/h). During
vehicle operation, the control module constantly
monitors the system. If a fault occurs in any part of
the system. the dashboard warning light will illu-
minate. 1fa fault in the ABS system occurs, the con-
ventional brake system will remain fully functional.

The modulator valve is located in the compart-
ment behind the driver’s seat. The purpose of the
modulator valve is to maintain or reduce the brake
fluid pressure to the wheel calipers. It cannot
increase the pressure above that transmitted to the
master cylinder, and can never apply the brakes by
itself! The modulator valve receives all its instruc-
tions from the control unit.

The control module is also located in the rear
storage compartment behind the driver’s seat. The
function of the control module is to read and
process information received from the wheel speed
sensors. Acceleration, deceleration and slip values
are calculated to produce control instructions for
the modulator valve.

The lateral acceleration switch is located on the
floor, just under the air conditioning control head.
This switch is used to detect if the vehicle is cor-
nering faster than a given curve speed. If so, a sig-
nal is sent to the control module indicating this hard
cornering situation.

Servo (booster)
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Master cylinder

Wheel speed sensors

The wheel speed sensors are located at’
wheel and send an electric signal to the ¢¢
module indicating rotational speed. They are
in the knuckles and have toothed rings press
the front hub and bearing assemblies, and thi
drive spindles. Figure 15.23 shows the locati
the main ABS components.

15.6.4 ‘Jatco’ automatic
transmission

The ‘Jatco SFPQ’ is the first electronical
trolled automatic transmission (ECAT) fitt
Rover Group vehicle. The new ECAT is part of
series of transmissions with a stand alone
tics system. It has five-speed adaptive contro
European on-board diagnostics (EOBD) co
Gear change and torque converter lock-up ari
mined by the throttle angle and the vehicl
Torque converter lock-up is available in thir
and fifth gears. Lock-up of the torque col
transmits maximum power from the engine
wheels of the vehicle without slip occurri
automatic transmission control unit (AT
located in the passenger footwell.

Like all automatic transmission vehicl
engine will only start in Park or Neutral. The
(Elektromsche Wegfahrsperre) immobilizq
tors the gear selector position transmitted by o
selector position transmitted by the ATCU™
Controller Area Network Bus (CAN-Bus). T
inhibitor switch 1s also hard-wired from the
mission to the WES-3. Starting is allowed w
EWS-3 immobilizer receives a closed inl
switch signal or an appropriate CAN message’
mitted from the ATCU. A further safety feature
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Bsission system is ‘reverse inhibition’. When the
le speed exceeds 10kmvh in the forward direc-
1w ATCU switches a solenoid, which drains the
finn the reverse clutch, thus preventing reverse
4 und subsequent transmission damage.

Fhe inhibitor switch consists of seven sets of
sty the ATCU monitors these switches to
mine the position of the gear range selector and
« the best shift pattern. 1t also transmits a sig-
sluting to the selected gear on to the CAN-Bus.
L'AN signal is used to illuminate the corres-
np part of the "‘PRND432 display on the
wnwnt pack. A display also informs the driver
h mode has been selected.

1) means the transmission is 1n normal drive
Wale

N ineans sport mode.

A wurs flake symbol indicates winter/snow mode.
80" means the ATCU has entered a fail-safe
Weale lault(s) are stored in the ATCU non-
Slntle memory.

wd uctuators that are controlled by the ATCU
ilw nutomatic transmission gear changes.
1» achicved using nine solenoids, which regu-
Hhw control valve operation.

Ik solenoid valve block is located nside the
wssion system, The three shifl solenoids,
engage the various gear ratios within the
ssion. are called A, B and C in the block dia-
ol Figure 15.24 and there is a given combin-
ul these solenoid states for the selection of
peat Figure 15.24 is a block diagram of the
) showing where the solenoids are used.

The pressure of the transmission fluid must be
regulated correctly. If pressure becomes too high,
gear shifting will occur at high speeds, which is
uncomfortable for passengers and can damage the
transmission. If the line pressure becomes too low,
gear shifting will take longer to complete and can
shorten the life of the various clutches within the
transmission. One solenoid control valve - called
the line pressure duty solenoid (PL) - regulates line
pressure. The required pressure is calculated by
the ATCU from current engine speed, vehicle speed,
current engine torque and throttle angle signals.

Being electronically controtled means it is pos-
sible to vary the characteristics of the shift maps.
The shift maps can be selected manually by the
driver mode options.

e Snow mode.
e Sport mode.
e Normal drive mode, 4, 3, 2.

Automatic intervention by the ATCU will occur if
demanded by prevailing driving conditions. The
shift map adaptations are called strategies; on
power-up of the vehicle, the ATCU will default to
normal drive mode. The system supports, and can
automatically initiate, the following strategies.

1. Hill/trailer mode engagement. This is an adap-
tive mode with which the ATCU detects stcep
gradients and automatically enters this mode.
ATCU detection is by monitoring of engine
torque values, throttle angle and engine speed.
Pulling a trailer has a similar effect on a vehicle
in terms of torque requirements as a vehicle

#8.24 Jatco system fhitted o a Rover car

I I External Sub-Sysrem

DOncree Eleetrical
Connection

in o COmmunication Bus

w—  Mechanecal Connection




climbing a hill. This mode helps to prevent the
gears shifting up and down in response to f_re-
quent throttle pedal adjustments that the driving,
conditions may require.
2. Downhill recognition. This strategy decreases
the need for the application of the brakgs when
driving downhill. The system recognizes tl?e
decrease in throttle angle and the increase in
speed as a slope. When the brakes are appllefj,
the transmission changes down a gear. It stays in
this mode until application of the throttle.
Cooling strategy engagement. Tquue converter
lock-up will not usually occur in second gear,
and under high loading conditions the transmis-
sion can generate excessive heat. Locking the
torque converter or changing gear can reduce.the
amount of heat generated. The ATCU recognizes
that a low gear has been selected and that engine
speed, engine torque and throttle angles are all
high and it will engage the cool_mg strategy.
Cold start/climate strategy. This strategy holds
onto the gears for longer than usual. It also pre-
vents lock-up until the oil has reached asettem-
perature. This warms up the power-trauT of ?hc
vehicle and 1t reaches its optimum pgrtorm_mg
temperature earlier. An improvement in y';hlc!e
emissions, fuel economy and dniveability is
the result.

w

-

The above strategies are controlled automati.cally by
the ATCU. The driver can select various _shlﬁ maps
by choosing the sport mode or the snow/winter mode
from the driver mode switch on the centre console.

Figure 15.25 Electric power steering system
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The transmission defaults to normal/drive ni mid-range cars
vehicle start up. In sport mode, the ATCQ wi
on to the gears for longer than usual. imj
acceleration performance, and will downshi
readily giving faster overall vehicle responsi
When snow/winter mode is selected, the
fimits the amount of wheel slip when lhg tr
sion is shifting between the gears by shiﬁlng
reduced engine torque loads. This mode is d
for use in icy and wet conditions.

Wslectric system designed for mid-range
“ilh the servo unit working on the pinion.
W steering foad is 900 kg,

“pper mid-range cars
W silectric system designed for upper mid-
senger cars and light duty commercial
W whiere the steering rack itself is driven by
i motor.
W lichon in energy consumption of up to 80%
B kuihic systems is possible. The average mid-
W liied with the Servoelectric system would
%« reductions in fuel consumption of around
M =t 100 km. This is possible because the
Swilor 15 operating only whilst the vehicle is
W unlike a continuously operating oil
W8 h 1 neither economical nor environmen-
Wally Idectric steering also offers consider-
Sl o vehicle manufacturers since the
% sasier - not to mention a lot quicker — to
Al nniilt ECU offers OF manufacturers the
“i 10 adapt the steering system to their spe-
Spesments, for instance, to the precise vehicle
pwameters, or to offer road-speed related
Wtnce Integrated sensors housed in the
) slvin can transmit information about steer-
% wnil speeds to chassis control units, or even
tnvipaled driver information systems.
Wivoclectric system offers steering comfort
Sl 1o conventional hydraulic steering sys-
B addion, driving on uneven road surfaces is

15.6.5 Power steering — ZF
Servoelectric

The ZF Servoelectric system is one of the m¢
friendly Electric Power-Steering Sy;tems i
to date. It offers extensive economic and ¢
mental improvements over hydraulic steerl
tems for a wide range of cars. In addition,
electric system is much easier to insmll.
onginal equipment (OE) vehicle manul
Instead of a complex range of parts, ZE Se‘rvt
is offered as a modular kit, ensuring umve
cost-effective applications. Figure 15.25 she
steering system. The kit is available in threc v

For small passenger cars
A Servoelectric system with an integra|l,"
incorporated in the steering column._This :

suitable for small passenger cars with restil
engine compartment space. Maximum stecl
foad 15 600 kg.

Yaw valoeity senaor ) PSM conurol unit
lrenyversatnccelarstion weneor )  FSM swhich
o

Motronk comtro) uatt
Pro-tond pumg wilh pressure

M 18 Forsche stability management system

made effortless, due to the system’s programmable
damping. There are many factors to bear in mind
when selecting a steering system; these include per-
formance, safety, strength, nstallation conditions
and, of course, costs. ZF can now offer a wide range
of possibilities for a particular solution from its range
of hydraulic, electric or even electric-hydraulic power
steering solutions — the latter supplies pressure by
means of an electrically-driven oil pump. Estimates
have shown that, by the year 2000, one-third of all
power-steering systems manufactured in Western
Europe will have electrical assistance. F urthermore,
it has been predicted that eventually, the electric solu-
tion will completely replace hydraulic systems.

15.6.6 Porsche stability
management

The new 911 Carrera 4 is the first Porsche to feature
Porsche Stability Management (PSM), which is a
combination of four-wheel drive designed for sports
motoring and electronic suspension control, carefully
geared to the character of the car. The result is not
only a high standard of driving safety, but also that
very special driving pleasure Porsche drivers have
leamnt to appreciate so much over the last 50 years.
Figure 15.26 shows the layout of the PSM system.
This objective calls for control and suspension
management features different from those to be
found in other cars incorporating similar systems.
A Porsche will retain its agile, sporting and dynamic
driving behaviour all the way to the most extreme

U Whert apesd sensor ) Mydesle sggregate PSM 5 3




limit. In addition, thanks to the high standard of
safety reserves offered by the suspension, the driver
only has to intervene in the car’s behaviour on dms
roads when driving under near-racing conditions. At
the same time, PSM discreetly and almost unnotice-
ably corrects any minor deviations in directional
stability attributable to load change or application
of the brakes in a bend.

Porsche’s engineers allow PSM to intervenc
more energetically at an even earlier point on wet or
slippery roads and, in particular, on road surfaces
with varying frictional coefficients. 1t is here, too,
that PSM makes stopping distances much shorter
while keeping the car stable and firmly on course
when applying the brakes.

In its operation, PSM follows two fundamental
control strategies. First, it offers the well-known
concept of longitudinal control with ABS anti-lock
brakes, anti-spin control and the Automatic Brake
Differential, keeping the car smoothly on course
when accelerating and applying the brakes on a
straight or in bends.

Second, PSM also offers lateral or transverse
control keeping the car reliably on course even when
subject to substantial lateral forces in a bend. The
corrections required for this purpose are provided
by the specific, carefully controlled application of
the brakes.

Any tendency to oversteer with the rear end of the
car swerving around is counteracted by the exact,
perfectly metered application of the brake on the
outer front wheel in a bend. Under-steering, in turn,
is prevented by applying the brake on the rear inner
wheel. Lengthwise dynamic control also comes in
here to provide a supportive effect, with E-Gas tech-
nology in the Carrera 4 serving to adjust the position
of the throttle butterfly according to specific require-
ments. On the road, this means much easier and
smoother steering.

To ensure precise function at all times, PSM fea-
tures a whole number of monitoring units. The wheel
speed sensors introduced for the first time together
with ABS not only provide information on the speed
of the car, acceleration and deceleration, but are also
able, by considering the difference in speed from left
to right, to ‘detect” bends and their radius. Further
units are the steering angle sensor, a lateral acceler-
ation sensor and a yaw sensor serving to detect any
drift inclination of the car.

All data determined by the sensors are stored
within the PSM computer, evaluated within frac-
tions of a second and passed on as instructions to the
E-Gas or brake system. As a result, PSM responds
a lot faster in threatening situations than even the
most experienced driver.
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Really enthusiastic drivers wishing to try o
“natural” dynamic behaviour of their Carrera
the race track are able to deactivate the |
dynamic control provided by Porsche Stability
agement simply by flipping a switch on the i
ment panel. Even then the nisk involved when t
the car into a power slide is reasonably limited
all the driver has to do when the angle of
becomes excessive is to step on the brakes in
to reactivate the dynamic control function.
quently under circumstances like this, PSM
to “bend’, slightly but of course never fully ove
the laws of physics.

15.6.7 Twenty-five years of th
Bosch ABS

A core component of driving safety for motor e
has celebrated its twenty-fifth anniversary: t
anti-lock braking system. It took a large numi
engineers many years to develop and test this
control system. Before ABS was introduced,
of steering under emergency braking was not
ible, and tyres suffered enormously. The a
system, first produced by Bosch in 1978, pi
the wheels from locking, leaving the vehicl
control and allowing the dnver to steer arou
cles. Braking distance is also reduced in mos
The increasing use of ABS in motor vehic
major contribution to safety on the roads.
People had been wondering how to

wheels from locking since the beginning ¢
twentieth century - not only on cars, but ¢
railway vehicles and even on airplanes. As ¢

Figure 15.27 ABS makes vehicles steerable even
braking (Source: Bosch Press). A short lapse of attel
a dangerous situation may be created while driving.
support you in steering the car safely around obstacles
critical situations
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Hosh had registered a patent for a “mechanism
went locking of the wheels of a motor vehicle’
4 catler designs shared the same faults: they
Wi comphicated and therefore too prone to
and they worked too slowly. Tt was not until
¢ wehnology became available in the 1970s
# whable ABS system could be developed.
subsidiary Teldix started working on the
i in 1964 and within two years development
Wi s hud already managed to reduce the brak-
Wstance on test vehicles. Steerability and cor-
stabnlity were also retained.
Bl on these early models, the engineers were
W :lesipn a system which for the very first time
fntiolled entirely by electronics. The basic
ge of this new design — named ABS 1 — is
= lound in nearly all ABS systems. But the
v and durability of the electronic control
& wuh its roughly 1000 analogue components
I e salety switches then used, were not yet
I yrph for volume production - both of these
e b= improved. The advent of digital technol-
wal inlegrated control circuits finally allowed
Bl of electronic components to be reduced
B b 100t
¢ 14 long years of development, everything
Pelly 1n place in 1978: the second generation
v ABS - ABS 2 - began to be fitted as
| «uipment, at first in Mercedes-Benz’s
wats and shortly afterwards in BMW's
limousines.
i ws now, the hydraulic unit remained the
¢ component of an ABS system. Each of
wheels has a speed sensor, which measures
wmal speed of the wheel. This information is

1302 Progress in ABS wheel speed sensors (Source:
} The ABS whecl speed sensors have become increas-
¢ orvd more efficient in the course of ome. Recent
S sy measure the speed and direction of rotation but
Wag sted into the wheel bearing as well

monitored by an electronic control unit, which opens
and closes the magnetic valves at the right time. If a
wheel is about to lock under heavy braking, the sys-
tem continues to reduce the hydraulic pressure on
that wheel alone until the threat of locking is past.
Once the wheel is turning freely again, the hydraulic
pressure is increased. This increase and release of
pressure continues until the driver reduces the force
on the brake pedal or until the tendency to lock is
overcome — if there is more grip on the road surface,
for instance. Depending on the particular system,
there is a certain amount of feedback movement at
the brake pedal

During the succeeding years developers concen-
trated on simplifying the system. In 1989 Bosch’s
engineers succeeded in attaching a hybrid control
unit directly to the hydraulic modulator. This allowed
them to dispense with both the wiring harness (link-
ing the control unit and the hydraulic modulator)
and the vulnerable plug-in connectors, thus sig-
nificantly reducing the overall weight of this ABS
2E generation. Using new solenoid valves Bosch
engineers created generation 5.0 in 1993, and in
subsequent years versions 5.3 and 5.7. The main
features were once again a significantly reduced
weight and additional functions such as electroni-
cally distributed brake pressure, which replaced the
mechanical brake pressure reduction mechanism
on the rear axle.

ABS 8 - the current generation — first appeared
in 2001. It has a modular design, which allows the
various degrees of complexity of the brake control
system — ABS, TCS and ESP - to be manutactured
in very similar ways. This makes it possible to opti-
mize synergies in development and manufacture.
Al the systems currently produced by Bosch are

Figure 15.29 ABS 2 and ABS 8 (Source: Bosch Press). The
direct comparison of hydraulics aggregate and the ABS control
unit from 1978 (left) and the ABS of the latest generation show
how the lacter is clearly more compact. ABS of the latest gen-
eration is much smaller and more lightweight than it used to be
at the start of mass production




manufactured to the same quality standards, regard-
less of where in the world they are actually produced.
The majority of ABS systems are manufactured as-
close as possible to the customer being supplied
no matter whether that is in Germany, France, the
USA, Korea or Japan. With increasing technical
progress, the range and number of functions also
increases. In 1987, for example, Bosch began series
production for passenger cars of the ABS-based
TCS traction control system which prevents wheel
spin. TCS helps to improve acceleration on smooth
or slippery surfaces, and also increases stability
by reducing engine power when corners are taken
too fast.

The ESP Electronic Stability Program — the
most advanced brake control system in the world —
was launched by Bosch in 1995 as a world first.
It improves stability not only under braking and
acceleration. but in every driving situation. If there

Milestones of development
1936
1970
1978

1985 Bosch ABS fitted for the first time in US vehicles.

1986  One million Bosch ABS delivered.

1987 Production of TCS traction control system for passenger cars’ starts.
1989  With the ABS 2E the control unit is attached directly to the hydraulic unit
1992 10 million ABS systems from Bosch.

1993  Start of production of ABS 5.0 from Bosch.

1995

1998 Bosch begins volume production of ABS 5.7.

1999 50 million Bosch ABS systems.

2001 Bosch ABS version 8 launched.

2003 25 years of series production of Bosch ABS.

15.7 Diagnosing chassis
electrical system faults

15.7.1 Introduction

As with all systems, the six stages of fault-finding
should be followed.

. Verify the fault.

. Collect further information.

. Evaluate the evidence.

. Carry out further tests in a logical sequence
. Rectify the problem.

. Check all systems.

[= LV T VAR S

Bosch registers a patent for a ‘mechanism to prevent locking of the wheels of a motor vehicle
ABS 1 models perform all required functions. but rehability of the control unit is not yet adeq
First fitting of ABS 2 as option at Mercedes-Benz and shortly thereafier at BMW.
1981  100000th ABS system supplied; ABS now also in commercial vehicles.

Production of Bosch ABS 5.3 starts; also start of the Electronic Stability Program (ESP).

Chassis electrical systems

is a risk of the vehicle going into a ski
reduces engine power and simultaneously pre
braking pressure to individual wheels - offe
significant increase in driving safety. ABS
‘optional extra’ to “fitted as standard’ The §
sive technical improvements have meant th.
has been providing greater safety in more an
vehicles since the start of production. Throuj
1980s, annual sales of ABS grew slowly. |
Bosch delivered its millionth ABS system
customers. During the 1990s ABS finally b
be fitted to medium-sized and compact cars.

Sales figures grew from year to year:
Bosch alone had sold a cumulative total of 50
systems. Soon - at least in Europe — every
will have ABS: according to a self commitm
European car manufacturers’ association ©
sold in Europe from mid-2004 onwards will
as standard with the ABS safety system.

Table 15.1 lists some common symptoms of
electrical system malfunctions together wi
gestions for the possible fault. The faults are
but will serve as a good reminder. It is ass
appropriate pressurc gauge set has been con

15.7.2 Testing procedure —b
box technique

‘Chassis electrical systems’ covers a large &
the vehicle. The generic fault-finding lists pr
in other chapters may be relevant but the tee
that will be covered here is known as “blai
fault-finding’. This is an excellent techniqg
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b 184 Common symptoms and possible faults of a chassis electrical system malfunction

Possible fault

W wur king and/or warning light on

= i onurol Inoperative

spstem reduced performance or not working

wadring assistance low or not working

® Wheel sensor or associated wiring open circutt/high resistance.
Wheel sensor air gap incorrect

Power supply/earth to ECU low or not present.

Connections to modulator open circuit.

No supply/earth connection to pump motor.

Moduhtor windings open circuit or high resistance.

Wheel sensor or associated wiring open circuit/high resistance.
Wheel sensor air gap incorrect.

Power supply/earth to ECU low or not present.

ABS syscem fault.

Throttle actuator inoperative or open circuit connections.
Communication link between ECUs open circuit.
Communication link between engine and transmission ECUs open circuit.
Power supply/earth to ECU low or not present.

Transmission mechanical fault.

Gear selector switch open/short circuit.

Speed sensor inoperative.

Power supply/earth to ECU low or not present.

Mechanical fault.

Power supply/earth to drive motor low or not presenc.
Steering sensor inoperative.

ts upplicd to many vehicle systems from engine
gement and ABS to cruise control and instru-
hon
4 most systems now revolve around an ECU,
14 1) 15 considered to be a “black box’, in other
we know what it should do but how it does it
ielevant! "Any colour, so long as it’s black,’ said
5 lord in the 1920s. T doubt that he was refer-
bt | CUs though.
igse 15.30 shows a block diagram that could be
o represent any number of automobile elec-
o clectronic systems. In reality the arrows from
“hsuts 10 the ECU and from the ECU to the ‘out-
- wiv wires. Treating the ECU as a “black box”
us 10 1gnore its complexity. The theory is that
Ihw sensors and associated wiring to the ‘black
wv OK, all the output actuators and their wiring
% and the supply/earth connections are OK,
fhw fuult must be the *black box’. Most ECUs
¥viy rchable, however, and it is far more likely
thw (ault will be found in the inputs or outputs.
winul {ault-finding or testing techniques can be
sl to the sensors and actuators. For example, if
I4% system uses four inductive-type wheel speed
s then an easy test is to measure their resist-
I ven if the correct value were not known, it
ki b very unlikely for all four to be wrong at the
e, s0 a comparison can be made. If the same
fawe reading is obtained on the end of the sen-
wites al the ECU, almost all of the “inputs” have
tested with just a few ohmmeter readings.

|« — e i

Erci s

Figure 15.30 Block diagram representing many electrical
systems

The same technique will often work with ‘out-
puts’. If the resistance of all the operating windings
in, say, a hydraulic modulator were the same, then
it would be reasonable to assume the figure was
correct.

Sometimes, however, it is almost an advantage
not to know the manufacturer’s recommended read-
ings. If the “book’ says the value should be between
800 and 900 (), what do you do when your ohm-
meter reads 915 £)? Answers on a postcard please ..

Finally, don’t forget that no matter how complex
the electronics in an ECU, they will not work with-
out a good power supply and an earth.

=
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15.8 Advanced chassis
systems technology

-

15.8.1 Road surface and tyre
friction

The friction between the tyre and the road surface is
a key issue when considering anti-lock brakes.
Frictional forces must be transferred between the
tyre contact patch and the road surface when the
vehicle is accelerating or braking. The normal rules
for friction between solid bodies have to be adapted
because of the springy nature of rubber tyres. To get
around this complicated problem, which involves
molecular theory, the term ‘slip’ is used to describe
the action of tyre and road.

Slip occurs when braking effort is applied to a
rotating wheel. This can be defined as follows:

Y "9 < 100%

)y

A=

or
A=L'li><|00%

v

0% is a free rolling wheel and 100% is a locked wheel
where A = slip; sy, = angular velocity of freely rotat-
ing wheel; @ = angular velocity of braked wheel;
V. = vehicle road speed = wyry V, = circumferen-
tial velocity of braked wheel = wry, ry = dynamic
rolling radius of the wheel.

The braking force or the adhesion coefficient of
braking force (ug), measured in the direction the
wheel is turning, is a function of slip. g depends
on a number of factors, the main ones being:

e Road surface material/condition.

e Tyre material, inflation pressure, tread depth,
tread pattern and construction.

o Contact weight.

Figure 15.31 shows the relationship between the
adhesion coefficient of braking effort and the amount
of slip. Note that the graph is divided into two areas,
stable and unstable. In the stable zone a balance
exists between the braking effort applied and the
adhesion of the road surface. Non-slip braking is
therefore possible. In the unstable zone when the
critical slip (/) is passed, no balance exists and the
wheel will lock unless the braking force is reduced.

The value of critical slip (/.) can vary between
about 8 and 30% depending on the tyres and the
road surface conditions. Figure 15.32 shows the
difference between road surface conditions. This
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Figure 15.31 Relationship between adhesion coefficia

braking effort and amount of slip
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Figure 15.33 Graph of the coefficient of adhesion for
force puy,against skip angle (a}

serves to highlight that a fixed slip threshol
reference point, for when ABS should o
would not make the best use of the available @
sion coefficient.

Lateral slip of the vehicle wheels must al
considered. This occurs when the wheel cent
forms an angle of drift with the intended p:
the wheel centre. The directional movement of
vehicle is defined as the correlation betwee
slip angle and the lateral force. This is sho
Figure 15.33, which is a graph of the coeffic
adhesion for lateral force, designated as p,
slip angle (a). The critical slip angle (a.) li
general, between 12 and 15°.
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lo regulate braking, it is essential that braking
furce and lateral guidance forces be considered.
lgure 15.34 shows the combination of adhesion
vocflicient (up), and the lateral adhesion coeffi-
vient () against braking slip (A). The slip angle is
shown at 2° and 10° and the test is on a dry road.
Note the considerable reduction in lateral adhesion
(s, ) when the braking slip (A) increases. When
A 28, the value of y is as a result of the steered
angle of the wheel. This can be calculated as:

p{min) = pg sina
Ihis serves to demonstrate how a locked wheel pro-
vides little steering effect. From Figure 15.33 it can
he scen that ABS control must be extended for
lmyer stip angles. If full braking occurs when the
vehicle 1s experiencing high lateral acceleration
tlarger ) then ABS must intervene early and pro-
piessively allow greater slip as the vehicle speed
decreases. These data are stored in lookup tables in
» jcud only memory in the electronic control unit.

15.8.2 ABS control cycles

Figure 15.35 shows the braking control cycle for a
hph adhesion road (good grip). Figure 15.36 shows

TTTiyes , Wheel ¢if

‘<\/ Lateral

adheswve force

Adhesion
toeticient 4

My

et 0 (a2
/—\ Mg (2=10°)

-

Lateral :
1dhevion
(oeflcient
" <
{, a e e (u=10)
ol eesicyiigs By {@=2°)
Stip A 100%

Figure 15.34 The combination of adhesion coefficient (i)
el lareral adhesion coefficient (u) against braking (A}

control cycles for alow adhesion surface (slippery).
Each figure is split into eight phases, which are
described as follows.

High adhesion

1. Initial braking, ABS not yet activated.

2. Wheel speed exceeds the threshold calculated
from the vehicle reference speed and brake pres-
sure is held at a constant value.

3. Whee! deceleration falls below a threshold (—«)
and brake pressure is reduced.

4. Brake pressure holding is now occurring and
wheel speed will increase.

5. Wheel acceleration exceeds the upper limit (+4)
so brake pressure is now allowed to increase.

6. Pressure is again held constant as the limit (+a)
is exceeded.

7. Brake pressure is now increased in stages until
wheel speed threshold (—a) is exceeded.

8. Brake pressure is decreased again and then held
constant when (—a) is reached.

Reference
speed \\
————aare. -
X g bt gt
) e
P e \\—-/ \/
+A
e|Wheel * / 5 A
acceleration
—
= N
Brake k _/\_

pressure

Y P i L

Figure 15.35 Braking control cycle for a high-adhesion surface

Speed
Switching 45 (...
signals ¢
4 |
" ] H=
o Lavi i) 1 8
Brake } $ i : %
pressure / \—\ v/.J'IJ_\J
7 ! e Jip—

Figure 15.36 Braking control cycles for a fow-adhesion surface




The process as above continues until the brake
pedal is released or the vehicle speed is less than a
set minimum, at which time the wheels will lock to
bring the vehicle finally to rest.

Low adhesion

1. Initial braking, ABS not yet activated.

2. Wheel speed exceeds the threshold calculated
from the vehicle reference speed and brake pres-
sure is held at a constant value.

3. During this phase a short holding time is fol-
lowed by a reduction in brake pressure. The
wheel speed is compared with, and found to be
less than, the calculated slip threshold so pres-
sure is reduced again followed by a second hold-
ing time. A second comparison takes place and
the pressure is reduced again

4. A brake pressure holding phase allows the wheel
speed to increase.

S. There is a gradual introduction of increased brake
pressure and holding pressure in steps until the
wheel again slips.

6. Brake pressure is decreased allowing wheel speed
1o increase

7. Pressure holding as the calculated slip value is
reached.

8. Stepped increase in pressure with holding
phases to keep high slip periods to a minimum.
This ensures maximum stability.

The process again continues until the brake pedal is
released or the vehicle comes to rest

15.8.3 Traction control
calculations

Figure 15.37 shows the forces acting on the wheels of
a vehicle when accelerating on a non-homogeneous

Figure 15.37 Forces acting on wheels of a vehicle when accel-
erating on 2 non-homogeneous road surface
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road surface. The maximum propulsion force can
calculated:
Fe=FH+FL=2FL+FB

where /- = total propulsion force; //H = torce iral
mitted to gy part of road: /1. = force transmil
py part of road; FB = braking force; py =
braking force coefficient; u; = low braking fol
coefficient.

15.9 New developments
chassis electrical system

15.9.1 X-by-Wire

Introduction
The term “X-by-wire” is used to represe
mechanical technology on the vehicle that is opel
clectrically. In some areas this has been u
many years. “Window lift-by-wire” would be a
example However, the term tends to be used n
represent systems that have not, traditionally,
electrically operated: brake-by-wire and steer-
are two such areas. The industry is going thro
development stage that will lead 10 some le
standardization in the deployment of X-
systems. In particular, the areas of failure (ol
and communication protocols are developin
section will examine the emerging technologi
Ing to gas-, steer- and brake-by-wire systems.
Interestingly, X-by-wire systems have beel
for many years in the aircraft industry and ap|
be readily accepted by the general public, He
the concept of brake-by-wire on a car scems
great concern over safety. This may be d
lack of regulation in the repair and service in

Gas-by-wire
The concept of gas-by-wire is already acce
in use on many vehicles. This includes 1
EGR, electric supercharging and throttle:
(sometimes referred to as ETC). Inject
been electrically operated for many years,
the actuator for the EGR system. In the
by-wire system, a sensor and an actuator
the traditional cable. The sensor is, in most
variable resistor with suitable spring press
in 10 maintain an appropriate feel. The
designs vary but a stepper motor is a ¢
choice because of its degree of control.
Electric supercharging is an interesting
ment; it is particularly useful for gasoli
mjection engines where it improves perfol



i Electronic control unl‘

Front axle actuator

sally but also prevents ‘turbo lag’. The devel-
m of gas-by-wire systems will continue
e of the pressure to reduce CO, emissions.
# leuding to the development of smaller, more
Nl engines.

pr-by-wire

sully all series production power steering sys-
manlain 2 mechanical connection between the
v Iront wheels and the steering wheel. 1f
Santance system, be it electric or hydraulic
s fail, the mechanical link still works as a
up turthermore, current regulations require
e hnnical connection to be in place. However,
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M 15.38 Gas-by-wire GDI components (Source: Bosch Press)

Communication system

Hand wheel force feedback actuator

e

# 19,39 Fault-tolerant steer-by-wire system layout (Source: TRW Automotive)

the rigid mechanical connection 1s a major draw-
back as far as the system’s functional features are
concerned. Issues such as noise, vibration and
harshness (NVH) and crashworthiness are also draw-
backs of the rigid system.

Advances in mechatronic systems mean that
the rigid link may soon be replaced — with wires.
Steer-by-wire vehicles transfer the rotation of the
steening wheel to front wheel movement by using
sensors, and use an electronically controlled actuator
in place of the conventional steering rack. Feedback,
an important characteristic of a steering system,
is generated for the driver by a force feedback
actuator behind the steering wheel. A change to the
regulations relating to the rigid link are being
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Figure 15.40 Steer-by-wire system architecture (Source: TRW Automotive)

replaced by a regulation that relates to integrity
requirements.

Clearly the development of a steer-by-wire sys-
tem is determined by the reliability of the compo-
nents used. Many current developments relate 1o
‘fault-tolerant system Architecture’. A failure rate of
less than 1077 fatal failures per hour of operating
time is the aim. This cannot currently be achieved
using single-channel electronic control units (ECUs).
To achieve an integrity value comparable with
mechanical link systems, steer-by-wire must be able
to tolerate single clectrical or electronic faults in any
of its sub-systems. [t must also include a method of
detecting these faults. This tolerance would therefore
exclude the possibility of sudden fatal failure. Appro-
priate fault handling may involve a himit to vehicle
speed, or in critical conditions would prevent the
vehicle from being driven.

The force feedback to the stecring wheel is often
considered to be less safety-critical. However, for
high speed passenger vehicle use the response time
of the driver may be critical. For this reason the
feedback actuator must also be part of the fault-
tolerant system. The overall architecture of a fault-
tolerant steer-by-wire system must include significant
redundancy. In simple terms, almost all components
are duplicated and must include a fault-tolerant power
supply.

Recrrcutatng Batl Nut
Mechanism

In the above diagram, the force-feedback
ators are labetled HWA and the “steering rack
ators FAA. The steer-by-wire electronic cont
is labelled CECU and contains two ECUs. The
M# and S# relate to motors and sensors res

The power supply is critical for any X-b
system. A mid-sized car will require a peak
output of about 1000 W for full steering perfol
The overall consumption is relatively low but
of the peak loading, most systems are design
42V supply. The ECUs can be operated by
necessary. The scenario at present is that the
drive units will require a dual redundant 42 V.
and the ECUs a dual redundant 42/14 V supp!

The many advantages that steer-by-wi
bring tend to suggest that it will soon be av.
TRW Automotive, a well-known and res|
OEM, say that steer-by-wire will be ready fe
duction by 2007.!

Brake-by-wire
Many aspects of the brake-by-wire ficld are a
quite advanced. However, it is becoming cle:

! Dr Heinz-Dieter Heitzer, TRW, 2003. Development of a
Tolerant Steer-By-Wire Steering System, AutoTechnolk
Aug. 2003
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Mechanical H
(Hydraulic) Braking !
I Ant-lock Traction Electronic

| Braking Control  Scability

ASR

ESP

Program

Bl electrical operation of the brakes, i.e. removal of
« hydiaulicmechanical link, is some years away

However, the functions of the braking system
wimlergoing a smooth and continuous evolution.
Ihere are significant operational and construc-
| ndvantages to having full brake-by-wire
W ol these are as follows:

Nalety — improved reaction time of just 0.5s
vunld decrease death from front end collisions
try hetween 30-50%.

l'wvironment — hydraulic brake fluid is poison-
wus and requires changing during the vehicle
lileume

Control -~ a consistent and integrated approach
will enhance other functions such as adaptive
snuise control and stability control.

{ emfort - lower and adjustable pedal force, as
well as features such as “hill-holding’, enhance
the Jriver experience.

need for a fault-tolerant electrical system and
mhlitional cost, means that all current develop-
i« have retained the hydraulic system. Figure
41 shows the evolution and future projection for
A+ systemn developments.

W A Kelling and Patrick Leteintuner, 2003. Infineon
smiugies AG, X-by-wire: Opportunities, Challenges and
i SAFE Paper
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3'0» 15.41 Evolution of electric braking systems (Source: Infineon)

In 1978 Bosch? launched the first electronically
controlled anti-lock braking system (ABS); nine
years later came the traction control system (TCS).
The next innovation was the Electronic Stability
Program (ESP) in 1995. The most advanced system
in current production is the electro-hydraulic brake
(EHB), also known as Sensotronic Brake Control
(SBC). This was developed jointly by Bosch and
Mercedes and is shown in Figure 15.42.

Bosch seriously investigated the full brake-
by-wire system, but shelved it for technical reasons.
Until there is a fully redundant, t.e. duplicated, 42 V
winng circuit in a car there is little probability of
this technology being introduced as standard.

Bosch is pursuing the idea of a scalable product
range based on ESP, i.e. a product range whose fea-
tures and performance specifications can be
expanded. In contrast to the existing technical con-
cept for the electro-hydraulic brake, this new arrange-
ment is based on a conventional braking system.
However, it can perform all the driver-related add-
itional functions by electro-hydraulic means (by
wire), without requiring complex and expensive
changes to the vehicle’s electrical system. A range of

3 Gunther Plapp, Jean Dufour, Robert Bosch GmbH, 2003.
New functions for brake control systems, Automotive Press
Briefing, Boxberg
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Figure 15.42 Electrohydraulic brakes — EHB (Source: Bosch Press)

Push button for Automated Parking Brake at dashboard

8 ESP hydraulic unit with APB software
®) Calipers with locking device

Figure 15.43 Automatic parking brake system (Source: Bosch Press)

new safety and/or convenience features is under
development:

o Electronic Brake Prefill — if the driver lifts their
foot suddenly off the accelerator, the brake
system will deduce that therc is a potential
emergency. The brake pads are immediately
moved into contact with the brake discs, so that
there is no delay in slowing the vehicle down if
emergency braking is undertaken.

@ Brake Disc Wiping — in heavy rain a film of
moisture forms on the brake discs. The brake
pads are made to touch the discs briefly on a regu-
far basis, removing the film of water and helping
the brakes to bite more quickly.

o Soft-Stop — this facilitates smooth, jerk-free
stopping by reducing braking pressure shortly
before the vehicle comes to rest.

o Hill Hold Control — this prevents unintentional
rolling backwards on hill starts. The brake system

Chassis electrical systems

71 Electrical control lines

B Hydraulic lines

automatically maintains the braking press
stops the vehicle rolling backwards unti
driver presses the accelerator again.

® Stop & Go — this expands the Adaptive
Control (ACC) distance control system. Usi
from distance sensors, this function can auf
ically bring the vehicle to a complete hal
then move it forward again when traffic a
without the driver needing to do anything.

An automatic parking brake (APB) is a
attractive function offering the driver in¢
comfort and convenience. Since the handbrake
is dispensed with, car manufacturers have i
freedom of choice as to where they site the o)
ing parts within the car. The technical pri
involved can be compared with that of a ball-|
pen, where the ink cartridge is pushed out by fi
pressure and then held in position with a lo¢
mechanism until the button is pressed once ag;
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Pigurc 15.44 Electncally operated parking brake caliper
{$ource: Bosch Press)

1=
v

Pigure 15,46 MR fluid activation (Source: Delphi)

When the driver presses the switch to activate the
pwhing brake, the ESP unit automatically generates
s3msure 1n the braking system and presses the brake
jes s npainst the disc. The calipers are then locked in
Pibon - an electrically controlled magnetic valve
Bt into the caliper operates the locking mechanism
5 diaulically. The caliper then remains locked with-
sl amy hydraulic pressure. To release the brake, the
1) bricfly generates pressure again, slightly more

thai was needed to lock the caliper.

Development of brake-by-wire will not stop -

- because it has the potential to improve significantly
- way in which the vehicle will stop!

Figure 15.45 MagneRide strut (Source: Delphi)

MR fluid

(Parabolic Velocity Profile}

‘Shear layer'
{Shear stress > Yield stress)

Plug’
(Shear stress < yield stress)

.'Shear layer’
(Shear stress > yield stress)

15.9.2 Delphi MagneRide

The MagneRide™ system produced by Delphi pro-
vides the industry’s first semi-active suspension
technology, with no electro-mechanical valves and
no small moving parts. The MagneRide magneto-
rheological (MR) fluid-based semi-active suspen-
sion system consists of MR fluid-based monotube
struts, monotube shock absorbers, a sensor set and
on-board controller.'

'Delphi. 2002, MagneRide press information,
www.delphi.com



http://www.delphi.com

oo

- Left front Right froni
Vehicle speed Levelling compressor MR strut MR strut
r -
ﬁ 5 J,
(f aam, ")\ P

Part of Levelling
ESP system exhaust value
Steering angle
sensor
Yaw rate
sensor
Lateral

ol ol (0¥ |

Retative position

sensors
Faulte famp

Figure 15.47 MagneRide struts and ‘shocks’ as part of a complete controf system (Source: Delphi)

Magneto-rheological (MR) fluid is a suspension
of magnetically soft particles, such as iron micro-
spheres, in synthetic hydrocarbon base fluid. When
MR fluid is in the ‘off” state it is not magnetized and
the particles exhibit a random pattern. But in the
‘on’, or magnetized state, the applied magnetic field
aligns the metal particles into fibrous structures,
changing the fluid rheology to a near plastic state.

Used as a working medium within fluid-based
struts and shocks, MR fluid performs a critical active
ride and handling function for the MagneRide sys-
tem. By controlling the current to an electromagnetic
coil inside the piston of the damper, the MR fluid’s
shear strength can be changed, which varies the
resistance to fluid flow. Fine tuning of the magnetic
current altows for any state between the low forces of
“off” to the high forces of ‘on’ to be achieved in the
damper. The result is continuously variable real time
damping.

MagneRide isolates and smoothes out the action
of each wheel. On gravel and slippery surfaces,
MagneRide integrates with traction control to
assure maximum stability. MagneRide works with
ABS brakes to help keep the automobile poised and
balanced for positive stopping power.

With MagneRide as an integral part of a ride and
handling system, the driver can expect increased

performance, safety, comfort and reliability.
main features of the system are:

15.10 Self-assessment

15.10.1 Questions

1. Describe the three main control phases of

2. Describe what is meant by ‘black

3. Explain with the aid of a labelled sketch™

Chassis electrical systems

{3

Left rear
MR shock

Vehicle Gnd
bartery

Simple monotube design with no ele
mechanical valves or small moving parts.
Improved performance and reliability
valve-based competitive systems.

Full software tuneable damping charact
which provide excellent low frequency
trol without excessive harshness at high vel
Excellent roll control during transient ste
and evasive manoeuvres.

Wide range of force control and high band
for fast response.

Low power requirements (20 W per damper

ABS system.
fault-finding’.

operation of a wheel speed sensor.
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4. State four advantage of electric power steering.

5. Draw a graph to show the effectiveness of trac-
tion control when only the throttle is controlled.

6. Make a simple sketch of a block diagram for an
electronically controlled automatic transmis-
sion (ECAT) system and state the purpose of
each part.

7. List eight chassis systems that can be con-
trolled by electronics.

8. Define: ‘Total vehicle dynamics’.

9. Describe the operation of an active suspension
system.

10. State three possible disadvantages of an ABS
system,

15.10.2 Assignment

Investigate the possibilities of producing a vehicle
with a central control unit (CCU) that is able to con-
trol all operations of the vehicle from engine man-
ugement to instrumentation and stability control.

Produce a report for the board of a major vehicle
manufacturer showing the possible advantages and
disadvantages of this approach. Make a clear rec-
vmmendation to the board as to whether they should
make this idea into a reality — or not. Justify your
decision,

15.10.3 Muitiple choice
questions

lechnician A says an anti-lock braking system must
tecognize poor road conditions, such as when a vehi-
cle is aquaplaning and react accordingly. Technician
I3 says an anti-lock braking system can increase the
stopping distance when on poor road conditions,
such as loose gravel or snow. Who is right?

| A only

) Bonly

3} BothA and B

4 Neither A nor B

The task of an ABS control module is 1o compare
wgnals from wheel speed sensors by determining
wheel:

! speed

! deceleration

i linear speed

4 percentage ship

When a wheel locks during the braking of a vehicle
fitted with ABS, the modulator action will be:

1. release, hold, build-up

2. hold, build-up, release

3. build-up, release, hold

4. none of the above

An oscilloscope connected to a wheel speed sensor
should show a:

1. sine wave pattern

2. cosine wave pattern

3. high resistance

4. low resistance

On most vehicles, disconnecting the ABS fuse for
10 seconds will:

1. disable the ABS

2. de-activate the ABS

3. reset the ABS fault memory

4. test the ABS sensors

Electronically controlled automatic transmissions
can prevent surging by controlling:

1. hydraulic vacuum

2. hydraulic pressure

3. feedback vacuum

4. feedback pressure

Electric power steering that does not have a mechan-
ical connection between the steering wheel and the
front wheels is known as:

1. acrazy idea

2. a good idea

3. steer-by-wire

4. scare-by-wire

A system that improves the grip of driven wheels
when accelerating is known as:

1. ABS

2. ECU

3. TCR

4. ECAT

Brake assist systems help 1o apply the brakes under:
1. all conditions

2. inclement conditions

3. anti-lock conditions

4. emergency conditions

An electronically controlled clutch:

1. reduces wear and improves performance
2. reduces wear but reduces performance

3. increases wear but improves performance
4. increases wear and reduces performance

T — e L e . T S
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Comfort and safety

16.1 Seats, mirrors and
sun-roofs

16.1.1 Introduction

Electrical movement of seats, mirrors and the sun-
roof are included in one chapter as the operation of
each system is quite similar. The operation of elec-
tric windows and central door locking is also much
the same.

Fundamentally, all the above mentioned systems
operate using one or several permanent magnet
motors, together with a supply reversing circuit. A
typical motor reverse circuit is shown in Figure 16.1.
When the switch is moved, one of the relays will
operate and this changes the polarity of the supply
to one side of the motor. If the switch is moved the
other way, then the polarity of the other side of
the motor is changed When at rest, both sides of the
motor are at the same potential. This has the effect
of regenerative braking so that when the motor
stops it will do so instantly.

Further refinements are used to enhance the
operation of these systems. Limit switches, pos-
itton memories and force limitations are the most
common.

Figure 16.1 Typical motor reverse circuit

-

!

»

0

16.1.2 Electric seat adjustme :

Adjustment of the seat is achieved by using a

ber of motors to allow positioning of different
of the seat. Movement is possible in the follow
ways.

Front to rear
Cushion height rear.
Cushion height front.
Backrest tiit.
Headrest height.
Lumber support.

Figure 16.2 shows a typical electrically cont
seat. This system uses four positioning moton
one smaller motor to operate a pump, which co
the lumber support bag. Each motor can be
sidered to operate by a simple rocker-ty pe swi
controls two relays as described above. Ning r¢
are required for this, two for each motor and 0
control the main supply.

When the seat position is set, some vehi
have set position memories to allow auto
re-positioning if the seat has been moved. This 15
combined with electric mirror adjustment. F
16.3 shows how the circuit is constructed to a
position memory. As the seat is moved a vaj

Figure 16.2 Electrically controlled seat
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resistor, mechanically linked to the motor, is also
moved. The resistance value provides feedback to
an electronic control unit. This can be “remembered’
in a number of ways; the best technique is to supply
the resistor with a fixed voltage such that the output
relative to the seat position is proportional to pos-
on. This voltage can then be “analogue-to-digital’
converted, which produces a simple ‘number’ to
store in a digital memory. When the driver presses a
memory recall switch, the motor relays are acti-
vated by the ECU until the number in memory and
the number fed back from the seat are equal. This
facility is often isolated when the engine is running
1o prevent the seat moving into a dangerous pos-
ition as the car is being driven. The position of the
sats can still be adjusted by operating the switches
as normal.

Figure 16.3 Position memory for electric seats
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down out right

Right mirror

Figure 16.4 Feedback resistors for positional memory and
the circuit

16.1.3 Electric mirrors

Many vehicles have electric adjustment of mirrors,
particularly on the passenger side. The system used
is much the same as has been discussed above in
relation to seat movement. Two small motors are
used to move the mirror vertically or horizontally.
Many mirrors also contain a small heating ¢lement
on the rear of the glass. This is operated for a few
minutes when the ignition is first switched on and
can also be linked to the heated rear window circuit.
Figure 16.4 shows an electrically operated mirror
circuit, which includes feedback resistors for pos-
itional memory.

16.1.4 Electric sun-roof
operation

The operation of an electric sun-roof is similar to
the motor reverse circuit discussed earlier in this
chapter. However, further components and circuitry
are needed to allow the roof to slide, tilt and stop in
the closed position. The extra components used are
a micro switch and a Jatching relay. A latching relay
works in much the same way as a normal relay
except that it locks into position each time it is ener-
gized. The mechanism used to achieve this is much
like that used in ball-point pens that use a button
on top.

The micro switch is mechanically positioned such
as to operate when the roof is in its closed position.
A rocker switch altows the driver to adjust the roof.
The circuit for an electrically operated sun-roof
1s shown in Figure 16.5. The switch provides the
supply to the motor to run it in the chosen direction.
The roof will be caused to open or tilt. When the
switch ts operated to close the roof, the motor is run

'1Dmemomf
M)—

— [

Figure 16.5 Sun-roof circuit




in the appropriate direction until the micro switch
closes when the roof is in its closed position. This
causes the latching rclay to change over, which
stops the motor. The control switch has now to be
released. If the switch is pressed again, the latching
relay will once more change over and the motor
will be allowed to run

16.2 Central locking and
electric windows

16.2.1 Door locking circuit

When the key is turned in the driver’s door lock, all
the other doors on the vehicle should also lock.
Motors or solenoids in each door achieve this. If the
system can only be operated from the driver’s door
key, then an actuator is not required in this door. If
the system can be operated from either front door
or by remote control, then all the doors need an
actuator. Vehicles with sophisticated alarm systems
often lock all the doors as the alarm is set.

Figure 16.6 shows a door locking circuit. The
main control unit contains two change-over relays
(as in Figure 16.1), which are actuated by either the
door lock switch or, if fitted, the remote infrared
key. The motors for each door lock are simply wired
in parallel and all operate at the same time.

Most door actuators are now small motors
which, via suitable gear reduction, operate a linear
rod in either direction to lock or unlock the doors.
A simple motor reverse circuit is used to achieve
the required action. Figure 16.7 shows a typical
door lock actuator.

Infrared central door locking is controlled by a
small hand-held transmitter and an infrared sensor
receiver unit as well as a decoder in the main control
unit. This layout will vary slightly between different
manufacturers. When the infrared key 1s operated by
pressing a small switch, a complex code is transmil-
ted. The number of codes used is well in excess of
50000. The infrared sensor picks up this code and
sends it in an electrical form to the main control
unit. If the received code is correct, the relays are
triggered and the door locks are either locked or
unlocked. If an incorrect code is received on three
consecutive occasions when attempting to unlock
the doors, then the infrared system will switch itself
off until the door is opened by the key. This will also

reset the system and allow the correct code to operate
the locks again. This technique prevents a scanning
type transmitter unit from being used to open the
doors. Figure 16.8 shows a flow diagram representing
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the operation of a system that uses a “rolling ¢
(MAC stands for Message Authentication Ce

16.2.2 Electric window
operation

The basic form of electric window operation is S|
lar to many of the systems discussed so far 1
chapter; that is, a motor reversing system t
operated either by relays or directly by a switcl

More sophisticated systems are now becol
more popular for reasons of safety as wel
improved comfort. The following fcatures are
available from many manufacturers:

® One shot up or down

@ Inch up or down.

o Lazy lock.

o Back-off.

The complete system consists of an elect
control unit containing the window motor rel
switch packs and a link to the door lock and sul
circuits. This is represented in the form of a
diagram in Figure 16.9.

When a window is operated in one-shot of
touch mode the window is driven in the chi
direction until either the switch position is reve
the motor stalls or the ECU receives a signa
the door lock circuit. The probiem with oni
operation is that if a child, for example, sl
become trapped in the window there is a s¢
risk of injury. To prevent this, the back-off feat
used. An extra commutator is fitted to the ¢

Control unit

Supply

Driver's door I
lock switch

Figure 16.6 Door lock circuit

Figure 16.7 Door lock actuator
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Accopt message and
parorm operacon

Figure 16.8 Flow diagram representing the ‘Rolling code’
system

armature and produces a signal via two brushes,
pmoportional to the motor speed. If the rate of
change of speed of the motor is detecied as being
below a certain threshold when closing, then the
FCU will reverse the motor until the window is
fully open.

By counting the number of pulses received, the
ECU can also determine the window position. This
» important, as the window must not reverse when
It stalls in the closed position. In order for the ECU
to know the window position it must be initialized.
This is often done simply by operating the motor to
drive the window first fully open, and then fully
closed. If this is not done then the one-shot close
will not operate.

On some systems, Hall effect sensors are used to
detect motor speed. Other systems sense the current
being drawn by the motor and use this as an indica-
ton of speed.

Window e
switches
Window
motors
Sun roof ECU
switch
Sun roof
motor

Figure 16.9 Block diagram showing links between door locks,
windows and sun-roof — controlled by an infrared key

I Other systems '
+Ign — —‘—'~ S

ECU and refays I

W ndow m sensors

A Driver's
' switch
pack 4
— Deor
Door switches
switch for each
circuic window

Figure 16.10 Electric window control circuit

The lazy lock feature allows the car to be fully
secured by one operation of a remote infrared key.
This is done by the link between the door lock ECU
and the window and sun-roof ECUs. A signal is
supplied and causes all the windows to close in
turn, then the sun-roof, and finally it locks the
doors. The alarm will also be set if required. The
windows close in turn to prevent the excessive cur-
rent demand that would occur if they all tried to
operate at the same time.

A circuit for electric windows is shown in Figure
16.10. Note the connections to other systems such
as door locking and the rear window isolation
switch. This 1s commonly fitted to allow the driver
to prevent rear window operation for child safety,
for example.




Figure 16.11 Window lift motor for cable or arm-lift systems

Figure 16.11 shows a typical window lift motor
used for cable or arm-lift systems.

16.3 Cruise control

16.3.1 Introduction

Cruise control is the ideal example of a closed loop
control system. Figure 16.12 illustrates this in the
form of a block diagram. The purpose of cruise
control is to allow the driver to set the vehicle speed
and let the system maintain it automatically.

The system reacts to the measured speed of the
vehicle and adjusts the throttle accordingly. The
reaction time is important so that the vehicle’s speed
does not feel to be surging up and down.

Other facilities are included such as allowing the
speed to be gradually increased or decreased at the
touch of a button. Most systems also remember
the last set speed and will resume this again at the
touch of a button

To summarize and to add further refinements,
the following 1s the list of functional requirements
for a good cruise control system.

Hold the vehicle speed at the selected value.
Hold the speed with minimum surging

Allow the vehicle to change speed.

Relinquish control immediatcly the brakes are
applied.

Store the last set speed.

Contain built in safety features.

16.3.2 System description

The main switch turns on the cruise control, this in
turn is ignition controlled. Most systems do not
retain the speed setting in memory when the main
switch has been turned off. Operating the ‘sct’
switch programs the memory but this normally
will only work if conditions similar to the following
are met.
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Figure 16.12 Cruise control closed loop system

Vehicle speed is greater than 40 km/h.
Vehicle speed is less than 12 km/h.
Change of speed is less than 8 km/h/s.
Automatics must be in ‘dnive’.

Brakes or clutch are not being operated.
Engine speed is stable.

Once the system is set, the speed is maintain
within about 3—4km/h until it is deactival
pressing the brake or clutch pedal, pressi
‘resume’ switch or turning off the main col
switch. The last *set” speed is retained in me
except when the main switch is turned off.

If the cruise control system is required aj
then either the ‘set” button will hold the vehicl
its current speed or the ‘resume’ button wll ac
erate the vehicle to the previous ‘set’ speed.
cruising at a set speed, the driver can press
hold the “set’ button to accelerate the vehicle
the desired speed is reached when the butt
released

If the dniver accelerates from the sel spe
overtake, for example, then when the throttl
released, the vehicle will slow down until it re
the last set position.

16.3.3 Components

The main components of a typical cruise ¢
system are as follows.

Actuator :

A number of methods are used to control
throttle position. Vehicles fitted with driven by
systems allow the cruise control to opera
same actuator. A motor can be used to contr
throttle cable or, in many cases, a vacuum-o|
diaphragm is used which is controlled by three
ple valves. This technique is shown in Figure |
When the speed needs to be increased, valve
opened allowing low pressure from the inlet
fold to one side of the diaphragm. The atmospl
pressure on the other side will move the diaph
and hence the throttle. To move the other way, vi
x’ is closed and valve ‘y’ is opened allo
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Figure 16.13 Cruise control ‘vacuum’ actuator

atmospheric pressure to enter the chamber. The
spring moves the diaphragm back. If both valves
are closed then the throttle position is held. Valve
' is normally closed and valve "y’ normally open;
thus, in the event of electrical failure cruise control
will not remain engaged and the manifold vacuum
1s not disturbed. Valve ‘z” provides extra safety and
15 controlled by the brake and clutch pedals.

Main switch and warning lamp

This is a simple on/off switch located within easy
rcach of the driver on the dashboard. The warning
lamp can be part of this switch or part of the main
wstrument display as long as it is in the driver’s
ficld of vision.

Set and resume switches

T'hese are fitted either on the steering wheel orona
stalk from the steering column. When the switches
arc part of the steering wheel, slip rings are needed
lo transfer the connection. The ‘set’ button pro-
grams the speed into memory and can also be used
o increase the vehicle and memory speed. The
resume’ button allows the vehicle to reach its last
set speed or temporarily to deactivate the control,

Brake switch

This swatch is very important, as it would be danger-
ous braking if the cruise control system was trying to
maintain the vehicle speed. This switch is normally
of superior quality and is fitted in place or as a sup-
plement to the brake light switch activated by the
brake pedal. Adjustment of this switch is important.

Clutch or automatic gearbox switch

Ihe clutch switch is fitted in a similar manner o
the brake switch. It deactivates the cruise system to

prevent the engine speed increasing if the clutch is
pressed. The automatic gearbox switch will only
allow the cruise to be engaged when it is in the
“drive’ position. This is again to prevent the engine
over-speeding if the cruise control tried to acceler-
ate to a high road speed with the gear selector in the
‘1" or "2 position. The gearbox will still change
gear if accelerating back up to a set speed as long as
it "knows’ top gear is available.

Speed sensor

This will often be the same sensor that is used for
the speedometer. If not, several types are available
the most common produces a pulsed signal, the
frequency of which is proportional to the vehicle
speed.

16.3.4 Adaptive cruise control

Conventional cruise control has now developed to a
high degree of quality. [t is, however, not always
very practical on many European roads as the speed
of the general traffic varies constantly and traffic is
often very heavy. The driver has to take over from
the cruise control system on many occasions to
speed up or slow down. Adaptive cruise control can
automatically adjust the vehicle speed to the cur-
rent traffic situation. Figure 16.14 shows the oper-
ation of the system. The system has three main aims

e Maintain a speed as set by the driver.

e Adapt this speed and maintain a safe distance
from the vehicles in front.

e Provide a warning if there is a risk of coliision.

The main components of basic and more complex
adaptive cruise systems are shown in Figure 16.15.
Note the main extra components are the “headway
sensor and the steering angle sensor, the first of
these is clearly the most important. Information on
steering angle is used to enhance further the data
from the headway scnsor by allowing greater dis-
crimination between hazards and spurious signals.
Two types of the headway sensor are in use, the rudur
and the /idar. Both contain transmitter and recciver
units. The radar system uses microwave signals at
about 35 GHz, and the reflection time of these gives
the distance to the object in front. L.idar uses a laser
diode to produce infrared light signals, the reflec-
tions of which are detected by a photodiode.

These two types of sensors have advantages and
disadvantages. The radar system is not affected by
rain and fog but the lidar can be more selective by
recognizing the standard reflectors on the rear of the
vehicle in front. Radar can produce strong reflec-
tions from bridges, trees, posts and other normal
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Figure 16.15 Adaptive cruise control

roadside items. It can also suffer loss of signal
return due to multipath reflections. Under ideal
weather conditions, the lidar system appears to be
the best but it becomes very unreliable when the
weather changes. A beam divergence of about 2.5°
vertically and horizontally has been found to be the
most suitable whatever headway sensor is used. An
important consideration is that signals from other
vehicles fitted with this system must not produce
erroncous results. Figure 16.16 shows a typical
headway sensor. Fundamentally, the operation of an
adaptive cruise system is the same as a conven-
tional system except when a signal from the head-
way sensor detects an obstruction, in which case the
vehicle speed is decreased. If the optimum stopping
distance cannot be achieved by just backing off
the throttle, a warning is supplied to the driver. A
more complex system can also take control of the
vehicle transmission and brakes but this, while very
promising, is further behind in development It is
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Figure 16.16 Headway sensor fitted at the front of a vi n

important to note that adaptive cruise contl
designed to relieve the burden on the drive
take full control of the vehicle!

16.4 In-car multimedia

16.4.1 Introduction

These days it would be almost unthinkable ne
have at least a radio cassette player in our vehicl
does not seem too long ago, however, that these ¥
an optional extra. 1.ooking back just a little fur
the in-car record player must have been interestin
operate — it was evidently quite successful in |
American cars in the US but lefi a bit to be desir
British vehicles and on British roads. Figure |
shows a typical high quality in-car cntertainm
(ICE) system with a multi-CD changer.
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Figure 16.17 ICE system

We now have ICE systems fitted to standard
production cars, which are of good hi-fi quality
Facilities such as compact disc players and multiple
compact disc changers together with automatic sta-
tion search and re-tune are popular.

We have seen the rise and fall of the CB radio

and the first car telephones - which were so large
the main unit had to be fitted in the car boot.
Hands-free’ car telephones, which allow both
hands to be kept free to control the car, are in com-
mon use and voice activation of other systems is
developing.

‘The “In-car PC’ or the "Auto PC’ is an ¢merging
technology that will soon become the ‘norm”. The
digital” automobile is here!

16.4.2 Speakers

Good ICE systems include at least six speakers,
wo larger speakers in the rear parce! shelf to pro-
duce good low frequency reproduction, two front
door speakers for the mid-range and two front door
tweeters for high frequency notes. Figure 16.18
shows a Pioneer sub-woofer speaker.

Speakers are a very important part of a sound
system. No matter how good the receiver or CD
player is, the sound quality will be reduced if infer-
wr speakers are used. Equally, if the speakers are
ol a lower power output rating than the set, distor-
tion will result at best, and damage to the speakers
at worst. Speakers generally fall into the following
calegories.

e lweeters - high frequency reproduction.

o Mid-range - middle range frequency reproduction
(treble).

o Woofers - low frequency reproduction (bass).

o Sub-woofers - very low frequency reproduction.

I1gure 16.19 shows the construction of a speaker.

Figure 16.18 Pioneer sub-woofer

16.4.3 ICE

Controls on most ICE sets will include volume,
treble, bass, balance and fade. Cassette tape options
will include Dolby filters to reduce hiss and other
tape selections such as chrome or metal. A digital
display, of course, will provide a visual output of
the operating condition. This is also linked into the
vehicle lighting to prevent glare at might. Track selec-
tion and programming for one or several compact
discs is possible.

Many ICE systems are coded to deter theft. The
code is activated if the main supply is disconnected
and will not allow the set to work until the correct
code has been re-entered. Some systems now include
a plug-in electronic “key card’, which makes the set
worthless when removed.
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Figure 16.19 Speaker construction

16.4.4 Radio data system (RDS)

RDS has become a standard on many radio sets. It
is an extra inaudible digital signal, which is sent
with FM broadcasts 1n a similar way to how teletext
is sent with TV signals. RDS provides information
so a receiver can appear to act intelligently. The
possibilities available when RDS 1s used are as
follows.

e The station name can be displayed in place of
the frequency.

® Automatic tuning is possible to the best avail-
able signal for the chosen radio station. For
example, in the UK, a journey from the south of
England to Scotland would mean the radio would
have to be re-tuned up to ten times. RDS will do
this without the driver even knowing.

o Traffic information broadcasts can be identified
and a setting made so that whatever you are lis-
tening to at the time can be interrupted.

RDS has six main features, which are listed here
with a brief explanation.

1. Programme identification to allow the re-tune
facility to follow the correct broadcasts.

2. Alternative frequencies, again to allow the
receiver to try other signals for re-tuning as
required.

3. Programme service name for displaying the
name of the station on the radio set.

4. Traffic information, which provides for two
codes to work in conjunction with route finding
equipment.

5. Traffic programme, which allows the set to indi-
cate that the station broadcasts traffic information.
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6. A traffic announcement is transmitted wh
announcement is being broadcast. This al
the receiver either to adjust the volume, sy
over from the cassette during the announc
lift an audio mute or, of course, if the
wishes it, to do nothing.

16.4.5 Radio reception

There are two main types of radio signal transl
ted; these are amphitude modulation (AM) a
quency modulation (FM). Figure 16.20 sho!
difference between AM and FM signals.
Amplitude modulation is a technigue for !
ing the height, or amphtude, of a wave in ord
transmit information. Some radio broadcas
use amplitude modulation. A convenient al
cient means of transmitting information is
propagation of waves of electromagnetic radiz
Sound waves in the audible range. such as speecl
music, have a frequency that is too low for eff
transmission through the air for significant dista
By the process of modulation, however, thi
frequency audio information can be impressed
carrier wave that has a much higher freque
can propagate through space for great dista
The transmitter at a radio station generates a ¢l
wave having constant characteristics, such as a
tude and frequency. The signal containing the
information is then used to modulate the carn
This new wave, called the modulated wav
contain the information of the signal. In AM;
the amplitude of the carrier wave that is mad
vary so that it will contain the mformation o
signal. When the modulated wave reaches a
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Figure 16,20 Difference between AM and FM signals

receiver tuned to the proper frequency, it is demodu-
lated, which is essentially the opposite of modula-
tion. The set can then reproduce the desired sound
via an amplifier and the loudspeakers. AM radio is
still a popular form of radio broadcasting, but it
does have a number of disadvantages. The quality
of reproduction is relatively poor because of inher-
¢nt limitations in the technique and because of inter-
ference from other stations and other electrical
signals, such as those produced by lightning or by
clectronic devices - of which the car has more than
its fair share. Some of these drawbacks can be over-
come by using FM.

Frequency modulation is a method of modula-
tion in which the frequency of a wave is varied in
response to a modulating wave. The wave 1n which
Irequency is varied is called the carrier, and the
modulating wave is called the signal. Frequency
modulation requires a higher-frequency carrier
wave and a more complex method for transmitting
information than does AM,; however, FM has an
unportant advantage in that it has constant ampli-
tude: it is therefore much less susceptible to inter-
Ierence from both natural and artificial sources. Such
sources cause static in an amplitude-modulated radio.

Both types of modulation, however, are used
m radio broadcasting. FM radio is generally a far
hetter source of high fidelity music. This is because
the quality of AM reception, as well as the prob-
lems outlined above, is limited by the narrow band-
width of the signal. During the winter months,
reeeption of AM signals becomes worse due to
vhanges in the atmosphere. FM does, however, pres-
el problems with reception when mobile. As most
wehicles use a rod aerial, which is omni-directional,
i will receive signals from all directions. Because
ol this. reflections from buildings, hills and other
vehicles can reach the set all at the same time. This

can distort the signal and is heard as a series of
clicks or signal flutter as the signal is constantly
enhanced or reduced. The best FM reception is con-
sidered 1o be line-of-sight from the transmitter. In
general, the coverage or footprint of FM trans-
mitters is quite extensive and, especially with the
advent of RDS, the reception when mobile is quite
acceptable

16.4.6 Radio broadcast data
system (RBDS)

The Radio Broadcast Data System is an extension
of the Radio Data System (RDS), which has been in
use in Europe since 1984. The system allows the
broadcaster to transmit text information at the rate
of about 1200 bits per second. The information is
transmitted on a 57 kHz suppressed sub-carrier as
part of the FM multiplexed (MPX) signal.

RBDS was developed for the North American
market by the National Radio Systems Committee
(NRSC), a joint committee composed of the Elec-
tronic Industries Association (EIA) and the National
Association of Broadcasters (NAB). The applica-
tions for the transmission of text to the vehicle are
interesting.

o Sonp title and artist.

e Traffic, accident and road hazard information.
e Stock information.

e Weather.

In emergency situations, the audio system can be
enabled to interrupt the cassette, CD or normal radio
broadcast to alert the user

16.4.7 Digital audio broadcast
(DAB)

Digital Audio Broadcasting is designed to provide
high-quality, multiservice digital radio broadcast-
ing for reception by stationary and mobile receivers.
It is being designed to operate at any frequency up
to 3GHz. A system is being demonstrated and exten-
sively tested in Europe, Canada and the United States.
It is a rugged and also a very efTicient sound and data
broadcasting system.

The system uses digital techniques to remove
redundancy and perceptually irrelevant information
from the audio source signal. It then applies closely
controlled redundancy to the transmitted signal for
error correction. All transmitted information is then
spread in both the frequency and the time domains
(multiplexed) so a high quality signal is obtained in
the receiver, even under poor conditions.
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Figure 16.21 Clarion DAB receiver

Frequency reallocation will permit broadcasters
to extend services, virtually without limit, using add-
itional transmitters, all operating on the same radiated
frequency. A common worldwide frequency in the
L band (around 1.5GHz) is being considered, but
some disagreement still exists. The possibilities make
the implementation of DAB inevitable. Figure 16.21
shows the front panel of the Clarion system, capable
of receiving digital broadcast signals.

16.4.8 Interference suppression

The process of interference suppression on a vehicle
is aimed at reducing the amount of unwanted noisc
produced from the speakers of an ICE system. This,
however, can be quite difficult. To aid the discussion,
it is necessary first to understand the different types
of interference. Figure 16.22 shows two signals, one
clean and the other suffering from interference. The
amount of interference can be stated as a signal-to-
noise ratio. This is the useful field strength compared
with the interference field strength at the receiver
This should be as high as possible but a value in
excess of 22.1 for radio reception is accepted as a
working figure. Interference is an electromagnetic
compatibility (EMC) issue and further details can
be found in Chapter 4.

There are two overall issues to be considered
relating to suppression of interference on a vehicle.
These are as follows.

1. Short range - the effect of interference on the
vehicle’s radio system.

2. Long range — the effect of the vehicle on exter-
nal receivers such as domestic televisions. This
is covered by legislation making it illegal to
cause disturbance to radios or televisions when
using a vehicle.

Interference can propagate in one of four ways.

e Line borne, conducted through the wires.
® Air borne, radiated through the air to the aerial.

Clean

Interference

AW

Figure 16.22 Two signals, one clean and the other su
from interference

e Capacitive coupling by an electric field.
e Inductive coupling magnetic linking.

The sources of interference in the motor vehicl
be summarized quite simply as any circuit, whi
switched or interrupted suddenly. This mcludes
action of a switch and the commutation proce:
a motor, both of which produce rapidly increa
signals. The secret of suppression is to slow
this increase. Interference is produced from
main arcas of the vehicle.

@ Ignition system,

o Charging system.

o Motors and switches.
e Static discharges.

The ignition system of a vehicle is the la
source of interference, particularly the high tens
side. Voltages up to 30kV are now common an
peak current for a fraction of a second when the s|
plug fires can peak in excess of 100 A. The inter
ence caused by the ignition system is mostly a
30 MHz and the energy can peak, for fractions
second, of the order of S00 kW.

The charging system produces noise becaus
the sparking at the brushes. Electronic regula
produce little problems but regulators with vibral
contacts can cause trouble.
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Any motor or switch, including relays, is likely
to produce some interference. The most popular
sources are the wiper motor and heater motor. The
starter 1s not considered due to its short usage time.

The build-up of static electricity is due to fric-
tion between the vehicle and the air. and the tyres
and the road. If the static on, say, the bonnet builds
up more than the wing then a spark can be dis-
charged. Using bonding straps to ensure all panels
stay at the same potential easily prevents this. Due
to the action of the tyres, a potential can build up
between the wheel rims and the chassis unless suit-
able bonding straps are fitted. The arc to ground
can be as much as 10kV,

There are five main techniques for suppressing
radio interference.

Resistors.
Bonding.
Screening,
Capacitors.
Inductors.

Resistance is used exclusively in the ignition HT
circuit, up to a maxtmum of about 20k} per lead.
This has the effect of limiting the peak current,
which in turn limits the peak electromagnetic radi-
ation. Providing excessive resistance 1s not used,
the spark quality is not affected. These resistors
cftectively damp down the interference waves.

Bonding has been mentioned earlier, it is simply
to ensure all parts of the vehicle are at the same
clectrical potential to prevent sparking due to the
build-up of static.

Screening is generally only used for specialist
applications such as emergency services and the
military. It involves completely enclosing the igni-
tion system and other major sources of noise, in a
conductive screen, which is connected to the vehicle’s
chassis earth. This prevents interference waves escap-
ing; it is a very effective technique but expensive.
Often, a limited amount of screening — metal covers
on the plugs for example - can be used to good
effect.

Capacitors and inductors are used to act as fil-
ters. This is achieved by using the changing value
of “resistance’ to alternating signals as the fre-
quency increases. The correct term for this resist-
ance is either capacitive or inductive reactance.

By choosing suitable values of a capacitor in
parallel and or an inductor in series it is possible to
filter out unwanted signals of certain frequencies.

The aerial is worth a mention at this stage.
Several types are in use. the most popular still
being the rod aerial, which is often telescopic. The
advantage of a rod aerial is that it extends beyond

the interference field of the vehicle. For reception
in the AM bands the aerial represents a capacitance
of 80pF with a shunt resistance of about 1 MQ .
The set will often incorporate a trimmer to ensure
the aerial is matched to the set. Contact resistance
between all parts of the aerial should be less than
20 m{) . This 1s particularly important for the earth
connection.

When receiving in the FM range, the length of
the aenial is very important. The ideal length of a
rod aerial for FM reception is one quarter of the
wavelength. In the middle of the FM band (94 MHz)
this is about 80 cm. Due to the magnetic and elec-
trical field of the vehicle and the effect of the
coaxial cable, the most practical length is about 1 m.
Some smaller acerials are available but whilst these
may be more practical the signal strength is reduced
Acrials embedded into the vehicle windows or
using the heated rear window element are good
from the damage prevention aspect and insensitiv-
ity to moisture, but produce a weaker signal, often
requiring an acrial amplifier to be included. Note
that this will also amplify interference. Some top-
range vehicles use a rod aerial and a screen aerial,
the set being able to detect and use the strongest
signal. This reduces the effect of reflected signals
and causes less flutter.

Consideration must be given to the position of
an external aerial. This has to be a compromise tak-
ing into account the following factors.

® Rod length - | m if possible.

o Coaxial cable length - longer cable reduces the
signal strength.

@ Position - as far away as reasonably possible
from the ignition system.

e Potential for vandalism - out of easy reach.

e Aesthetic appearance — does it fit with the style
of the vehicle?

e Angle of fitting — vertical is best for AM, hon-
zontal for FM.

Most quality sets also include a system known as
interference absorption. This is a circuit built into
the set consisting of high quality filters.

Figure 16.23 shows a circuit of a typical ICE
system. An electric aerial is included and also
the connection to a multi compact disc unit via a
data bus.

16.4.9 Mobile communications

If the success of the cellular industry is any indica-
tion of how much use we can make of the tele-
phone, the future promises an even greater
expansion. Cellular technology started to become




useful in the 1980s and has continued to develop
from then - very quickly!

The need and desire we perceive to keep in,,

touch with each other is so great that an increasing
number of business people now have up to five tele-
phone numbers: home, office, pager, fax and cellu-
lar. But within the foresceable future, high-tech
digital radio technology and sophisticated telecom-
munications systems will enable all communica-
tions to be processed through a single number.
With personal numbering, a person carrying a
pocket-size phone will need only one phone num-
ber. Instead of people calling places, people will
call people — we will not be tied to any particular
place. Personal numbering will make business
people more productive because they will be able to
reach, and be reached by, colleagues and clhents,
anywhere and anytime, indoors or outdoors. When
travelling from home to office or from one meeting
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Figure 16.23 |ICE system wiring
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to the next. it will be possible to communicate w
anyone, whenever the need arises.

But where does this leave communication
tems relating to the vehicle? It is my opinion |
‘in-vehicle’ communication equipment for noi
business and personal use will be by the su
pocket sized mobile phone and that there is no
ther market for the car telephone. Hands-free
versions will still be tmportant.

CB radios and short-range two-way sys
such as used by taxi firms and service indu
will still have a place for the time being. Ho
even these may decline as the cellular net
becomes cheaper and more convenient to use.

16.4.10 Auto PC

A revolution in the use of information techno
in vehicles is taking place! Advanced compu
communications and positioning developments
being introduced in even the most basic vehi
Figure 16.24 shows an Auto PC/Car Multim
system. However, there were several barriers to
widespread use of such new technology.

o Not robust enough.

o Too costly.

o Difficult to install.

o Lack of common standards.
o Difficult to operate.

Most of these problems either have been resol
or are about to be, and other developments are
beneficial:

o Computers have become smaller.
o Prices have reduced.

Figure 16.24 Car mukimedia
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e Performance has improved.
e Standards are being agreed.

Many leading computer companies, including
Microsoft, IBM, and Intel have identified the
vehicle as their next big market place. Plans have
been announced for in-vehicle computers with a
range of integrated functions. Microsoft’s Auto PC,
for example, uses the Windows CE operating system,
a cut-down version of Windows 95/98/2000.

Many suppliers of Windows programs are now
committed to offering Windows CE versions of their
programs for use in car computers and hand-held
personal computers (PCs). Just like a desktop PC, the
car computer supports a range of programs. A car
computer that will give the driver spoken directions
while passengers browse the Internet or watch foot-
ball will be a reality.

The Auto PC will be able to run familiar desk-top
programs whilst also offering the following.

e Spoken turn-by-turn navigation.

o Digital map database of useful sites, such as fill-
ing stations and cinemas.

® Voice memo system.

o Vehicle diagnostics program.

e Vehicle security and tracking system.

e Emergency roadside assistance service.

I'he unit could also be a high-performance stereo
system capable of playing CDs and receiving FM
radio. An optional communications interface will
cnable cellular phones to be controlled by spoken
instructions, and traffic news received over a pager
or cellular service. Intel, the largest computer chip
manufacturer, envisages a car computer that is even
more highly specified than Microsofl’s Auto PC.

The Intel Connected Car PC has a full Windows
operating system. As well as providing the driver
with similar functions to the Auto PC, this also gives
passengers access to a monitor for browsing the
Internet or watching television programmes. IBM is
working with car manufacturers to help them create
networking capabilities in their vehicles.

Whether car computers ultimately succeed or
not, there is little doubt that there will be much
greater integration of all electronic systems in cars
in the future. Efforts are underway in Europe, Japan
and the United States to develop a standard data-
bus system linking and powering non-safety related
clectronic systems in vehicles, such as CD players,
positioning systems, air conditioning and electric
windows. Adding electronic systems later would be
by what is described as “plug and play’.

Tying the computer in with the mobile commu-
nication system opens up even more possibilitics.

Cellular phone systems can provide an excellent
means of tracking vehicles. Phone operators divide
the country into separate cells and monitor phones
as they move between them to ensure thai each
phone communicates through the best transmitter.
Mobile communication systems will have a profound
impact on how vehicles are used. Development work
is underway on the exchange of information between
vehicles and the road infrastructure.

(See also the section on ‘Telematics’ in
Chapter 13.)

16.5 Security

16.5.1 Introduction

Stolen cars and theft from cars account for about a
quarter of all reported crime. A huge number of
cars are reported missing each year and over 20%
are never recovered. Even when returned many are
damaged. Most car thieves are opportunists, so
even a basic alarm system can serve as a deterrent.

Car and alarm manufacturers are constantly
fighting to improve security. Building the alarm
system as an integral part of the vehicle electronics
has made significant improvements. Even so, retro-
fat systems can still be very effective. Three main
types of intruder alarm are used.

e Switch operated on all entry points.
e Battery voltage sensed.
e Volumetric sensing.

There are three main ways to disable the vehicle.

e Ignition circuit cut off.
e Starter circuit cut off.
e Engine ECU code lock.

A separate switch or IR transmitter can be used to
set an alarm system. Often, they are set automati-
cally when the doors are locked.

16.5.2 Basic security

To help introduce the principles of a vehicle alarm,
this section will describe a very simple system, which
can be built as a DIY retro-fit. First, the requirements
of this particular alarm system.

It must activate when a door 1s opened.

The ignition to be disabled.

The existing horn is used as the warning.

Once triggered, the horn must continue even
when the door is closed.

@ It must reset after 15 seconds.
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Figure 16.25 Simple alarm circuit the entry delay is made by
using a CR circuit

The design will be based around a simple relay cir-
cuit. When a door is opened, the switches make an
earth connection. This will be used to trigger the
relay, which in turn will operate the horn. The delay
must be built in using a capacitor, which will keep
the relay energized even after the door closes, for a
further 15 seconds. An external key switch is to be
used to arm and disarm whilst isolating the ignition
supply. Figure 16.25 shows a simple alarm circuit,
which should achieve some of the aims. The delay
is achieved by using a CR circuit; the ‘R’ is the
resistance of the relay coil. Using the following
data the capacitor value can be calculated.

Time delay = 15s.
Relay coil = 120 ().
Supply voltage = 12V,
® Relay drop out = 8 V.

A capacitor will discharge to about 66% of its full
value in CR seconds. The supply voltage is 12V, so
66% of this is 8 V.

Therefore, if CR = 15, then, C = 15/120

C = 125mF

This seems an ideal simple solution — but it is not.
As an assignment, find the problem and design a
simple electronic circuit using a transistor, resistor
and capacitor.

16.5.3 Top of the range security

The following is an overview of the good alarm
systems now available either as a retro-fit or factory
fited Most are made for 12V, negative carth
vehicles. They have electronic sirens and give an aud-
ible signal when arming and disarming. They are all
triggered when the car door opens and will auto-
matically reset after a period of time, often | or 2
minutes. The alarms are triggered instantly when
an entry point is breached. Most systems can be
considered as two pieces, with a separate control
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Figure 16.26 Block diagram of a complex alarm syst

unit and siren; most will have the control unit|
passenger compartment and the siren und
bonnet. N

Most systems now come with two infrared r
‘keys’ that use small button-type batteries a
an LED that shows when the signal is being
They operate with one vehicle only. Intrusiol
sors such as car movement and volumetric sel
can be adjusted for sensitivity.

When operating with flashing lights mos
tems draw about 5 A. Without flashing lights
only) the current drawn is less than 1 A. The
produce a sound level of about 95 dB, when
ured 2 m in front of the vehicle.

Figure 16.26 shows a block diagram of
plex alarm system. The system, as is usual,
considered as a series of inputs and outputs.

Inputs

Ignition supply.

Engine crank signal
Volumetric sensor.

Bonnet switch.

Trembler switch.

IR/RF remote (Figure 16.27).
Doors switches.

Control switch.

Outputs

e Volumetric transmitter.
System LED.

Horn or siren

Hazard lights.

Ignition immobilizer
Loop circuit.

Electric windows, sun-roof and door locks.
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Some factory fitted alarms are combined with the
central door locking system. This allows the facility
mentioned in a previous section known as lazy lock.
Pressing the button on the remote unit, and as well
as setting the alarm, the windows and sun-roof close,
and the doors lock.

16.5.4 Security coded ECUs

A secunty code in the engine electronic control unit
1s a powerful deterrent. This can only be ‘unlocked
1o allow the engine to start when it receives a coded
signal. Ford and other manufacturers use a special
1wnition key that is programmed with the required
wformation. Even the correct “cut’ key will not
start the engine. Citroén, for example, have used a
similar idea but the code has to be entered via a
numerical keypad.

Of course nothing will stop the car being lifted
on to a lorry and driven away, but this technique
will mean a new engine control ECU will be
needed by the thieves. The cost will be high and
also questions may be asked as to why a new ECU
15 required.

Pigure 16.27 Alrm system with remote control

16.6 Airbags and belt
tensioners

16.6.1 Introduction

A seat-belt, seat-belt tensioner and an airbag are, at
present, the most effective restraint system in the
event of a serious accident. At speeds in excess of
40km/h the seat-belt alone is no longer adequate
Research after a number of accidents has deter-
mined that in 68% of cases an airbag provides a
significant improvement. It is suggested that if ail
cars in the world were fitted with an airbag then the
number of fatalities annually would be reduced by
well over 50000, Some airbag safety issues have
been apparent in the USA where airbags are larger
and more powerful. This is because in many areas
the wearing of seat-belts is less frequent.

The method becoming most popular for an airbag
system is that of building most of the required com-
ponents into one unit. This reduces the amount of
wiring and connections, thus improving reliability.
An important aspect is that some form of system
monitoring must be built-in, as the operation can-
not be tested — it only ever works once. Figure
16.28 shows the airbags operating in a Peugeot.

16.6.2 Operation of the system

The sequence of events in the case of a frontal

impact at about 35 km/h, as shown in Figure 16.29,

is as follows.

I. The driver is in the normal seating position prior
to impact. About 15ms after the impact the

Figure 16.28 Don't be a crash test dummy!
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vehicle is strongly decelerated and the threshold
for triggering the airbag is reached. The igniter
ignites the fuel tablets in the inflater.

-
2. After about 30 ms the airbag unfolds and the driver

will have moved forwards as the vehicle’s crumple
zones collapse. The seat-belt will have locked or
been tensioned depending on the system.

3. At 40 ms after impact the airbag will be fully
inflated and the driver’s momentum will be
absorbed by the airbag.

4, About 120 ms after impact the driver will be
moved back into the seat and the airbag will
have almost deflated through the side vents,
allowing driver visibility.

Passenger airbag events are similar to the above
description. A number of arrangerents are used with
the mounting of all components in the steering wheel
centre becoming the most popular. Nonetheless, the
basic principle of operation ts the same.

16.6.3 Components and circuit

The main components of a basic airbag system are
as follows.

® Driver and passenger airbags.
o Warning light.

Figure 16.29 Airbag in action
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Passenger seat switches.
Pyrotechnic inflater.
Igniter.

Crash sensor(s).
Electronic control unit.

The airbag is made of a nylon fabric witha ¢
on the inside. Prior to inflation the airbag is
up under suitable padding that has specially d
break lines built-in. Holes are provided in 1
of the airbag to allow rapid deflation after
ment. The driver’s air has a volume of about
and the passenger airbag about 160 litres.
A warning light is used as part of the s!
monitoring circuit. This gives an indicatiol
potential malfunction and is an important
the circuit. Some manufacturers use two bu
added reliability.
Consideration is being given to the use 0
switch on the passenger side to prevent depl
when not occupied. This may be more appro|
side-impact airbags mentioned in the next se
The pyrotechnic inflater and the gniter |
considered together. The inflater in the cas:
driver is located in the centre of the steering
It contains a number of fuel tablets in a com
chamber The igniter consists of charged cap
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Figure 16.30 The mechanical impact sensor works by a spring
holding a roller

which produce the ignition spark. The fuel tablets
burn very rapidly and produce a given quantity of
nitrogen gas at a given pressure. This gas is forced
into the airbag through a filter and the bag inflates
breaking through the padding in the wheel centre.
After deployment, a smatl amount of sodium hydrox-
1de will be present in the airbag and vehicle interior.
PPersonal protection equipment must be used when
removing the old system and cleaning the vehicle
Interior.

The crash sensor can take a number of forms;
these can be described as mechanical or electronic.
I'he mechanical system (Figure 16.30) works by a
spring holding a roller in a set position until an
impact above a predetermined himit, provides enough
force to overcome the spring and the roller moves,
triggering a micro switch. The switch is normally
open with a resistor in parallel to allow the system
to be monitored. Two switches similar to this may be
used to ensure the bag is deployed only in the case
of sufficient frontal impact. Note that the airbag is
not deployed in the event of a roll over.

Fhe other main type of crash sensor can be
described as an accelerometer. This will sense decel-
cration, which is negative acceleration. Figure 16.31
15 a sensor based on strain gauges.

Figure 16.32 shows two types of piezoelectric
crystal accelerometers, one much like an engine
knock sensor and the other using spring elements.
A severe change in speed of the vehicle will cause
an output from these sensors as the seismic mass
moves or the springs bend. Suitable electronic
vircuits can monitor this and be pre-programmed
to react further when a signal beyond a set threshold
1 reached. The advantage of this technique is that the
sensors do not have to be designed for specific
vehicles, as the changes can be software-based.

I'he final component to be considered is the
vlectronic control unit or diagnostic control unit.
When a mechanical-type crash sensor is used, in
theory no electronic unit would be required. A

Figure 16.31 Strain gauges accelerometer
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Figure 16.32 Piezoelectric cryseal accelerometer

simple circuit could be used to deploy the airbag
when the sensor switch was operated. However, it is
the system monitoring or diagnostic part of the
ECU, that is most important, If a failure is detected
in any part of the circuit then the warning light will
be operated. Up to five or more faults can be stored
in the ECU memory, which can be accessed by
blink code or serial fault readers. Conventional test-
ing of the system with a multimeter and jump wires is
not to be recommended as it might cause the airbag
to deploy! Figure 16.33 shows an airbag ECU.

A block diagram of an airbag circuit is shown in
Figure 16.34. Note the “safing’ circuit, which is a
crash sensor that prevents deployment in the event
of a faulty main sensor. A digital-based system
using electronic sensors has about 10 ms at a vehicle
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Figure 16.34 A block diagram of an airbag circuit

speed of S0kmvh, to decide 1f the restraint systems
should be activated. In this time about 10000 com-
puting operations are necessary. Data for the devel-
opment of these algorithms are based on computer
simulations but digital systems can also remember
the events during a crash, allowing real data to be
collected.

16.6.4 Seat-belt tensioners

Taking the ‘slack” out of a seat-belt in the event of
an impact is a good contribution to vehicle passen-
ger safety. The decision to take this action is the
same as for the airbag inflation. The two main types
of tensioners are:

e Spring tension.
& Pyrotechnic.

The mechanism used by one type of seat-belt ten-
sioner is shown in Figure 16.35 When the explo-
sive charge is fired, the cable pulls a lever on the
seat-belt reel, which in turn tightens the belt. The
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Figure 16.35 The mechanism used by one type of se
tensioner

unit must be replaced once deployed. This feat
sometimes described as anti-submarining.

16.6.5 Side airbags

Airbags working on the same techniques to
described previously are being used to pl
against side impacts. In some cases bags are
in the door pillars or the edge of the roof. I
16.36 shows this system.

Figure 16.37 shows a full seat-belt and a
system used by Ford.

16.7 Other safety and
comfort systems

16.7.1 Obstacle avoidance ra

This system, sometimes called collision avoic
radar, can be looked at in two ways. First, as
to reversing, which gives the driver some indi
as to how much space is behind the car. Sex
collision avoidance radar can be used as a v
enhancement system.

The principle of radar as a reversing aid is
trated in Figure 16.38. This technique is, in eff
range-finding system. The output can be audi
visual, the latter being perhaps most appropnaf
the driver is likely to be looking backwards. The d
ible signal is a “pip pip pip’ type sound, the re
frequency of which increases as the car comes nel
to the obstruction, and becomes almost contin
impact is imminent.
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Figure 16.36 Optmized airbag controt (Source: Bosch Press)

Figure 16.37 Seat-beft and airbag
operation

Drwvers

The technique is relatively simple as the level of
discrimination required is fairly low and the radar
only has to operate over short distances. The main
problem is to ensure the whole width of the vehicle
is protecled.

Obstacle avoidance radar, when used as a vision
Figure 16.38 Obstacle avoidance radar enhancement system, is somewhat different.
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Figure 16.39 Block diagram of obstacle avoidance radar when
used as 2 vision enhancement system

Figure 16.39 is a block diagram to demonstrate the
principle of this system. In the future, this may be
linked with adaptive cruise control, as discussed in
an earlier section, but at this stage the two systems
are separate. A frequency of 94 GHz has been used
for development work; this frequency is known as
millimetre waves.

A short look at the history and principle of radar
at this stage will help with an overall understanding.
Radar was the name given during World War II to
an electronic system by which radio waves were
bounced off an aircrafi in order to detect its pres-
ence and locate its position. The term is an acronym,
made from the fuller term ‘radio detection and
ranging’. A large number of rescarchers helped to
develop the devices and techniques of radar, but the
development of the earliest practical radar system
is usually credited to Sir Robert Watson-Watt.

The operation of a basic radar system is as fol-
lows: a radio transmitter generates radio waves,
which are then radiated from an antenna, ‘lighting
up’ the airspace with radio waves. A target, such as
another vehicle that is in this space, scatters a small
portion of the radio energy back to a receiving
antenna. This weak signal is amplified by an elec-
tronic amplifier and displayed, often on a cathode
ray tube. To determine its position, the distance
(range) and bearing must be measured. Because
radio waves travel at a known constant velocity, the
speed of light, which is 3 X 10*m/s, the range may
be found by measuring the time taken for a radio
wave to travel from transmitter to obstacle and back
to the receiver.

For example, if the range were 150 m, the time
for the round trip would be:

where 1= time, d = distance to object, and
C = speed of light.

Comfort and safety

In this example:

o 2 X150
3x10°

Relative closing speed can be calculated
the current vehicle speed. The radar is ac
transmitted in the form of pulses. This is dol
frequency modulating the signal, maybe usin
angular wave with a frequency of the o
100 MHz: this can also be used to trigger a
and for calculation of distance.

The bearing, if required, is given by thi
tive position on the display device. Radar fo
in a vehicle must fulfil the following gi
requirements.

® Range to be at least 300 m in bad weath:
gives about 7 seconds warning at 160k/
mile/h).

o Objects greater than 0.1 m* must be detec

Data update greater (han one per second.

o Beam spread of about 15° horizonta
vertical.

o The driver’s display should not intrude on
centration and only act as a warning.

The type of display or output that may be us:
motor vehicle will vary from an audible w:
to a warning light or series of lights and pos
display screen.

16.7.2 Tyre pressure warning

A glance at the instrument panel should be ¢
to tell the driver that the tyre pressures are a
rect. Bosch has developed an electronic ty
sure monitoring system. Each wheel has i
pilot lamp, which lights up if the pressu
below a set value. Poorly inflated tyres cause
control and worse fuel consumption. The id
give the driver warning of reduced pressure
instant deflation is generally apparent to the

There are three basic components to the sy!
Mounted in the wheel rim is a pressure 0,
switch, the contacts of which close when pr
falls. This is recognized by a high frequency s
which the switch passes but does not contact
wheel rotates. The high frequency sender tran
an appropriate pulse to the electronic cval
If the pressure drops below the set value thef
switch contacts open, causing the high frequ
sender to interrupt its stream of pulses to the evi
ation circuit and the warning lamp comes on.
system measures the tyre pressure with an accul
of £ 50 mbar. The design of the switch is such
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changes in temperature of the air in the tyre will not
cause false readings.

If the tyre pressure warning system is used in
comunction with wheels fitted with ‘limp-home’
tyres, it will provide a reminder that the limp-home
mode is in use.

Bosch is also developing another tyre pressure
warning system using active analogue sensors in
the tyre and wireless transmission of the signal
from the wheel to the body. The advantage 15 that
absolute values of pressure and temperature are
measured continuously, even when the car is at rest.
Values such as vehicle speed and load are also
included in the calculation.

16.7.3 Noise control

T'he principle of adaptive noise control is that of
using sound, which is identical and 180° out of
phase, or in anti-phase, to canccl out the original
source of noise. Figure 16.40 shows three signals,
the original noise, the anti-phase cancelling wave-
form and the residual noise.

A microphone picks up the original noise. It is
then inverted and amplified, and then replayed by a
suitably positioned speaker. This effectively cancels
out the noise. Whilst the theory is relatively simple,
until recently it has not been particularly suitable for
motor vehicle use. This is duc to the wide range of
noise {requencies produced, and the fast response
time, which is needed to give acceptable results. Low
[requency noise (<200 Hz), causes “boom” in a vehi-
cle, this is very difficult to reduce by conventional
methods.

Much development time and money has been
spent on reducing cabin noise levels. This can range
from simple sound-deadening material to a special
design of engine mountings, exhaust systems and
using balance shafts on the engine. Even so, the
demand still exists to reduce noise further and this
1s becoming ever more expensive.

Most vehicles today are susceptible to some low
lrcquency boom in the passenger compartment,

Original noise signal

o
Resuttant signal Anti-phase generated signal

Figure 16.40 Three signals; the original noise, the anti-phase
cancelling waveform and the residual noise

even when a large amount of sound deadening is
used. The trend to produce lighter vehicles using
thinner grade metal further exacerbates the prob-
lem. Conventional techniques solve the problem at
certain frequencies, not all across the range.

To apply the adaptive noise control system to a
car required the development of high-speed digital
signal processors as well as a detailed understand-
ing of noise generation dynamics in the vehicle. A
typical four-cylinder engine running between 600
and 6000 rev/min has a firing frequency of about
20-200Hz. There are several critical speeds at
which the vehicle will display unpleasant boom
Low-profile tyres and harder suspension also gen-
erate considerable low frequency noise.

Lotus Engineering has developed a system which
uses eight microphones embedded in the vehicle
headlining to sample the noise. A digital signal
processor measures the average sound pressure
energy across the cabin and adjusts the phase and
amplitude of the anti-noise signals. These are played
through the in-car speaker system until, by measur-
ing the error signal from the microphones, a min-
imum noise is achieved. The maximum active noise
control can be achieved in about 70ms. A quality
loudspeaker system is needed which must be able
1o produce up to 40 W RMS per channel. This is not
uncommon on many ICE systems. Figure 16.41
shows a typicai layout of an adaptive noise control
system. The greatest improvements are gained in

ICE

o
—i  noise | _fpm;
|cancaliation) Al

Figure 16.41 Layout of an adaptive noise control system and
how it could be fitted



small vehicles where the perceived reduction is as
much as 80%.

16.8 Case studies
16.8.1 Volvo safety

The following information is extracted from infor-
mation relating to features on the Volvo S80. It
shows the clear commitment of manufacturers in
general, and perhaps Volvo in particular, to safety
developments.

Safety is very much part of Volvo's soul and, as
a result, it is always present (claims the company).
It is an integral part of the first design work and a
vital part at every stage of the development process.
Active safety can be summarized as active accident
avoidance, passive safety can be summed up in
three words: passenger protection priority. One of
Volvo’s prerequisites is that every new Volvo has to
be safer than the previous one. Figure 16.42 shows
the Volvo S80 airbags.

When it comes to the Volvo S80, this is very
much the case. One of the objectives when design-
ing the Volvo S80 was to strengthen further Volvo’s
position as the world feader in the field of passen-
ger protection. This aim has been realized. With
two new and important technical features, the level
of passenger protection has taken yet another step
forward. It would perhaps be no exaggeration to say
that the Volvo S80 is the safest passenger car on the
market at present. Although safety developments in
the automotive industry have progressed by leaps
and bounds in recent years, there is still some truth
in the statement that a large car is safer than a small
one. Size is related to safety. This is part of the laws
of nature. A larger, heavier car sutfers the least dam-
age in a collision with a smaller, lighter car, thus
providing better protection for its occupants. Crum-
ple zones and energy absorption are two vital para-
meters that can be more effectively designed if there
is more space. A well-designed, rigid body structure
is the perfect base on which to build.

Comfort and safety

Volvo has always claimed that the most impx
ant protective feature in a car is the seat-belt.
Volvo S80 has three-point belts on all five scat
positions; all equipped with pyrotechnical prel
sioners. The pretensioners automatically tighten
belts in a crash, eliminating the slack, which is
mal in a belt. The front seat-belts are also equipp
with force limiters, which control and regulate
roll speed of the belt webbing and provide m
gentle restraint. The front seat-belts also have a
matic belt height adjusters for optimum belt gei
etry. The belt system has been integrated with
airbag systems as these systems interact.

The passenger airbag Is invisibly stored un
the upper part of the dashboard and is designe
activate in a “friendly” way in order to protect
passenger rather than being a risk. A belt s¢
indicates whether or not the front seat passeng
wearing a seat-belt and adapts the airbag tni
level accordingly This means that more ¢
energy is needed to trigger the bag when the
senger is wearing a seat-belt than when he 1s no

In 1997, the Volvo Car Corporation prese
the Whiplash Protection Study, WHIPS, which
an R&D project designed to produce a seat
would reduce the risk of whiplash injuries in r
end collisions (Figure 16.43). Although they
most frequently caused at low speeds in relati
minor accidents, whiplash injuries are extre
painful, both physically and mentally, for the pe
who incur them, as well as being difficult to d
and define. They are also perhaps the single 1
expensive injury in tnsurance terms.

Since rear-end collisions often occur in city 1
fic, the WHIPS system is optimized to be r
effective at speeds ranging from 15 to 30 km/h.
system consists of two elements. The first ele
of the WHIPS system is a brand new device
adjusts the angle between the seat cushion an:
backrest. The system is activated in two phases.

1. The backrest of the seat is allowed to m
backwards together with the occupant, reduc
G-forces.

Figure $6.42 Volvo 580 airbags
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. The angle of the backrest folds backwards by up
to 15°, effectively catching the body and pre-
venting a catapult effect.

The second element of WHIPS are six modified
springs in the backrest with limiters that provide
cven support of the spine when pressed into the seat.
I'he fixed head restraint, which remains close to the
head, minimizes head movement and reduces forces
on the neck. Consequently, the entire back is pressed
against the backrest in a controlled manner. Tests
conducted by Volvo during the development of the
system reveal that the WHIPS system can reduce the
acceleration forces in the neck by some 50%.
Passenger protection in side impacts is perhaps
the most difficult area in terms of safety develop-
ment, because of the lack of space and the minimal
crumple zone, only 25-30 cm. Passengers sit very
close to the point of impact. This must therefore be
compensated for one way or another. The Side Impact
Protection System (SIPS) structure has been exten-
sively upgraded and its interacting components con-
sist of the energy-absorbing elements in bottom rails,

Figure 16.43 Volvo S80
‘WHIPS'

Figure 16.44 Volvo new
SIPS airbag

pillars, cross-members, roof and seats, plus energy-
absorbing materials in the doors. This has been sup-
plemented with more, further improved, padding in
all the roof pillars and along the edges of the head-
liner. This material feels hard when it is touched,
but it yields in a 'friendly’ manner and absorbs
energy when it is hit in an impact. The second step
in the continued development of the SIPS system
was the introduction of the SIPS bags in 1994 -
now a standard item on all Volvo cars.

The Volvo side airbag (Figure 16.44) is focated in
the outer part of the backrest and is therefore always
in the optimum protective position in relation to the
occupant. The SIPS further reduces the risk of severe
chest and pelvic injuries, as its function is to kecp
the occupant away from the side of the car. The side
airbags are triggered by electronic sensors, one in the
B pillar and one behind the rear door. Their position
makes the reaction time from moment of impact to
triggering the bag very short — a factor that is of vital
importance in side impacts. However, padding and
side airbags cannot completely make up for what can
happen to the head when the car is hit from the side.




The Inflatable Curtain (1C) was presented
together with WHIPS an an R&D project in 1997,
and is claimed to be the first technical system for
this type of protection. The purpose of the system
(Figure 16.45) is to reduce further injuries in a side
impact by protecting the head and neck of the occu-
pants both in the front and rear seats. The curtains,
one on each side, are woven in one piece and hid-
den inside the roof lining. They cover the upper part
of the interior, from the “A” pillar to the rear side pil-
lar. The same sensors as used with the STPS bags
activate the IC. They are ‘slave’ sensors to a central
sensor, which determines where the impact is and
which bag should be triggered in order to protect
the occupants

If only the rear sensor is affected, the [C is acti-
vated but not the SIPS bag. The curtamn 1s filled
within 2.5 ms and stays inflated about three seconds
in order to provide maximum protection in compli-
cated collisions. The ducts do not cover the entire
surface of the curtain. Instead, they are concen-
trated in the areas that are most likely to be hit by
the occupants’ heads. As a result, the need for gas is
timited and the activation time is minimal. The
ducts act as controlled head restraints and prevent
the head from hitting the inside of the car. The cur-
tain also prevents the head from impacting on colli-
sion obstacles, such as lampposts and similar
objects. The size of the curtain also provides sup-
port, keeping the passengers inside the car instead
of being partiaily thrown out of the side windows.

The protective capacity of the IC remains the
same, regardless of whether the window is open or
closed. When the curtain is activated, it hardly
touches the side window but expands inwards,
moving closer to the heads of the occupants.

Comfort and safety 4

Figure 16.45 Volvo SB0 inflat
curtain

In order to permit the installation of a
facing child seat in the front passenger position,
passenger airbag can be switched on and off us
a switch. This switch, which can be fitted only
a Volvo dealer, works via the ignition key. W
the ignition is turned on, an indicator lamp on
switch comes on and shows whether or not the g
senger airbag is activated. If the switch suffers el
tronic failure, the supplementary restraint sy
(SRS) lamp comes on, just as it does if any of
defect occurs in the SRS system.

16.8.2 Rover electric windows

The circuit of the electric window system used
some Rover vehicles is shown in Figure 16.46.
windows will only operate when the ignitiol
switched on. When the ignition 1s switched on,
window lift relay is energized by the supply {
fuse 18 1n the passenger compartment fuse-bo:
the LG wire, which passes to carth on a B
With the relay energized, the battery supply
fusible link 4 on the N wire feeds the four win
lift fuses on an N/U wire.

The dnver’s window can only be operated fi
the switchblock on the driver’s door, which 1s st
plied from fuse 30 in satellite fuse block 2, on an §
wire. When the “up’ switch is pressed, the feed f&
the fuse crosses the window lift switch and provi
feed to the control unit on a B/Y wire. The cont
unit will now provide a positive supply to the wind
lift motor on a R/U wire and an earth path on an
wire. The window will now move upwards until t
switch is released or it reaches the end of its travel:

When the ‘down’ switch is pressed the sup)
from fuse 30 in sateilite fuse block 2 provides
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feed 1o the control unit on an S/G wire. The control
umt will now connect a positive feed to the window
lift motor on an R/Y wire and an earth path on a
R/U wire. The window will now move downwards
until the switch is released or the window reaches
the end of its travel

The driver’s door window may be fully opened
by moving the driver’s door window switch fully
downwards then releasing it. This will allow a sup-
ply to cross the closed switch contacts and feed the
control unit on an S/B wire. The control unit will
now operate the window lift motor in the downward
direction until the window reaches the end of its
travel. The front passenger’s window can be oper-
ated from the driver’s door switchback or the pas-
senger’s door switchback.

When the ‘up” switch is pressed, the supply from
fuse 29 in satellite fuse block 2 on the N/Y wire
crosses the window lift switch out to the passen-
ger’s window lift switch on an S/B wire, then onto
the window lift motor on a U wire. The earth path
for the window lift motor on an R wire crosses the
passenger’s window lift switch out to the driver’s
door master switch on an S/K wire, through the isol-
ator switch and to earth on a B wire

When the ‘down’ switch is pressed, the supply
from fuse 29 in satellite fuse block 2 on an N/Y
wire crosses the window lift switch out to the pas-
senger’s window lift switch on an S/K wire, then
onto the window lift motor on an R wire. The earth
path for the window lift motor on a U wire crosses
the passenger’s window lift switch out to the driver’s
door master switch on an S/B wire, through the isol-
ator switch and to earth on a B wire.

Comfort and safety. 4,

When the “up’ switch is pressed, the supply frol
fuse 29 in satellite fuse block 2 supplies the passe
ger’s window lift switch on an N/Y wire, then on
the window lift motor on a U wire. The carth pal
for the window lift motor on an R wire crosses the
passenger’s window lift switch out to the driver
door master switch on an S/K wire, through the ia:;l
ator switch and to carth on a B wire. p

When the ‘down’ switch is pressed, the supp&_*
from fuse 29 in satellite fuse block 2 supplies |
passenger’s window lift switch on an N/Y wi
then onto the window lift motor on an R wire.
earth path for the window lift motor on a U wi
crosses the passenger’s window lift switch out o
the driver’s door master switch on an S/B wi
through the isolator switch and to earth on a B wir

Each rear window can be operated from t
driver's door switchback or, provided that the 150l
tion switch in the driver’s door switchback has n:
been pressed, from the switch on each rear door.
operation of the rear windows is similar tn opel
ation to the front passenger’s window.

16.8.3 Jaguar ‘S’ type audio,
communications and telematics

The following information is extracted from inf
mation relating to features on the Jaguar S’ (Fig
16.47). 1t shows the general trend and devel
ments relating to ‘communication’ systems.

For the first time on a production car (Jag
claims), optional voice-activated controls for t
audio (radio/cassette/CD), phone and climate c¢
trol systems, responding to the spoken instructio:

Figure 16.47 Jaguar
S-type
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of the driver, provide safe, hands-free operation.
The system responds to a wide diversity of English
and North American accents, but also provides for
training to recognize a specific voice.

A first for Jaguar is the optional, fully integrated
on-board satellite navigation system using multi-
Tingual, digitized map data on CD-ROM. The system
can point out useful landmarks and points of inter-
est and links with the UK’s Trafficmaster system to
provide real-time data on traffic delays.

The 175 W, 12-speaker, premium sound system,
features two active ‘centre fill” speakers. an active
sub-woofer enclosure and 6-disc CD auto-changer.
Digital sound processing, working with Dolby, pro-
vides special audio effects and compensates for the
number of vehicle occupants.

The premium specification Motorola portable
GSM phone is a factory fit option, combining the
advantages of vehicle integration, safety, convem-
ence and performance with the versatility of a
pocket phone.

16.8.4 Noise control
developments

A hydraulic engine mount, which is clectromcally
controlled in response to the engine vibration, can
significantly reduce noise. Some manufacturers,
however, are now using a much simpler version,
which can switch between hard and soft settings. A
system developed by Lotus is claimed to be as effect-
ive as about 45 kg of sound deadening material.

An exhaust company, “Walker’, has developed
an active muffler for reducing exhaust noise. The

heart of this system is a digital processor. Two
inputs are used, a microphone to measure the noise
from the tailpipe and an engine speed sensor. The
system calculates the correct anti-noise and delivers
this by means of special speaker drivers mounted on
the exhaust system. The residual noise is measured
and adjustments can be made. Because the system is
self-learning it will adapt to the changing noises of
an ageing engine.

The active muffler allows straight gas flow from
the exhaust after the catalytic converter. This allows
improved engine performance that can mean less
fuel is used. An average reduction in fuel consump-
tion of 5% is possible. Future EC directives are
expected relating to exhaust noise, which are cur-
rently set at 77dB (A) in Germany. Larger mufflers
will be needed to comply, which means this system
may well become quite popular

16.8.5 Alarming developments!

Professional car thieves will always find ways around
the latest alarm systems. However, the vehicle man-
ufacturers strive to stay one jump ahead. Tracking
devices can be built-in to an unknown part of the
vehicle’s chassis. This can be activated in the event
of the car being stolen, allowing the police to trace
the vehicle. A system popular in the UK is “Tracker’
and this works as follows.

1. The car is stolen.
2. Depending on the product, the owner tells
“Tracker’ or “Tracker” tell the customer.

Figure 16.48 Since 1993 ‘Tracker’
has helped police forces through-
out the UK recover more than
£35 million worth of stolen vehicles




3. The “Tracker” unit in the car is activated by power-
ful transmitters.

4. Police with tracking computers detect the silent .
homing signal.

5. The police recover the car.

The *Tracker’ unit is a radio transponder. When the
vehicle is reported stolen the police are informed
and the “Tracker’ unit is activated. The unit then
broadcasts a unique reply code, which can be
detected and decoded by police tracking com-
puters, which are fitted in police cars, helicopters and
fixed land sites. The police then track the vehicle,
taking appropriate action. Figure 16.48 shows a
stolen car recovery in action.

A “Tracker’ unit can be fitted to any self-
propelied road vehicle that has a suitable location
where the unit can be hidden. The system currently
only operates in mainland Great Britain. It con-
stantly draws power from the main vehicle battery
but if this is disconnected, a re-chargeable back-up
battery provides power for up to 2 days. The pres-
ence of the unit is not disclosed to the thief, which
means there is a greater likelihood of rapid recov-
ery and minimal damage. The unit is not transfer-
able from one vehicle to another but the new owner
need only pay for the network subscription. Most
insurance companies offer additional discounts of
up to 20% if this system ts fitted

16.8.6 ICE warning

The following is a description of a Blaupunkt ‘New
York RDA 127’ ICE system.

This is a purely high-end system thanks to DSA,
which is an automatic calibration program for lin-
ear frequency response in the car and the “psycho-
acoustic masking’ of driving noises (DNC). An
integrated high-end CD drive 1s included with an
optional opto-changer.

The “Sub-Out’ and the many equalizer functions
demonstrate its serious claim of sophistication
among the high-end car hi-fi systems of today. The
whole spectrum of new car audio technology is
covered along with some fascinating options:

e FM, MW, LW

TIM (Traffic Memo)

Dual-tuner RDS

RDS-EON-PTY

Radiotext

Travelstore

CD 1 bit/8 X Over-sampling
Disc Management System (DMS)
Digital Signal Adaptation (DSA)
Dynamic Noise Covering (DNC)

Comfort and safety

Self-adjusting equalizer

4 X 23 watts RMS power

4 X 35 watts maximum power
Digital-in

Four-channel pre-amp output
Sub-Out

This type of mobile multimedia seems to hi
everything! In spite of high-end performance, it
remains uncomplicated. Good sized, casily reads

important contribution to driving pleasure.
High-end sound technology automatically px
fects the acoustics in the vehicle interior, maska
undesirable driving noises and uses incredible
dynamics and “spatiality” to make listening to
audio system on the road a real experience.

16.8.7 Intelligent airbag sensing
system

Bosch has developed an ‘Intelligent Airbag Sensin
System’ which can determine the right reaction
specific accident situation. The system can contre
onc- or two-stage airbag inflation process via a {w
stage gas generator. Acting on signals from ve
acceleration and belt buckle sensors, which v
according to the severity of the accident, the
generator receives different control pulses. firing
one aitbag stage (de-powering), both stages (f
inflation), or staged inflation with a time interva

Future developments will lead to capabili
for multistage inflation or a controllable scquen
of inflation following a pattern determined by
type of accident and the position of the vehi
occupants. The introduction of an automotive oc
pancy sensing (AOS) unit that uses ultrasonic
infrared sensors will provide further cnhanceme
This additional module will detect seat and chi
occupancy and will be capable of assessing whetl
a passenger is in a particular position, such as fe
on the dashboard! 4

Bosch hopes that the latest radar technology wit
assist the design of a pre-crash sensor capable
detecting an estimated impact speed prior to col
sion, and activating individual restraint system:
such as seat-belt pre-tensioners. Or, if necessary, all
available restraint systems. Figure 16.49 shows
representation of this system

16.8.8 ICE system - digital
recordable radio

The Woodstock DAB 53 digital car radio fro
Blaupunkt contains some interesting features. Digita
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audio broadcasting (DAB) is now fully available.
Compared to the paths of transmission used up to
now, DAB provides considerably improved reception
characteristics in terms of quality. It effectively elim-
inates the interference caused by multi-path recep-
tion or fluctuating signal strength

The unit is equipped with an impressive new
feature: while driving, the driver can record DAB
programs at the touch of a button and play them
back again. Blaupunkt selected the multimedia card
{MMC), one of the smallest. most modern storage
mediums currently available in the world, as the most

Figure 16.49 Intelligent airbag system

suitable medium for the innovative new “Recordable
feature. In addition, the multimedia card and the inte-
grated CD audio/MP3 drive make it possible to play
music in the MP3 format. This provides up to twelve
hours of sounds from a single CD-ROM.

The set is fully digital and can be installed in the
standard radio compartment of any vehicle. It is
able to process all the audio signals of the DAB
transmission system digitally and has been equipped
to receive radio stations on the FM, MW and LW
wavebands. For FM reception the digital tuner con-
cept provides excellent sound quality and RDS
(Radio Data System) makes sure that the radio always
tunes into the best available frequency.

T'he Woodstock DAB 53 has been equipped with
a 4 X 45W output stage and a 4-channel preamp
out. The radio can also be connected to a hands-free
telephone system and is able 10 operate a CD
changer. The front panel folds down to reveal the
CD and MMC slots. As effective theft protection,
the operating panel can be removed.

16.8.9 Reverse sensing/
parking aid

A Reverse Sensing System is a reverse only parking
aid system that uses sensors mounted in the rear

FIGITHLRALID
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BLAUPUNKT

Figure 16.50 Digital audio broadcast recordable radio {Source: Bosch)




bumper. Parking aid systems feature both front and
rear sensors. As the vehicle approaches large

objects, such as other vehicles or general obstacles, _

it beeps warning sounds. The frequency of beeping
increases as the object is approached - until a solid
tone is emitted at a distance of about 25¢m
(10 inches).

Low-cost, high-performance ultrasonic range
sensors are fitted to the vehicle. Generally, four
intelligent sensors are used to form a detection zone
as wide as the vehicle. A microprocessor monitors
the sensors and emits audible beeps during slow
reverse parking to help the driver back up or park
the vehicle.

This leads to casier and convenient reversing
and parking manoeuvres, especially for vehicles
where drivers have limited view at the front, rear or
corners of the vehicle.

16.8.10 Alarms and immobilizers

The anti-theft alarm circuit shown here is typical of
many. As with all complex systems it can be con-
sidered as a black box with inputs and outputs. The
inputs are signals from key and lock switches as
well as monitoring sensors. The outputs are the
alarm horn and the hazard lights but also starter
inhibitor relays, etc.

VOICE ACTIVATION
{CONTROL SYEYENS)

REVERSE A1DS

INTELLIGENT TRANSPORTATION
BYSTEMS DATABUS

PREVAMIT BY
il fetor' cmpany

Comfort and safety 4

Alarm system

This system can be operated by remote control
using the Key in a door lock. When first activate
the system checks that the doors and tailgate a
closed by monitoring the appropnate switches,
all is in order, the anti-theft system is then activale
after a 20-second delay. The function indicator I
flashes rapidly during this time and then slowly on
the system is fully active.

The alarm can be triggered in a number of wi

o Opening a door, the tailgate or the bonnet/hoot
o Removal of the radio connector loop.

e Switching on the ignition. -y
® Movement inside the vehicle. Y

If the alarm 1s triggered the horn operates for 3
seconds and the hazard lights for 5 minutes. Tl
stops if the remote key or door key is used to unlock
the vehicle.

Passive anti-theft system (PATS)
This system is a vehicle immobilizer developed
Ford. It is activated directly through the ignitiy
switch by means of an electronic code stored
special key. Each key has a transponder that sto
the code, which does not require a batterv. The k
code is read by the receiver (which is part of |

ELECTRONIC MESSAGING

BMANT CRUIBE COMTRO:

Figure 16.51 Reversing aid as part of a control system (Source: Ford) 1



434 Automobile electrical and elecironic systems

Q==

Oagl

1

LN

e
e
)

e

L

I@h,

.dé‘p

s

o oe

Figure 16.52 Anti-theft alarm system with remote controt and interior monicoring (Source: Ford). 1. Battery supply. 2. Hazard lights.
3. Hazard lights alarm relay. 4. Earth/Ground. 5. Diagnostic connector. 6. Bonnet/Hood switch. 7. Connector for radio theft protection.
8. Function light. 9. Input signal locked/unlocked. 10. 1gnition supply. 11. Battery supply. 12. Anti-theft alarm ECU. 13. Left/Right door key
switch. 14. Door switches. 15. Infrared receiver. 16. Ultrasound sensors. 17. Horn. 18, Tailgate switch, 19. Tailgate key switch

ignition switch) when the key is turned from pos-
ition 0 to 1 or 2 (usually marked as 1 or II). If the
code matches the one stored in the module, then it
allows the engine to start. These systems operate
independently of the alarm.

Key programming
Some keys and/or remotes for later vehicles may
need to be reprogrammed if, for example, the battery
goes flat or a new key is required. There are several
methods of programming remote keys. However,
different manufacturers use various methods and it is
therefore not possible to cover all of these. A few
methods are described here as examples.
PATS key programming:

In earlier systems a red key is used as a master:;
it is exactly the same as the other keys apart from

its colour. This key is the only one that can program
new keys - if lost the whole system has to be repro-
grammed by a dealer - and a new master supplied.

To program a red key system insert the master
key into the ignition and turn it to position 11. When
the light on the clock goes out remove the key. The
tight will come back on if the master key was used.
While the light is still on, insert the new key and
turn to position II. The light will flash twice and the
key is programmed.

To program a two key system both of the ori-
ginal keys are needed. Insert the keys one after the
other in the ignition, turn to position II and then
remove. After the second key is removed, insert the
new un-programmed key, switch to position 11 and
then remove it. The new key is now programmed.

Remember not to put an un-programmed PATS
key in the ignition unless following the above
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Figure 16.53 PATS components (Source: Ford). 1. Key with integrated transponder. 2. Transmitter/Receiver. 3. PATS madule.

start — yes/no. 5. Clock with integrated function indicator

procedure - it will immobilize the vehicle for
30 minutes!
Remote keys (example only):

Switch the ignition from | to 1T quickly 4 times —
this ifluminates the alarm warning light. Remove
the key from the ignition and point it at the remote
sensor (interior mirror usually). Press and hold one
of the buttons until the light on the remote flashes.
Keep holding the first button, press the other button
3 times and finally release both buttons. The light
on the remote and the warning light will flash §
times — the remote key is now programmed.

On some vehicles, switching the ignition from I
to 1T quickly 4 times will activate a chime. Remove
the key and press any of the buttons to activate
another chime. Finally, replace the key and turn
the ignition to position 1l - the remote key is now
programmed.

Comfort and safety

A useful tip is that on many remotes cha
the batteries within 15 seconds will mean t
not need to be reprogrammed.

Fault diagnosis

Many vehicle manufacturers use equipment
nected to a diagnostic link connector (DLC) to
several systems, including alarms. Ths is the
DLC as used for engine management diagna
See the sections on OBD for more details.
equipment 1s becoming available that can be us
independent repairers. However, it is not oftel
effective to purchase this for specific vehicles.

As with others, an alarm system can be tre
as a black box system. In other words, checking
inputs and outputs for correct operation mean:
complexity inside the ECU can be largely ignoi
Note that most alarms will not set if the mi
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Table 16.1 Common symptoms and possible faults of comfort systems

Symptom Possible faule

Radio interference ® Tracking HT components.
& Static build-up on isolated body panels.
® High resistance or open circuit aerial earth.
& Suppression device open circuit.

Electric windows not operating If all windows not operating:
® Open circuit in main supply.
* Main fuse blown.
® Relay coil or contacts open circuit or high resistance.

If one window is not operating:

Cruise control will not set

Fuse blown.

Control switch open circuit.

Motor seized or open circuit.
Back-off safety circuit signal incorrect.

Brake switch sticking on.

Safety valve/circuit fault.

Diaphragm holed.

Actuating motor open circuit or seized.
Steering wheel slip ring open circuit.
Supply/earth/fuse open circuit.

is Tecelving an incorrect input signal when it is
activated (door switch open/closed for example). A
generic diagnostic procedure for an anti-theft alarm
system is listed as follows (a circuit diagram helps
but is not essential):

1. Check ignition and battery power supplies and
carth/ground connections to the alarm module.

2. Test operation of all ‘entry’ switches at the mod-
ule connector. Look for a low/high voltage as the
switches are operated. If incorrect, trace the spe-
cific circuit after testing the switch itself.

3. Measure the voltage signals from the key
switches as the key is turned in each lock.

4. Check the radio loop circuit for continuity.

. Test continuity of ultrasonic sensor wiring if fitted.

6. The horn/siren can be tested using a fused jumper
wire (disconnect it first).

(v

Important: Only use a digital volimeter for the
lests because a lamp could overload a circuit in the
module.

Remember, most electrical faults are simple —
broken wires or connectors or open circuit switches.
Don’t be too hasty in condemning the ECU/module!

16.9 Diagnosing comfort
and safety system faults

16.9.1 Introduction

As with all systems the six stages of fault-finding
should be fotlowed.

L. Verify the fault.

2. Cottect turther information.

3. Evaluate the evidence.

4. Carry out further tests in a logical sequence.
5. Rectify the problem.

6. Check all systems.

The procedure outlined in the next section is related
primarily to stage 4 of the process. Table 16.1 lists
just a few faults as examples for this chapter.

16.9.2 Testing procedure

The following procedure is very generic but with a
little adaptation can be applied to any electrical sys-
tem. Refer to the manufacturer’s recommendations
if in any doubt. The process of checking any system
circuit is broadly as follows.

1. Hand and eye checks (loose wires, loose
switches and other obvious faults) — all connec-
tions clean and tight.

2. Check battery (see Chapter 5) — must be 70%
charged.

3. Check motor/solenoid/linkage/bulbs/unit — visual
check.

4. Fuse continuity - (do not trust your eyes) volt-
age at both sides with a meter or a test lamp.

5. If used, does the relay click (if yes, jump to stage
8) — this means the relay has operated, but it is
not necessarily making contact.

6. Supply to switch — battery volts.

7. Supply from the switch — battery volts.

8. Supplies to relay — battery volts.




9. Feed out of the relay — battery volts.
10. Voltage supply to the motor — within 0.5V of
the battery.
11. Earth circuit (continuity or voltage) -0 or 0 V.

16.9.3 ECU auto-diagnostic
function

Many ECUs are equipped to advise the driver of a
fault in the system and to aid the repairer in detec-
tion of the problem. The detected fault is first noti-
fied to the driver by a dashboard warning light. A
code giving the details is held in RAM within the
ECU. The repairer, as an aid to fault-finding, can
read this fault code.

Each fault detected is memorized as a numerical
code and can only be erased by a voluntary action.
Only serious faults will light the lamp but minor
faults are still recorded in memory. The faults are
memorized n the order of occurrence.

Faults can be read as two-digit numbers from the
flashing warning light by shorting a diagnostic wire
to earth for more than 2.5 seconds but less than
10 seconds. Earthing this wire for more than 10 sec-
onds will erase the fault memory as does removing
the ECU constant battery supply. Earthing a wire to
read fault codes should only be carried out in accord-
ance with the manufacturer’s recommendations.
The same coded signals can be more easily read on
many after-sales service testers. On some systems it
is not possible to read the fault codes without a
code reader.

16.9.4 Fault-finding by luck

if four electric windows stopped working at the
same time, it would be very unlikely that all four
motors had burned out. On the other hand, if just
one electric window stopped working, then it may
be reasonable to suspect the motor. It is this type
of reasoning that is necessary when fault-finding.
However, be warned, it is theoretically possible
for four motors to burn out apparently all at the
same time!

Using this “playing the odds’ technique can save
time when tracing a fault ip a vehicle system. For
example, 1f both stop lights do not work and every-
thing else on the vehicle is OK, I would suspect the
switch (stages 1 to 3 of the normal process). At this
stage though, the fault could be anywhere — even
two or three blown bulbs. Nonetheless a quick test
at the switch with a voltmeter would prove the
point. Now, let us assume the switch is OK and it
produces an output when the brake pedal is pushed
down. Testing the length of wire from the front to

»  Figure 16.54 Representation of a wire with an open cire:
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between ‘H’ and 1’

the back of the vehicle further illustrates how “lu
comes into play.

Figure 16.54 represents the main supply wil
from the brake switch to the point where the wi
“divides’ to each individual stop light (the odds s
the fault must be in this wire). For the purpose ¢
this illustration we will assume the open circuil
just before point ‘I’. The procedure continues ng
one of the two following ways. 1

One
o Guess that the fault is in the first half and test
pomnt F. o
® We were wrong! Guess that the fault is in 1l
first half of the second half and test at point |
o We were right! Check at H and we have 1l
fault ... On test number three.

Two
e Test from A to K in a logical sequence of tests
® We would find the fault ... On test number s

You may choose which method you prefer!

16.10 Advanced comfort
and safety systems
technology

16.10.1 Cruise control and
system response

Figure 1655 shows a block diagram of a crui
control ECU. Many cruise control systems work by
the proportional-integral contro} technique. Propor-
tional control means that an error signal is deve
oped via the feedback loop, which is proportiona;
to the difference between the required and actual
outputs. The final output of a cruise control syste
is the vehicle speed but this depends on the throttle
position, which is controtled by the actuator. The
system electronics must take into account the lag
between throttle movement and the required change
m vehicle speed. \

If the system overreacts, then the vehicie spee
would become too high and then an over-reaction
would cause the speed to become too low and so on.
In other words, the system is not damped correctly
(under damped) and will oscillate, much like a
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Figure 16.55 Cruise control system — detailed block diagram

Under dampng
Speed ’I' Optimal dampmg
— / Critical dampmng
Comma| B )\//$/ e
speed / // — //4'
T Qver damping
// //
1 //
|
174
’ i ' Time

Figure 16.56 Damping factors

suspension spring without a damper. Proportional
control alone is prone to this problem because of
steady-state errors in the system. To improve on
this, good system design will also include integral
control. Thus, the final signal will be the sum of
proportional and integral control signals. An inte-
gral controller produces a signal, which is a ramp,
increasing or decreasing, proporttonal to the ori-
ginal error signal.

The use of integral control causes the final error
signal to tend towards zero. The combination there-
fore of these two forms of control in the weighting
given to each determines the damping factor of the
contro} electronics. Figure 16.56 shows the effect
on vehicle speed of different damping factors.
These four responses are well known in engineer-
ing and electronics and can be modelled by math-
ematics to calculate the response of a system.

The above technique can be based on analogue
or digital electronics. The principle is much the
same in that for any system the proportional and

integral control can be used. The theoretical values
can be calculated prior to circuit design as follows:

G=wi M
Gp = Rda, M) — (

where (;, = integral gain, GG, = proportional gain,
w, = natural frequency of the system (27/,),
M = mass of the vehicle, ("= experimentally
determined frictional factor (mechanical), and
d = damping coefFicient.

16.10.2 Radio suppresser
calculations

Capacitors and inductors are used to act as filters.
This is achieved by using the changing value of
‘resistance’ to alternating signals as the frequency
increases. The correct term for this resistance is
either capacitive or mductive reactance. These can
be calculated as follows:

2
X, = 2nfL

where X = capacitive reactance (chms), X =
inductive reactance (ohms), (' = capacitance
(farads), /. = inductance (henrys), = frequency of
the interference (hertz).

Using the above formulae gives the following
results with a 0.1 mF capacitor and a 300 mH
inductor, first at 50 Hz and then at 1 MHz.

Frequency 100 Hz 1MHz

Capacitive reactance 155k 160
Inductive reactance 0.180) 1.9K

By choosing suitable vatues of a capacitor in paral-
lel and or an inductor in series it is possible to filter
out unwanted signals of certain frequencies. To
home in on a specific or resonant frequency a com-
bination of a capacitor and inductor can be used.
The resonant frequency of this combination can be
calculated:

gt

— =
2mv i

When the range of the interference frequency is
known, suitable values of components can be deter-
mined to filter out its effect.




16.11 New developments
in comfort and safety
systems

16.11.1 Key words

Remote keyless entry (RKE)

Remote keyless entry has been a feature on many
cars for a number of years. Remote keys work by
transmitting either radio frequency or infrared sig-
nals. Door locking is controlled by a small hand-
held transmitter and a receiver unit, as well as a
decoder in the main control unit. This layout varies
slightly between different manufacturers.

When the remote key is operated (by pressing a
small switch), a complex code is transmitted. The
number of codes used is in excess of 50000. The
receiver sensor picks up this code and sends it in an
electrical form to the main control unit. If the
received code Is correct, the relays are triggered and
the doors are either locked or unlocked. On some
systems, if an incorrect code is received on three
consecutive occasions when attempting to unlock
the doors, the system will switch itself off until the
door is opened by the key. This action resets the sys-
tem and allows the correct code to operate the locks
again. This technique prevents a scanning type
transmitter unit from being used to open the doors.

Passive keyless entry (PKE)

Passive keyless entry systems' mean the driver

doesn’t even need to press a button to unlock the
vehicle! The electronic key 1s simply carried in a

! Joerge Becker, Passive Keyless Entry and Drive Systems,
Auto Technology. June 2002

*

Comfort and safety 138

¥

4

Figure 16.57 Standard key and
remote transmiccer

Passive Keyless Entry
Bidircctional _'ﬁ
Identify friend or foe (IFF} = i
Transmit range 315 to 900 MHz

Receive range 125 kHz to 1356 MHa

Remote Keyless Entry
Unidirectional
Code hopping
Frequency range 315 to 900 MHz

Figure 16.58 Remote and Passive Keyless Entry systems

Figure 16.59 Numerical keypad on the door (Source: Ford)

pocket, on a belt clip or in a bag. The controllers in
the doors communicate with the key using radio
frequency (RF). This action determines if the cor-
rect key is present and, if it is, the doors are unlocked.
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This communication event is triggered by lifting
the door handle, or in some cases the vehicle will
even unlock as the key holder approaches it.

PKE systems need the same level of security as
any other remote locking method. Conventional
RKE is a umidirectional process. In other words,
signals are only sent from the key to the receiver.
With PKE the communication is two-way. This is
because the PKE system carnies out an “identity
friend or foe” (IFF) operation for security purposes.
The vehicle sends a random challenge to the key;
the key encrypts this value and sends it back to the
vehicle. The vehicle then performs the same
encryption, compares the result with that sent by
the key, and unlocks the doors if the values match.

Battery life is a critical issue for PKE. To obtain the
required range of operation, 1.5 m (5 ft), the detection
circuit in the key needs to be sensitive enough to
detect just a few mV; this consumes significant power.
There is also an issue with power consumption for
the base station (vehicle) if the doors are designed to
unlock as the key approaches. To achieve this the
base station must poll continuously. In other words,
it must keep looking for the key. This consumes bat-
tery power, which could be an issue if the vehicle was
left for a long period. However, this method does have
the advantage that the doors will always be locked
unless a key is present.

If the method of lifting a handle 15 used as a trig-
ger, then no power is consumed until needed. The
down side of this method is that the user will want to
feel the door unlock as the handle is lifted. However,
Texas Instruments has developed a low-frequency RF
chip. With a standby current of 5 pA and less than
10mV peak-to-peak sensitivity, the chip therefore
provides a long battery life. It comes in an industry-~
standard package smalt enough to fit into a key fob or
credit card device. This type of system is likely to
become very common. Some PKE systems can even
be set up to recognize multipte keys. The car could
even be programmed to ‘know’ who was driving and
set seat and mirror positions automatically!

Passive keyless go and exit

When the driver enters a car the key remains in a
‘pocket” or at least it will be inside the vehicle. This
means assuming that the key is being recognized,
engine starting can be by a simple start button. As the
button is pressed the same authentication process
that takes place for the door locks starts, The engine
can only be started if the key is inside the car, which is
a technical challenge for the designers. For example,
the key could be in a jacket hanging above the back
seat, or it could be in the jacket outside on the roof.

Philips Semiconductors have produced a system
with receive signal strength identification (RSSI),
which can detect whether the key is inside or outside
the vehicle. After the occupants have left the vehi-
cle, the doors can be locked by pressing a handle or
as the driver leaves the vicinity. ‘Inside/outside’
detection is also necessary for this scenario so the
key cannot be locked in the car.

Keypad entry

In vehicles equipped with a keypad entry system, the
vehicle doors and the boot can be locked and
uniocked without using a key Before unlocking the
boot or a passenger door, the dniver’s door must be
unlocked. Usually, if more than five seconds pass
between pressing numbers on the keypad, the system
will shut down and the code has to be entered agan.

To unlock the driver’s door, the factory code or a
personal code is cntered. All codes have five num-
bers. Afier the fifth number is pressed, the driver’s
door unlocks. The passenger doors can then be
unlocked by pressing the 3/4 button within five sec-
onds of unlocking the driver’s door. To unlock the
boot, the 5/6 button must also be pressed within
five seconds. If this time is exceeded, the code to
open the driver’s door must be re-entered.

The keypad can also be used to lock the doors.
To lock alt of the car doors at the same tine, 7/8 and
9/0 need to be pressed at the same time. It is not
necessary to enter the keypad code. This will also
arm the anti-theft system if fitted.

16.11.2 GM Dialogue Manager

A new technology that “knows’ when drivers are
too busy to receive certain information has been
developed by GM-Saab. As drivers demand more
information from their vehicles, manufacturers
need to find ways to deliver it safely. The technol-
ogy 1s designed to lessen attention demands on the
driver and adjust certain vehicle information based
on driver status and/or preference.

The system is designed to manage information
flow to the driver based upon the current driving
environment. To do this, the technology takes into
account vehicle factors such as speed, wiper move-
ment and other vehicle data. Based on these factors,
the Dialogue Manager decides if it is a good time to
relay messages to the driver via the information
centre. If the ‘vehicle’ perceives that the driver is
experiencing a demanding driving environment, the
system will delay messages that aren’t safety-critical
until the car senses a less demanding situation.

Systems such as this are designed to reduce
driver workload; a term for both physical and mental




demands on a driver. GM researchers are already
working on more sophisticated versions of the
Dialogue Manager. These will take into account
more vehicle factors and classify vehicle informa-
tion into more categories.

One example of a more sophisticated version of
the Dialogue Manager is that it would enable a vehicle
to map out a travel route for the driver - without man-
ual input of an address — based solely on the correct
tecognition of the driver and their personal calendar
and appointments scheduled for that day. Eventually
this technology would also be capable of identifying
a delay in the onginal route, resulting in the vehicle
modifying the route to achieve both energy and time
efficiency. Another example could allow the vehicle
to detay an incoming call from an embedded phone
when demanding situations are identificd.?

16.12 Self-assessment

16.12.1 Questions

1. State what is meant by active and passive
safety.

2. Draw a simple motor reverse circuit and
explain its operation.

3. Describe briefly six features of a high-end ICE
system.

4. State five sources of radio interference.

5. Explain why fault-finding sometimes involves
“playing the odds’.

6. Describe the operating sequence of a driver’s
airbag.

7. Define ‘Latching relay’.

8 Describe, with the aid of a block diagram, the
operation of a cruise control system.

9. State four advantages of an intelligent airbag.

10. Explain the key features of a top-end alarm

system.

16.12.2 Assignment

Investigate the development of the ‘Auto PC” with
particular reference to;

e Digital map databases.
o Vehicle diagnostics programs.

Produce a report on some of the issues connected
with these developments. A good technique for start-
ing on this type of assignment is to ask the question:
“Who gains and who loses?’

Consider also issues of updating and cost.

'GM, 2003, Press information
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16.12.3 Multiple choice questions 1

An electric window has a Hall type sensor fitied:

“ Technician A says this is used to determine the win

dow position. Technician B says this is part of the
‘bounce back’ safety feature. Who is right?

1. Aonly

2. B only

3. BothA and B

4. Neither A nor B

A window lift motor drives through a worm gein
because this:

1. mcreases speed and torque

2. reduces speed and torque

3. increases speed and reduces torque

4. reduces speed and increases torque

The frequency reproduction from a ‘tweeter’ lype
speaker would be described as:

1. high

2. middle range

3. low

4. very low

In order for a radio to interrupt listening and broad-
cast traffic announcements it will receive signa
described as:

1. AM

2. RDS

3. CD

4. PG

When discussing ways in which to disable a vehicl
to prevent theft, Technician A says two ways to d
this are ignition circuit cut-off and fuel system cut=
off. Technician B says starter circuit cut-off and
engine ECU code lock. Who is right?

1. A only

2. Bonly

3. BothA and B

4. Neither A nor B

Which of the following would provide an input sig- '.
nal to an alarm system:

1. volumetric sensor :
2. volumetric transmitter !

3. ignition immobilizer
4. unbroken loop circuit

Which of the following would be reparded as a pas-
sive safety feature:

1. airbag

2. seat-belt

3. belt tensioner

4. all of the above

i Bl i AL A
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Which of the following would be regarded as an
active safety feature:

. good road holding
. side airbags

. seat-belt tensioner
. all of the above

LN -

Following a frontal impact, the time taken to fully
inflate an airbag will be approximately:

1. 10ms

2. 20ms

3. 30ms
4. 40ms

To prevent the risk of accidental deployment of an

airbag:

1. remove the SRS fuse and wait 10 minutes

2. remove the SRS fuse and discharge the capaci-
tors manually

3. wait 10 seconds and remove the SRS fuse

4. wait 10 seconds and discharge the capacitors
manually
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Electric vehicles

17.1 Electric traction

17.1.1 Introduction

The pressure to produce a non-fossil-fuel vehicle is
increasing. Indeed, recent legislation has set the
requrement for the production of zero emission
vehicles (ZEVs). The development of the electric
vehicle is still in a state of flux (pun intended),
but some major manufacturers now have electric
vehicles available for sale to the general public.

In 1990, General Motors announced that its EV,
the ‘Impact’, could accelerate to 100km/h in just
8s, had a top speed of 160km/h (100 mile/h) and
had a range of 240 km between charges. Running
costs were about double the fossil-fuel equivalent
but this cost was falling. The car was a totally new
design with drag-reducing tyres and brakes which,
when engaged, act as generators (regenerative brak-
ing). The car was powered by a 397 kg array of
advanced gel electrolyte lead-acid batteries (32 at
10 V) and two small AC electric motors to drive the
front wheels. The recharging time was about 2 hours
but this could be reduced to 1 hour in an emer-
gency. This was very impressive, but things have
moved on still.

The following sections look at some of the
issues in more detail, but the subject of ‘electric
vehicles™ could (and does) fill many books in its
own right. This chapter is presented as an introduc-
tion to a technology that is certain to become a
major part of the general motor trade. The ‘Case
Studies’ section looks, amongst other things, at two
EVs in current use.

17.1.2 Electric drive vehicle
layout

Figure 17.1 shows the general layout in block di
gram form of an electric vehicle (EV). Note that t
drive batteries are often a few hundred volts, so
lower 12/24 V system is still required for “norma
lighting and other systems. Some of the compe
ents shown are optional.

17.1.3 EV batteries

A number of options are available when designin
the electric car but, at the risk of over-simplificatio
the most important choice is the type of battenes,

Table 17.1 summarizes the current choice rel
ing to batteries and will allow some comparison:
be made. Further details relating to some of th
and other battery developments can be foun
Chapter 5.

Currently the main advantage of lead-acid
teries is the existing mature technology. whic
accepted by the motor industry. The disadvantag
their relatively low specific power. The sodiu
sulphur battery is a good contender but has a
greater cost and new technologies are nceded to co
with the operating conditions such as the high te;
peratures. Significant developments are occurmin,
relation to lithium-based batteries. However, mc
batteries in general use are lead-acid or nickel-|

17.1.4 Drive motors

There are several choices of the type of drive mot
The basic choice is between an AC and a DC mot

e Y e

Iumwr -4 ococ
L ¢

battery N — corwurier A

Figure 17.1 General electric vehicle (EV) fayout
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Table 17.1 Factors relating to batteries

Bactery Symbols  Specific energy, Relative cost per  Operating Cycle life, 80%
Whikg (Watt hours  kWhh (average temperature  depth of
per kilogram) est.in 1994) range,°C discharge {DOD)
Lead-acid Pb-Acid  27-33 1 0-60 450-600
Nickel-cadmium NiCd 3564 10 —20-60 2000-500
Nickel-mewl-hydnde  NiMH 50-51 8 —20-60 500
Nickel-iron NiFe 5t 8 —20-60 1000
Zinc-bromine ZnBr 56 5 500
Nickel-zinc NiZn 73-79 35 —20-60 600
Lithium-ion/polymer  Li-ion 9 = —20-60 1200-2000
Sodwm-sulphur Na$S 79-81 65 300-380 1000
Silver-zinc AgZn 117-139 15 100
Zinc air Zn-Air 144161 15 —20-40 150
The AC motor offers many control advantages but 3 phase supply
requires the DC produced by the batteries to be con-
verted using an inverter. A DC shunt wound motor
rated at about 50kW is a popular choice for the
smaller vehicles but AC motors are likely to become
the most popular. The drive motors can be classed
as AC or DC but it becomes difficult to describe the . Sator
distinctions between and AC motor and a brushless windings
DC motor.
AC motors
In general, all AC motors work on the same prin- [Esquel
ciple. A three-phase winding is distributed round a ;‘:,

laminated stator and sets up a rotating magnetic
field that the rotor ‘follows™. The speed of this
rotating field and hence the rotor can be calculated:

n=60i
P

where n = speed in tev/min; /= frequency of the
supply: and p = number of pole pairs.

Asynchronous motor

The asynchronous motor is often used with a squir-
rel cage rotor made up of a number of pole pairs.
The stator is usually three-phase and can be star
or detta wound. This is shown in Figure 17.2. The
rotating magnetic field in the stator induces an
EMF in the rotor which, because it is a complete
circuit, causes current to flow. This creates magnet-
ism, which reacts to the original field caused by the
stator, and hence the rotor rotates. The amount of
slip (difference in rotor and field speed) is about
5% when the motor is at its most efficient.

Synchronous with permanent
excitation

'his motor has a wound rotor known as the
inductor, which is a winding magnetized by a DC

Figure 17.2 An asynchronous motor is used with a squirrel
cage rotor made up of a number of pole pairs

supply, via two slip rings. The magnetism “locks on’
to the rotating magnetic field and produces a con-
stant torque. If the speed is less than n (see above),
fluctuating torque occurs and high current can flow.
This motor needs special arrangements for starting
rotation. An advantage, however, is that it makes an
ideal generator. The normal vehicle alternator is
very similar. Figure 17.3 shows a representation of
the synchronous motor.

EC motors (electronically
controlled)

The EC motor is, in effect, half way between an AC
and a DC motor. Figure 17.4 shows a representation
of this system. Its principle is very similar to the
synchronous motor above except the rotor contains
permanent magnets and hence no slip rings. It is
sometimes known as a brushless motor. The rotor
operates a sensor, which provides feedback to the
control and power electronics. This control system
produces a rotating field, the frequency of which
determines motor speed. When used as a drive
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Figure 17.3 Representation of the synchronous motor
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Figure 17.4 The EC motor is, in effect, halfway between an
AC and a DC motor

motor, a gearbox 1s needed to ensure sufficient speed
of the motor is maintained because of its particular
torque characteristics. Some schools of thought
suggest that if the motor is supplied with square-
wave pulses it is DC, and if supplied with sine wave
pulses then it is AC. This leaves a problem describing
motors supplied with trapezoidal signals!

DC motor - series wound

The DC motor is a well proven device and has been
used for many years on electric vehicles such as
milk floats and fork lift trucks. fts main disadvan-
tage 1s that the high current has to flow through the
brushes and commutator.

The DC series wound motor has well known
properties of high torque at low speeds. Figure 17.5
shows how a series wound motor can be controtled
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Figure 17.5 A series wound motor can be conrrolled using & +
thyristor and can also provide simple regenerative braking

-—

using a thyristor and also provide simple regenerativ
braking. A"

DC motor — separately excited
shunt wound

The fields can be controlled either by adding
resistance or using chopper control in order to val
the speed. Start-up torque can be a problem bu
with a suitable controller, can be overcome. This
motor is also suitable for regenerative braking b!
increasing field strength at the appropriate tim
Some EV drive systems only vary the field powei
for normal driving and this can be a problem a
slow speeds due to high current. Y

17.1.5 EV summary

The concept of the electric vehicle is not new, the
essential battery technology was developed in the
late 19th century and many such cars were being
manufactured by the year 1900. Although some
models achieved high speeds at that time, the elec-
tric car was generally slow and expensive to oper-
ate. Its range was also limited by its dependence on
facilities to recharge the battery. Many of these
problems have been overcome, but not all of them,
Cost is still an issue, but ‘cost’ is a relative value and
when the consequences of pollution are considered
the ‘cost’ may not be as high as it appears.
Although advances in battery technology have
increased the range of the EV, the maximum cruising
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speed is also limited, as is the number of accessories
that can be placed on the car. On the other hand, the
electric car is expected to be mechanically more
dependable and durable than its fossil-fuelled
equivalent.

17.2 Hybrid vehicles

17.2.1 iIntroduction

The concept of a combined power source vehicle is
simple. Internal combustion (IC) engines produce
dangerous emissions and have poor efficiency at
part load. Electric drives produce ‘70’ emissions
but have a limited range. The solution is to combine
the best aspects and minimize the worst. Such is the
principle of the hybrid drive system.

One way of using this type of vehicle is to use
the electric drive in slow traffic and towns, and
to use the IC engine on the open road. This could
be the most appropriate way for reducing pollution
1 the towns. Sophisticated control systems actually
allow even better usage such that under certain con-
ditions both the motor and the engine can be used

17.2.2 Types of hybrid drives

Figure 17.6 shows how the principle of hybrid drive
can be applied in a number of ways. It 1s also pos-
stble to use different types of engine such as petrol,
dieset or even gas turbine. The layout of the drives
can be thought of as series or parallel. The parallel
arrangement seems to be proving to be more popu-
lar due to its greater flexibility. The series arrange-
ment, however, allows the fossil-fuel engine to
run at a constant speed driving the generator. This
makes use of the combustion engine in its own right
more efficient, but the double energy conversion
process (mechanical to electrical to mechanical) is
less efficient than driving the vehicle transmission

Series Parallel Paralle!

Figure 17.6 The hybrid drive principle can be applied in a
number of ways

directly. The other advantage of series connection is
that a transmission {gearbox) is not essential.

17.2.3 Summary

The hybrid or combined power source vehicle is
likely to become popular. It appears to be the ideal
and obvious compromise whilst drive and battery
technology is developing. It may become possible
in the future to produce a fossil-fuel engine which,
when running at a constant speed, will produce a
level of emissions that, if not zero, is very close to
zero. This, when combined with a highly efficient
electric motor and battery storage system, may be
an acceptable ZEV (zero emission vehicle).

[t has now become accepted that there will be no
miracle battery, at least in the foreseeable future.
The energy density of fossil fuels is of an order of
magnitude beyond any type of battery. This gives
further credence to the hybrid design.

17.3 Case studies

17.3.1 General motors - EV-1
(1999 version)

General Motors has arguably led the motor industry
i electric vehicle development since the 1960s
and, most recently, has made a major commit-
ment of nearly half a billion dollars to its Impact
and PrEView electric vehicle development pro-
grammes. As a direct result of these initiatives, GM
developed the EV-1 electric car as the world’s first
specifically designed production electric vehicle,
and became the first to go on sale (in the USA) in
1996. The EV-1 is shown in Figure 17.7.

Marketed as a stylish two-passenger coupe, the
EV-1 has a drag coefTicient of just 0.19 and an alu-
minium spaceframe chassis (40% lighter than steel)
with compostte body panels. Weighing just 1350kg
in total, the car has an electronically regulated top
speed of 128 km/h (80 mile/h) - although a proto-
type EV-1 actually holds the world land-speed
record for electric vehicles at 293 km/h (183 mile/h)!
It can reach 96 km/h (60 mile/h) from a standing
start in less than 9s. The key to the success of the
EV-1 is its electrical powertrain, based on a 103 kW
(137HP) three-phase AC induction motor with an
integral, single-speed, dual-reduction gear-set driv-
ing the front wheels. The unit requires no routine
maintenance for over 160000 km (100 000 miles).

The battery pack uses 26, 12 V maintenance-free
lead-acid batteries, giving a total voltage of 312V
and a range of 112km (70 miles) per charge in




urban conditions and {44 km (90 miles) on the open
road. However, new nickel-metal-hydride (NiMH)
batteries were phased into production during 1998,
almost doubling the EV-1’s range to 224 km (140
miles) in the city and 252 km (160 miles) on high-
ways. An innovative regenerative braking system
helps to extend that range still further by converting
the energy used when braking back into electricity
in order to recharge the battery pack partiaily

Full recharging can be carried out safely in ail
weather conditions and takes 3-4 hours using a 220 V
standard charger or 15 hours using the on-board
110 V convenience charger. Compared with normal
fossil fuels, the lower cost of domestic electricity
means operating costs are relatively fow.

Regenerative braking is accomplished by using
a blended combination of front hydraulic disc and
rear electrically applied drum brakes and the elec-
tric propulsion motor. During braking, the electric
motor generates electricity (regenerative) which is
then used to partially recharge the battery pack.

Figure 17.8 Nissan Altra EV

Electric vehicles

The EV-1 comes with traction control, cruise cot

trol, anti-lock brakes, dual airbags, power wind
,door locks and outside mirrors, AM/FM

cassette, tyre inflation monitor system and numerou

other features.

17.3.2 Nissan - Altra

Nissan recently confirmed pricing for its Altra IV
following the success of initial trials in the US di
ing 1998. The Altra is an estate built for the
market and the EV version is the first zero-emissit
Nissan to go on sale outside Japan. The Altra EV
shown in Figure 17.8. ’

The Hitachi motor is one of the most powerful
the world, developing 62kW (84 PS) and 159N
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with a maximum rotor speed of 13000 rev/min.
Average motor speed is 8000-9000rev; min and
the power-to-weight ratio of the 39kg motor is
1.6 kW/kg — one of the best in the EV field.

A lithum-ion battery pack, developed by the
Sony Corporation in a deal that is so far unique to
Nissan, provides the power. It dehivers a nominal
output of 345V from 12 modules of 8 cells, each
producing 36 V when fully charged and 20 V when
discharged. The gross weight of the battery pack 1s
350kg and it has an energy density of 90 Wh/kg
across the normal temperature range. Battery life
is rated at 1200 cycles (to a 5% drop in efficiency)
but Nissan claims batteries have endured in excess
of 2000 cycles without significant further loss.
The battery pack is mounted in a double-wailed
aluminium tray bolted to the centre of the platform
between the front and rear axles beneath a flat floor;
a dedicated ventilation system and fan keep it cool.

A vector controller developed by Nissan features
twin fully redundant CPUs. The controller is water-
cooled and has an input range of 216-400 V. Data
are gathered on the state of charge, driving strategy,
history, use of auxiliary systems and the function of
the regenerative braking system to make accurate
range predictions. It also performs relay control for
battery cooling, provides the communication between
the power supply and the Li-ion cell controller and
determines the charging sirategy based on the data
it has collected.

Batteries are charged using an external inductive
charger, which consists of a paddle inserted into a
charging port in the front of the car. A fast charge
takes 5 hours and provides a claimed range of 193 km,
although on busy roads 135 km is more realistic.

The Altra has hydraulic power steering driven by
an electric, rather than mechanical. hydraulic pump,
which operates only when power assistance is
required. A standard 12 V lead-acid battery, charged
via a water-cooled DC/DC transformer from the
main battery, powers auxiliary systems. Heating,
ventilation and air conditioning consumes 50% of
the energy of a conventional system in air condi-
tioning mode and 66% when heating the cabin.
R134a refrigerant serves both purposes and the
system, like thc power stcering, uses an electric
pressurization pump operating on demand.

The regenerative braking system operates on
two levels.

o First stage - triggered when the driver lifts off
the throttle and provides "a similar feel to that of
a conventional car.’

e Second stage - is much more substantial and
occurs when the driver appltes moderate braking

effort. The braking system itself has standard
four-channel ABS.

Passive and active safety is unaffected by the extra
weight compared with the standard vehicle; there
are the standard front airbags, door heams and
8 km/h (5 mile/h) front and rear impact bumpers.

The instrument panel is digital with a large
tachometer. Seven warning lamps alert the driver of
50 potentially dangerous situations with the battery
or drive systems. Should critical problems arise. the
systems can be shut down automatically to avoid
damage.

17.3.3 ‘Nelco’ - hybrid drive

A company called ‘Nelco™ has developed an inter-
esting idea in hybrid EV drive technology. The
system is based around a drive package that could
potentially be used to power existing internal com-
bustion engined cars. The claimed performance is
equivalent to a conventional front-wheel drive car,
with two-thirds of the fuel consumption and just
one-third of the noxious emissions. Figure 17.9
shows the parallel layout used for this system. it is
hoped that the vehicle could have a range of 800 km
(500 miles) and a top speed of 160 km/h (100 mile/h).
The main components used are a deep discharge-
tolerant lead-acid battery, a permanent magnet brush-
less DC motor and a ‘Norton’ rotary engine.

The special battery uses lead tin foil plate con-
struction, which was developed for the aircraft
industry. This allows deep cycling and long life as
high internal pressures prevent loss of active mater-
tal during deep discharge. Tests have shown that
18 batteries rated at 30 Ah and 12V, can provide
50 kW for 5 minutes. Hawker Siddeley has developed
a flat array of cells that can be placed under the pas-
senger compartment of the vehicle. The pack meas-
ures 120 X120 X 4cm?, weighs 170kg and can
supply 7.5kWh. The battery can withstand 1100
discharges to 80% depth of discharge (DOD) and
11000 cycles to 20% DOD. This is expected to last
the life of the vehicle. The reason for this long life
is a battery thermal management system, which
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Figure 17.9 Parallel layour used for the Neico’ system




keeps the lead-acid cells at a constant 30-40°C
which is the most efficient operating temperature.
Norton rotary engines achieved fame by win-
ning major awards in the motorcycle racing world.
This engine has a fast warm-up and only an 8 Nm
starting torque. Two electncally preheated catalytic
converters are used and the injection system oper-
ates the engine on a lean burn setting at high load.
The engine supplies a constant output with the
electric motor adding power for transient loads.
Figure 17.10 shows a sectional representation of
the permanent magnet brushless DC motor. The
actual motor used weighs 45 kg and is hquid cooled,
oil is used as the coolant to prevent freezing
A sophisticated inverter and control circuit con-
trols the motor. The voltage supply to the motor is
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Figure 17.10 Permanent magnet brushiess DC motor
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converted from the 216 V DC of the batteries to
a 300V DC stabilized rail. The motor is supplied

~with three-phase power as either trapezoidal or
square waves, the phase of which can be altered
to control braking or acceleration. The accelerator
position provides an input to the control module
and a Hall effect rotor position sensor provides a
feedback signal. The position feedback is to ensure
the three phases of the motor are energized in the
correct order.

The whole power unit weighs about 100kg
compared with 200 kg for a conventional system.
The batteries, however, add a further 130 kg above the
normal. but allow a 48 km (30 mile) range without
running the engine.

17.3.4 A sodium-sulphur
battery EV system

The layout or interconnection of components on an
EV depends on the type of battery and drive motor.
Figure 17.11 represents a system using sodium-
sulphur (NaS) batteries, and a shunt wound DC
motor using conventional brushes.

Altering the field current and/or the armature

current changes the speed and torque of this type of’

motor. The control characteristics used on this type
of drive system are shown in Figure 17.12. Th
vehicle starts accelerating at time = zero. In the
early stages of acceleration the field is held constant

1
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Figure 17.11 Layout thac could be typical of a system using sodium-sulphur batteries and a shunt wound DC motor




450  Automobile electrical and electronic systems

Field
current
T
Time, s
100
Armacure
duty
cycle

I 6 9 12
Time, s

Figure 17.12 The control characteristics that can be used on
this type of drive system

and the armature current is limited so as to match
the demand.

As speed increases, the field current is decreased
which will weaken the main fields so reducing the
back EMF from the armature. The armature current
demand can be met allowing increased speed. A
motor such as this is likely to be air cooled. Some
systems do, however, use liquid coolant. A variable
regenerative braking system is used to maximize
the efficiency of the system. This allows the batteries
to be recharged during braking.

Batteries are often connected in series to increase
the voltage. Motor design is easier for higher volt-
ages mainly due to less current being required for
the same power transfer, A battery management sys-
tem is used to ensure the battery charge and dis-
charge rates are controlled to the optimum value,
A number of warning functions can be built in to
indicate an abnormality and a warning about the
remaining range of the vehicle is also possible. This
information is displayed on the instrument pack.

The drive controller 1s made using existing power
transistor technology. The transistors are controlied
by a microprocessor, which in turn has its charac-
tenstics set by software. The controller receives
input signals from the brake and accelerator pedals
by using simple potentiometers. Signals from the
other controls are from basic switches.

A simple method of controlling the rest of the
vehicle electrical system is by fitting a conventional

12V lead-acid battery. This can be charged when
required from the drive batteries via a DC/DC
converter.

17.3.5 Gas turbine hybrid

The state-of-the-art gas turbine engine is very
attractive to the automotive industry and is in line
with environmental pressures towards low emis-
sions and low fuel consumption. The turbine engine
has a number of useful features:

® Good thermal efficiency.

e Clean combustion.

o High power-to-weight ratio.
o Multifuel capability.

o Smoothness of operation.

These advantages could make it a natural successor
to the reciprocating engine. The automotive gas tur-
bine 1s still in its infancy, despite many technical
achievements made since the world’s first gas tur-
bine car - the Rover ‘Jet 1°. The technical challenge
posed by the automotive gas turbine remains con-
siderable and is, in many ways, even greater today.
This 1s mainly due to the challenge created by
advancing combustion, mechanical, aerodynamics,
material and electrical technologies,

A further factor that has been added, and which
was described earlier, is the hybrid electrical
vehicle system, for which the gas turbine enginc is
most suitable. The design scope of hybrid systems 1s
also very wide. The gas turbine engine has many
features that suit automotive applications. For exam-
ple, it is compact and light, which allows flexi-
bility in power train layout. This reduces the vehicle
weight, which results in better vehicle performance
and economy.

Modern combustion chamber design makes the
engine produce very low emissions of all poilutants,
even when burning diesel. This can be achieved
without having to use catalytic converters. These
advantages are becoming increasingly important in
the current market place.

Compared with an equivalent reciprocating
engine, gas turbines are smooth and quiet in operation,
can run on various types of hydrocarbon fuel, and
their inherent mechanical simplicity will result in
improved reliability and increased servicing intervals.

Compared with the conventional reciprocating
engine, the turbine has, until recently, had poor
transient power response and part load fuel econ-
omy. Therc has also been a natural resistance to
change by the automotive industry because of its
huge investments in the infrastructure of the exist-
ing engine’s manufacture and service. When the
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Figure 17.13 Inductive charging could help the development
of the electric vehicle

advantages of the turbine are combined with the
advances in hybrid electrical systems, an exciting
combination offers great potential for the future of
the hybnd technique.

17.3.6 Inductive charging

The Nissan Altra, as described carlier in this chap-
ter, uses inductive charging. In this case a “paddle’
connected to an external power source, is used to
plug into a “socket’ in the car. The risk of electric
shock and the possibility of over-heating due to
“loose’ connections are almost eliminated.

‘Drive in’ inductive charging is a possible devel-
opment to help the advance of the electric vehicle.
The principle is shown in Figure 17.13. A coil, which
forms the secondary winding of a transformer, 1s
positioned on the car in a suitable position. The pri-
mary winding of the transformer could be placed
on a movable core which, when the vehicle is
parked, could automatically lift into position and
allow a magnetic link with the secondary winding.

17.3.7 ZOXY battery
system —‘chemTEK’

The ZOXY zinc-air battery is not really a battery in
the traditional sense. The core of the ZOXY “P280°
is a single, easy-to-handle and flexible unit. The
battery dimensions are 220 X 135 X 39 mm’ and it
wetghs only 2kg. Its energy density of 150 Whikg
is five times the amount of lead-acid batteries. The
ZOXY battery will keep its charge for very long
periods; its typical energy discharge is under 1%. If
the air supply is interrupted, the self-discharge falls
well below 1%. Another advantage of the ZOXY
system is that it works in a wide temperature range
(—20°C to +40°C).

Although production levels currently are rela-
tively small, the costs of the ZOXY are equal to the
costs of ordinary lead-acid batteries per unit of
energy. With economies of scale, the cost level of a
ZOXY battery would fall considerably below that
of its lead-acid counterpart.

While the ZOXY zinc-air batterv is a “high-cnergy
reservoir’, an additional “booster’ may be used for
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high acceleration vehicles to ensure optimum per-
formance. The booster battery provides the power

necessary for the acceleration demands of the vehi=
cle. Higher speed driving may require an ability to
merge into traffic relatively quickly. On the other
hand, city driving is slower-paced and acceleration
requirements are reduced. The cascade system, using
two batteries, is an excellent way to provide for
these and other driving needs.

h W
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An electronic control system manages the us¢ of

both battery types without the dniver of the vehicle
ever being aware of the changes. The driving charac-
teristics of such a system are similar to petrol’
gasoline and diesel-powered vehicles.

P280 Specifications

e Extended operating time (150 Whikg).

® Volume (33.0 X 13.5 X 39cm?).

o Weight (1.25/2.00 kg dry/filled).

e Stable discharge curve, low self-discharge.
o Low-sensitivity to temperature changes (—20°C
to +40°C).

Environmentally friendly.

Voltages nominal/shut-off 1.1/0.6 V.
Nominal current/peak current 0—30/40 A.
Capacities at 10/20 A 320/280 Ah.

Energy content at 10/20 A 300/250 Wh.

17.3.8 Hybrid case study - Ford

The Ford Escape hybrid, when it goes into produc-
tion, will be one of the most fuel-efficient and prac-
tical SUVs on the market. The Escape hybrid will
deliver between 3540 miles per gallon (less than
6 /100 km) 1n city driving. It will meet Stage 1V
emissions rules in Europe before they take effect in
2004, and achieve certification under California’s
Super Ultra Low Emission Vehicle (SULEV) and
Partial Zero Emission Vehicle (PZIEV) emissions

standards. Timing of Escape hybnid is on track to

arrive in dealer showrooms in late summer 2004,

The Escape hybnd is designed to provide the same
acceleration and functionality as the 200-hp V-6 ver-
sion. It uses a combination of a fuel-efficient A tkinson
cycle (see Note 1 on page 453) four-cylinder gasoline
engine and an electric motor. Overall fuel cconomy
is nearly double that of the V-6 Escape. The Escape
hybrid recovers a substantial portion of what would
otherwise be “lost energy” by employing regencrative
braking. The Escape hybrid is a full hybrid able to
run on either its internal combustion engine and/or
its electric motor - depending on which will deliver
the most efficient fuel performance.

Hybrid electric vehicles use a combination of
electric storage batteries and an internal combustion
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Figure 17.14 Ford Escape hybrid (Source: Ford)
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Figure 17.15 Ford Focus hybrid (Source: Ford)

engine to provide increased operating efficiency.
The batteries supply electricity to drive an electric
traction motor, and the engine runs as necessary to
recharge the batteries or to provide additional power
for acceleration. The Escape hybrid will feature an
electric drivetrain and a fuel-efficient four-cylinder
engine. With regenerative braking and nearly

Integrated
Powertrain
92 PS, 230 NM
315 Volt, max_ 330 A

instantancous start-stop capability for the engine
(thanks to a powerful combined starter-generator)
the front wheel drive Escape hybrid is expected to
deliver between 3540 mpg on the city cycle.

The generator motor shuts down the internal com-
bustion engine when the vehicle is coasting (over-
run) or stopped, saving the fuel normally spent in

Jiu
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Figure 17.16 Ford Focus hybrid powertrain (Source: Ford)

1dling. When additional power is called for, such as
when the driver steps on the accelerator pedal from
a stop, the generator-motor, positioned between the
engine and transmission, instantancously restarts the
engine in less than 0.2 seconds. The Escape hybrid
is anticipated to be capable of being driven more
than 500 miles (800 km) on a single tank of fuel.

The 2003 Ford Focus PZEV (partial zero emis-
sions vehicle) even meets California’s stringent
partial zero emissions standard without a reduction
in performance. It is powered by a 2.3-1tr I-4 engine,
generating 148 horsepower (110kW) and 152
foot-pounds (206 Nm) of torque.

The Focus FCV is the motor industry’s first
‘hybridized fuel cell vehicle’, bringing together the
improved range and performance of hybrid technol-
ogy with the overall benefits of a fuel cell. Five of
the 15 cars produced in 2002 are in a collaborative
developmental stage with key customers. The work
enables Ford to receive real-time feedback on
production-intent models. The remaining 10 vehi-
cles are going through Ford’s standard internal test-
ing programs, including crash and emissions
testing. The Focus FCV is expected to demonstrate
a 160-200 mile (250-320 km) operating range —
a significant improvement on previous fuel cell
vehicles. The Focus FCV’s performance levels com-
pare with a more conventional saloon and its top
speed is governed at 80 mph.

Notie 1. The Atkinson engine is effectively an
Otto-cycle engine but with a different method of
linking the piston to the crankshaft. The arrange-
ment of crank levers allows the Atkinson to
cycle the piston through all four strokes in only
one revolution of the main crankshaft. It also
allows the strokes to be different lengths: the
inlet and exhaust strokes are longer than the
compression and power strokes.

17.4 Advanced electric
vehicle technology

17.4.1 Motor torque and power
characteristics

The torque and power characteristics of four types
of drive motors are represented in Figure 17.17.
The four graphs show torque and power as functions
of rotational speed.

A significant part of the choice when designing
an EV is the drive motor(s), and how this will
perform in conjunction with the batteries and the
mass of the vehicle.

i
17.4.2 Optimization techniques =

mathematical modelling

The effects of design parameters on the perform-

ance of an EV can be modelled mathematically.

This section presents some of the basic techmiques.

Refer to Figure 17.18 and Table 17.2 for an explan-

ation of the symbols. b
Aerodynamic drag force:

pl g
Fo= ._24.."_

Rolling resistive force:

Vi 2
“v e ;vund)

L= pamg cos(8)
Chimbing resistive force:
F. = mg sin(8)

Therefore the total resistive force is:

T T Ttk e | (0, |

it el o e B4

Force developed at the wheels:

P o = Fotor Me M
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The tractive effort therefore is:
1 "n:sisll’\e

The maximum tractive force that can be developed:

Fircive = Few =

/ “dwmax

ap WL
1+ ;.Lah“/ L

The effective mass of a vehicle is:

J
My =m + -—"g-'—

Acceleration time can now be shown to be:

iy dV

t=megl, 7
' “iractive

Power required to hold the vehicle at a constant
speed:
Vv L "mmsh\'c

L™

Power =




Table 17.2 Explanation of symbols

-

Aerodynamic drag force

P Density of air

Cy Coefficient of drag, e.g 0.3 to 0.4

A Area of the vehicle front

v, Velocity of the vehicle

Voo Velocity of the wind

F Rolling resistive force

M Road coefficient of friction

[ Tyre rolling coefficient of friction

F, Climbing resistive force

m Mass of the vehicle (total)

3 Acceleration due to gravity

(/] Angle of the hill

Kvive Total resistive force

Fow Force developed at the driving wheels

Ne Efficiency of the electric motor

Mo Efficiency of the mechanical transmission

a Centre of gravity position within the wheel base
Ha Coefficient of road adhesion

w Weight of the vehicle {mg)

L Length of the wheel base

heg Height of the vehicle’s centre of gravity

Jen Total effective inertia of the vehicle

Mg Mass of the battery

Y Power density of the battery (see Table 17.1)
x Correlation between energy density as a function

of power density

Power density of the batteries:

Power

M,

The correlation between energy density as a function

of power density can be calculated:
=ttt ol +di tey +f

The range of the vehicle from fully charged batteries

can be calculated from:

X
Hours = —+

Runge =V, X Hours

Further calculations are possible to allow model-
hing — a subject which, if grasped, can save an
enormous amount of time and money during devel-
opment. The information presented here is extracted
from an excellent research paper. (Reference: SAE
paper 940336.)

17.5 New developments in
electric vehicles

17.5.1 Motors in wheel - GM

GM engineers have developed a potential break-
through technology called wheel hub motors.
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This development could dramatically increase con-
sumer acceptance of advanced technology vehicles.
Two wheel hub motors in the rear of a front-wheel
drive four-cylinder vehicle can increase torque al
launch by up to 60%. The torque is also available
instantly. This means that a four-cylinder engine could
be made to perform like a six-cylinder engine. The
wheel hub motors generate about 25kW each and
only add about 15 kg each.

Traditional vehicles transfer energy from the
engine through the clutch, gearbox, driveshafts and
finally to the wheels. More than 10% of the power
created by the engine is lost in this ‘transmission’
process. GM’s system uses a hybrid electric vehicle
to generate electric power, which is sent directly to
the motors. This minimizes the energy lost. Wheel
hub motors produce all the torque that is available
immediately, whereas conventional engines take
time to get up to speed.

Wheel motors also enable a higher level of trac-
tion and anti-skid control, improved stcering and
enhanced vehicle performance. The ability to control
each individual wheel, with even better response than
current traction control systems, brings added bene-
fits. For example, a vehicle stuck in mud would be
easy to move — simply apply the traction to the tyre
that has grip!

17.5.2 Hydrogen infrastructure

One of the “fuels of the future’ is hydrogen because
it produces zero emissions, particularly when used
in fuel cells. The number of fuel cell vehicles in use
by the general population is soon (at the time of
writing, 2003) expected to reach one million. These
vehicles will primarily be m use in the USA and
Canada, but Europe is not far behind. A suitable
hydrogen fuelling infrastructure will scon become
essential.

In order for the fuel cell vehicle market to expand,
there needs to be firm support from government
that the hydrogen fuelling infrastructure will be
supported. This building of consensus and develop-
ing routes towards a good hydrogen infrastructure
will be necessary. One estimate is that California,
a leading US state in respect of clean air, will need
some 1900 hydrogen fuelling stations by 2015.

It is difficult to predict how quickly fuel cell
vehicles will move into the consumer market. It is
likely that they will be used by some fleet cus-
tomers first. However, it is interesting to note that
the development of the vehicle technology is only
half the battle. If there is nowhere convenient to
refuel then consumers (you and I) will not make
the change!
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17.6 Self-assessment

17.6.1 Questions

1. State what is meant by ZEV.

2. Describe briefly the term ‘Hybnd’.

3. Explain what is meant by, and the advantages
of. inductive charging.

4. Describe with the aid of sketches the different

ways n which a hybrid vehicle can be laid out.

. Explain the term ‘Power density’.

. List five types of EV batteries.

7. The GM EV-1 uses lead-acid or alkaline batter-
ies. State three reasons for this.

8. Describe with the aid of a sketch the operation
of a synchronous motor.

[~ NNV}

9. State four types of EV drive motor.
10. Describe how the Nissan Altra calculates the
current range of the car.

17.6.2 Assignment

A question often posed about so-called ZEVs: as the
electricity has to be generated at some point, often
from burning fossil fuels, then how can they be said
to produce no emissions?

The answer, in my opinion, is that at the point of
use the vehicles are ZEVs. The production of the
electricity for recharging, which will mostly be during
the night, allows power stations to run at optimum
efficiency and hence overall emissions are reduced.

Research and comment on this issue.




18
World Wide Web

18.1 Introduction

If you have access to a computer and modem then
you are no doubt already interested in the Internet
and the World Wide Web (WWW). In this short
chapter I want to highlight some of the resources
available to you on the net and on disk. This chapter
will show how useful the web is when researching
for information or downloading useful programs.

18.1.1 Latest news ...

Here are some interesting technologies together
with a web link. Please note that the ‘root’” web
address is given because many more detailed links
become out of date. You will have to “dig’ a hitle
1o find the specific details. The snippets of infor-
mation and links are presented n no particular
order or for any reason other than that I found them
interesting.

The best link to follow is wwwautomotive-
technology.co.uk because all the links in this chap-
ter, and many more, can be found there.

The Visteon Torque Enhancement System is said
to achieve large engine performance from a small
turbocharged engine. This system uses an electron-
ically controlled, electrically powered supercharger
as part of an integrated air management system.
www.visteon.com

Eberspacher have developed a dual flow exhaust
system with a new type of honevcomb in the cata-
lytic converter. This reduces resonance and means
the silencer shells can be 25% thinner and therefore
lighter. www.eberspaecher.com

Omron has developed an advanced miniature
camera, used for automotive safety applications. The
camera is very sensitive and can work well in very
difficult light conditions such as in tunnels or very
bright sunlight. www.omron.com

Toyota are introducing a hybrid vehicle that uses
constantly variable transmission. The vehicle quali-
fies as an ultra low emission vehicle (ULEV) and it
can generate 1500 W of power when it is stationary
Of movIng. Www.toyota.co.jp

A new flat six-engine from Subaru uses an
active valve control system. The engine is said to be
one of the lightest 6-cylinder engines in the world
www.subaru.co.jp

A SilverVision bulb made by Schott 1s interest-
ing. It appears silver when not lit but produces
amber light when it is. The bulbs are interchange-
able with standard types. www.us.schott.com

CO, as a substitute for R134a refrigerant in air
conditioning systems is under test by Behr. CO; 1s
more dense than R134a so lower flow rates achieve
the same level of cooling. However, higher pres-
sures mean that the AC components have to be
stronger. www.behrgroup.com

A Swedish company called Active Attention has
developed a system called Alerta, which has the abil-
ity to measure a driver’s ability to control a vehicle. Tt
does this by measuring steering whee! torque and
changes in lateral inertia. www.active-attention.com

Non-contact sensors mean that the sensor never
suffers from wear and tear. Tyco Electronics 15 a
major supplier in this area, www.tycoelectronics.com

Dura have developed a smart parking brake.
Levers and/or foot pedals are replaced by an electro-
mechanical device, which interfaces with the con-
ventional rear brakes. A simple one-touch switch 4
controls operation. It was first used on the Jaguar
S-Type in 2003. A major advantage of the system as
well as ease of operation is that it frees up valuable
space. www.duraauto.com

Beru produce a tyre safety system (TSS). This:
permanently monitors tyre pressures and warns of j
any deviation. www.beru.com

Bosch, along with many other developments, has
now produced an on-board network structure with
Multiplex technology that greatly simplifies the body
electrics of a commercial vehicle. www.bosch.com

18.2 Automotive
technology - electronics

The Automotive Technology (AT) program is all
about learning how complex automotive systems
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work — and how to fix them when they do not! AT
Electronics helps you learn how systems {engine
management in particular) operate, how the mnputs
to a system affect its outputs, and what the effects
are when a fault occurs. Diagnostic routines, which
are built into the program, will allow you to put into
practice some of the skills you develop but ensure
that you work 1n a logical way.

The MultiScope feature allows you to examine
signals from sensors and those supplied to actu-
ators. It also contains a scanner and multimeter to
show typical readings. A telemetry screen, text and
pictures window can also be used. Learning tasks,
which are part of the help file, will help you work
your way through the program.

The program allows you to control the inputs to
systems and note the effect this has on the outputs. In
this way you will start to understand the operation of
automobile electronic systems. Figure 18.1 shows the
charging system simulation. In this case an example
of the inputs would be engine/alternator speed and an
example of the outputs would be the system voltage.

Diagnostics are possible by creating a fault and
carrying out tests to locate it! A database is built into
the program to assist with this and MultiScope has
lots of functions to help. The methods used are appro-
priate for use on real systems. This is an ideal training
system for trainees and students. The main simulation
windows relate the engine management, starting and
charging - but others are “under construction’.

o
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The shareware program can be downloaded
from www.automotive-technology.co.uk

18.3 Self-assessment

18.3.1 Questions

1. State the web address of Ford in the UK,
Australia, New Zealand and USA.
. Check and comment on the latest news from:
www.automotive-technology.co.uk
3. Calculate the efficiency of a modern charging
system AND send me the answer via email.
4. State four advantages AND four disadvantages
of research via the web.
5. Describe briefly why this chapter only has FIVE
questions!

[o=]

18.3.2 Assignment

Look back at any of the other assignments in this
book and choose one for further study. Your task is
to use the web as your research tool. Produce a
report on the latest technology developments in
your chosen subject area. Email it to me if you wish
and | may be able to use it in the next edition.

Good luck with your future studies and
work - keep in touch: tom.denton@automotive-
technology.co.uk
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Acceleration, 266

Accelerometer, 420

Accuracy, 36, 58, 59

Active roll reduction, 380

Active suspension, 374

Active valve train, 241

Actuators, 36, 46

Advance angle, 170

After-burning, 246

After-start enrichment, 265

Air bags, 421

Air conditioning, 356, 358, 361, 365

Air shrouding, 242

Atrbags, 418, 425

Air-cored gauge, 335, 344

Alkaline batteries, 120

Alternator, 75, 128

Ampere’s law, 17

Ampere-hour capacity, 112

Amplifier, 21, 23

Analogue display, 340

Analogue to digital conversion (A/D), 26, 183

Antilock Brake System (ABS), 370, 376, 384,
389,394, 398

Armature, 152

Armature reaction, 366

Artificial intelligence, 280

Asynchronous motor, 444

Atom, 12

Audio, 429

Auto PC, 415

Automatic clutch, 382

Automatic temperature control, 360

Automatic transmission, 377

Automotive technology — electronics, 457

Back lighting, 341
Batteries, 110
Battery, 449

Battery acid, 11
Beam setting, 298
Bending light, 312
Bifocal, 294
Bimetal strip, 333
Black box technique, 391
Blower motors, 357
Blue tooth, 103, 106

Boost charging, 113
Brake assist, 381
Brake lights, 293, 322
Brake pressure, 371
Brake slip, 371
Brake-by-wire, 397
Bridge circuits, 23
Buses, 31

Cables, 83

Capacitance, 14, 40

Capacitor, 18, 20, 53

Capacitor discharge ignition, 179
Carbon monoxide, 206
Carburation, 208

Carburettor, 209

Catalysts, 228

Catalytic converter, 248, 285, 246
Cell, 111

Central processing unit, 31
Centrifugal advance, 172
Characteristic curves, 155
Charging, 128, 143, 451
Charging circuit, 135

Charging voltages, 129
Chemical effect, 12

Chloro fluro carbon (CFC), 358
Circuit breakers, 88

Circuit diagrams, 97

Circuit numbering, 84

Circuit symbols, 19

Circuits, 151

Closed loop, 83, 247

Clutch actuator, 382

Cold cranking amps. 112

Cold running, 265

Colour codes, 84, 85
Combinational logic, 27
Combustion, 199

Combustion control, 284
Common rail high-pressure pump, 232
Common rail injection, 232
Communications, 429

Compact disk (CD), 352
Compound wound meter, 154
Compression ignition, 203
Compressor, 359, 362, 368
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Condensor, 362

Conduction, 366

Constant dwell, 174

Constant energy, 175, 193

Contact breakers, 172

Contact breakers, 191

Controller area networks (CAN), 107

Controller area networks (CAN), 69, 93, 96,

106, 147
Convection, 366
Conventional current flow, 12
Coolant sensor, 181
Cooling, 287
Cooling fan motors, 323
Crankshaft sensor, 180
Cruise control, 407, 437
Current flow diagrams, 98

Damping, 333

Darlington pair, 25

Day running lights, 293

DC motor, 445

Detonation, 201

Development of, 9

Diagnostic link connector, 79
Diagnostic socket, 243
Diagnostic software, 80
Diagnostic trouble code, 79
Diagnostics, 106

Diesel common rail, 230

Diesel fuel injection, 214

Digital audio broadcast, 412, 432
Digital circuits, 26

Digital instrumentation, 336
Digital oscilloscope, 62

Digital to analogue conversion, 25, 26
Digital versatile disk (DVD), 352
Dim-dip, 299, 302

Diodes, 20

Dipped beam, 302

Direct ignition, 185, 194

Direct injection, 286

Discharge tester, 114
Distributortess ignition, 184, 193
Door lock actuator, 405

Door locking, 405

Drive motors, 443
Drive-by-wire, 383

Dwell, 174,275

Dwell angle, 177, 240
Dynastart, (60

EC motors, 444
ECU, 319, 372, 376, 404. 418, 437
Efficiency, 118, 143, 167

Electric engine cooling, 331
Electric power steering, 379
Electric vehicle (EV), 443
Electric vehicles, 443
Electric window, 405, 427
Electro hydraulic braking, 398
Electrochemistry, 115
Electrode, {87

Electrode gap, 188
Electroluminescent, 354
Electrolyte, 111

Electromagnetic compatibility (EMC), 100

Electron flow, 12
Electronic clutch, 380

Electronic control of diesel injection, 217
Electronic control unit (see also ECU), 182, 213

Electronic heating control, 358
Electronic wiper control, 330
EMC, 100

Emission regulations, 207
Emissions, 205, 248, 287
Engine analyser, 63
Enrichment, 224

Equivalent circuit, 150

EV batteries, 443

Evaporator, 359, 362

Exhaust emission, 171, 205, 216, 234
Exhaust gas. 11, 64

Exhaust gas oxygen sensor, 44

Exhaust gas recirculation (EGR), 245, 248

Faraday’s law, 17
Field coils, 153

Field poles, 152

Field windings, 153
Filament, 291

Filter, 24

Flasher unit, 322, 324
Fleming’s rules, 17
Focal point, 296

Fog lights, 293

Fuel cells, 121

Fuel injection, 210
Fuel injector, 47

Fuetl pressure regulator, 213
Fuel pump, 213

Fuel supply, 262
Fuses, 88

Gas discharge, 299

Gas discharge lamp, 299, 309
Gas discharge lighting, 314
Gas turbine, 450
Gas-by-wire, 289

Gasoline direct injection (GDI), 251, 396
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Gauges, 333 Instrument lighting, 354
Global positioning system (GPS), 348, 352 Integrated circuit, 20
Glow plug, 220 . Integrated starter alternator damper, 160

Integrated starter generator, 161, 164
Hall effect, 38, 53, 74, 175, 334 Intelligent airbag sensing, 431
Hall effect sensor, 51 Inteltigent front lighting, 311
Halogen, 291 Interference, 413
Head up display (HUD), 353 Intermediate transmission, 158
IHeadlamp, 300 Intermittent wipe, 320
Headlamp tevelling, 307 Internal resistance, 118
Headlight adjustment, 298 Internet, 457
Headlight cleaners, 323
Headlight patterns, 296 Jetronic variations, 219
Head-up display, 309, 342 Jewel aspect, 306
Heat range, 186, 189
Heating and ventilation, 356 Key programming, 434
Heating effect, 12 Keypad entry, 440
Heavy vehicle starters, 159 Kirchhoft’s laws, 17
HFC, 358 Knock protection, 266
High resistance, 13 Knock sensor, 41, 181
High tension, 170
Holography, 347 Lambda. 44
Homifocal reflector, 295 Lambda control, 240
Horns, 322 Lambda diesel, 237
Hot film air mass flow meter, 42 Lambda sensor, 54, 76, 212
Hot wire air flow meter, 223 Lead-acid batteries, 111
HVAC, 357 Lean burn, 227, 282
Hybrid, 448, 450, 452 LED displays, 340
Hybrid drives, 446 LED lighting, 299, 301
Hybrid vehicles, 446 Lenses, 296, 297
Hydraulic modutator, 373 Lenz’s law, 17
Hydrocarbons, 206 Light bulb, 291
Hydrogen, 455 Light emitting diode (LED), 53, 301, 314,
Hydrometer, 114 339,353

Light sensors, 44
Idle control actuator, 212 Lighting ctrcuit, 299
Idling phase, 265 Limited slip differential, 381
Ignition, 170, 300 Linear lighting, 306
[gnition angle, 182 Linear wiper system, 327
Ignition coil, 171, 196 Liquid crystal, 340
fgnition timing, 240, 274 Load advance, 191
In car entertainment (ICE), 410 Lock torque, 166
Indicators, 292, 324 Log gates, 27
Inductance, 14 Lost spark, 184
Induction, 16 Luminous flux, 310
Inductive pulse generator, 176
Inductive sensor, 38 Magneride, 400
Inductor diode, 53 Magnetic Effect, 12
Inductors, 20 Magnetic field, 18, 152, 348
Inertia starters, 155 Magnetism, 15, 152
Infrared lights, 307 Main beam, 302
Injection cut-off, 266 Manifold absolute pressure sensor, 180, 261
Injection duration, 273, 276 Measurement, 35
Injector, 75, 263 Memory, 31

Inlet manifold, 241 Memory circuits, 29
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Microcontroller, 33
Microprocessor, 30, 32
Mirrors, 403

Mobile communications, 414
Molecule, 11

Motor characteristics, 153
Motors, 15

Motors in wheel. 455
Motronic, 68

Moving tron, 334
Multimedia, 409
Multimeter, 59
Multiplexed displays, 346
Multiplexed wiring, 91
Multipoint, 211
Multipoint injection, 221
MultiScope, 278, 458
Mutual induction, 16

Navigation system, 344
Neon, 306

Night vision, 308
Nitrogen oxides, 206
Noise control, 424

Obstacle avoidance, 421
Obstacle avoidance radar, 422
Ohm’s law, 13, 17, 116

Oil pressure, 337

On board diagnostics (OBD), 66, 68, 69, 78,

106, 243
Open circuit, 13
Open loop systems, 83
Optical pulse generator, 178
Oscilloscope, 57
Oxygen sensor, 43, 60

Parallel circuit, 15

Parking aid, 432

Particulate filters, 235
Particulate matter, 206

Passive anti-theft system, 433
Passive keyless entry, 439
Permanent magnet (PM) motor, 329
Permanent magnet motors, 154
Permanent magnet starters, 157
Piezo injector, 233

Piezoelectric inline injectors, 232
Plenum chamber, 356

Ports_ 31

Position memory, 404

Power steering, 387

I’re-engaged starter, 156, 159
Pre-tgnition, 201

PPressure sensing, 242

Primary circuit, 74
Programmed ignition, 180, 193

Quantization, 347

Radar, 421

Radiation, 366

Radio data systems (RDS), 345, 411
Radio reception, 411

Rain sensor, 45

Random access memory (RAM), 30, 183
Rate of burning, 200

Read only memory (ROM), 183, 245, 264
Read only memory, 30

Rear lights, 293

Rear wiper, 321

Receiver-drier, 363

Rectification, 131

Rectifier, 132

Reflectors, 293, 296, 307
Refraction, 297

Refrigeration, 358

Regenerative breaking, 168
Regulator, 134, 137

Relays, 15

Remote keyless entry, 439

Reserve capacity, 112

Resistance, 14, 40, 59

Resistor, 14, 18, 53

Reverse sensing, 432

Reversing lights, 293

Roller clutch, 157

Rolling code, 406

Rotary idle actuator, 48

Reotor, 130

Scanner, 66

Schmitt trigger, 23

Schmitt trigger, 336

Screen heating, 361

Seat adjustment, 403

Seat heating, 360

Seat-belt tensioners, 421
Secondary circuit, 74

Security. 416

Sensors, 36, 333

Sequential logic, 28

Sequential petrol injection, 218
Senies circuit, 15

Series wound meter, 154

Short circuit, 13

Shunt wound meter, 154
Sidelights, 293, 302

Single point injection, 211, 224
Slip, 393



Smart charging, 144
Sodium sulphur battery, 122
Solenoid, 46

Spark plugs, 185
Speakers, 410

Speed advance, 191
Speedometers, 336
Square wave, 176
Starter circuit, 156, 162
Starter motor, 150
Starter-generator, 167
Starting, 149, 265
Stator, 130
Steer-by-wire, 396
Stepper motor, 25, 48
Strain gauge, 39
Stratification, 202, 244
Sunroofs, 403
Switches, 90, 92
Symbols, 97
Synchronous motors, 50
System, 82, 149

Tachometer, 336

Telematics, 345, 350, 429
Tensioners, 418

Terminal designation numbers, 85
Terminal diagram, 98, 101
Terminals, 89

Thermistor, 36, 53, 333
Thermocouple, 37

Throttle control, 376

Throttle position sensor, 212
Throttle potentiometer, 40, 53
Timers, 24

Timers and counters, 28
Torque, 149

Traction control, 375, 395, 398
Transistor, 20, 53

Trip computer, 338

Tungsten, 291

Turn angle sensor, 348
Two-stroke, 282
Jyre pressure warning, 423

Ultra-capacitors, 121
Ultra-lean mixture, 255
Ultraviolet, 301

Unit injector, 231

Vacuum advance, 172

Vacuum fluorescent, 341

Valve timing, 240, 244

Variable compression ratios, 288
Variable resistor, 334

Variable valve timing, 242
Vehicle condition monitoring, 337
Visual display, 339

Voltage regulators, 133

Voltage stabilizer, 335
Voltmeter, 118

Volumetric efficiency, 258

Water-cooled alternators, 144
Waveforms, 63, 73, 74
Wheel acceleration, 371
Wheel speed sensors, 372
Window control circuit, 406
Windscreen washers, 318
Wiper circuit, 319, 325
Wiper motors, 318

Wipers, 317

Wiring harness, 85, 87
World Wide Web, 457

X-by-wire, 8, 395
Xenon, 305, 314
Xenon headlamp, 304

Zener diode, 134, 334
Zero emission vehicle (ZEV), 443
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