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9.6.7 Electronic unit injection 
(EUl) - diesel fuel
fhe advantages of electronic unit injection are as 
follows.

Lower emissions
fhrough the use of higher injection pressures (up to 
2000 bar), lower emissions of particulates and NOx 
are achieved, together with a reduction in lhe levels 
of noise 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
Л 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 EUI’s reliability is proven under field condi­
tions. Experience in the truck market indicates a 
service life of at least 800000 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 injector and a solenoid valve are combined in 
one, single unit; these unit injectors are located in the 
cylinder-head, above the combustion chamber. The 
EUI 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 in 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 solenoid 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 injectors (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
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Figure 9.59 Unit iniector (Source: Bosch Press)

Lower NOx emissions
Unjection sequences that include periods both pre 
and post the main injection can be utilized to reduce 
emissions, particularly NOx, enabling the system 
to meet the stringent emissions levels required by 
EURO-III and US-98 legislation and beyond.

Noise reduction and NOx control
The inclusion of pilot injection results in 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.

I

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

Fuel injection equifHnent 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 LIX'R system to be used on 2 or 4 valves per 
cylinder engines

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

i 1 Low drive torque
As the pumping of the pressure rail is 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 
speed and load, so enabling high injection pressures 
at low speed if required 

Figure 9.60 shows the layout of a common rail 
injection system. The system consists of a common 
pressure accumulator, called the ‘rail’, which is 
mounted along the engine block, and fed tty 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 fxessure 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 tty the Electronic Control 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 is actuated.

Because the injection pressure is independent of 
engine speed and load, the actual start of injection, the 
injection pressure, and the duration of injection can be 
freely chosen from a wide range. The introduction of 
plot 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.

Fhe Lucas system has been designed for use 
on future HSDI engines for passenger cars, which
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Rail

Figure 9.60 Diesel common rail injection

Injectors

ригт^э

will be required to meet the EURO-lIl and US-98 
emissions legislation and beyond.

9.6.9 Bosch diesel systems
1Ъе 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. Diesel cars are common 
in Europe and are likely to become more so tn 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, Prance 
and Belgium, for example, around two out of every 
three newly registered cars have diesel engines.

Bosch has had a decisive influence on the 
I European diesel boom. Modern high-pressure 
injection systems have turned the heavy and dirty 
slowcoaches of former times into the sporty, fuel­
efficient and clean cars of today. Since the beginning 
of the 1990s, Bosch’s innovations have play ed a lead­
ing role in reducing the particulate emissions of 
diesel cars by 80%, and other emissions (carbon 
monoxide, nitrogen oxide and hydrocarbons) by at 
least 90%.

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

Figure 9.61 Cutaway view of a 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 60kW/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 lo optimize lhe injection 
system in order to further reduce both fuel consump­
tion and exhaust emissions, and improve engine 
performance. For example, 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 piezoelectric 
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 Bosch’s conventional Common Rail system 
a magnetic coil controls the injector. A piston rod 
transmits the hydraulic force required lo open or 
close lhe 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 field.
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The piezoelectric 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 half 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 piezx) 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 
injections 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

Rezo actuator module

Coupling module 

Control valve i

Nozzle module

r.

Figure 9.64 Piezo injector (Source: Bosch Press) I

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 

1

s
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very exact. This results in lower levels of exhaust 
pollutants. 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 (UlS) has the highest 
current injection pressure of any system at 2050 bar. 
Al lhe 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 
I'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 variable nozzle differs from the conventional 
UIS injector in the number, arrangement, diameter 

and shape of the injection apertures. A magnetic 
valve controls two coaxial nozzle needles 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 it improves the mixture quality, leading 
to significantly reduced emission 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 a 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 treatment systems. 
Bosch’s EDC (Electronic Diesel Control) handles 
the management of particulate filters and nitrogen 

Coaxial vano nozzle

Figure 9.65 Variable nozzle unit 

injector (Source; Bosch Press)
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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. EEX? 
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 die 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 injection system and the particulate filter 
are working optimally together, exhaust emission 
values can be further improved. Bosch, therefore, is 
likely lo begin mass production of diesel particulate 
filters from late 2005. A final decision on this pro­
ject is 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 to 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. 

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 arrang­
ing for extra fuel to be injected during the expansion 
stroke. The fuel combusts in the oxidizing catalytic 
converter and raises the exhaust lemperature 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:

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

• Selective Catalytic Reduction (SCR). SCR, per­
haps in combination with a particulate filter, 
will be the favoured solution for Euro 5 (to be 
introduced in 2(X)8).

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
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

a solution of

W ■ Particulate matter

Figure 9.66 Diesel exhaust particulate filter (Source: Bosch 

Press)

i
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lyNtcin 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.

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

1Ъе procedure outlined in the next section is related 
IKiinarily 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 
jKoblem.

9.7.2 Testing procedure
(aution/Achtung/Attention - Burning fuel can ser­
iously 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 
if in any doubt. It is assumed the ignition system is 
operating correctly. Most tests are carried out while 
cranking the engine.

Check battery state of charge (at least 70%).
I land and eye checks (all fuel and electrical con­
nections secure and clean).
Check fuel pressure supplied to rail (in multi­
point systems it will be about 2.5 bar but check 
specifications).
If the pressure is not correct jump to stage 10.
Is injector operation OK? - continue if not (suit­
able spray pattern or dwell reading across injector 
supply).
Check supply circuits from main relay (battery 
volts minimum).
Continuity of injector wiring (0-0.2 П and note 
that many injectors are connected in parallel).

1
2.

3

4 
5

6

7

’ Dr tfinch Dohle, President, Diesel Systems Dhisitm. Robert 

Ikwch GmbH, June 2003. New Generations of Injection 

Systems: Piezoelectrics and more make diesel even cleaner and 

more fuel efficient. Speech at the 56th International Automotive 

Press Bnefing, Boxberg

Table 9.5 Common symptoms of a fuel system malfunction 

and possible hulcs

Symptom Possible fauk

Engine rotates but 

does not start

Difficult to start 

when cold

Difficult to start 

when hot 

Engine starts 

but then stops 

immediately 

Erratic idle

Misfire through 

all speeds

Engine seals

Lack of power

Backfires

• No fuel in the tank!

• Air filter dirty or blocked.

• Fuel pump not running.

• No fuel being injeaed.

• Air filter dirty or blocked.

• Fuel system wiring fault.

• Enrichment device not working 

(choke or injection circuit).

• Air filter dirty or blocked.

• Fuel system wiring fault

• Fuel system contamination.

• Fuel pump or circuit fault (relay).

• Intake system air leak.

• Air filter blocked.

• Inlet system air leak.

• Incorrect CO setting.

• Fuel injectors not spraying correctly.

• Fuel filter blocked.

• Fuel pump delivery low.

• Fuel tank ventilation system blocked.

• Idle speed incorrect.

• CO setting incorrect

• Fuel filter blocked.

• Air fiker blocked.

• Intake air leak.
• Idle control system not working.

• Fuel filter blocked.

• Air filter blocked.

• Low fuel pump delivery.

• Fuel injectors blocked.

• Fuel system hull (air flow sensor 

on some cars).

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

9. If no fuel is being injected and all tests so far 
are OK, suspect ECU.
Fuel supply - from stage 4.
Supply voltage to pump (within 0.5 V battery - 
pump fault if supply is OK).
Check pump relay and circuit (note in most 
cases the ECU closes the relay but this may be 
bypassed on cranking).
Ensure all connections (electrical and fuel) are 
remade correctly.

10.
11.

12.

13.

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 1, which is 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.

• Paraffins
• Napthenes
• Aromatics

e g. octane
e.g. cyclohexane СбН12

СЛe.g. benzene

'1Ъе 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:

S.

I 
I я
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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 catalyst In use)

• Carbon (C) = 12
• Hydrogen (H) = 1
• Oxygen (O) = 16

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

2C«H,8 + 2502 I6CO2 + I8H2O

The molecular mass of 2C8H18 is;

(2 X 12 X 8) + (2 X 1 X 18) = 228

The molecular mass of 25 XO2 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 3.5 kg of 
oxygen. Air contains 23% of oxygen by mass (21% 
by volume), which means I kg of air contains 0.23 kg 
of oxygen. Further, there is 
4.35 kg of air.

The ideal air-fuel (A/F) 
combustion of octane is 3.5 X

1 kg of oxygen in

ratio for complete
4.35 = 15.2:1.

and the effect the air-fuel ratio has on engine per­
formance, With modem engine fuel control 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 three 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

Octane: 2C8Hi8 + 2502 I6CO2 + I8H2O
A/F ratio = 15.2 ; 1

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

Cyclohexane: СбН)2 + 902
A/F ratio = 14.7; 1

6CO2 + 6H2O

Benzene; C^Hg + 15O2 6CO2 + ЗН2О
A/F ratio - 13.2; 1

The above examples 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 
ideal and takes no account of pollutants produced

9.9.1 Bosch lambda diesel
Lambda sensing is now also applicable lo diesel 
engines. This new technology makes cars cleaner 
and more economical. Bosch is 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 injection and 
engine. This reduces fuel consumption and pollu­
tant emission from diesel engines.

Different from lhe 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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Figure 9.68 Lambda sensing on a 

diesel system (Source; Bosch Press)

gas 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 
adherence to low emission values. Engines are bet­
ter protected against defects. For example, the 
harmful combustion in cars running in overrun may 
be 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 (X) 

value of I.
2. 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.
5 Draw a block diagram of a fuel injection system. 

Describe briefly the purpose of each component.
6. Explain the combustion process in a diesel 

engine.

7. Describe how electronic control of diesel fuel 
injection is achieved and state the advantages 
of BUI.

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

9. Make a clearly labelled 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, mass, of air to fuel that ensures 
complete and clean combustion is;
1. 14.7:1
2. 10:1
3. 1:10
4. 1:14.7
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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

rhe type of petrol injection system which makes 
use ofa single injector that sprays fuel towards a 
throttle is termed a:
1. single point 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
3. 1.5—40
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 В sa>'s the speed of flame spread in 
a diesel engine is affected by atomization of the 
fuel. Who is right?
1. A only
2. В only
3. Both A and В
4. Neither A nor В

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 В says reduction in CO, NOx and HC has been 
achieved by using engine management systems. 
Who is right?
1. A only
2. В only
3. Both A and В
4. Neither A nor В
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Engine management

10.1 Combinedignition 
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 
Iwing investigated. This control is becoming even 
more important as the possibility of carbon dioxide 
emissions being included in future regulations 
increases. Some of the current and potential areas 
for further control of engine operation are included 
in this section. Although some ofthe 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;

• ignition timing.
• Dwell angle.
• Fuel quantity.
• EGR (exhaust gas recirculation).
• Canister purge.
• 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;

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 lhe 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

• lambda control,
• knock,
• idle speed.

Engine
speed

Ignition

Engine
load

ECU

Input 
sensors ECU

Output 
actuators

Engine 
temperature

I Voluge^
Fuel

Figure 10.1 Representation of complete engine control as the 

standard functional system

Figure 10.2 General block diagram of an ignition and fuel 

control system
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I-

Figure 10.3 Variable length inlet manifold. A = long tract: 

В = short tract

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

f
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Figure 10.4 Volvo engine showing die feature of the inlet manifold design
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Figure 10.5 Honda's valve control system. At low revs theVTEC-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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M'tuators working at up to 200 bar with a high- 
4|Kcd servo valve controlling flow to the actuators.

10.1.5 Wide range lambda 
sensors

10.1.4 Combustion flame and 
pressure sensing
Research is ongoing in the development of cost 
ctVective sensors for determining combustion pres­
sure and combustion flame quality. These sensors 
are used during development but currently are pro­
hibitively expensive for use in production. When 
available, these sensors will provide instantaneous 
closed loop feedback about the combustion pro­
cess. This will be particularly important with lean 
burning engines.

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.

Figure 10.6 Variable valve timing from BMW

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 |xm 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

II
Air

e?

Figure 10.8 Better fuel preparation through injection with air 

shrouding. Left: injection valve without air shrouding. Bight: 

injection valve with air shrouding

Air route

Intake pipe

Intake

Injection valve with air shrouding

I Igure 10.7 Injection valve with air shrouding



Engine mana^emeni 243

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. Manv' 
countries now require a very comprehensive diagno­
sis of all components which aft’ect 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
shop to assist with fault-finding.

Monitoring of the ignition system is very import­
ant as misfiring not only produces more emissions 
of hydrocarbons, but the unburned fuel can enter 
the catalytic converter and bum there This can 
cause higher than normal temperatures and may 
damage the catalytic converter.

An accurate crankshaA 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 evap­
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.

1. Manufacturer’s discretion.
2. Bus + Line, SAE J1850.
3. Manufacturers discretion.
4. Chassis ground.
5. Signal ground.
6. Manufacturer’s discretion.
7. К Line, ISO9141.
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К Manufacturer’s discretion.
Ч Manufacturer’s discretion.

It) Bus-Line, SAE J1850.
II Manufacturer’s discretion.
I ? Manufacturer’s discretion.
II Manufacturer’s discretion.
14 Manufacturer’s discretion.
И 1. line, ISO 9141.
16 Vehicle battery positive.

Il is hoped that with future standards and goals 
Hi It will be beneficial for vehicle manufacturers 
In begin implementation of at least the common 
connector in the near term. Many diagnostic system 
nuinufacturers would welcome this move.

If lhe current lack of standardization continues, 
Il will become counter-productive for all concerned.

10.2 Exhaust emission 
control
10.2.1 Engine design
Miiny design details of an engine have a marked 
i llccl on the production of pollutant emissions. With 
Ihis in mind, it will be clear that the final design 
111 an engine is a compromise between conflicting 
iiiiercsts. The major areas of interest are as discussed 
in lhe following sections.

10.2.2 Combustion chamber 
design
lhe main source of hydrocarbon emissions is 
iMiburnt fuel that is in contact with the combustion 
ihiiinber walls For this reason the surface area of 
lhe walls should be kept as small as possible and 
with the least complicated shape. A theoretical 
ideal IS a sphere but this is far from practical. Good 
4wirl of the cylinder charge is important, as this 
lucilitates belter and more rapid burning. Perhaps 
more important is to ensure a good swirl in the area 
ol lhe spark plug. This ensures a mixture quality 
ihul IS easier to ignite. The spark plug is best pos- 
iltoned in the centre of the combustion chamber as 
this reduces the likelihood of combustion knock by 
reducing the distance the flame front has to travel.

10.2.3 Compression ratio
lhe higher the compression ratio, the higher, in 
цсгк*га1.  the thermal efficiency of the engine and 
ilK'refore the better the performance and fuel con­
sumption. fhe two main drawbacks to higher com- 
inession 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 effect 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 period 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 
timing.

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 fitted 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
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charge can be much weaker. This can bring great 
advantages in fuel consumption, but the production 
of NOx can still be a problem. The later section^ 
on direct mixture injection development is a good 
example 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

10.2.9 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 ofa spark will determine its ability to ignite 
the mixture. The duration of the spark in particular 
is significant 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 10.12isagraph 
showing the influence of ignition timing on emis­
sions and fuel consumption. The production of 
carbon monoxide is dependent almost only on fuel

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 is 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.

g/kWh

400-

c 
о

g/h

40. • 
cf 

z
I 200 _| + 30, 

c 
о

и
о

J 100- §20-

E 
Ш

f0_

10 20 30

Figure 10.11 Effect of various rates of EGR

I

I
I

I

UeaRyi«w

Fuel 
consumption

HC

NOx

XEGR

Consumption

гГ

)Г

Д ejMuw 1И «<си-1Й*«дп 1
■s 
ec I

lOx

HC

ItUMolenTMiiap »)*« CQ

I

Reurd
.J----------

T
TDC

!
“1-------------------r

Ignition timing
Advance

Figure 10.10 Exhaust-gas recirculation system
Figure 10.12 Influence of ignition timing on emissions and fuel 

consumption



i46 Aulomohile electrical and electronic systems

mixture and is not significantly affected by changes 
HI Ignition timing. Electronic and programmed 
Ignition systems have made significant improve­
ments to the emission levels of todays engines.

10.2.10 Thermal after-burning
14НИ Io lhe more widespread use of catalytic con­
verters, thermal after-burning was used to reduce 
live prixiuclion of hydrocarbons. In fact, hydrocar- 
hins do continue to bum in the exhaust manifold 
and recent research has shown that the type of mani- 
hild used, such as cast iron or pressed steel, can 
Iwvc a noticeable effect on the reduction of HC. At 
temperatures of about 600 ° C, HC and CO are burnt 
1И oxidized into H2O and CO2. If air is injected into 
Ik’ exhaust manifold just after the valves, then the 
яПег-burning process can be encouraged.

10.2.11 Catalytic converters
Stringent regulations in most parts of the world 
Iwvc made the use of a catalytic converter almost 
iiklispensable. The three-way catalyst (TWC) is used 
Io great effect by most manufacturers. It is a very 
ximple device and looks similar to a standard 
* *huusl  box. Note that, in order to operate conectly, 
luiwcver, the engine must be run at - or very near 
Io stoichiometry. This is to ensure that the right 
ingredients*  are available for the catalyst to perform 

Its 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 lhe 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 lhe type of reduction techniques 
used The main reactions in the ‘cat’ are as follows:

• 2CO + O2 2CO2
• 2C2H6 + 2CO -> 4CO2 + 6H2O
• 2NO + 2CO -> N2 + 2CO2

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 type with a built-in manifold. The whole 
three-w^ catalytic converter only contains about 
3-4 g of the precious metals.

engine ensures a м response 
Umef-*- “ ' ------
phase

Close-coupled саЫуис eonver- 
cer system with fabricated mani­
fold, lambda and OBO Il-sensor 
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central part. The poslpan ot the 
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weight of the vehtde and lUso 
favours (he lower thermal 
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Figure 10.13 Catalytic converter
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ihc idcnl operating temperature range is from 
iilxiut 4(И) to X(M) °C. A serious problem to counter is 
lhe delay in the catalyst reaching this temperature 
I his IS known as the ‘catalyst light-off time’. Vari­
ous methtxJs 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 c.xhaust 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 w^s. 
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 engine misfire, which can cause lhe 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 ignition 
HT system and, if the spark is not present, will not 
allow fuel to be injected,

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 30 s 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 to 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 

and O2- 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
ing' due to lead or even silicon. If the control can be 
kept within 0.5% of lambda the converter will 
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 1 
closed loop control of the air-fuel mixture in con- j 
junction with a three-way catalytic converter. It was 
under discussion that a lambda value of 1 should d 
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 J 
a three-way catalyst (TWC) is shown in Figure 10.16. g
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Figure 10.14 Electrically heated catalytic pre-converter
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lhe ixinciple of operation is as follows; the lambda 
M'ltMir produces a voltage that is proportional to the 
iwvgcn content of the exhaust, which is in turn pro- 
pHtional to the air- fuel ratio. At the ideal setting, this 
voltage is about 450 mV If the voltage received by the 
I < *1 1 is below this value (weak mixture) the quantity 
ol fuel injected is increased slightly. If the signal 
voltage is above the threshold (rich mixture) the fuel 
ipmnhty is reduced. This alteration in the air-fuel ratio 
tnuM not be too sudden as it could cause the engine to 
iHK'k To prevent this, the ECU contains an integrator, 
which changes the mixture over a period of time

Л delay also exists between the mixture formation 
in the manifold and the measurement of the exhaust 
gas oxygen. This is due to the engines working cycle 
and lhe speed of the inlet mixture, the time for the 
cxluiust to reach the sensor and the sensor's response 
lime This is sometimes known as 'dead time' and 
Vuii be as much as one second at idle speed but only 
a lew hundred milliseconds at higher engine speeds.

I )ue to the dead time the mixture cannot be con- 
iiolled to an exact value of X = 1. If the integrator 
14 adjusted to allow for engine speed then it is pos- 
4ible lo keep the mixture in the lambda window 
(0 97 1.03), which is the region in which the TWC 
14 at Ils most efficient 

combustion chambers and injection techniques. 
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 emplr^ed to control emissions.

10.3.2 Exhaust gas recirculation
In much the same way as with petrol engines, 
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 are 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 
effect on nitrogen oxides. This is because diesel 
engines are always run with excess air to ensure 
better and more efficient burning of the fuel. A nor­
mal catalyst therefore will not strip the oxygen otf 
the NOx to oxidize the hydrocarbons because the 
excess oxygen will be used instead. Special NOx 
converters are becoming av-ailable

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 centrifugal 
filters and water trap techniques. The problem to 
overcome is that the filters can get blocked, which 
adversely affects the overall performance. Several 
techniques are employed, including centrifugal 
filters

10.3 Control of diesel 
emissions

10.4 Complete vehicle 
control systems

10.3.1 Introduction 10.4.1 Introduction
I xhiuisl emissions from diesel engines have been 
iviliiced considerably by changes in the design of 

The possibility of a complete vehicle control sys­
tem has been around since the first use of digital
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control. Figure 10.17 shows a representation of a 
full vehicle control system. In principle, il 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.
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Wheel 
speed

I Steering ________
angle ■*angle

I Throttle 
( position

' Г“
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ECU

I 
j

Auto 
gearbox
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Traction 
control

Suspension 
control

etc-

10.4.2 Advantages of central 
control
The advantages of central control come under two 1 

main headings, inputs and outputs. On the input j 
side, consider all the inputs required to operate each ] 
of the following; 1

• Ignition system.
• Fuel system.
• 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 theFigure 10.17 Represenution of a full vehicle control system

1 Motronic
tl Electronic throttle control
III Electronic transmission control
IV ABS/ASR

Power-Train System 
conventional control unit connection

1 Air-mass flow meter
2 Injection and ignition
3 ABS hydraulic modulator
4 ABS vdteel speed sensor
5 Lambda sensor
6 Throtde actuator
7 Pedal sensor
8 Output-speed sensor, pressure regulator, 

solenoid valves
9 Engine-speed sensor

Figure 10.18 Linking ECUs
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uhilst increasing the possibilities for con- 
IS, in fact, the advantage of the outputs’. 

I the common operating condition for a
Ilf a sudden and hard acceleration and 

Мк||йя(Ь1е responses from each of the systems

Г 
f-

Possible action

Retard the timing 

Inject extra fuel 

Change down a gear

II

I

But*  ''tern is operating in its own right, it is pos- 
|| ЙМ1 each, to some extent, will not react in the 
H wm with respect to the others. For example, 
I Huh ng and fuel quantity may be set but then 
I HfH*inission  ECU decides to change down a 
b Ohi* increasing engine speed. This, in turn, 
I 1Ш|м1ге a change in fuel and timing. During 
||ttn«ition stage, a decrease in efficiency and an 
IlMw in emissions are likely.
With Й single control unit, or at least communi- 
||w Ih-tween them, the ideal actions could all 
■ jMiKC at the most appropriate time. The com- 
■IV »»f the programming, however, requires much 
■IhhI computing power This is particularly 
BhMii if other vehicle systems are considered, 
К •» ii.iction control, ABS, active suspension and 
BHmi 1 hese systems are discussed individually 
■hiH sections of this book.

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 Cartronic 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 ofC02 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 

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 injection 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 MPI 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 lhese 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.

• 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 efficient 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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Figur*  10.22 Transition of fuel supply system

I'igiirc 10.23 is the Mitsubishi Gasoline Direct 
hiirt'iton (GDI) engine.

10.5.2 Major objectives of the 
GDI engine
e Illtru-Iow fuel consumption that is even better 

than that of diesel engines.
• Superior power to conventional MPI engines.

Technical features
• I Ipright straight intake ports for optimal air flow 

vontrol in the cylinder.
0 ( urved-top pistons for better combustion.
• lligh-pressure fuel pump to feed pressurized 

luel into the injectors.
• High-pressure swirl injectors for optimum 

4И fuel mixture. Figure 10.23 Mitsubishi gasoline direct injection 'GDI' engine



f I

Engine management 253

Torque

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 unique to 
Mitsubishi, the GDI engine provides both lower fuel 
consumption and higher output. This seemingly 
contradictory and difficult feat is achieved with the 
use of two combustion modes. Put another wt^, injec­
tion timings change to match engine load.

For the load conditions required in average 
urban driving, fuel is injected late in the compres­
sion 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. During 
high performance driving conditions, fuel is injected 
during the intake stroke. This enables a homoge­
neous air fuel mixture, like that in conventional 
MPl 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 1 
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 MPl 
engines. The methods are shown below.

In*-cytinder  air flow
The GDI engine 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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«»• '. luinble for optimal fuel injection, as showTi 
- I lyUte 1(1 25.

г uol spray
. h des eloped high-pressure swirl injectors pro-

I lhe ideal spray pattern to match each engine’s 
•rj- 4ntioniil modes. This is shown as Figure 10.26.

J ilh Mime time, by applying highly swirling 
чИюп to lhe entire fuel spray, the injectors enable

i .dliiirni fuel atomization that is mandatory for 
t • I >1 even with a relatively low fuel pressure of

■Ilk JI I in

Optimized configuration of the 
inmbustion chamber
"• uirvcd-iop piston controls the shape of the 
... hid mixture as well as the air flow inside the 

• ■iiibiisiiun chamber and has an important role in 
‘"•mhiining a compact air-fuel mixture. The mix- 
»•’»« which is injected late in the compression

■ IS carried towards lhe spark plug before it 
'hs|KTse.

Mitsubishi’s advanced in-cylinder observation 
techniques, including laser-methods, have been util­
ized to determine lhe 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.

GDI Conventional MPI

Iht Stralgh^i

itake Port Port

Reverse 
Tumble

tigttr*  10.25 Upright scraight inuke ports

Fuel Spray Locus 
(Bottom view)

Compression Stroke Infection

Swirling Flow

Compact Spray 
Realization ol 

StratHied Charge

Intake Stroke Infection

Cone Shape Spray 
Realization of > 

Homogeneous Charge)Injection Nozzle

rigtir*  10.26 Swirl injectors
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As a result, extremely stable combustion of 
an ultra-lean mixture with an air-fuel ratio of 40 
(55, EGR included) is achieved as shown i> 
Figure 10.28.

Figure 10.27 Optimum piston shape

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 GDI 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.

Spark Plug Injector

Piston Fuel Spray

40 " before Top Dead Centre 30 ° before Top Dead Centre 20 ° before Top Dead Centre

GDI

Cylinder 
Pressure

Figure 10.28 Behaviour of fuel spray (injection in compression stroke) - Schlieren photo method
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30A ЗОВ TDC 

Crank Angie (deg)

-1— 
30A

Figure 10.29 Comparison between GDI and a conventional multipoint system
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^(lel consumption during cruising
Al 40 km/h, the GDI engine uses 35% less fuel than a 
MHiijwnWv sized conventional engine (Figure 10.31).

t url consumption in city driving
hl Japnncse 10.15 mode tests (representative of 
IrtlMiiese urban driving), the GDI engine used 35% 
h sh fuel than comparably sized conventional gas- 
iHitK*  engines. Moreover, these results indicate that 
iti«*  GDI engine uses less fuel than even diesel 
wigmcM (Figure 10.32).

I mission control
‘‘»»»vious efforts to bum a lean air-fuel mixture have 
ivaiihed in difficulty in controlling NOx emissions.

However, for the GDI engine, 97% NOx reduction 
is achieved 1^ 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 MP! 
engines, the GDI engine has a high compression

Fuel 
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ManualTransmission
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riftirr 10.31 Fuel consumption during cruising
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Figure 10.33 NOx emissions
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* High durability
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Figure 10.34 Newly developed lean NOx catalyst (HC selective deoxidization type)
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»«<*<»  und a highly efficient air intake system, which 
i» Mill in improved volumetric efficiency.

Improved volumetric efficiency
I »HH|Mued with conventional engines, the Mitsubishi 
III И engine provides better volumetric efficiency 
I Ih‘ upright straight intake ports enable smoother 
«11 inittkc. rhe vaporization of fuel, which occurs 
И» lhe cylinder at a late stage of the compression 
имЛе. cools the air for better volumetric efficiency 
|l (HUH- 10.35).

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 М3
liH rrased compression ratio
’ ’ . iMiltng of air inside the cylinder by the vapor- 
lyMUMi of fuel has another benefit to minimize 
»1М(|1и*  knocking. This allows a high compression 

ol 12. and thus improved combustion effi-
•1ину (I Igure 10.36).

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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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 1 
for ignition advance are engine speed and load, but 1 
greater accuracy can be achieved by taking further J 
parameters into account, such as engine tempera- i 
ture. This provides both optimum output and close ] 
control of anti-pollution levels. Performance and j 
pollution level control means that the actual ignition 
point must, in many cases, be a trade-off between j 
the two. 1

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

ilu'kc data is indirect in the case of this system as 
Й pressure sensor is being used to determine the 
•»*(  quantity.

I leetromagnetic injectors control the fuel supply 
lain lhe engine. The injector open period is deter­
mined by the ECU. This will obtain very accurate 
umirol of the air-fuel mixture under all operating 
I iHHlitions of the engine. The data for this are stored 
m Ift )M in the same way as for the ignition.

figure 10.39 shows the components of this 
avsiem

Figure 10.40 Crankshaft sensor signal

Ignition system operation
Ihl*  main source of reference for the ignition sys- 
ivin IS from the crankshaft position sensor. This is a 
magnetic inductive pick*up  sensor positioned next 
lo a flywheel ring containing 58 teeth. Each tooth 
lakes up a 6 ® angle of the flywheel with one 12 ° gap 
|N)siiioned 114° before top dead centre (TEX^) for 
IIk* number one cylinder.

typical resistance of the sensor coil is 800 П. 
I Ik* air gap between the sensor and flywheel ring is 
alwiut 1 mm. The signal produced by the flywheel 
ariisor is shown in Figure 10.40. It is essentially a 
kine wave with one cycle missing, which corres- 
(HHuls to the gap in the teeth of the reluctor plate.

l he information provided to the ECU is engine 
«|iced from the frequency of the signal, and engine 
iwisihon from the number of pulses before or after 
iIk* missed pulses.

l he block diagram in Figure 10.41 shows a 
Nock diagram layout of how the ignition system is

Ignition I
coil

• [ I ■

'{ Dwell I?
Micro- 

. processor

JCounteifi---------------: ^Iculationl :

' of advance

|Coolar*t{  
7 I temp I

fThrotUel
{position I

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:

• Determine and create advance curves.
• Establish constant energy.
• Transmit the ignition signal direct to the ignition 

coil.
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• 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.

• Full load conditions require careful control of 
ignition timing to prevent combustion knock. 
When a full load signal is sensed by the ECU 
(high manifold pressure) the ignition advance 
angle is reduced.

«n*

Dwell angle

DtugH »f<9l9 m»p

Figure 10.42 Engine timing and dwell maps

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

• Engine rev/min - given by the flywheel sensor.
• 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:

• Coolant temperature.
• Air temperature
• 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.

• 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:

• Operational strategy.
• Knock protection.
• 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 
strategy. 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 in 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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4|xxd. To ensure the ignition primary cur- 
H nt teaches its maximum at the point of ignition, the 
Mil tonlroLs the dwell by the use of another mem- 

map. which takes battery voltage into account.
I Ik*  signal from the flywheel sensor is virtually

regulato^

Inlet 
Manifold

• »iituM>id created as the teeth pass the winding. The 
♦t in value of this signal occurs as the sensor sees' 
Uh й|х;ч of each tooth. A circuit within the ECU 
ifl Schmitt trigger) converts the signal into a square

I he passage of the missing teeth gives a longer 
thu aiion signal. The ECU detects the gap in the teeth 
ми1 from this, can determine the first TE>C. fhe 
Ml nod TDC in the cycle is determined by count­
ing JU teeth, which is half a revolution. The ECU, 
iMving determined the ignition angle then controls 
Um- coil every half engine revolution. Using the 
o lcicnee signal, the ECU switches the coil on at
• INMiit determined by a number of teeth corres- 
l«HHlmg to the dwell, before the point determined 
In- liming value, where the coil is switched off.

I he Ignition module is only used as a simple 
•wilch to control the coil primary windings. It con- 
iiclc of a Darlington-type amplifier. This switching 
him lion is carried out within the ECU on some sys- 
h'lns. this choice very much depends on the loca- 
hoii of lhe ECU compared with the ignition coil. 
Aho. the heat generated by lhe switching of heavy 
wiiienl may be better separate from the main ECU. 
A f inal consideration is whether the interference 
««used by the switching could cause problems 
Hiihiii the ECU.

I he 'distributorless' ignition coil is made up of 
Iwo primary windings and two secondary wind­
ings The primary windings have a common 12 V 
supply and are switched to earth in turn in the nor­
mal manner. The primary resistance is of the order 

of 0.5 fl and the secondary resistance is 14.5kfl. 
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. ITie 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 is returned to the tank. The 
fuel is usually picked up via a swirl pot in the tank 
to prevent aeration 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 
tuibine, draws fuel from the tank and a high-pressure 
stage, created a gear pump, delivers fuel to the 
filter. It is powered by a 12 V supply from the fuel 
pump relay, which is controlled by the ECU as a 
safety measure.

The fuel pump characteristics are:

• Delivery - 120 litres per hour at 3 bars.
• Resistance - 0.80 (static).

Fuel tank

Injectors

Fuel 

pump

Fuel roil

ЯJ

4

tPressure

Figure 10.43 The main components in the fuel supply system
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• Voltage-12V
• Current-10.5 A.

The rotation of the turbine draws fuel in via Же 
inlet. The fuel passes through the turbine and enters 
the pump housing where it is pressurized b\' 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.

1Ъе 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 to 
betweenSand 10p.m, Replacement of the filter varies 
between manufacturers but 80000 km (50000 miles) 
is often recommended.

The fuel rail, in addition to providing a uniform 
supply to the injectors, acts as an accumulator. 
Depending on lhe 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
plied 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 electrically 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 delivered 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):

• Supply voltage - 12V.
• Resistance 16 fl.
• Static output - 150cc per minute at 3 bar

The purpose of the fuel pressure regulator is lo 
maintain differential pressure across the injectors at 

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 
a valve. 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 manifold 
pressure vary the basic setting. When the fuel pres­
sure is sufficient to move the diaphragm, the valve 
opens and allows fuel to return to the tank, l he 
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 is 
determined only 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, essentially 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:

• Engine rpm.
• 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 
5 V supply and transmits an output voltage accord­
ing to the pressure. The sensor is 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 4.75 V 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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ihdi the ECU may correct the quantity of fuel 
«M*4lvd  As the temperature of air decreases its dens­
ity increases and hence lhe quantity of fuel injected 
НИ1Ч1 also be increased.

I he sensor is a negative temperature coefficient 
tNIC) resistor. 1Ъе resistance value decreases as 
к11Ц)сгй1иге increases and vice versa. The output 
ilMiacicnstic of this sensor is non-linear. Further 
ik UiU about this type of sensor and one solution to 
il*₽  non-hnear response problem are examined in 
t ||й|Мгг2

In order to operate the injectors, the ECU needs 
to know in addition to air pressure - the engine 
»1»чч1 Io determine the injection quantity. The same 
lly wheel sensor used by the ignition system pro- 
vhIi-s this information. All four injectors operate 
«Hnullancously, once per engine revolution, inject­
ing half of the required fuel. This helps to ensure 
IwlaiK'ed combustion. The start of injection varies 
й( toiding to ignition timing.

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

Four риш resistance 
. strain gauges

Aneroid 
chamber

■.

Quaru 
crystal

Under pressure

V 
47

&

02S
170

MAP

1050 
mBar

manifold pressure and engine speed, fwo 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 carries 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 after cut-olf,
• 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 circuil It 
comprises a variable resistance and a fixed resist­
ance, As is common with many sensors, a fixed 
supply of 5 V is provided and the return signal will

Vo«- 1
I S UI

OV

JL-..

6 kQ (stabilized)

o'
Throttle 

potentiometer

к. 
o'

Ptgitr*  10.44 Pressure sensor and its voltage output Figure 10,45 Throcde pocendomecer and its dectrical circun
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vary a|>pro.4tma(ely between 0 and 5 V. The voltage 
mcrca.^cs 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. ELxit 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 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 slightly.

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

u

i 3'
6

Ind Comp Ign Exh

IB:
injection 

four times per engeie cycle 
during starting

1

Inlet

Figure 10.46 Injection and ignition timing relative to engine 

position

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 waler temperature. To over­
come the frictional resistance of a cold engine it 
is important 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 butterfly by a passage in the throttle hous­
ing. A volume screw is fitted for adjustment of idle 
speed. Idle 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.

I
X 
e

Temperature

Figure 10.47 Decreasing mixture enrichment after a cold start
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Figure 10.48 Enrichment factor during warm up 
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tull load phase Under full load conditions the 
ffoitioii liming is related to engine speed and full 
inatl inlormation from the throttle potentiometer. 
I h»' in)cvlion function in order to achieve maximum 

must be set such that the mixture ratio is 
на o'a4cd to I; I. The information from the throttle 
pHuiiiiometer triggers a programme in the ECU to 
Huiih Ihc mixtiu*e  in relation to engine speed in 
Hiik'i Io ensure maximum power over the speed 

hut also to minimize the risk of knocking. It 
И uho important not to increase fuel consumption 
Moik ccssanly and not to allow significant increases 
a*  i^xhaust emissions.

A< 1 alrration phase When a rapid acceleration 
u ill levied by the ECU from the rate of change of 
rtw lIihHilc potentiometer signal, enrichment occurs 
♦»ri a certain number of ignitions. The enrichment 
»al«c 14 determined from water temperature and 
l«v«.fetiic variations in the inlet manifold. The enrich- 
«*••«1  then decreases over a number of ignitions. 
lianH*  10.49 shows the acceleration enrichment 
jtiun*  Ihc enrichment is applied for the calibrated 
mtiiilx^r of ignitions and then reduced at a fixed rate 
MMil II IS non-existent Acceleration enrichment will 
MH iKVur if the engine speed is above 5000 rev/min 
•H Ml idle. Under very strong acceleration it is pos- 
tdtlu U) have unsynchronized injection. This is deter- 
hmihxI from the water temperature, a ROM map of 
ihtMllk position against engine speed and a battery 
MiliMgc correction.

falls to about 1000 rev/min, injection recommences 
with the period rising to lhe 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 a programme relating to injection period, engine 
speed and water/air temperature.

Engine speed limitation injection is cut-off 
when the engine spieed 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 TEX? and the correction is then 
applied to all injection 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 Sj is greater than 6'2 a correction is 

O»i deration phase If the change in manifold 
I*»  .vufc IS greater than about 30mbar the ECU 
»ммм”1 the mixture to be weakened relative to the 
•k levied pressure change.

Z 
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Injection cut-off on deceleration phase This 
n iksigned to improve fuel economy and to reduce 
IMiliculur emissions of hydrocarbons. It will occur 
when lhe throttle is closed and when the engine 
*l'»4*d  IS above a threshold related to water tempera­
hue (about 1500rev/min). When the engine speed
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required. 5| — S2 = S where 5 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

-
0.5 A) 

£

g -1□и

Si

S3

T Time

Sj - $2 * ’f'fector current

Figure tO.Sl Injector operation time curve 

be injected directly into the combustion chamber 
via electro-magnetic injectors. This system achieves 
reduced emissions and improved fuel consumption.

The air mass drawn in can be adjusted through 
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 is used in the exhaust. It is positioned before 
the catalytic converters. This sensor can measure a 
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:

• Stratified charge operation - with lambda values 
greater than 1.

• Homogenous operation - at lambda — 1.
• Rich homogenous operation - with lambda = 0.8.

Compared to the traditional manifold injection sys­
tem, the entire fuel amount must be injected in 
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 required 
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 order 
to create an optimal mixture in the brief moment 
between injection and ignition. The fuel droplets for 
direct injection are on average smaller than 20 p.m. 
This is only one-fifth of the droplet size reached 
with the traditional manifold injection and one-third 

Ъ'.—77Л4?
■ ”■

■
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Figure 10.52 Injector used by gasoline direct injection (Source: Bosch Press)
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iiIf’ diameter of a single human hair. This improves 
Ли icncy considerably. However, even more import- 

•41 ihan fine atomization is an even fuel distribu- 
s-4rti in lhe injection beam. This is done to achieve 
Й!*1  and uniform combustion.

I oinentional spark ignition engines have a 
bKH.jgvnous air/fuel mixture at a 14.7; 1 ratio, cor- 
^^•IMinding to a value of lambda = 1. Direct injec- 
‘vn vngines. however, operate according to the 
!??teiilied charge concept in the part load range 

function with high excess air. In return, very low 
‘ль'1 consumption is achieved.

Wnh retarded fuel injection, a combustion 
‘hninl)cr split into two parts is an ideal condition, 
Mill fuel injection just before the ignition point and

Ч lion directly into the combustion chamber. The 
••t!;!jli IS a combustible air/fuel mixture cloud on the 

plug. This is cushioned in a thermally insu- 
i ‘Hd layer, which is composed of air and residual 

■Uuiust gas. fhe engine operates with an almost 
•niplclely opened throttle valve, which reduces 

I i-’tiping losses.
Wiih stratified charge operation, the lambda value 

■V. Ilh combustion chamber is between about 1.5
1 In lhe part load range, gasoline direct injec- 

•-я: ;tt hieves the greatest fuel savings with up to 40% 
i.i idle compared to conventional fuel injection.

With increasing engine losd, and therefore increas- 
iii|cction quantities, the stratified charge cloud 

J-•' i’lncs even richer and emission characteristics 
'inc worse. Like diesel engine combustion, soot J’r-'

may form. In order to prevent this, the DI-Motronic 
engine control converts to a homogenous cylinder 
charge al 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:

• The injection point must be adjustable between 
'late’ (during the compression phase) and 'early’ 
(during the intake phase) depending on the oper­
ating point.

• 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.
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Figure 10.S4 Cutaway engine showing the GDi system operating (Source: Bosch Press)
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Figure 10.55 System components showing fuel and electrical connections (Source: Bosch Press)
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10.56 Switching between operating modes depending 

M engine load (Source: Bosch Press)

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

In 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 limits of the future. Therefore, 
emissions containing NOx must undergo special 
treatment. Engine designers are using an additional 
NOx accumulator catalytic converter in the exhaust
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tlgtir*  10.57 Operating modes (Source: Bosch Press)

High pressure pump

Electronic throttle control

Fuel 
distributor

Injectcx

Lambda 

sensor

*

i

&

• NOx catalytic , 
converter L ’

ECU

...J
Lambda sensor

rigurr 10.58



Engine management 27!

system. The NOx is deposited in the form of 
nitrates (HNO3) 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 
Dl-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 
Dl-Motronic system, which is now used by many 
manufacturers, continues to reflect the good name 
of Bosch.

Table 10.1 Common symptoms of an engine malfunction ап4 

checks for possible faults

Symptoms

Engine will 

not sure

Engine difficult 

to start 
when cold

10.7 Diagnosing engine 
management system faults
10.7.1 Introduction

Engine difficult 

co start 
when warm

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.

Check for possible faults

1. Engine and battery earth connections^

2. Fuel filter and fuel pump.

3. Air intake system for leaks.

4. Fusesrfuel pump/system relays.

5. Fuel infection system wiring and 

connections.
6. Coolant temperature sensor.
7 Auxiliary air valve/ide speed 

control valve.

8. Fuel pressure regulator and 

delivery rate.

9. ECU and connector.

10. Limp home function — if fitted.

1. Engine and battery earth 

connections.
2. Fuel infection system wiring and 

connections.
3. Fusesrfuel pump/system relays.

4. Fuel filter and fuel pump.

5. Air intake system for leaks.

6. Coolant temperature sensor.

7. Auxiliary air valve/idle speed 

control valve.
8. Fuel pressure regulator and 

delivery rate.

9. ECU and connector.

10. Limp home function - if fitted.

1. Engine and battery earth 

connections.
2. Fuses/fuel pump/system relays.

3. Fuel filter and fuel pump.

4. Air intake system for leaks.

5. Coolant temperature sensor.
6. Fuel infection system wiring and 

connections.
7. Air mass meter.

8. Fuel pressure regulator and 

delivery rate.

9. Air sensor filter.

10. ECU and connector.

11. Knock control - if fitted.

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. It 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.

Engine starts 

then stops

10.7.2 ECU auto-diagnostic 
function

Erratic idling 

speed

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.

1. Engine and battery earth connoclhev

2. Fuel filter and fuel pump.

3. Air intake system for leaks.

4. Fuses/fuel pump/system relays.

5. Idle speed and CO content.

6. Throttle potentiometer.

7. Coolant temperature sensor.
8. Fuel infection system wiring and 

connections.
9. ECU and connector.

10. Limp home function — if fitted.

1. Engine and battery earth 

connections.
2. Air intake system for leaks.

3. Auxiliary air valve/idle speed 

control valve.

4. Idle speed and CO content.

(СоЛ»м»4|
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It I (fonbnued)

Check for possible faults Symptoms Check for possible faults

«Mt... 
Ml

p« ei

Fuel injection system wiring and 

connections.
Coolant temperature sensor.
Knock control - if fitted.

Air mass meter.

Fuel pressure regulator and delivery 

rate.
ECU and connector.

Limp home function - if fitted.

Air intake system for leaks.

Vacuum hoses for leaks.

Auxiliary air valve/idle speed control 

valve.
Idle speed and CO content.

Coolant temperature sensor.

Engine and battery earth connections.

Air intake system for leaks.
3. Fuel injection system wiring and 

connections.

4. Coolant temperature sensor.
5. Fuel pressure regulator and delivery 

rate.
6. Air mass meter.

7. Fuses/fuel pump/system relays.

1. Air flow sensor.

5.

6.

7.

8.

9.

10.

11.

1.

2.

3.

4.
5.

1. 

2

3.

4.

Air mass meter.

ECU and connector.

Poor engine 

response

Excessive fuel 

consumption

1.

2.

3.

4.
5.

6.

7.

8

9.

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 

race.
Air mass meter.

ECU and connector.

Ump home function — if fitted.

”1 tpetd 

nun when 

rwmg

CO level too high

Hinn at 
im ipeed

ftoion on
»*un

1. Engine and battery earth connections.
2. Air intake system for leaks.

3. Fuel injection system wiring and 

connections.
4. Vacuum hoses for leaks.

5. Coolant temperature sensor.

6. Fuel pressure regulator and delivery 

rate.
7. Air mass meter.

8. ECU and connector.
9. Limp home function - if fitted.

1. Engine and battery earth connections.

2. Throttle linkage.

3. Vacuum hoses for leaks.
4. Auxiliary air valve/idle speed control 

valve.
5. Fuel lines for blockage.

6. Fuel fitter and fijel pump.

7. Injector valves.

8. ECU and connector.
9. Limp home function — if fitted.

1. Air intake system for leaks.

2. Fuel injection system wiring and 

connections.
3. Coolant temperature sensor.

4. Throttle potentiometer,

5. Fuses/fuel pump/system relays.

6. Air sensor filter.

7. Injector valves.

8. Air mass meter.

CO level coo low

Poor performance

during 

iMMion

1. Knock control - if fitted.

2. Fuel injection system wiring and 

connections.

1.

2.

3.

4.

5.

6.
7.

8.

Engine and battery earth connections.

Idle speed and CO content.

Throtde potentiometer.
Throtde valve/housing/sticking/initial 

position.
Fuel pressure regulator and delivery 

rate.
Coolant temperature sensor.

Air mass meter.
Limp home function — if fitted.

1.

2.

3.

4.

5.

6.

7.

Limp home function - if fitted.

ECU and connector.
Emission control and EGR valve - if 

fitted.

Fuel injection system wiring and 

connections.
Air intake system for leaks.

Coolant temperature sensor.

Fuel pressure regulator and delivery 

rate.

1. Engine and battery earth connections.

2. Air intake system for leaks.

3. Idle speed and CO content.

4. Coolant temperature sensor.

5. Fuel injecticwi system wiring and 

connections.
6. Injector valves.

ECU and connector.

Limp home function - if fitted.

Air mass meter.

Fuel pressure regulator and delivery 

rate.

7.

8.

9.

10.

Engine and battery earth connections.
2. Air inuke system for leaks.

3. Throttle valve/housing/sticking/initial 

position.
4. Fuel injection system wiring and 

connections.
5. Coolant temperature sensor.

6. Fuel pressure regulator/fuel pressure 

and delivery race.

7. Air mass meter.

8. ECU and connector.

9. Limp home function - if fitted.

1.
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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 lhe 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 10 s. 
Earthing this wire for more than 10 s 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 - Burning fuel can 
seriously damage your health!
Caution/Achtung/Attention - High voltages can 
seriously damage your health!

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).

5. 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 minimum).

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

9. Sensor readings and continuity of wiring 
(0-0.2 Ji for the wiring sensors will vary with 
type).

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

11. Fuel supply - from stage 5.
12. Supply voltage to pump (within 0.5 V of bat­

tery - pump fault if supply is OK).
13. Check pump rela\' 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 0.5 V 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 kfl/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 
0.5-3 П, secondary several kll).

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

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

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

24. Continuity of LT wires (0-0.1 JI).
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 
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 oft*.  The traces showing vari­
ations in the dwell represent how the quantity of fuel 
injected is varied. The difference in how the dwell 
is varied is due to the method of injector switching. 
If a simple on/off technique is used then the trace 
will be as shown in the first two sketches; if current 
limiting is used then the trace will be slightly dif­
ferent, as shown by the lower two sketches.
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figur*  10.59 Injector signals as would be shown on an oscil- 

Ih«< «ipp during a test procedure

I hese traces are very useful for diagnosing 
Uiilts it is possible to see how the trace changes 
iHHler the engine operating conditions, for example;

• I hies the trace width extend under acceleration?
• I hies the trace cut off on overrun?
• lhx;s the trace width reduce as the engine

\Mirins up?

where <4 density; = intake pressure; and 
7'j = intake temperature.

po, do and 7’o are known values relating to pres­
sure, density and temperature under sea level stand­
ard day’ (SLSD) conditions.

The mass of the air can be calculated by.

H = d^ X V

where = mass of air (kg); <4 density of the 
air (kg/Iitre); and V = volume of air (litres).

The mass flow rate can now be calculated by:

d^ X Ay

where Af„ = air mass flow rate (kg/s).
Finally, by substitution and simplification, air 

mass flow can be calculated by:

'm d.'a 120
- E(d\

Further to this calculation, the basic fuel quantity 
can be determined as follows:

10.8 Advanced engine 
management technology
10.8.1 Speed density and fuel 

< iilculations
I UK inc management systems that do not use an air 
llitu sensor rely on the speed-density method for 
•ktvrmining the required fuel quantity. Accurate 
hu Hsurement of the manifold absolute pressure 
(MAP) and intake air temperature are essential with 
Ilin technique.

the volume flow rate of air taken into an engine 
«I N given speed can be calculated by;

AER 

where E = fuel quantity (kg) and AER = desired 
air-fuel ratio.

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

T^ — 

where /’= time and R{ — fuel injectorfs) 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.

л =
60 A 2 J 'J

nhcic Ay = air volume flow rate (litres/s); 
f 1 diy ~ exhaust gas recirculation volume (litres/s); 
'' displacement of the engine (litres); and 
I volumetric efficiency (as a percentage from 
hMik up tables).

I he density of air in the inlet manifold is related 
lit th lemperature and pressure. If these are measured

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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WARM-UP CORRECTION
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IGNITION CORRECTION BASED 
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CORRECTION FOR 
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TRANSMISSION SHIFT

I
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I
IGNITION ANGLE LIMIT

IGNrriON TIMING! IGNITION TIMING J
; FOR KNOCK CONTROL!

EFFECTIVE IGNITION TIMING

Figure 10.60 Determination of effective ignition timing

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

Inputs from speed and load sensore 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 condition.s 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 rotation 
either side of top dead centre compression for each 
cylinder. This window is the only time knock can 
occur and is also a quiet time as far as valve open­
ing and closing is concerned. The sensor is tuned lo 
respond to a particular frequency range of about 
5-10 kHz, which also helps to eliminate erroneous 
signals. The resonant frequency of this type of 
accelerometer is greater than about 25 kHz.

The signal from the knock sensor is filtered and 
integrated in the ECU. A detection circuit deter­
mines a yes/no answer to whether the engine knocked 
or not. When knock is detected on a particular 
cylinder, the timing for that cylinder is retarded by 
a set figure, often 2 ®, each time the cylinder fires, 
until the knocking stops. The timing is then advanced 
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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Hp table, engine speed forms one axis, and 
IvHfiv voltage the other. If battery voltage falls, the 

angle is increased to compensate. The ‘dwell 
IwmlH'T IS used in a similar way to the ‘timing 
HhoiIh i' in the previous section except that this 
HHh the ‘dwell number’ is used to determine the 
•wth h on point of the coil during operation of the 
йпи| 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

e
Ф
cЛ
IO

Detection of knock

f'#«»• 10.61 How timing is varied in response to combustion knock

Rapid 
correction

Slow 
correction

Slow 
steps

BASE PULSE WIDTH CALCULATED 
FROM (Fm) LOAD SIGNAL PULSE WIDTH DURING CRANKING

a

0
1

(AFTER START) ANO WARM-UP CORRECTION

.... ~T........
LAMBDA CONTROL СОПЯЕСТЮН 
WITH ACTIVE LAMBDA CONTROL

COASTING - RPM/VEHICLE 
SPEED LIMIT REACHED?

NO

TRANSIENT COMPENSATION

OPERATION DEPENDENT 
PULSE WIDTH CORRECTION

BATTERY VOLTAGE CORRECTION

I
EFFECTIVE PULSE WIDTH

Itfur» 10.62a Determination of effective injector pulse width
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FUEL CUT-OFF

CORRECTION FOR 
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Figure 10.62b Engine management fuel and ignition calculation flow diagram
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.... <iion duration calculation is summarized as

• basic open period for the injectors is deter- 
MtHK’d from the ROM information relating to
H|-ine speed and load.

• '•41 ections for air and engine temperature.
• i lhng. full or partial load corrections.
• \ tier-start enrichment.
• ’ >|4Ti»tional enrichment.
• << deration enrichment.
• w.-akening on deceleration.
• ’ ui-off on over-run.
• ' instatement of injection after cut-off.
• • uiiection for battery voltage variation.

' ihIvi starting conditions the injection period is 
iitaied differently. This is determined from a set

I • UM- varied as a function of temperature.

10.8.5 Developing and testing 
«itftware

IS, of course, more than one way of produ- 
Hif a ‘computer’ program. Most programs used in 

sb- electronic control unit of a vehicle digital con- 
fiiil system are specialist applications and, as such, 
■H. .tiie-off creations. The method used to create the 
imihI program is known as the ‘top down structured 

technique'. Following on from a 
h.»J’ for the final product, the process can be seen 

«» pass through six definable stages.

I Acquirement analysis seeks to answer the ques­
tion as to whether a computerized approach is the 
iH'st solution. It is, in effect, a feasibility study.
Iiisk definition is a process of deciding exactly 
what the software will perform. The outcome of 
lilts stage will be a set of functional specifications.

' Program design becomes more important as the 
complexity of the task increases. This is because, 
where possible, it is recommended that the pro- 
Kium be split into a number of much smaller 
tasks, each with its own detailed specification.

I I (xling is the stage at which the task begins to 
Ik* represented by a computer language. This is 
when the task becomes more difficult to follow 
ns the language now used is to be understood by 
lhe ‘computer’.
I iebugging and validation is the process of cor- 
iccting any errors or a bug in the program code 
mid then finally ensuring 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 come 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 in 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 incorporates diagnostics. In 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 allows 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 is 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 Silverstone circuit!

The diagnostics part of the program is designed 
to assist with diagnosing faults in automotive 
systems. It 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 Tower 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. 

The systems are capable of closed or open loop 
operation. Some systems even feature control ofi 
nitrous injection with automatic engagement based' 
on throttle position and rev/min. Ignition timing is 
automatically retarded with pre-set parameters.

CalMap Software is a well respected system for. 
developing custom calibrations for high perform- ■ 
ance engines. The software allows ‘online’ and 
'offline’ adjustments to be made to the ‘ACCElJ 
Digital Fuel Injection Power Processors’ (contactj 
information is available in Chapter 18). The softJ 
ware kit comes with an interface cable, a user man-1 
ual and a floppy disk, which contains the software.1 
The software is user friendly and arguably should 
be considered a must for all modern performance] 
shops. Setting and adjusting the spark curve for your] 
distributor from a laptop computer in the vehicle is 
possible - as you are driving down the road. Snap-1 
shots can be taken using the software. For example, * 
you could record a set distance run and review 
the engine performance in order to determine howi 
the engine is running. !

Tuning a fuel-injected engine requires experi­
ence, time and patience. One mistake with the laptop ■ 
keyboard and your engine can easily be turned into 
a pile of junk from detonation or a lean conditionl.

http://www.automotive-technology
co.uk
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WIh'i» Uelermining the size of the base fuel map’s 
№( nun resolution, the cell widths should be as 
MH«II US possible. This gives the most tuning set 
(•нпг. in the operating range of the engine. If the 
пмр IS vonfigured to 5000rev/min, any resolution 
•1»пе Ihul figure would be lost, but resolution 
iMHiUi Ik gained where the engine spends its most 
iun«- 1«' below 5000 rev/min.

il Ihc fuel map is calibrated to 5000rev/min and 
Mte trtlihruted pulse width at that speed is 12ms, the 
ft I' will keep issuing pulses of 12ms at any speed 
1ЙЧП1*  ilns value. It is beneficial to use as many of 
rtu- ’'6 (16 X 16 look-up table or 2^ relating to 8 
hl» I -.el points as possible during tuning. This is 
nUhlished by setting the rev/min between cells. 
Ih Inigest fuel commands should be at the peak 
ttMipu iind. as the engine speed escalates above 

huque, the pulse width reduces. Most values 
hiMii Ihv I '^CU's inputs and outputs will be available 
H« Mivcif, as if from the serial data link on a 

m*lui  lion ECU.

• * Jinder-head combustion chamber design,
• * lixiiire movement.
• i fston design.
• inhikc manifold length and material.
• ' "inpression ratio.
• '■ iiilable fuel.
i I I'Ciinal transfer from the cylinder-head to the

- •Miling system.

Most systems use ‘interpolative’software, mean- 
ihc cells surrounding the actual chosen cell in 
liK’l map will affect the issued pulse width. 

UfHiiip. lhe fuel calculations as near to the stoichio- 
set point as possible and using very little, if 

•th owgen sensor trim is a good technique. This is 
1ЙИ rtppioach that the original equipment manufac- 
(IttiMs use While working on the base fuel map, 
WHc iluii with injector pulse widths below 2 ms, you 
•II*  i’uicring an unstable range. Work with all of the 
1*11»  iuound the chosen idle cell because the sur- 
hmuding cell values are used for interpolation. Large 
««iiiilions in matrix values around the idle cell can 
IihkI Io surging.

I Ih' resolution of the ignition map is referenced 
fhnu lhe fuel table and is scaled at a rate of 1.5 to the 
Ito l Inhle rhe same theory applies to the spark table, 
•• lo lhe fuel table, in regard to keeping the same 
Miniiip command beyond its rev/min resolution. The 
tuiuoni of retardation required to stop detonation 
♦Я*  = Il IS started in the combustion chamber is 

<ii I ihan the amount that would be needed never 
Й mIIou detonation to start. A trial and error method 
I» icqiiiied for the best results. The amount of spark 
uh t.i, c is affected by engine criteria such as:

r

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

AI 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 AI, due in part to AI being anew 
science. However, it is 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 AI 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 
electronic 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, 700 rev/min. The adaptability, or a 
very simple form ofAI, 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 
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ideal timing does not always correspond to that 
held in the ECU memory.

The adaptive ignition ECU has a thj^e- 
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. If this 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

w 
O’

Maximum torque 
when stope = 0

n-------------------Г-
Spark advance

T

Figure 10.64 Timing versus torque curve 

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 
"non-adapted’ timing setting. A variation is then 
added or subtracted from this point and the variation i 
is also sent to the slope detector. The slope detector*  
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 very 
fast adaptation even during rapid changes in engine 
operation. The slope map can be used to aim for either 
maximum torque or minimum emissions.

10.8.9 Neural computing
The technology behind neural computing is rela­
tively new and is expanding rapidly. The exciting 
aspect is that neural networks have the capacity to 
learn rather than having to be programmed. This 
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 training period, based on examples of similar 
problems. After training, the computer is able to 
relate the problem to the solution, inputs to outputs,) 
and thus offer a viable answer to the 'question’. •

The main part of a neural computer is the neural 
network, a schematic representation of which is 
shown in Figure 10.66. In this representation the 
circles represent neurons and the lines representj 
links between them. A neuron is a simple processor,' 
which takes one or more inputs and produces an 
output. Each input has an associated 'weight’, 
which determines its intensity or strength. The 
neuron simply has to determine the weight of its
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Figure 10.65 Adaptive ignition block diagram
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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 CO2 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 
legislation. The technology for a NOx reducing cata­
lyst has just started to reach production stage.

and produce a suitably weighted output. The
f. ::«1к*1  of neurons in a network can range from 

hl many thousands.
I Ih way lhe system learns is by comparing its 

output with an expected output. This produces 
C?; value, which in turn changes the relative 
C5l.Slih of the links back through the whole network, 

•ntually results in an ideal solution, as con- 
leading to the correct answer are strength- 

",l I Ins. in principle, is similar to the way a human
• -Я works. The neural computing system has a

•! of advantages over the conventional method.

• ‘I V fast operation due to ‘parallel processing’, 
p ■ t ^“Inced development time.

■

E t

• Ability to find solutions to problems that are 
dill h ull to define.

Ф i it iible approach to a solution, which can be 
.adapted to changing circumstances.
Moil robust, as it can handle ‘fuzzy’ data or unex- 
1*  4 ted situations. An adaptive fuzzy system acts 
‘it-.- a human expert. It learns from experience 
'.ml uses new data to fine-tune its knowledge.

••ib rtihantages outlined make the use of neural 
Z'd’S' OU automobile systems almost inevitable. Some 
ГГт? > V. n starling to be used in such a way that the 

control system is able to learn lhe drivers 
'!e u|uc and anticipate the next most likely action.

ibcn set appropriate system parameters before 
‘ (loll even happens!

10.9 New developments in 
engine management
• 0 9.1 Introduction

и h 14 going on all the time into different ways 
■■ ing emissions in order to keep within the 
I and expected regulations. In a way, the

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 air. Fuel con­
sumption is improved and COj emissions are lower 
than with a conventional ‘lambda equals one and 
catalyst system’. However, with the same comparison, 
NOx emissions 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 in 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 \ = 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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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 to 
two-stroke technology. A simple shutter control is 
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 

would need to withstand corrosion and slightly dif­
ferent cold start strategies are needed. Other than 
this, changes to the engine ‘maps' are all that is 
required. If an alcohol sensor is used in the fuel tank, 
the management system could adapt to changes in 
the percentage of alcohol used, if mixed with petrol. 
Some advantages in emissions are apparent with 
ethanol petrol mixtures. It is said that the use of 
alcohol fuels is a political, not a technical issue.

Gas powered engines have been used for some 
time but storage of suitable quantities is a problem. 
These engines, however, do produce lower CO, HC 
and CO2 emissions. Hydrogen powered vehicles 
oft'er the potential to exceed the ultra low emission 
vehicle (ULEV) limits, but are still in the early 
stages. Many' manufacturers do, however, have 
prototypes. Electric powered vehicles, which meet 
the zero emission vehicle (ZEV) limits, are dis­
cussed in Chapter 17.

When all alternatives are considered it is clear 
that the petrol/gasoline and diesel engines are not 
easily replaceable. Indeed there are still many pos­
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 the 
‘current thinking’ is going with regard to engine 
management systems in general. Delphi is a well 
respected company in this area.

1Ъе following is taken from a Press Release - 
Delphi Energy & Engine Management Systems, 
Presentation to the SAE, 1998.

'Engine management is the science of equipping 
and calibrating an engine to achieve the cleanest
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dik exhaust stream while maintaining top per- 
» т»ке and fuel economy, and continuously diag- 
h.K system faults. However, the focus on those 

orten varies around the world, reflecting 
mg governmental regulations, customer expect- 

•iniul driving conditions and a host of vehicle 
, and content levels.

itpivally. an engine management system inte- 
niinierous elements, including:

• ' II engine control module (ECM).
• ' I'iitrol and diagnostics software.
• n nir induction and control subsystem.
• iuc) handling module.
• fuel injection module.
• n Ignition subsystem.
• - ntalytic converter.
• iibsystem to handle evaporative emissions.
• -.jiicty of sensors and solenoids.'

■phi States the following: ‘We don't start at 
/его with each customer, in each market, 

' -'ii:'. lu h vehicle. We use modular systems archi- 
' rapid calibration development tools and 

mIhiIs based on real world models. We use off- 
: du ll interchangeable hardware whenever pos- 
' ' ’' and software that will work in most systems

t most processors. We use “plug and play” tools, 
' I itito-code generation, so we do not have to 

■hbiiite the whole system when we modify a 
I ol It

ihulilighted advanced engine management sys- 
iiklude the following:

• sliKitilur systems architecture
• ’Iphis building block approach to engine

' I.igement selects from sets of “commonized”, 
•’iicichangeable software and electronics in the 
-!-iiic or powertrain control modules.

• 'lowing OEMs to custom-build systems for 
«.Icly ditfering markets.

• ■ 'ilwarc has expansion/deletion capabilities.
• ‘ 14icins are designed with a minimum number 

^il basic electronic controllers, which can be
winded if desired.

• "iii|x>ncnt hardware is interchangeable among 
»U'nis

• iHware can be used across a variety of systems.
• jMtl Calibration Development Tools (RapidCal).
• ‘ ipitl prototyping permits immediate evaluation

• 1 iIh" jxrrformance of new systems developments.
• Mills can be benchmarked against plant' 

mIioI models and rapid prototypes to verify 
Meet implementation.

• '1 Based Controls (MBC).

• Control algorithms are redesigned around phys­
ically based models or mathematical representa­
tions of‘"the real world”.

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

• 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 
following;

• Saves development costs.
• Offers flexibility to manufacturers.
• Adapts easily to the needs of a variety of cus­

tomers, from emerging markets to high-end 
applications.

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

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

• 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 InterneVmodem 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
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Figure 10.69 Combustion 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 benefits without disturbing the 
ideal air-to-fuel ratio (14.7; 1). iTiis ratio is neces­
sary for a conventional three-way catalytic con­
verter to work properly. The most important aspects 
of the SCC system are;

• Air-assisted fuel injection with turbulence gener­
ator the injector unit and spark plug are com­
bined into one unit known as the spark plug 
injector (SPi). 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 = 1 under most operating conditions. 
The exact recirculation percentage depends on 
lhe operating conditions, but up to 70% of the 
cylinder contents during combustion can consist 
of exhaust gases.

• 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 of ’ 
the SPl to a fixed earth electrode, with a 3.5 mm ] 
gap, or to an earth electrode actually on the - 
piston. Very high spark energy (about 80 mJ) is , 
necessary to ignite an air/fuel mixture that is 
mixed with 70% of exhaust gases.

The best way to understand the SCC process is to 
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 -H
air/fuel mixture bums, increases the pressur^j 
and this forces the piston down. I

2. As the piston reaches the end of the powA
stroke, the exhaust valves open and most of the ] 
exhaust is discharged through the exhaust porti^l 
Remaining exhaust gases are discharging as the I 
piston rises on lhe exhaust stroke 1

3. Fuel is injected into the cylinder via the SPI just 1
before the piston reaches TTXZ. The inlet valvetj] 
open at lhe same lime. Exhaust, mixed with fuel^ 
is discharged through both the exhaust and inletl 
ports. 1

4. At the start of the inlet stroke, the exhaust and inletl 
valves open and the mixture of exhaust and fuel is 1 
drawn back from the exhaust manifold into the] 
cylinder. A significant proportion of the exhaustn 
fuel mixture now flows up into the inlet ports. I

5. As the piston continues to move down, the exhaust J 
valves close but the inlet valves stay open. The 1 

exhaust/fuel mixture that flowed into the inlet I 
manifold is now drawn back into the cylinder. ]

6. As the piston nears BDC, all the exhaust fuel 
mixture is drawn back into the cylinder. Towards j 
the end of the inlet stroke, only air is drawn in. J

7. As the piston moves upwards during the com-J 
pression stroke, the inlet valves close and the ] 
mixture of exhaust, air and fuel is compressedji 
About half way up the compression stroke, lhe 
SPI delivers a blast of air into the cylinder. Fhis 
creates turbulence that facilitates combustion and • 
therefore shortens the combustion time. j

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

The three-way catalytic converter is still lhe most 
important exhaust emission control element. This is 
because it can catalyse up to 99% of the harmful I 
components in the exhaust gases. However, the 
catalytic converter has no influence on the carbon] 
dioxide (CO2) emissions, which are directly pro­
portional to the fuel consumption.
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10.70 Stages of combustion concrd (Source: Saab)
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I

I >»ecl injection of petrol is a good of lower- 
iw hicl consumption. Because a precise amount of 
Лй*1  IS injected directly into the cylinder, the con- 

can be controlled more accurately. How- 
■u’l only the area around the plug is ignitable 
b-' rtuse the remainder of the cylinder is filled with 
:h With standard direct injection systems, this 

■luces fuel consumption but results in higher nitro- 
С>1» «чкк emissions. The resulting exhaust gases 
rj-: not ideally suited to a conventional three-way 
yrMlviic converter. For this reason, a special cata- 

converter with a ‘nitrogen oxide trap' has to 

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 see system also contributes towards redu­
cing pumping losses. These usually occur when an 
engine is running at low load with the throttle almost 
closed. Under these conditions, the piston in the 
cylinder operates under a partial vacuum during the 
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induction stroke. The extra energy required for 
pulling down the piston results in increased fuel 
consumption. In an SCC engine the cylinder is s^ 
plied with just the amount of fuel and air needed at 
any particular time. The remainder of the cylinder 
is 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 
earth electrode with a gap of 3.5 mm 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 
3.5 mm. A pin on the piston is used instead. The 
spark will jump to the electrode on the piston when 
the gap is less than 3.5 mm.

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 system 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:

• Reduced fuel consumption.
• Lower emissions.
• Reduced engine wear.

Figure 10.71 Pumptronic® - electric cooling pump (Source: 

Valeo)

Better cabin comfort is achieved by boosting ofj 
the heating at lower engine speeds, and heating in] 
the cabin is maintained in cold weather after the 
engine has been switched off j

Development of Valeo’s fully electronically] 
controlled thermal management system, THEMIS? 
started, in 1995, to work towards satisfying the 
Euro IV and Euro V emission levels and the Corporate! 
Average Fuel Economy (CAFE) regulation for 
North America. Valeo designed and prototyped seva 
eral variants of THEMIS. These have been tested] 
extensively on various European and US cars from] 
14 litre L4 to 3.8 litre V6 engines. J

The complete architecture consists of: I

• Pumptronic® or electronic water pump. I his]
system uses brushless motor technology, wet-rotod 
and rare earth magnets. This results in a global! 
efficiency of over 55%. 1

• Fantronic® or continuous variable speed fan
system. This uses an embedded pulse width] 
modulation driver in the motor, which is cooled 
by the fan blades themselves. I

• Multi-way proportional electronic valve. J
• Engine temperature sensor 1
• Electronic control unit. |
• Optimized heat exchangers (coolant radiators and

heater cores). I

In addition to improved fuel efficiency, reduced emi&q 
sion levels, enhanced cabin comfort and improve® 
engine reliability, it is possible to have fail-safe 
modes, self diagnosis options and servicing diagno-1 
sis. Fuel consumption and emissions were tested 
according to the European and US test cycles in 
laboratory conditions. Field testing was carried out 
at very low temperatures in Northern Europe and at 
the hottest temperatures in Southern Europe. J

Coolant does not flow during warm up, to allow 
the engine to heat up quickly; this limits thermal 
losses. Emissions of HC decrease by 10% and 
CO by 0-20% during the test cycles. NOx remains 
unchanged. A higher coolant temperature (110/ 
115°C vs 95°C) is possible on low and medium 
loads. This results in more efficient combustion,^ 
a 2-5% fuel economy and proportionate reduction 
of CO2 emissions The following benefits are also 
evident: |

• Boosting water flow in cold weather provides
30 minutes of heating even after the engine has 
stopped.

• When cabin heating is not required, there is no 
water flow in the heater core to optimize climate 
control systems.

• Knocking and local boiling in the cylinder head 
are reduced. At high engine load, the ECU 
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engine temperature to an average 90®C 
♦Ml Huixiinum performance.

• Nil thermal shocks or heat peak when the engine
I he electric water pump boosts water flow 

Ui ensure a steady reduction of temperature when 
•«' ■ ssury

• hrtt ntial trouble can be anticipated. In the case of 
я laptd rise of temperature, the controller boosts 
Hl. ssiiter flow and/or the fan system.

y^lco niEMIS system tunes and controls the 
of the various components continuously.

“ one u»in|X>nent is not working correctly, the sys-
< rtii eomixmsate by over-boosting another com- 

^4 nt I his is known as a fail-safe mode and the 
ifithei IS informed via a warning light. Overall, this

10.72 Fantronic® -- electrically operated cooling fan 
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10.73 Electronic control valve (Source: Valeo) 

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 ignition (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 take 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 
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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. 1Ъе 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 drivers 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 
in more detail in other parts of this book. The over­
all implication, however, is that there is a lot of life 
left in the SI 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.

4. Make a clearly labelled sketch to show an 
exhaust gas recirculation system.

5. Draw a block diagram of an engine management^ 
system showing all the main inputs and outputs.

6. Describe the purpose of on-board diagnosticaj 
(OBD).

7. Make a simple sketch to show a variable length 
inlet manifold system.

8. State the information provided by a throttle 
potentiometer.

9. State four methods of reducing diesel engine 
emissions.

10. Explain the operation of a gasoline direct injec-^ 
tion (GDI) system.

10.10.2 Assignment
1. Research the current state of development of 

"lean-burn  technology. Produce an essay dis­
cussing current progress. Consider also the 
advantages and disadvantages of this method of 
engine operation. Make a reasoned prediction of 
the way in which this technology will develop.

*

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

10.10.3 Multiple choice questions
Gasoline direct injection systems allow mixture in 
the cylinder to be;
1. homogenous
2. stratified
3. incremental
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 is the:
1. length and diameter
2. fitting of an air flow meter
3. fitting of a MAP sensor
4. material it is made from
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Atowni/Khiin and distribution of fuel is generally 
«ицитп! if the air;
(
I

I
1

IN reduced 
|H.-44iirc IS reduced 
(• iH'fllcd 
I- > (Н»кч1

A t«uKtie converter is fitted close to the exhaust 
iMHulold because;
I »l I*  Ihc furthest point from the expansion box
I «I I*  (Kolected from vibration
I гч||й11ч1 heat aids chemical reactions
4 («hnust gas speed is low at this point

»
I 
I

A(t^4iiivinent of exhaust emissions, just after start- 
Жй iIh* engine from cold, gives a higher than speci- 
Ikaiioii reading. The reason for this is;

Iht' temperature of the catalyst is low
Ihc catalyst is faulty
uMiibustion temperature is always higher after 
«tail-up
I oinpression 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

1.

2.
3.

4.

A

An EGR system usually operates during;
cold starts
high vacuum conditions
fast accelerations
engine decelerations

correctly functioning lambda sensor will give 
readings between;

0.002-0.008 volts
0.02-0.08 volts
0.2-0.8 volts
2-8 volts

1.

2.
3.

4.
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Lighting

11.1 Lighting 
fundamentals
11.1.1 Introduction

9
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 techniques have 
been used, ranging from automatic changeover cir­
cuits to thermal circuit breakers, which pulse the 
lights 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 
still 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:

• 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 Flasher No. Plate

Figure 11.1 Selection of bulbs

Scop/Tail

Figure 11.2 A bulb filament is like a spiralled spiral

In the conventional bulb the tungsten filament is 
heated to incandescence by an electric current. In a 
vacuum the temperature is about 2300 ° C. Tungsten 
is a heavy metallic element and has the symbol W; 
its atomic number is 74; and its atomic weight 2.85. 
The pure metal is steel grey to tin white in colour, 
its physical properties include the highest melting 
point of all metals; 3410 °C. Pure tungsten is easily 
forged, spun, drawn and extruded, whereas in an 
impure state it is brittle and can be fabricated only 
with difficulty. Tungsten oxidizes in air, especially 
at higher temperatures, but it is resistant to corro­
sion and is only slightly attacked b\’ most mineral 
acids. Tungsten or its alloys are therefore ideal for use 
as filaments for electric light bulbs. The filament is 
normally wound into a ’spiralled spiral’ to allow a 
suitable length of thin wire in a small space and to 
provide some mechanical strength. Figure 11.2 shows 
a typical bulb filament.

If the temperature mentioned above is exceeded 
even in a vacuum, then the filament will become
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1И» Mtluiilc and break. This is why the voltage at 
Mkteh u hulb is operated must be kept within tight 
HffKh I he vacuum in a bulb prevents the conduc- 
iitfi <i( hcjii from lhe filament but limits the operat­
ic iHtti^'inture.

1 UN 111 led bulbs are more usual, where the glass 
|вЙЬ I*  Idled with an inert gas such as argon under 

I his allows the filament to work at a 
Ч temperature without failing and therefore 

»' it whiter light. These bulbs will produce 
t /1 in W compared with a vacuum bulb, which 

Wilt (NiMhiee about 11 Im/W.
Almost alt vehicles now use tungsten halogen 

ЙнИ**  loi their headlights as these are able to 
ftHiliHf .|Ыи1< 241m/W (more for some modern 

I l he bulb has a long life and will not blacken 
(Ww fl |* ’Г1(к1 of time like other bulbs. This is because 
Il IMM mill ga.s bulbs, over a period of time, about 10% 
If Ihc lilament metal evaporates and is deposited 
fl the bulb wall. The gas in halogen bulbs is mostly 
friith' I he name halogen is used because there are

lt***UK

•Icinents within group VIIA of the periodic 
mown collectively as the halogens. The name, 

Йип I II liom the Greek hal- and -gen, means 'salt- 
iRidtfl mg', fhe four halogens are bromine, chlorine, 
fcniHiric and iodine. They are highly reactive and 
Iff not lound free in nature. The gas is filled to a 
phwMHc of several bar.

I he glass envelope used for the tungsten halo- 
bulb is made from fused silicon or quartz. The 

IINtvilcn filament still evaporates but, on its way to 
nib wall, the tungsten atom combines with two 

И moiv halogen atoms forming a tungsten halide. 
I III*  u ill not be deposited on to the bulb because of 
N*  u iii|X’ialure. The convection currents will cause the 
Ыь.к о move back towards the filament at some 
pHiit and it then splits up, returning the tungsten to

I lament and releasing the halogen. Because of 
Ш1» he bulb will not become blackened, the light 
HMtpiii will therefore remain constant throughout its 
hh*  I he envelope can also be made smaller as can the 
lilflim nt. thus allowing better focusing. Figure 11.3

* a tungsten halogen headlight bulb.
some common bulbs are discussed further.

I Wfltoon
f h I’liiss envelope has a tubular shape, with the fila- 

<ii stretched between brass caps cemented to the 
h- ends. ITiis bulb was commonly used for number- 
i ■ ■' and interior roof lighting.

Miniature centre contact (MCC)
I * bulb has a bayonet cap consisting of two local*  
»' , pins projecting from either side of the cydindrical

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 5 W.

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 5W, 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 
(SBC)
These bulbs have a bayonet cap with a diameter of 
about 15 mm with a spherical glass envelope enclos­
ing a single 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 5 W or 
21 W. The small 5 W bulb, is used for side or tail 
lights and the larger 21W bulb is used for indicators, 
hazard, reversing and rear fog-lights.

Double contact, small bayonet cap
Similar in shape and size to lhe 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 
earth. These caps have offset bayonet pins so that 
the two filaments, which are of different wattage.
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cannot be connected the wTong way around. One 
filament is used for the stop light and the other for 
the tail light. They are rated at 21 and 5 W (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 after each sub 
heading.

Sidelights (up to 60 cd)
A vehicle must have two sidelights each with wattage 
of less than 7 W. 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 5 W. 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 fitted 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 is moving or about to move. 
They switch off when parking or headlights are 
selected.

Rear fog lights (150-300 cd)
One or two may be fitted but, if only one, then it j 
must be on the offside or centre line of the vehicle. I 
They must be between 250 and 1000 mm above the 1 
ground and over 100 mm from any brake light. Thc)j 
wattage is normally 21 W and they must only oper- ■ 
ate when either the sidelights, headlights or front^ 
fog lights are in use. j

Front spot and fog lights
If front spot lights are fitted (auxiliary driving lights), J 
they must be between 500 and 1200mm above the! 
ground and more than 400 mm from the side of 1 
the vehicle. If the lights are non-dipping then they il 
must only operate when the headlights are on main 
beam. Front fog lamps are fitted below 500 mm ' 
from the ground and may only be used in fog or j 
falling snow. Spot lamps are designed to produce a 
long beam of light to illuminate the road in the dis-ji 
tance. Fog lights are designed to produce a sharpy 
cut off line such as to illuminate the road just ini 
front of the vehicle but without reflecting back or I 
causing glare.

Figure 11.4 shows a selection of vehicle light 1 
designs and some of the groupings used. j

11.1.4 Headlight reflectors j
Light from a source, such as the filament of a bulb, 1 
can be projected in the form of a beam of varying I 
patterns by using a suitable reflector and a lens, j 
Reflectors used for headlights are usually para-1 j 
bolic. bifocal or homifocal. Lenses, which are also 
used as the headlight cover glass, are used to direct’, 
the light to the side of the road and in a downward 
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 direct’] 
the random light rays produced by the bulb into a 
beam of concentrated light by applying the laws of 
reflection. Bulb filament position relative to the i 
reflector is important, if the desired beam direction i 
and shape are to be obtained. This is demonstratedj 
in Figure 11.5(a). First, the light source (the light 
filament) is at the focal point, so the reflected beam 
will be parallel to the principal axis. If the filament 
is between the focal point and the reflector, the 
reflected beam will diverge - that is, spread out­
wards along the principal axis. Alternatively, if 
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, chrome < 
or aluminium deposited on a smooth and polished
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!5Milecc such as brass or glass. Consider a mirror 
c ll»4 lor that caves in’ - this is called a concave

flvvlor 'Fhe centre point on the reflector is called 
II*  |H>le, and a line drawn perpendicular to the sur- 

«• from the pole is known as the principal axis. 
If Й light source is moved along this line, a point 
4.1II be found where the radiating light produces a 
h ik'cled beam parallel to the principal axis. This 
j«Hnl IS known as the focal point, and its distance 
iHttii lhe pole is known as the focal length.

Parabolic reflector
S (Mirabola is a curve similar in shape to the curved 
lath of a stone thrown forward in the air. A para- 
hilic reflector (Figure 11.5(a)) has the property of 
K'llecting rays parallel to the principal axis when a 
l-tihi source is placed at its focal point, no matter 
^Iwre the rays fall on lhe 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-ofTby 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
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Figure 11.4 Vehicle lighting designs, j j 
(a) Ford Mustang (b) Jaguar S-Type; j 

(c) Mercedes-Benz S-class; (d) the I 

Hyundai XG M

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 technique 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.

The effective luminous flux is also increased It can I 
be used with a twin filament bulb to provide dip and . i 
main beam. The light from the main reflector section Ь 
provides the normal long range lighting and the;i 
auxiliary reflectors improve near field and lateral 
lighting. ij

Poly-ellipsoidal headlight system 1 
(PES) fl
The poly-ellipsoidal system (PES) as shown in j 
Figure 11.7 was introduced by Bosch in 1983. It’] 
allows the light produced to be as good, or in some) 
cases better than conventional lights, but with a 'jl 
light-opening area of less than 30 cm^. This is ach-V 
ieved by using a CAD designed elliptical reflector^)
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Figure 11.5 Headlight patterns are produced by careful use of 
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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 lack of 
sharpness. The newer PES Plus system, whiclT^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

Reflector
- Main beam

I
Dip beam

Main beam 
filament

Dip beam 
filament and shield

Figure 11.6 Creating a dip beam with a twin filament shielded 

bulb

both horizontally and vertically in order to illumin-1 
ate as great an area of the road surface as possible. 1 
The beam formation can be considerably improved I 
by passing the reflected light rays through a trans-^j 
parent block of lenses. It is the function of thcl 
lenses partially to redistribute the reflected light! 
beam and any stray light rays, so that a better overall I 
road illumination is achieved with the minimum of I 
glare. A block prism lens is shown as Figure 11.5(b). I

Lenses work on the principle of refraction - that I 
is, the change in the direction of light rays when! 
passing into or out of a transparent medium, such as I 
glass (plastic on some very recent headlights). The! 
headlight front cover and glass lens, is divided up I 
into a large number of small rectangular zones»|l 
each zone being formed optically in the shape of a J 
concave flute or a combination of flute and prisms.^l 
The shape of these sections is such that, when the J 
roughly parallel beam passes through the glass, each I 
individual lens element will redirect the light rays | 
to obtain an improved overall light projection or I 
beam pattern. I

1Ъе flutes control the horizontal spread of light. I 
At the same time the prisms sharply bend the rays I 
downwards to give diffused local lighting just in I 
front of the vehicle. The action of lenses is shown J 
as Figure 11.5(b). 1

Many headlights are now made with clear lenses, J 
which means that all the light directionality is per-1 
formed by the reflector (see Figure 11.4). U

*> a (ontrol

♦ ж 11 • Manual headlight levelling
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Figure 11.10 Principle of headlight aiming
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Figure 11.11 Beam setter principle

lens Mirror
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Figure 11.12 Headlight aiming board

iKeflectoi

Cover Lens
I

New system: PES-PLUS

I

Additional 
reflector element

li t Automatic headlight adjustment

Light distribution

Figure 11.7 Improved poly-ellipsoid low beam

Light distribution with improved foreground iKummation

t H 1.6 Headlight levelling
г ;ь» I’HMciple of headlight levelling is very simple, 

'Su (Hrtition of the lights must change depending on 
f iEu- liMul in the vehicle. Figure 11.8 shows a simple 
L iiwmirtl aiming device operated by the driver.
f aiiiomatic system can be operated from sen-

>c- iHHiiioned on the vehicle suspension. This will 
aiilomatic compensation for whatever the 

"4 distribution on the vehicle. Figure 11.9 shows 
* luvout of this system. The actuators, which actu- 

move the lights, can vary from hydraulic 
I*  ‘lo stepper motors.
i he practicality of headlight aiming is repre- 

! Hid by Figure 11 10. Adjustment is by moving 
I ; i lews positioned on the headlights, such that 
I “ will cause the light to move up and down the 
I •'I’Ci will cause side-to-side movement.

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.

3. 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 1 cm*

* or whatever the manufacturer recommends
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Fog light switch Ignition 
switch

Dim dip relay

Light 
switch

I Side & 
tail lights

I
Sid»ligh Л Dim dip 

resistor

I
Dip/main 

swrtch

I Main Dip

Dip/main 
switch

Main Dip

Figure 11.14 Simplified circuit of dim-dip lights using a series 

resistor J

T

Figure 11.13 Simplified lighting circuit

below the height of the headlight centre, for every 
1 m 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.

If there is any doubt as to the visibility or con-1 
ditions, switch on dipped headlights. If your 
vehicle is in good order it will not discharge the i 
battery. I

Dim-dip lights are achieved in one of two ways. The I 
first uses a simple resistor in series with the head-4 
light bulb and the second is to use a ‘chopper’ mod-J 
ule, which switches the power to the headlightsjj 
on and off rapidly. In either case the ‘dimmer’ is j 
bypassed when the driver selects normal headlights. | 
Figure 11.14 is a simplified circuit of dim-dip lights j 
using a series resistor. This is the most cost-effectiv(| 
method but has the problem that the resistor (about j 
1П) gets quite hot and hence has to be positioned j 
appropriately. j

11.3 Gas discharge and 
LED lighting
11.3.1 Gas discharge lamps I
Gas discharge headlamps (GDL) are now being fit-1 
ted to vehicles. They have the potential to provide I 
more effective illumination and new design possi-1 
bilities for the front of a vehicle. The conflict betweenjl 
aerodynamic styling and suitable lighting positions 1 
is an economy/safety tradeoff, which is undesirable. 1 
The new headlamps make a significant contribu- J 
tion towards improving this situation because they 1 
can be relatively small. The GDL system consists of j 
three main components. 1
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I imp
' ‘ in a very different way from conven- 

I HH jindescent bulbs. A much higher voltage 
led f igure 11.15 illustrates the operating 

j-le nf a GD bulb.

i

BiilUtt system
• • , oiUnins an ignition and control unit and con- 

, J!*  lhe eleclrical system voltage into the operating 
required by the lamp. It controls the igni- 

‘■/«i 41111.4’ and run up as well as regulating during 
■:r;;*iiHh>us  use and finally monitors operation as a 

*it ns|K*cl.  Figure 11.16 shows the lamp circuit 
1 • ■■m|x)nents.

UV

±

Wavelength
IR

Figure 11.17 Spectrum of light produced by the GDL (cop) 

compared with that from a halogen HI bulb

Table 11.1 Comparison of Hi and DI bulbs

I Irrtdlamp
' »igi) of the headlamp is broadly similar to 
iitional units. However, in order to meet the 

til- -.1 for dazzle, a more accurate finish is needed, 
•r more production costs are involved,

I In- source of light in the gas discharge lamp 
flcctric arc, and the actual discharge bulb is 

! «ImjuI 10 mm across. Two electrodes extend 
.r;i lhe bulb, which is made from quartz glass. The 

K’lwvcn these electrodes is 4mm. The distance 
• the end of the electrode and the bulb

I surface is 25 mm - this corresponds to the 
MMons of the standardized Hl bulb,

\t KHim temperature, the bulb contains a mixture 
meitury, various metal salts and xenon under 

г мне When the light is switched on, the xenon 
lUuniiiiutcs at once and evaporates the mercury and 
•x« ijil suits. The high luminous efficiency is due to 
5ls metal vapour mixture. The mercury generates 
«M«»i ol the light and the metal salts affect the colour

f

Bulb

Hl
DI

Light (%) Heat (%) UV radiation (%)

8
28

92
58

<1 

14

spectrum. Figure 11.17 shows the spectrum of light 
produced by the GDL compared with that from a 
halogen Hl bulb. Table 11.1 highlights the differ­
ence in output between the DI and Hl 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 is three times greater.

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

• Ignition - 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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use. Figure 11.5(e) shows the light distribution ofj 
the DI and Hl bulbs used in headlamps. jlool

I Halogen bdb 

filament

Gas discharge 

arc
Luminance cd/cm’

SOO 1000 7000 4000 6000 10000

Figure 11.18 Luminance of the GDL compared with a halogen 

light bulb

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

• 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.

• 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 (280001m) 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 20 к V, 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 DI bulb produces 2.5 times the 
light flux and at less than half the temperature of 
the conventional Hl 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/oflf nature. A 
GDL system for dip beam, which stay s on all the time 
and is supplemented by a conventional main beam 
(four-headlamp system), may be the most appropriate

11.3.2 Ultraviolet headlights j
The GDL can be used to produce ultraviolet (UVm 
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 a 
white shirt under some disco lights. The UV light will 
also penetrate fog and mist, as the light reflected by 1 
water droplets is invisible. It will even pass through 
a few centimetres of snow. j

Cars with UV lights use a four-headlamp systemJ 
'Ihis consists of two conventional halogen main/dip 
lights and two UV lights. The UV lights come on 
al lhe same time as the dipped beams, effectivelyl 
doubling their range but without dazzling. 1

Two-stage blue filters are used to eliminate visible^ 
light. Precise control of the filter colour is needed] 
to ensure UVB and UVC are filtered out, as these 
can cause eye damage and skin cancer This leaves! 
UVA, which isjust bey'ond the visible spectrum and 
is used, for example, in suntan lamps. However,’ 
some danger still exists; for example, if a child were 
to look directly and at close range into the faint blue 
glow of lhe lights. To prevent this, lhe lights will 
only operate when the vehicle is moving This is a 
very promising contribution to road safety. ’

11.3.3 LED lighting {
Light emitting diode (LED) displays were first pro-, 
duced commercially in 1968. Almost from this time 
there has been speculation as to possible vehicle 
applications. Such LEDs have certainly foundj 
applications in the interior vehicle, particularly in 
dashboard displays. However, until recently, legis-*  
lation has prevented the use of LEDs for exterior 
lighting. A simple change in the legislative language] 
from ‘incandescent lamp' to ‘light source’, has at 
last made it possible to use lighting devices other' 
than filament bulbs. Figure 11.19 shows a light unit 
containing LEDs. J

The advantages of LED lighting are clear, the 
greatest being reliability. LEDs have a typical rated' 
life of over 50 000 hours, compared with just a few' 
thousand for incandescent lamps. The environment 
in which vehicle lights have to survive is hostile to 
say the least. Extreme variations in temperature and 
humidity as well as serious shocks and vibration have] 
lo be endured.

LEDs are more expensive than bulbs but the 
potential savings in design costs due to sealed units
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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-energized. This then allows a sup­
ply to fuses 10 and 11 on the 0/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.

11.19 Light units with LEDs

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 each of the headlight main beam bulbs.

t p

’ inp used and the greater freedom of design could 
=iiwvigh the extra expense. A further advantage is 
Ibil ihey (urn on quicker than ordinary bulbs. This 
Ии oil lime is important; the times are about 130m.s 
i-*  Ihc I,I-Ds. and 200 ms for bulbs. If this is related
• ■ vehicle brake light at motorway speeds, then 
i increased reaction time equates to about a car 
i jlh This is also potentially a major contribution 
= ■ loihl safety.

Mosi of lhe major manufacturers are undertaking 
> tn h into the use of LED lighting. Much time is 
1 Mig spent kx)king at the use of LEDs a,s high-level 
’ I' lights. This is because of their shock resist-

‘ which will allow them to be mounted on the 
^.H'l lid In convertible cars, which have no rear 
f »■ >’11 ns such, this application is ideal. Many manu- 
Л*■•.  liiieis are designing rear spoilers with lights built

й1к1 this is a good development as a safety aspect.
Ilenvy vehicle side marker lights are an area of

• where LEDs have proved popular. Many light- 
Hri manufacturers are already producing lights for

rtllei-market. Being able to use sealed units will 
r^imtlv increase the life expectancy. Side indicator 
?>|r iiiers are a similar issue due to the harsh envir- 
a "icnlal conditions.

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 wire 
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. 1Ъе 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 coil.

Also, note how codes are used to show connec­
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 Case studies

11,4.1 Rover lighting circuit
• *'  circuit shown in Figure 11.20 is the complete 
: kihting system of a Rover vehicle. Operation of the
■ |wrts of this circuit is as follows.

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 night 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 

flow diagram

taM*  II 2 Identifiers for Figure 11.21

Mki lltlbl Device

!»■
RIO
•l'»/ 

<U
Hi H
HI
4 ini

/ • »
MJ

♦♦I

• f

Dimmer for instrument lighting 

Fog warning lamps 

Main beam headlamps 

Fog lamps 

Dip beam headlamps 

Side-marker lamps 

Number plate lamp 

Tail lamps 

Reverse lamp 

Instrument 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

I t ” « umimred with accidents that occur during
I 

41m »idc I'uclors such as self-dazzling caused 
nil ..Ml.I surfaces, higher speeds because of the 

bn' I iimIIic density and a reduction of about 25% 
M«> <li*itiuee  maintained to the vehicle in front, 
IB*  K-Uhng lo eye physiology play a very import- 
|i»L

’th. - К. age faster than any other sensory organ, 
ii‘ lutmun eye’s powers of vision begin to 

even of a person with

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 tty the 
motorist, as these functional deficits develop only 
slowly.

However, the vision 
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 security.

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 includes 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 
is 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
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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 also judged43>' 
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, lhe 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 million units by the year 2000. Today, 
more than 600 000 cars have already been equipped 
with xenon headlamps.

The xenon bulb is 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 is 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 of a halogen bulb, while only con­
suming half the power. Therefore, the driver can see 
more clearly, 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 shovm 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 delivers a marked contribution 
to road safety in the event of limited visibility due 
to weather conditions. In practical terms, the life 
span of the bulb is equal lo 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 strict. 
Xenon light falls well within these boundaries.

Figure 11.22 Hella xenon lighting

In addition, technically speaking, xenon lighting is J 
less irritating than conventional light. As the light 4 
darkness borders are much more clearly defined, less! 
light is reflected into the eyes of oncoming drivers. I 
The increased amount (double) of light produced isl 
mainly used to achieve higher intensity and betteri 
distribution of light on the road. Moreover, the! 
verges are also better lit. There are three conditions! 
that must be met. These are contained in the inter- j 
national regulations concerning the use of xenor^: 
light; the headlamps must be aligned according lo ‘ 
regulations; the vehicle must be fitted with an auto- i 
matic headlamp levelling system, so that when the 
load is increased the headlight beams are automati­
cally adjusted; the headlamp must be fitted with an 
automatic cleaning system, as dirt deposits on the, 
lens act as a diffuser, thereby projecting the light j 
beyond the prescribed range. These three condi­
tions together with the extensive life span of the 1 
xenon bulb greatly reduce the risk of incorrectly i 
aligned headlamps. The use of halogen bulbs entails j 
a much higher risk. 1

Xenon light sometimes appears to irritate oncom-'j 
ing drivers. In normal circumstances drivers look" 
straight ahead; however, due to the conspicuous 
colour of xenon light, drivers are more inclined In 
look into the headlamps. The same phenomenon was 
experienced during the introduction of halogen head­
lamps in the 1960s. In those days people also spoke 
of ‘that irritating white light". The introduction ol 
xenon headlamps will therefore entail a period hi 
which everybody will become accustomed. Figure 
11.22 shows the xenon lamp from Hella.

11.4.4 Blue lights!
Philips ‘BlueVision' white light stimulates driver 
concentration and makes night-time driving les*  
tiring and reflects much better on road markings and 
signs. The new headlight and sidelight bulbs meet 

? ' »iui|K*un  safety legislation. The bulbs are 
C iHk'ichangeable with existing bulbs.

-k ilu inIrrxJuction of BlueVision, Philips
■ 'v  I ighling is illuminating the way ahead 
' i'b of enhanced headlamp performance.
*

IS white light BlueVision. For lhe 
! that the BlueVision lamps reproduce

■ ’ Г: |4- light... in night-time conditions!
III. UV cut quartz developed by Philips
Ч lumps means that BlueVision can safely

■ lol all headlamps. However, it should be 
’i ■ halogen technology is not comparable to

discharge technology, fitted as original 
-ll lo more and more of the world’s cars.

IM S New signalling and 
light Ing technologies

■ ' qditing Systems has developed new signal 
' ' 1: vhnologies to provide more variety and 

•I'.MJ lu signal lamp concepts, which are a key 
' 11 tire on cars.

.i«pect signal lamps
i < I signal lamps are based on the com- 

'!’ lechnology widely used in headlamps.
i iiicin IS no longer completely controlled by 

bill bv the reflector which, in some cases. 
Hl conjunction with an intermediary filter, 
iiniiii} lens optics using prisms is mini- 

ing the impression of greater depth and

HoKo-colour signal lamps
' ..... . colour technology, in addition to the

- ’ • -ihil led functions (stop, tail lamp and fog),
• and turn signal functions appear red 

'•«•I Hl use, but emit white and amber light 
elv when functioning. Several technolo- 

' Ibis possible. In the case of subtractive 
lamps, coloured screens arc placed in 

lhe bulb. Their colours are selected so that, 
iunclion with the red of the external lens, 

lhe light emitted by the lamp in line 
= ■■ regulations: white for reverse, amber for 

signal. Complementary colour technology 
i’.\o-eolour external lens, which combines 

’ uHinaiit) and its complementary colour (yel-
- ihc turn signal, blue for reverse). The com- 

of lhese two lights - red and yellow for the 
1 Mill. led and blue for reverse - produces the 

.•I light (white or amber) stipulated by the 
Kills

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 light 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 lhe 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 5 m extra braking distance for a 
vehicle travelling behind at 120 km/h.

Centre high mounted stop lamps 
(CHMSLs)
An LED CHMSL illuminates 0.2 s faster than conven­
tional incandescent lamps, improving driver response 
time and providing extra braking distance of 5 m at 
120 km/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 lateral visibility.

I
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11.4.6 Electric headlamp 
levelling actuators
The primary function of a levelling actuator is to 
adjust the low beam in accordance with the load car­
ried tty 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 to 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.

• 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 10-30 s.

• 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 attitude 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 is 
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 BaropCic styling concept
The Baroptic concept provides flexibility in the front­
end styling of vehicles for the year 20(Ю and beyond 
while optimizing aerodynamics. 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 is 
reflected by the surface of the reflector (parabolic

or complex shape) and the beam is spread by a stri< 
ated outer lens or refocused by the inner lensetf 
(elliptical reflector), which then projects this fluxj 
onto the road. ||

In the Baroptic system, the luminous flux geneie 
ated either by a halogen or a HID lamp is projected 
into an optical guide with reflecting facets. It is theiia 
focused through lenses and, positioned along the] 
optical guide, which defines, in conjunction withL 
shields, the desired beam characteristics: spreadJ 
width, length, cut-off and homogeneity. «

I'he benefit of this total reflection system is than 
photometric performance is similar to normal-size# 
headlamps. The spread of light is also optimizer 
which serves to enhance visual comfort when driv# 
ing at night. The Baroptic system is currently undej 
development. 1

11.4.8 Complex shape reflectors I
The surface of the reflector is calculated through]' 
advanced computer analysis using a minimum ofl 
50000 individual points, each specific to the head-l 
lamp model under design. The third generation of J 
complex shape reflectors (SC3) combines the ЬепеЛ 
fits of the first two developments and controls both J 
beam cut-off and pattern as well as homogeneiQfli 
SC3 headlamp lenses can be perfectly clear or witly' 
striations purely for decorative purposes. The lens is : 
there to enhance aesthetic appeal and aerodynamics.! 
Figure 11.23 shows a headlamp using this techniquej 
together with some other lighting components. f

11.4.9 Infrared lights j
Thermal-imaging technology promises to make, 
night driving less hazardous Infrared thermal*
imaging systems are going to be fitted to cars. The] ] 
Cadillac division of General Motors is now offerind 
a system called ‘Night Vision’ as an option. AfterJ I 

ud-J 
the]'

“Night Vision' is switched on, “hot’ objects, includ-. I 
ing animals and people show up as white in thejl 
thermal image, as shown in Figure 11.24. Я

The infrared end of the light spectrum was dis-jl 
covered as long ago as 1800 by William Herschel.»! 
When investigating light passing through a prismjl 
Herschel found heal was being emitted by rays he JI 
could not see. This part of the spectrum is called i ] 
infrared (from the Latin infra, meaning “below’) J 
because the rays are below the frequency of^ 
red light. The infrared spectrum begins at a wave­
length of about 0.75 pim and extends up to 1 mm. 
Every object at a temperature above absolute zero 
(—273 °C) emits some kind of infrared radiation. ■
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Figure 11.23 SC3 and ocher light­

ing products from 'Valeo’

tifur» 11.24 Night vision system in use
Figure 11.25 Night vision system range

i

I In the vehicle system a camera unit sits on 
bmllump-type mountings in the centre of the car, 
bhitid the front grille. Its aim is adjusted just like 
dull of headlamps. The mid-grille position was 
. Uiwn because most front collisions involve offset 
iiiIk*i than full head-on impacts. However, the sen- 
t I IS claimed to be tough enough to withstand 
Miiiph (14.5kph) bumper impacts anyway. The 
fe’nsiir IS focused 125 m ahead of the car as shown 
ih I Igure 11.25.

lhe outer lens of the sensor is coated with 
silicon to protect it against scratching. Behind this 
wr two lenses made of black glass called tecalgen-

Ibis is a composite material that transmits 

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 (BS’I) 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 plane 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.
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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 elements 
respond to the thermal energy of the objects viewed 
by the lens, liach 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.
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11.4.10 RGB lights
The reliability of the LED is allowing designers to 
integrate lights into the vehicle body in w^s that 
have so far not been possible. The colour of light 
emitted 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.

Figure 11.26 Using a GDL as central light source for all the

vehicle lights
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Figure 11.27 The light from the gas discharge lamp (GDL) 

enters and leaves the light guide via a special lens Я

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 in Figure 11.26.

The principle is that light from the 'super light 
source’, is distributed to the headlamps 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

fM’ovide functions such as indicators, or electn^ 
chromatic switches may even become available. J

Heat build-up can be a problem in the fibre­
optics but an infrared permeable coating on the) 
reflector will help to alleviate this issue. The lightJ 
guide system has a very low photometric efficiencyj 
(10-20% at best), but the very efficient light source! 
still makes this technique feasible. One of the main] 
advantages is being able to improve the light distrfl 
bution of the main headlamp. Due to the legal] 
limits with regard to dazzle, conventional light£] 
do not intensely illuminate the area just under th^ 
cut-offline. Consequently, several glass fibre bundl^ 
can be used to direct the light in an even distribution 
onto the desired areas of the road. a

The central light source can be placed anywhere] 
in the vehicle. Only one source is required but it iy 
thought that a second would be used for safety reaj 
sons. A vehicle at present uses some 30 to 40 bulbsJ
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к 01!» nuinlKT could be reduced markedly. A sin- 
iij^hi xouice could be utilized for rear lights on 

t'- ‘r’hu le. which would allow rear lights with an 
ili pih of only about 15 mm. This could be 

With light from a single conventional bulb.

2.

3.

4.

U .S Diagnosing lighting 
faults

5.

II S I Introduction
‘ iih nil systems the six stages of faultfinding 
I" hI I in‘ followed.

6.
7.
8.
9.

10.

visual check or test with

I the fault.
i ’ilicvt further information.

‘ I rthiie lhe evidence.
I • HIV out further tests in a logical sequence.
' h-itilv the problem.
•• ’ all sytems.

II.

Check battery' (see Chapter 5) - must be 70% 
charged.
Check bulbfs) 
ohmmeter.
Fuse continuity - (do not trust your eyes) volt­
age at both sides with a meter or a test lamp.
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.
Earth circuit (continuity or voltage) - 0 fl or 0 V

11.6 Advanced lighting 
technology

’ »■ |»HK cdure outlined in the next section is related 
lo stage 4 of the process. Table 11.3 lists 

■«I- 1 oininon symptoms of a lighting system mal- 
I mil logether with suggestions for the possible 

1 he faults are very generic but will serve as a 
1кич1 leminder.

11.5.2 Testing procedure
I •> |in4.*css  of checking a lighting system circuit is 
Зи.ns follows;

I liiiut and eye checks {loose wires, loose switches 
HIkI uther obvious faults) - all connections clean 
dikl tight.

11.3 Common symptoms and possible faults of a 

it«‘ •.- tyttem malfunction

<Mtl Possible fault

11.6.1 Lighting terms and 
definitions
Many unusual terms are used when relating to light­
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 (tp)
The unit of luminous flux is the lumen (Im). 
Luminous flux is defined as the amount of light 
passing through an area in one second. The lumen 
is 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. 

Jun

) '• out 

- ’-‘riuinem

do not work

• High resistance in the circuit

• Low alternator output

• Discoloured lenses or reflectors

• Suspension fault

• Loose fittings
• Damage to body panels

• Adjustment incorrect

• Bulbs blown

• Fuse blown

• Loose or broken 

wiring/connections/fuse

• Relay not working

• Corrosion in light units

• Switch not making contact

Luminous intensity I
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.

Illumination 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 (lx), 
it is equivalent to one lumen per square metre or to
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lhe 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 is the distance to the cut-off line 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 perceive it in different ways. A figure is used, 
however, and that is if the luminous intensity is 1 lx 
at a distance of 25 m, in front of a dipped headlight 
at the height of lhe 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 fall 
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 

is adapted to curves and the high beam to the vehi­
cle’s speed. These lighting functions provide driver^ 
with:

• enhanced comfort due to the increased quanti^ 
of light and quality of the beam,

• improved safety, particularly in difficult driving 
conditions such as winding mountain roads. !

This function is achieved by additional movind 
reflectors, which rotate according to the positior?) 
of the steering wheel (in line with the directiod 
of the driver’s sight). The additional beam illumi-l 
nates the area beyond or at the curve that is not nor­
mally illuminated by a traditional low beam| 
function.

Fligh beam adaptation to speed is based on the! 
translation of 'additional mirrors’ within the high 
beam reflector. The high beam is automatically 
adapted for beam width and range according to 
vehicle speed. This function is not subject to ihej 
introduction of new regulations. j

11.6.3 Intelligent front В
lighting - Hella И
The lighting of modern vehicles has improved con-tH 
tinually in the past few decades. The halogen tech-JB 
nology developed by Hella in particular set newiB 
standards after it was introduced early in the 1970a,le 
as has xenon technology in the 1990s. The advan-IH 
tages of these systems were, and still are, their high]H 
lighting performance and their precise light distri-jB 
bution. The intelligent lighting systems of theB 
future, however, will have to offer even mor9^l 
than this in order to make driving safer and mor^B 
enjc^able.

In cooperation with the motor industry, Hella it^B 
masterminding a project for the development of an 
intelligent front lighting system for future gener*B  
ations of motor vehicles. Market research surveyiB 
conducted all over Europe first enabled an analysisiB 
to be made of the requirements drivers make onH 
their vehicle lighting. Я

European drivers, according to this study. wouldlB 
like the front lighting to respond to the various dif-B 
ferent light conditions they encounter such as day^B 
light, twilight, night-time, and driving in and out ofB 
tunnels, and to such weather situations as rain, fog,|n, 
or falling snow. They would also like better illumi-|iB 
nation on bends. Drivers would also like better lighllSI 
on motorways. Their list of requirements alsoiw 
includes better light along the edge of the road, andH 
additional light for parking in a narrow space andH 
when reversing. В
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c:?-?
Figure 11.28 Dynamic bending light and normal lighting 

(Source: Valeo)

Ы*' *

iI Ivlins lighting experts, turning these require- 
«Ио an intelligent front lighting system means 
brnsivc detail work and the development of 

»»*w  lighting technologies that can respond in 
dillerent ways to all these different situ- 

QXetc мине of which call for contradictory patterns 
SE^ distnbution.

* Valeo, 2002/3. Adaptive Front Lighting Systems - Bending

Light

itKiiitK'e. direct lighting of the area immedi- 
lioni of the car is desirable when the roadway 

llifei tMii can dazzle oncoming traffic if the road is 
Cn i iglit emitted above the cut-off line in fog 

iIh* dnver him/'herself. And a long-range, 
iwltern of light distribution for high-speed

Csй:^♦■-.n driving is unsuitable on twisting country 
*'hcic the need is for a broad illumination in 

ol Ihc car. possibly augmented by special head- 
H f lol bends or a dynamic’ long-range lighting 

n I kspite the wide diversity of all these light- 
4»-|‘Им||1оп patterns, none must be allowed to

iHU'oining drivers.
t'iHlwi theme is the idea of lights that switch on 

ally Unlit vehicles keep turning up at night, 
•‘wt.iiHe in city-centre traffic, because the street 
t(-• IS so go(xl that some drivers fail to notice that 
:«i liming without lights. The same phenome- 

1 ftn be seen where cars drive through tunnels. In 
lhe unlit vehicles represent a major safety 

ausc other road users can hardly see them.
d lA'iih the aid of the sensors that are already 
g^llid on some vehicles, an intelligent lighting 
ftMc^in iiin recognize the ever-changing light situa- 

mkI Hive lhe appropriate assistance to the driver. 
№ liwtance, the sunlight sensors that already exist 

liiniiolling air-conditioning systems, or speed 
Сэ»««м*  devices, could also deliver data to an intelli- 

linhting system.
> Aiithiionul sensors for ambient light and light

III lhe field of vision, for identifying a dry or 
^5ЯИ HHid fog, and whether the road ahead is straight 
Л? tnivexi, could also deliver important data. In 

in vehicles with digital electronic systems and 
inicrfuces, these data will not only be useful to 
likiliiing systems but also to the other electron- 

(onlrolled systems, such as ABS or ASR, and 
SC**'  driver vital assistance particularly in the 
.'QISMI diilicult driving situations.

■ 1ч' data transmitted by the various sensors on a 
h*  van only be put to use if the vehicle has a 

^Ir^Minic headlamp system that is capable of pro- 
various different light-distribution patterns.

I»ould begin with an automatic, dynamic height- 
^^w*(incn(  and headlamps that automatically swivel 
tbi*>wttvs  and could even include variable reflectors 
^Milling a whole range of light-distribution 
|1Ик11ь

11.7 New developments in 
lighting systems

11.7.1 Light duties
Bending Light
Valeo 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;

• Motorway Lighting - typically above 80 km/h 
(50mph), 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 in fog, rain and 
snow, additional illumination to help keep track
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Manual a<$u5tment

Vertical rotation axis

Large frame

Ste|>|>er-motof

Bi-Xenon fjrojector

Smofl frame

Stepper-motor

Horizontal rotation axis Figure 11.29 Mechanical design of 
the AFS (Source: Visteon) Я

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

• 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. if

Bending Light is an intelligent headlamp system that 
optimizes the night-time illumination of road curves 

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 
tty a microcontroller linked to the vehicle’s data net­
work with real-time inputs from both the steering 
angle and speed sensors. Fixed Bending Eight (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 is directed for 
specific driving conditions, such as speed and 
vehicle direction. The driver automatically experi­
ences the optimized light distribution according to

Figure 11.30 Situation where AFS improves target detectie 

(Source: Visteon)

the individual driving situation, thus enhancing
visibility and safety for drivers at night. I

Advanced Frontlighting Systems included: 1
Basic function: I

• Electronic control module.
• Swivel low beam headlamp.
• Halogen in low beam.

Expanded function 
above the basic function:

provides additional features

• Electronic control module.
• Beam pattern will adjust up at high speeds and

down and outward at low speeds. i
• 42 V compatible.
• Ability to shift the low beam up when the high 

beam is activated.
• Longer and narrower light distribution to increase

visibility at greater distances. 1
^Visteon, June 17, 2002, Innovations Advanced Front 

Lighting Systems
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F

f

• It.31 Four functions ofAFS (Source: Visteon)

5-

• dMuter and wider light distribution to increase 
' 'hility at closer distances,

• : 'I H Ct flexibility to activate/deactivate the system, 

’ It Siem is equipped with sensors, that detect 
• /mg conditions, a driver-controlled switch, an

! • home control unit, which processes data from
Hcnsors. and electronic mechanisms that repos- 

lhe headlights. Each system is controlled by a 
' i' scon proprietary algorithm that controls head- 
t-i hl actuation. A central processor receives data 

.1» It steering wheel sensor (to measure steering
S■: H speed sensor and axle sensors to direct the
»■ .itiliphts in real time.

When a vehicle turns a corner, for instance, the 
?l‘ t headlight maintains a straight beam pattern 
t.ih lhe inner headlight beam illuminates the 

^n-ommg turn. AFS responds to vehicle speed, 
ft \‘M4tmg for higher and lower speeds. Additionally, 

Miiies when high beams are activated, the system 
v‘;ii4is the low beam upwards to further extend the
• of vision.

I hk' fundamental differentiator of these systems is 
j l■•on■s ability to scale them to the manufacturer’s 

X «Is fhis system can use cost-effective Halogen 
hilhs Visteon's internal surveys revealed that while 
"rlmlc buyers know and understand the benefits 
Li ' сноп technology, the higher cost of Xenon 

t ■Il'S could act as a potential deterrent to consumers. 
1|H4kling on manufacturer needs. Advanced Front- 
h'.hiiiig Systems can be modified to recognize and 
о ,y~md to a variety of road conditions, and can also 

implemented on vehicles with 14 or 42 V elec- 
1 i| systems.

Visteon's Advanced Frontlighting Systems also 
■ ib '.'i a great degree of design flexibility for vehicle 
5t'*igners.  These systems, well suited to the recent 
‘p -1,1 towards projector-style headlights, can be eas- 
' |wickaged as an articulated assembly in reflector- 

! headlamps.

Other lighting developments
I "«• other continuing areas of lighting developments 

the use of light emitting diodes (LEDs) and gas 
'jii - barge lighting (GDL).

Figure 11.32 LED lighting (Source: Visteon)

У

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 is 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
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that of the car, which means that the bulb need only 
be replaced in exceptional cases.

5.

11.7.2 LEDs 6.

LED displays have been used for many years in 
dashboards and other instrument-type applications. 
However, until recently, LEDs were not expected 
to be used for replacing bulbs in lighting appli­
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 
LEDs 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 ‘InGaN’ 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.

7.

8.

9.
10.

Make a clearly labelled sketch to show the] 
'aiming board' method of setting headlighfl 
alignment. J
Describe the operation of a gas discharge 
lamp. J
List the advantages and disadvantages of gall 
discharge lamps. J
Explain the operation of infrared lighting 
and sketch a block diagram of the sysieni 
components. I
Define the term ‘Expert or Intelligent lighting’! 
Draw a typical dim-dip circuit and state the 
reason why it is used. 1

11.8.2 Assignment I
Design a vehicle lighting system using technology] 
described in this chapter. Decide which technique»] 
you are going to use and justify your choices. For 
example, you may choose to use a single light 
source for all lights or you may decide to use neori 
lights for the rear and gas discharge for the front.I 
Whatever the choice, it should be justified with) 
sound reasons such as cost, safety, aerodynamicsJ 
styling, reliability and so on. |

Make sketches to show exterior views. Circuit 
diagrams are not necessary but you should not4 
where components would be located. State whethel 
the vehicle is standard or ‘top of the range' etc. 1

11.8.3 Multiple choice 
questions
In a conventional incandescent bulb the filament ii 
made from:

halogen
tungsten
quartz
non-resistive wire

1.
2.
3.
4.

11.8 Self-assessment

11.8.1 Questions
Describe briefly the reasons for fitting vehicle 
lights.
State four methods of converting electrical 
energy into light energy.
Explain the reason why headlights are fused 
independently.
Draw a simplified circuit of a lighting system 
showing the side- and headlight bulbs, light 
switch, dip switch and main beam warning 
light.

1.

2.

3.

4.

In a headlamp the bulb’s filament position relative 
to the reflector ensures:

the correct beam direction
reduced electrical resistance .
the correct beam colour
increased electrical resistance ]

I
2.
3.
4.

An asymmetric headlight gives a: 
whiter light 
dim-dip facility 
diverging beam pattern 
sharp cut-offline when on dip

1.
2.
3.
4.

Technician A say s dim-dip lighting is achieved will 
a simple series resistor. Technician В says dim-di|
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I*  achieved by switching on and off fast.
Wlat 1*  Hghf’

♦ A tHtIv
I booH

I UtHli A und В
4 MfiHum a nor В

НИН) mlvantage of using light emitting diodes 
0 11 m 111 vehicle lighting is;
1 Hu Mil urtv of colours available 
f rtwl ilwv produce whiter light
I Hu II long life

ill ol (he above

It» Hrtlirtge of a stoplight bulb is normally:
f I ’ W

Im*
1) nw

14 II w

■Itai Miciv hazard associated with gas discharge 
и related to the;
of high voltagesof high voltages

I M*» ’of krvptonite gas 
Ungth of time to coot down 
Uoiyth of lime 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 rel^ ‘clicks’. Technician A 
says the fault is poor rel^ earth connection. 
Technician В s^s check the relay output. Who is 
right?
1. A only
2. В only
3. Both A and В
4. NeitherAnorB

Correct headlamp beam alignment is necessary 
because:
1. it is 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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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 1500 000 wipe cycles.
• Resistant to corrosion 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 in 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.

I

2

4

3

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 coefficient 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 tl 
screen 1

12.1.3 Wiper linkages 1
Most wiper linkages consist of series or parallel 
mechanisms Some older types use a flexible гаеЙ 
and wheel boxes similar to the operating mechanj 
ism of many sunroofs. One of the main consid<|| 
ations for the design of a wiper linkage is the point nt
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II ] Non-circular wiping

Arm pivot

I
I

Motor output after 
worm gear reduction

It) Two cypicd wiper linkage layouts

' >111

Ь Ihc blades must reverse. This is because of 
high lorces on the motor and linkage at this

1 If lhe reverse point is set so that the linkage is 
• - mnximum force transmission angle then the 

action of the blades puts less strain on the 
Ihis also ensures smoother operation.

iic 12.3 shows two typical wiper linkage lay- 
flic first figure is shown at the reverse point, 
thui lhe position of the rotary link and the 

Ч of lhe rods are designed to reduce the load- 
on lhe motor at this point.

ligiiic 12 4 shows one method used on some 
lev together with the cam linkage, which allows 

• •» iccii parking.

Motor drive 
Clockwise - normal 
Anti-dockwise - park

Figure 12.4 Wiper linkage used on some vehicles, together 

with the cam link 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 t\w-speed oper­
ation. I'he 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 minimum 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, is 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
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Rear motor with 

electronic components Front wiper motor Figure 12.5 Wiper motors
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T0 T-----------------
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Figure 12.6 Characceristics of a wiper motor; the two sets of 

curves indicate fost and slow speed

water siphoning back to the reservoir. This also 
allows ‘instant’ operation when the washer button is 
pressed. The washer circuit is normally linked to the 
wiper circuit such that when the washers are oper­
ated the wipers start automatically and will 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 control. 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 lhe park limit switch closes.

When either the delay contacts or the main suited 
contacts are operated the motor will run at slowl 
speed. When fast speed is selected the third brush onl 
the motor is used. On switching off, the motor will J 
continue to run until the park limit switch changed 
over to the position shown. This switch is only in thd 
position shown when the blades are in the parked 
position. I

A simple capacitor-resistor (CR) timer circuil 
often based around a 555 IC or similar integrated 
circuit is used to control intermittent wipe, 'fhe 
charge or discharge time of the capacitor causes d 
delay in the operation of a transistor, which in tuna 
operates a relay with change-over contacts. I

Figure 12.8 shows the circuit of a programmed 
wiper system. The ECU contains two change-oven 
relays to enable the motor to be reversed. Also com 
tained in the ECU is a circuit to switch off th« 
motor supply in the event of the blades stalling. TOj 
reset this the driver’s switch must be returned to the 
off position. 1

12.1.7 Electronic control of I
windscreen wipers I
Further control of wipers other than just delay id 
possible with appropriate electronic control. Мапиц 
facturers have used programmed electronic control 
of the windscreen wipers for a number of years по\Л 
One system consists of a two-speed motor with ivd 
limit switches, one for the park position and one thafl 
operates at the top limit of the sweep. A column 
switch is utilized that has positions for wash/wip^ 
fast speed, slow speed, flick wipe and delay, апш 
which has several settings. The heart of this system id 
the programmed wiper control unit. An innovated 
feature is that the wiper blades may be parked beloid 
the screen. This is achieved by utilizing the top limil 
switch to signal the ECU to reverse the motor fof 
parking. The switch is normally closed and switchfl 
open circuit when the blades reach the ‘A’ post. Dud 
to the design of the linkage, the arms move furthfl
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when working in reverse and pull the blades off the 
screen. The normal park limit switch slops 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 fl, to a 
delay of about 20 s with a resistance of 540011,

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 18 s. 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.

Stall protection 1
When the rear wiper is operated, the CCU starts a 
timer. If no movement is detected within 15 s ihd 
power to the motor is removed. This is reset when 
the driver’s switch is moved to the off position. 1

12.1.8 Microprocessor I
controlled wipers I
A problem facing car manufacturers is that of 
fitting a suitable wiper linkage into the minimulj 
space available with modern body styles. One soluJ 
tion is to use a separate motor for each blade. I hiil 
leaves another problem, and that is how to synchro^j 
ize the operation of each motor. In order to allovd 
synchronization, a datum point and a way of mcasJ 
uring distance from this point is needed. The solu-j 
tion to this is to utilize a normal park limit switch afl 
the datum and to count the revolutions of the motoi 
armature to imply distance moved. |

A computer program can then be used to control 
the motors. The inputs to the program are from Ihd 
driver’s switch, the motor limit switches and thd 
motor armature revolution counters. Fully pro! 
grammed operation in this way will allow mon 
sophisticated facilities to be used if required. Aj 
slight delay in the start and reverse point of each! 
motor can be used to reduce high current draw. I

12.2 Signalling circuits

12.2.1 Introduction
Direction indicators have a number of statutoiW 
requirements. The light produced must be атЬеЯ 
but the indicators may be grouped with othJ 
lamps. The flashing rate must be between one une 
two per second with a relative on’ time of betwec® 
30 and 57%. If a fault develops, this must be appan 
ent to the driver by the operation of a warning light] 
on the dashboard. I’he fault can be indicated by fl 
distinct change in frequency of operation or thfl 
\\aming light remaining on. If one of the inaifl 
bulbs fails then the remaining lights should coni 
tinue to flash perceptibly. 1

Legislation exists as to the mounting position of J 
the exterior lamps, such that the rear indicatofl 
lights must be within a set distance of the tail light! 
and within a set height. The wattage of the indicator 
light bulbs is normally 21 W at 6. 12 or 24 V ж 
appropriate. )

Brake lights fall under the heading of auxiliaries 
or ‘signalling’. A circuit is examined later in ihil 
section.
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I I? 9 sliows the internal circuit of an electronic 
rt- ’ I unit fhe operation ofthis unit is based around
* i.Mhikxl circuit. The type shown can operate at 
к ' Il MH .! t W bulbs (front and rear) and two 5 W
• ‘ i ‘<1-.  Hiers-when operating in hazard mode. This*

'i -’’tilinue for several hours if required. Flasher 
•• •' eiv luted by the number of bulbs they are cap- 

•II < «1 o|H.TUling. When towing a trailer or caravan 
wui must be able to operate at a higher wattage.

“ini’» use a relay for the actual switching as this 
О й И fUHcptible to voltage spikes and also provides 

niMtihle signal.
J 1 In' eleclronic circuit is constructed together with 
К 1» I'*'-  on a printed circuit board. Very few com- 

ure used as the integrated circuit is specially
for use as an indicator timer. The integrated 

J 01" iiii Itself has three main sections. The relay driver, 
5 illntor and a bulb failure circuit. A Zener diode 
hiiiti 111 10 the IC to ensure constant voltage such 
•I ihf hcquency of operation will remain constant

e

J Ни- hinge 10-15 V The timer for the oscillator is 
J if^^-^iollcd by' R, and C. The values are normally set 

ii-v un on-off ratio of 50% and an operating 
I ^)Г'^|»и1К’у of 1.5 Hz (90 per minute).

i J I lie on off signals produced by the oscillator are 
; > fcv»» (I Io a driver circuit, which is a Darlington pair 
i J r ub II diode connected to protect it from back-EMF
11 ft ilu*  relay coil is switched on and off. Bulb failure

f

Figure 12.11 Typical brake light circuit

is recognized when the volt drop across the low 
value resistor R2 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 lhe 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
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sound. This consequently makes sirens and melody­
type fanfare horns 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 pauses an arma­
ture that is attached to a tone disc to be attracted to a 
stop, a set of contacts is 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 3.5 kHz. This gives 
good penetration through traffic noise. Twin horn 
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 
U^ether with its associated circuit.

S,

S< lL

Г0-Г
-(m)-

Fan 
motor I

rS-r Fan ' 
motor 2

S, for senes - dow speed 
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Figure 12.14 Circuit for series or parallel operation) < 

cooling fans J

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 parallel 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 w^ter supply. The

second method is, in fact, much the same as wind 
screen cleaning but on a smaller scale. The higi 
pressure system tends to be favoured but can suffc 
in very cold conditions due to the fluid freezing,
is expected that the wash system should be еараЫ 
of about 50 operations before refilling of the resei 
voir is necessary. Figure 12.15 shows the pressm 
wash technique.

Headlight cleaners are often combined with th 
windscreen washers. They operate each time th 
windscreen washers are activated, if the headlight 
are also switched on a

A retractable nozzle for headlight cleaners is oftei 
used. When the water pressure is pumped to th 
nozzle it pushes the nozzle from its retracted positioi 
flush with the bodywork. When the washing is con 
plcted the jet is retracted back into the housing.

Some minor vehicle electrical systems, which ar 
not covered elsewhere, are shown in Figure 12.16, 
Cigar lighter, clock, rotating beacon and electric ad 
ial are all circuits that could be used by many othi 
systems.
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• '<• 11 IS Headline washers in action

11,4 Case studies
11 4.1 Indicators and hazard 
»ir< (lit - Rover

• 'H mt diagram shown in Figure 12.17 is part of 
' Ih mt I'loin a Rover car and shous the full layout 

iiuhvalor and hazard lights wiring. Note how
I -uid switch, when operated, disconnects the 

' iipply from the flasher unit and replaces it 
. .. M 4 otistunt supply. The hazard system will there- 

' ♦‘jH’iutc at any time but the indicators will only 
“t ttiten the ignition is switched on. When the 

switch is operated left or right, the front, 
-^iwl tepeater bulbs are connected to the output 

■ ^^iliml of the flasher unit, which then operates and
■ iIk bulbs to flash.

/ When the hazard switch is operated, five sets of 
Is are moved. Two sets connect left and right 

Ulis to lhe output of the flasher unit One set dis- 
; Ч Is lhe ignition supply and another set con- 
Ik Ilk*  battery supply to the unit. The final set of 
hii Is causes a hazard warning light to be oper- 

I In this and most vehicles the hazard switch is 
: ^niiwted when the sidelights are switched on.
1 Й 1к*п  operating in hazard mode the bulbs would 

.;KA(94W/12V).;KA(94W/12V).

However, this current will peak much higher due 
to the cold resistance of the bulbs. In the circuit 
shown, the top fuse is 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 lhe 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 В wire. When the switch control is moved for a 
left turn, the switch makes contact with the G/R 
wire, which allows the supply to pass to lhe left­
hand front and rear indicator lights and then to earth 
on the В wire. The action of the flasher unit causes 
the circuit to 'make and break'.

By pressing the hazard warning switch a battery 
supply on the N/0 from fuse 3 (1.4, 2.0 and diesel 
models) or 4 (1,6 models) in the engine bay fusebox 
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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12.4.2 Wiper circuit - Ford
The circuit shown in Figure 12.18 is similar to that 
used on many Ford vehicles. Note that the two sets 
of switch contacts are mechanically linked together 
The switches are shown in the ‘off’ position. A link 
is shown to a headlamp cleaning rel^ (if fitted) to 
allow operation of the headlamp washers as the 
screen washers are used. T’his will only occur if the 
headlamps are also switched on.

The wire codes follow the convention outlined 
in Chapter 3. The motor is a three-brush PM type 
and contains a parking switch. Following the top 
terminal of the motor, as shown, results in a con­
nection to earth via the control switch and the limit 
switch. This is to achieve regenerative braking.

screen, depending on vehicle speed. At high speedl 
the air stream can cause the blades to lift and juddef 
This seriously reduces the cleaning effectiveness. Ifj 
the original pressure is set to compensate this, thiH 
pressure at rest could deform the arms and blades.' Л

The pressure control system is shown in Figure 
12.19. Sensors are used to determine the air streanfl 
velocity and intensity of the rain. An ECU evaluate 
the data from these sensors and passes an appropM 
ate signal to the servo motor. When the blades агЛ 
in the rest position, pressure is very low to avofl 
damage. The pressure rises with increasing vehicltj 
speed and heavy rain.

The system is able to respond very quickly such 
that, when overtaking, the deluge of spray is cleared i 
by increased pressure and also, if the screen driei 
off, the pressure is reduced to prevent scraping.
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12.4.3 Wiper blade pressure 
control
Bosch has a system of wiper pressure control, which 
can infinitely vary the pressure of the blade onto the

12.4.4 Valeo wiper systems
Car makers are constantly looking for ways to redu^ 
the noise generated by wiper systems. The two main
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Figure 12.20 Linear wiper system
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fully integrated into vehicle design. Figure 12.20;
shows this technique. 1

The Silencio windshield wiper offers two niajd 
innovations to enhance passenger comfort and safetw

Figure 12.19 Wiper Made pressure control system

• A new extended-life rubber coating called ‘Skin4
• A wear indicator that tells the driver when itr

change the wiper. I

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 is 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 heighv'width ratio and the 
curve of the window. Valeo’s linear rear wiper con­
cept ensures optimum visual comfort as it covers over 
80®/o of the rear window surface; this is a visibility 
gain for the driver exceeding 60%.

This increase in the driver’s 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

External wear factors such as UV, ozone, pollution 
windshield wiper fluid, etc. damage the rubber bladf 
and affect wiping quality. ‘Skin’ is a new coating that 
protects the blade. fl

This surface coating, composed of a slippinfl 
agent, a polymer bonding agent and an impermfl 
ability' agent, can be applied to natural or synthetifl 
rubber. An innovative polymerization process ensure 
long-lasting adhesion lo the blade. By protecting ih^ 
blade from wear, ‘Skin’ maintains initial wiping 
quality longer and also eliminates rubber squeakind 
and friction noise on dry glass. f

Silencio is also fitted with a wear indicator that 
tells the driver the state of wear of the w iper bladd 
The indicator - a round tab fixed to the wiperfl 
degrades at the same speed as the rubber bladfl 
External wear factors such as UV, ozone and polliH 
tion activate chemicals in the indicator which thefl 
gradually changes colour, going from black to yelj 
low, as the wiper wears out. I

12.4.5 Electronic fan system 
control
The electronic control of the fan system is a furth<( 
step in the drive to improve engine coolinj 
management Besides reducing electrical consumfl 
tion, one of the main benefits of Valeo’s concept ii 
the reduction in noise levels thanks to continuofl I
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fen *l»'pd  regulation, adjusted to the minimum 
Ik IhM required for engine cooling and A/C 
Mwmt* Htcnt

“-Um ndiK to Start producing these variable speed 
я*м  units in 2000. They have the following 

■! features.

compact pulse width modulation (PWM) module 
integrated into the motor.

I

11»4Ideal consumption reduced by half for an 
2 usage profile.
b.iw level reduced by 15dBa at half speed.

vlart of the fan, which removes peak starting 
‘.lu iih and provides a better subjective sound 

U’.cl

12.5 Diagnosing auxiliary 
system faults

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

и» iiiHiic functions designed to improve the safety 
fl ЙИ Inn are possible; speed can be adapted to the 
HMMutuin required, diagnostic functions are pos- 

■nd self-protection in case of fan lock due to 
•HManuinition is built in.

I hr Inn electronic management unit can be easily 
iMhxl in dilTerent places in the engine compart- 

kt meet all types of customer specifications, even 
iiHMi demanding ones in terms of high temperature. 

Ыи»IV currently developing a new concept that has a

3.

1. Verify the fault.
2. Collect further information.

Eivaluate 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

fbbk*  11.1 Common symptoms and possible faults of an auxiliary system malfunccion

lymptom Possible fault

Hixn not working or poor sound quality

Wipers not working or poor operation

Wbihers not working or poor operation

Inditators not working or incorrect operating speed

HMter blower not working or poor operation

• Loose or broken wiгing/conneccions^use.

• Corrosion in horn connections.

• Switch not making contact.

• High resistance contact on switch or wiring.

• Relay not working.

• Loose or broken wiring/connections/fuse.

• Corrosion in wiper connections.

• Switch not making contact.
• High resistance conuct on switch or wiring.

• RelayZtimer 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 winng/connections/fuse.

• 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/conneciions/fuse.

• Corrosion In horn connections.

• Switch not making contact.

• High resistance contact on switch or wiring.

• Rehy not working.

• Loose or broken wiring/connectlons/fuse.

• Switch not making contacL

• Motor brushes worn.

• Speed selection resistors open circuit.
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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.

3. 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. If used does the relt^ 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 0.5 V of 
the battery.

11. Earth circuit (continuity or voltage) - 0 П or 0 V

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:

'■■"‘‘-Mt nit)
where

Г
Г

Л 
Л 
I
^3
W'm 

e

= torque to move one wiper arm;
= force of one blade onto the screen;

Ипих maximum dry coefficient of friction 
(e g. 2.5);

= multiplier for joint friction (e.g. 1.15);
tolerance factor (e g. 1.12);

= wiper arm length;
= maximum angular velocity of arm;
= mean angular velocity of motor crank,
— efficiency of the motor gear unit 

(e.g. 0.8);
= motor winding resistance - hot;
= motor winding resistance - cold.

«h

12.6.2 PM Motor - electronic I 
speed control I
The automotive industry uses permanent inagnel 
(PM) motors because they are economical to proJ 
duce and provide good performance. A simple curd 
rent limiting resistor or a voltage regulator can vard 
the motor’s speed. This simple method is often usee 
for motors requiring variable speed control,] 
However, to control the speed of a motor that drawe 
20 A at full speed and about 10 A at half speed is i 
problem. I

At full speed, the overall motor control systeie 
efficiency is around 80%. If the speed is reduced iJ 
half the system’s, then efficiency drops to 40%.1 
This is because there would be a heat loss of 70 Wj 
in the series resistor and 14 W lost in the motor. ■ 
more efficient speed control system is therefoe 
needed. J

One way is to interrupt the motor’s \ oltage at • 
variable duty cycle using a switching power suppfjl 
A system known as pulse width moduiatioil 
(PWM) has been developed. An introduction to thil 
technique follows. I

Because the armature of the PM motor acts a.s c 
flywheel, the voltage interruption rate can be 1 klli 
or slower, without causing the motor’s speed to put j 
sate. A problem at this or other audible frequencioj 
is the noise generated from within the motor Al 
higher frequencies, 16 kHz for example, the audihil 
noise is minimized. A further noise problem is st|l 
nificant EMR (electromagnetic radiation). This il 
generated by the fast switching speeds. This can Я 
improved by slowing down the switching ed|l 
of the operating signal. A compromise has to fl 
made between the edge speeds and power deviJ 
heat loss. I

When the EMR problems are safely containM 
the stalled motor condition must be considered. I fl 
motor’s copper windings have a positive tempelfl 
ture coefficient of 0.00393 П/°С. Therefore J 

0.25 0 motor resistance value at 25°C would M 
about 0.18П at-40* ’C. Using a typical 2оЛ 

motor as the load, the maximum stalled or lockfl 
rotor current can be calculated to be about 77 Я 
as shown; Я 

max
E 
«ш,,

— maximum power supply voll 
’irtr ~ minimum motor resista

where
(14.4 V) and R,
(0.1811)

When the maximum motor current has been c| 
culated, the specifications of the power transiMt
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ИИ11*  ikkr mined. In this case, the device needs an 
current rating of at least 77 A. However, a 
«onsideration for reliable power transistor 

l|iH*iHHi  1Я Us worst case heat dissipation.
I lu' worst case includes maximum values for the 

voltage, ambient temperature and motor 
Whmii a junction temperature of 150°C for 

t«iwv( tiensistors is used as a maximum point, 
hillowing equation calculates the transistor’s 

•ta«uiHun allowable heat dissipation for use in an 
t cm ironment using a 2.7 ® C/W heat sink and 

I I ( W junction to case povwr FET thermal

rj.JSX

RifJC' + RtpCS + RtpSA

Blko / /мйч * maximum allowable junction tem- 
= maximum ambient(I5O^C); 7^ max

l|R(t*iNiure  (85®C); RtpJC — junction to case 
resistance (1°C/W); = case to

•ink interface thermal resistance (0.1 ®C/W), 
IgAf heal sink to ambient thermal resistance 

< W)

1 iMHp lhe given figure results in a value of about 
IlW Illis is considerably better than using a 
hB|*(Hiig  resistor, but to achieve this, several power 
j^lthiis would have to be connected in parallel, 

rttil heat sinking is also necessary.
I hl*  levhniquc may become popular because of 

I iignihvant improvement in efficiency over con- 
|М1йм«1«1 methcxls and the possibilities for greater 

IIS Cl lhe 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 fitted 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, 1Ъе motors decelerate 
before reversing to reduce shock loading This also 
reduces the reversing noise and increases the service 
life of the wiper blades

1Ъе 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 w^y, 
the electronic system always provides the maximum 
field 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 is 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 
is not used. This means that manufacturers gain

Figure f2.21 Comparison of 

single- and twin-motor wiper sys­

tems (Source: Bosch Press)
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Enlarged wipe field
Cl) Extended reversing po»oon 

V Extended park position
\iiS> 

у
\ A

'dA

Figure 12.22 Electronically cor 

trolled wiper system (Souro 

Bosch Press)

Figure 12.23 Twin-motor wipe0 

in position (Source; Bosch Press) j

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:

• Reduced fuel consumption (through reduced 
power usage, as well as efficiency gains).

• Lower emissions. i
• Reduced engine wear. J

The electronic water pump shown uses brushlew 
motor technology, wet-rotor and rare earth там 
nets. See section 10.9.9 for further details. J

12.8 Self-assessment
12.8.1 Questions I

1. State four electrical systems considered to hdfl
‘auxiliaries’. |

2. Describe briefly how a flasher/indicator unit t|| 
rated.

3 Make a clearly labelled sketch to show a typj^ 
cal wiper motor linkage. «
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П 34 Electric cooling pump (Source; Valeo)

3. 2.5 Hz
4. 3.5 Hz

The wattage of an indicator bulb is normally: 
5W 
6W 
I2W 
21 W

1.
2.
3.
4.

1.
2.
3.
4.

A

4
I

{.

*T

ttt

I irww a circuit diagram of an indicator circuit, 
mhI label each part
1 iM five requirements of a wiper system.
I xplain how off-screen parking is achieved by 
M»me wiper systems.
I )eaeribe what is meant by the term ‘stall pro- 
leelion’ in relation lo wiper motors.
I Hou a clearly labelled brake light circuit 
liH lude three 21 W bulbs, a relay and fuse as 
well as the brake light switch.
I alvutale the rating of the fuse required in 
(^K'stion 8.
I xpluin with the aid of a sketch what is meant 
In windscreen zones’.

A wiper motor may use three brushes in order to: 
increase torque 
allow two speed operation 
allow three speed operation 
provide intermittent operation

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;

fast speed operation 
slow speed operation 
regenerative braking 
none of the above

Off-screen parking of wiper blades reduces: 
current draw

2. voltage drop
3. aerodynamic drag
4. aerodynamic drop

The delay time in a wip>er control unit is set by a 
resistor and:
1. an inductor
2. a transistor
3. a diode
4. a capacitor

A front screen wiper system can have:
I. only one motor 

two motors 
no motors

4. all of the above

1.
2.
3.
4.

11.8.2 Assignment
ImFiiigate a modern vehicle and produce a report 
И iht clficicncy and operation of the washer and 
ai|te’i lystems (front and rear).

Make a reasoned list of suggestions as to how
h iRfwiivements could be made Consider for the pur- 
" of lateral thinking that, in this case, money is

IM an Ksuc'

П.В.З Multiple choice questions
Wlwni checking the operation of a relay, an audible 

к и heard when the switch is operated. If there
te (Ml «apply out from the relay this indicates;
I
I

1.

2.
3.

ihai lhe relay is faulty 
an open circuit supply

I • faulty switch
flil of these

o|)erating frequency of an electronic flasher 
«ml i« 

t »’ll/
I MIz

«

A vehicle horn produces sound because a tone disc 
is made to vibrate by;
1. electrostatics
2. electroplating
3. electrocuting
4. electromagnetism



13
Instrumentation

13.1 Gauges and sensors Table 13.1 Measurements and sensors

13.1.1 Introduction
Measurement required Sensor example

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 
a readable 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 pul 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.

Fuel level 

Temperatures 

Butt) failure 

Road speed 

Engine speed 

Fluid levels 

Oil pressure 

Brake pad wear 

Lights in operation 

Battery charge rate

Variable resistor 

Thermistor 

Reed relay

Inductive pulse generator 

Hall effect
Roat and reed switch 

Diaphragm switch 

Embedded contact wire 

Butt) and simple circuit 
Bulb circuit/voltage monito^

13.1.3 Thermal-type gauges
Thermal gauges, which are ideal for fuel an<J 
engine temperature indication, have been in use fitt 
many years. This will continue because of thee 
simple design and inherent ‘thermal' damping. Ihfl 
gauge works by utilizing the heating effect of eled 
tricity and the benefit of the widely adopted bi met! 
strip. As a current flows through a simple heating 
coil wound on a bimetal strip, heat causes the strij 
to bend. The bimetal strip is connected to a pointe 
on a suitable scale. The amount of bend is propo^ 
tional to the heat, which in turn is proportional lo 
the current flowing. Providing the sensor can vaq 
its resistance in proportion to the measurand (e g 
fuel level), the gauge will indicate a suitable repr^ 
sentation providing it has been calibrated for the paiM 
ticular task. Figure 13.2 shows a representation оГЯ 
a typical thermal gauge. fl

The inherent damping is due to the slow thermal 8 
effect on the bimetal strip. This causes the needle loj 
move very slowly to its final position. It can be sai4| 
to have a large time constant This is a particuh|fl 
advantage for displaying fuel level, as the variab^f 
resistor in the tank will move, as the fuel mova^| 
due to vehicle movement! If the gauge were able IЛ 
react quickly it would be constantly moving. fhfl| 
movement of the fuel however is, in effect, avefl 
aged out and a relatively accurate display can hfl 
obtained. Some electronically driven thermal fuel J 
gauges are damped even more 1^ the control systeitf
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VATobte resistor

Thermistor

О

Pressure 

switch

Embedded 
contact

I

Reed switch
>

Inductive 

sensor

Magnet _ ______
Hall effect

t ?

Fluid level

Simple 
warning 
light

\taHIC

Magnet 

Float

Reed 
switch

Charge warning lighc

Y
Altemator

Ь|н(» П.1 Sensors used for instrumentation

Sate

I

Connections Heaong сой Bknetal stnpHeaongcod

ignition 
switch

soMzcr

Fuel 
ffuge

Temp 
g»uge

Tank 
tender

Temp

X

FtfHr*  1).2 Bimetal strip operation in a thermal-type gauge

Figure 13.3 Bimetal fuel and temperature gauge circuit

Ikimal-type gauges are used with a variable 
fraulnr und Hoat in a fuel tank or with a thermistor 
to lhe engine water jacket. Figure 13.3 shows the 
»»«Hit i»f these two together. The resistance of the 

tonk sender can be made non-linear to counter- 
<й йн> non-linear response of the gauge. The sender 
te«i«i<ince is at a maximum when the tank is empty.

A constant voltage supply is required to prevent 
ilMitges in lhe vehicle system voltage affecting 
rttr reeding This is because, if the system voltage 
murnsed, the current flowing would increase and 

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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Vin Zd Vout

Scale

Winding on 
a core

Figure 13.4 A voltage stabilizer

Tank 
tender 
unit
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Сайпооп 
геягоэг

} Z 
jZ

Resktam

Enpnehot
(low resistance)

■io

Resdura 

Engtnecdd
resistance)

Figure 13.6 Principle of die air-cored gauge together with il 

circuit when used as a fuel level or temperature indicator м 

the resultant magnetic fields 1

balanced and the gauge will read half full. The send 
resistance is at a maximum when the tank is full,

R

В

A

A

Figure 13 Л Circuit/principle Ы 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 variable 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

13.1.5 Air-cored gauges jj 

Air-cored gauges work on the same principle a»l| 
compass needle lining up with a magnetic ficlilj 
The needle of the display is attached to a very smell 
permanent magnet. Three coils of wire are used апЛ 
each produces a magnetic field. The magnet will lull 
up with the resultant of the three fields. The currM 
flowing and the number of turns (ampere-tilf||| 
determine the strength of the magnetic flux ргЛ 
duced by each coil. As the number of turns rcmalH 
constant the current is the key factor figure I}|| 
shows the principle of the air-cored gauge togelhll 
with the circuit for use as a temperature indicdbtl 
The ballast resistor on the left is used to limit inaM 
imum current and the calibration resistor is used M 
calibration. The thermistor is the temperature send»] 
As the thermistor resistance is increased, the сиггЙР 
in all three coils will change. Current through C 
be increased but the current in coils A and В wiH 
decrease. The resultant magnetic fields are sho^ 
in Figure 13.6. This moves the magnetic armaliitf 
accordingly.
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s’" utred gauge has a number of advantages.
I “ tlinoHi instant response and, as the needle 

II» я magnetic field, it will not move as the 
U 4 lumges position. The gauge can be arranged 

Oestniinx*  lo register lhe last position even 
th bed off or, if a small ‘pull off’ magnet is 

I и will return to its zero position. As a system 
4 Hange would affect the current flowing in all 

variations are cancelled out, negating the 
hM voltage stabilization. Note that the operation

I ’ll to the moving iron 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.

M 1 6 Other types of gauges
■■«iHHi of any of the above types of gauge can

* si lo display other required outputs, such as
1» oil pressure. Gauges to display road or 

/■ ijircd, however, need to react very quickly 
fc - . 4 Many systems now use stepper motors 
► ’ * piiipose although some retain the conven- 
’ •! • йЫе driven speedometers

! 13 7 shows a block diagram of a
» which uses an ammeter as the gauge.

*  ^5 =irm uses a quenched oscillator sensor that*
< piiithive a constant amplitude signal even at 

low «peed rhe frequency of the signal is pro- 
И «оя1 lo road speed. The sensor is driven from 
•> idiox or a final drive output. The electronic 
»»''-.11 Ol signal conditioning circuit consists firstly

4 > himtl trigger, which shapes lhe signal and
•any noise picked up in the wiring. The 

ояЫс IS used to produce uniform signals in
и . niMin lo those from the pulse generator The

4 oil gauge will read an average of the pulses, 
ivfiagc value is dependent on the frequency of 

•i 5rt|»oi signal, which in turn is dependent on 
1*»  ' «|кч.ч1. I he odometer is driven by a stepper

13.1.7 A digital instrumentation 
system
Figure 13.9 shows a typical digital instrumentation 
system. All signal conditioning and logic functions 
are carried 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

I

Reset signal

ECU

MUX

и>
Sensors De 

MUX

Driver

A !

к

I

! Ck _____J!

f'
tlfW 117 Block diagram of a speedometer system which 

i”: “ччрй ammeter as the gauge

Hbhx|
Display

Ignition 
prinnary

Pulse 
shaper

Counter

Figure 13.9 Digital instrumenacion system

I'»"- к lit Block diagram of a uchometer which uses signals from the ignition coil
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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 follo^.

can

to

• Low fuel warning light-can be made to illumin­
ate at a particular resistance reading from the 
fuel tank sender unit.

• High engine temperature warning light
be made to operate at a set resistance of the 
thermistor.

• Steady reading of the temperature gauge 
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 il 
as the thermostat operates, the ECU will output 
just 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 lhe output is reduced or if the drive belt slips. 
This is achieved by a wire from one phase of the

Fuel 
sender

Other 
sensors

Other 
displays

ECU 

alternator providing a pulsed signal, which is cor 
pared to a pulsed signal from the ignition. If tl 
ratio of the pulses changed this would indica 
a slipping belt.

As an example of how some of this system woril 
consider the high temperature and low fuel wamifl 
lights as examples. Figure 13.10 shows a ЫоЛ 
diagram of just this part of the overall system, fl

The analogue to digital converter is time divisiiM 
multiplexed to various sensors. The signals front 
the temperature and fuel level sensors will produfl 
a certain digital representation of a numerical valuj 
when they reach say 18011 (about I05°C) and 
200 П (10 litres left), respectively. These figurfl 
(assigned to variables ‘tempjnput’ and Tuel_inpulfl 
can then be compared with those pre-programntB 
into memory, variables ‘high temp*  and ‘low_fuelj 
The following simplified lines of computer pre 
gram indicate the logical result. fl

IF temp input > high temp THEN 
high_temp_light = on

IF fuel-input
low_fuel_light = on

low fuel THEN

A whole program is built up which can be mat 
suitable for any particular vehicle requirements. 1

13.2 Driver information
13.2.1 Vehicle condition j
monitoring j
VCM or vehicle condition monitoring is a form j 
instrumentation. It has now become difficult to scj 
arate it from the more normal instrumentation s)| 
tern discussed in the first part of this chapter. И 
complete VCM system can include driver informi 
tion relating to the following list of systems that ci 
be monitored. I

MUX A/D

Temp 
sender I MUX I

_L 

Fuel 
display

Temp 
display

• 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 13.10 Block diagram of high temperature and low fuel 

warning lights.The A/D converter is time division multiplexed co 

various sensors

Figure 13.11 shows a trip computer display, whiq 
also incorporates the vehicle map (see next section!

I
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system

Low resistance 
series con

Reed switch 
doses when 

light is on

Table 13.2 Input to the system

Input Source

Switch

■ 1 being
1 iWimmf monttored ro 1

Clock signal 

Vehicle speed 

Fuel being used 

Fuel in the tank 

Mode/Set/Clear

Crystal oscillator

Speed sensor or instruments ECU 

Injector open time or flow meter 

Tank sender unit

Data input by the driver

R.
5

I

11.11 Elulb failure warning circuit

fc lh‘ urcuit shown in Figure 13.12 can be used 
Bfllk iulc bulb failure warning lights for whatever 

circuit it is monitoring. The simple prin- 
Bb t« (hal the reed relay is only operated when the 
■ib In-iiig monitored is drawing current. 1Ъе fluid 
■ll i*-i»|K'rulure  level monitoring systems work in a 

Ibe systems described earlier but in 
iMHCS (he level of a fluid is monitored by a 

■il <hmI switch.
I I Hl lin'd can be monitored by measuring the 
ЬМ'Онт of a heated wire on the end of the dipstick. 
■ «нмП current is passed through the wire to heat it. 
Вй» iiuk h of the wire is covered by oil will deter- 
■|№< II-, icmiierature and therefore its resistance.
E Moiiv of the circuits monitored use a dual resist- 

circuit itself is also checked.
I||nrr 1.1 13 shows the equivalent circuit for this 

In effect, it will produce one of three 
outputs; high resistance, low resistance or 

Ьжи ol-rnnge reading. The high or low resistance 
ure used to indicate say correct fluid level 

Еры low lluid level. A figure outside these limits 
hbHkI indicate a circuit fault of either a short or 
{pK'ti 1 ifcuit connection.

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 
is arguably an expensive novelty, but is 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 - if not complicated. This type of interaction
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Vehicle 
speed

hid 
used

Fud 
tevd

ECU Display

Dnver 
input

USA. ‘DriverGaide' is the electronic equivalent ofl 
winding down a window and asking for directions,] 
By choosing from a variety of screen menus, the 
driver can specify where he or she wants to goj 
Twenty seconds later a printed sheet of driving 
instructions constructed from a cartographic datal 
base will be printed. Computerized route finding 
software is already very popular Its one problem il 
that the data on disk is out of date instantly due to] 
roadworks and other restrictions. Transmitting livd 
data to the vehicle is the answer. 1

Time

Panel hghu

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 techniques (see Chapter 3).

13.2.3 Traffic information
CX'er 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 California, 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 scrolls down as the car moves forward 
and rotates sideways when it turns.

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

13.3 Visual displays
13.3.1 Choosing the best display-] 
readability j
Ibe function of any visual display is to communiedB 
information to the desired level of accuracy. МсЯ 
displays used in the vehicle must provide instant date 
but the accuracy is not always important. .Analogw 
displays can provide almost instant feedback from onfl 
short glance. For example, if the needle of the (спи 
perature gauge is about in the middle then the drivfl 
can assume that lhe engine temperature is withfl 
suitable limits. A digital read-out of teinperatufl 
such as 98 ° C would not be as easy to interpret. Th« 
is a good example as to why even when digital pro! 
cessing and display techniques are used, the actull 
read-out will still be in analogue form. Figure 13.1Я 
shows a display using analogue gauges. 1

Figure 13.16 shows an instrument display usinf 
digital representation. Numerical and other forms of 
display are, however, used for many applicatioifl 
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 wayj 
the following sections examine each of these in mol 
detail. To drive individual segments or parts of 
complete display, a technique called ttme divisiQ 
multiplexinff is often used.

13.3.2 Light-emitting diode 1
displays I
If the PN junction of a diode is manufactured Ггоя 
gallium arsenide phosphide (GaAsP), light will hl 
emitted from the junction when a current is made IcT
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t*»  III the forward-biased direction. This is a light- 
MfiiH’ diode (LED) and will produce red, yellow 

и ffiveit light with slight changes in the manufac- 
iHocess. LEDs are used extensively as indi- 

И1-!! on electronic equipment and in digital 
lhey last for a very long time (50000 

lb-»»’ I find draw only a small current.
Ill) displays are tending to be replaced for 

ipHiiohile use by the liquid crystal type display, 
litiu ti van be backlit to make it easier to read in the 
ibilitllil However, LEDs are still popular for many 

Mhons.
Ни- actual display will normally consist of a 

тмиЬ.я of LEDs arranged into a suitable pattern for 
ifc «Kjiiired output This can range from the stand- 
#11 Acn-segment display to show numbers, to a 
«П >мп| designed speedometer display. A small 
Ht+' ds’r of LED displays are shown in Figure 13 17.

11 1.3 Liquid crystal displays
I > ixhI crystals are substances that do not melt 
iti- il\ from a solid to the liquid phase, but first 
I» through a paracrystalline stage in which the 
. .... .  Illes are partially ordered. In this stage, a liquid 
t> lal IS a cloudy or translucent fluid but still has

• of the optical properties of a solid crystal.

Customized 
bar graph

gggg Seven segment 
display shows 

9W

Figure 13.17 LED displays

The three main types of liquid crystals are 
smectic, nematic and cholesteric (twisted nematic), 
which are difierentiated by the alignments of the 
rod-shaped molecules. Smectic liquid crystals have 
molecules parallel to one another, forming a layer, 
but within the layer no pattern 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
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Figure 13.18 Principle of a liquid crystal display

Normal 
к '‘gbt

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, fhe net result is that light is 
simply reflected, but only when the liquid crystal is 
in this one 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

/ by «keiroluminescenct

Crystal twttu 
hgbtbyW'

Light oniaed

<<ghc

Figure 13.19 Backlighting effect can be used to good effect f< 

display purposes

filament 
(tungsten wires)

Electrons
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Scr«

Ebetroro arc 
aaractedco 

segemenu on 
the screen

/

Figure 13.20 X^cuum fluorescent display

r:

fl 
liquid crystal, but it emits light when a voltagd к 
applied. Figure 13.19 shows how this backlightifl 
effect can be used to good effect for di splay purpod

13.3.4 Vacuum fluorescent 11
displays ’ I
A vacuum fluorescent display (VFD) worloj Л 
much the same way as a television tube and screMj 
It is becoming increasingly popular for vehicle ufl 
because it produces a bright light (which is adjinH 
able) and a wider choice of colours than LED or LCe 
displays. Figure 13.20 shows that the VFD systm 
consists of three main components. These are tlw 
filament, the grid and the screen with segmcM 
placed appropriately for the intended use of the dIfl 
play. The filament forms the cathode and the чоЛ 
ments the anode of the main circuit. The conofl
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E fefel is u*cd  to control brightness as the voltage is

I Wbh Л current is passed through the tungsten 
they become red hot (several hundred 

ienligrade) and emit electrons. The whole 
Ййй H Hinde to contain a good vacuum so that the 

nre not affected by any outside influence, 
m eHiiHK'iits are coated with a fluorescent substance 
™ ♦iMiHTcIcd to a control wire. The segments are 
Bbwi • |H)Mtive potential to attract the electrons. 
HwN «U'cirons strike the segments they fluoresce, 

Й ydkiw-green or a blue-green light depend- 
ми ilh' type of phosphor used to coat the seg- 

ШкИя II Ihc potential of the grid is changed, the 
of electrons striking the segments can be 

thu.s affecting the brightness. If no seg- 
connected to a supply (often only about 

BVl ilu'ii all the electrons emitted are stopped at 
Bfcl gild I he grid is also important in that it tends to 

Ihc movement of electrons.
b haute 13.21 shows a circuit used to control a 

1 Note how the potential of the segments when 
Htheiwl 1Я above that of the grid. The driver circuit 

Йи*  «уМет is much the same, in principle, as 
? Ц!^ oilwi display, i.e. the electronic control will 
L 'll one or more of the appropriate segments to 

h) produce the desired output.
L I Ih glass I'ront of the display can be coloured to 
Balin'^*  Ihc readability and aesthetic value. This type 

d»4phn has many advantages but the main prob- 
t 1«и aiilomobile use is its susceptibility to shock 

utwahon fhis can be overcome, however, with 
mountings.

Drivtr
Screen

1

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 warning 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 speedometer 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 headlight 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 driver is looking at any point in 
time, which could be used to determine where the 
head-up display would be projected at any particular 

I Grid
Norrral Miaon

I Brightness

у FBamem

Womuuon 
рго»есюгIЖ

!«»»• II 21 Circuit which could be used to control aVFD Figure 13.22 Head’up display
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lime. 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 whine 
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 
sunnmary
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. It 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. I find numerical display of vehicle speed

Wamtog lightsSpeed Warning lights Revs

WinWFi.:^!
1^0*  

5^ I pressure
[rmnnmj li^t|Votage

I!

Speedometer 
analogue

^-2
I

Tachometer Temperature
digital bar

Figure 13.23 Displays which combine some of the devices 

discussed 

or engine rev/min irritating. Even the bar graph dii 
plays are not as good as simple analogue needle 
(this, however, is only my opinion).

The layout and the way that instruments are coir 
bined is an area in which much research has be^ 
carried out. This relates to the time it takes the drivi 
to gain the information required when looking aw| 
from the road to glance at the instrument pacl 
Figure 13.24 shows an instrument panel and otifl 
readout displays. Note how compact it is so ihj 
the information can be absorbed almost without th 
driver having to scan to each readout in turn. '1'1 
aesthetic looks of the dashboard are an imperial 
selling point for a vehicle. This could be at odds wil 
the best readability on some occasions. J

13.4 Case studies
13.4.1 Air-cored temperature 1 
gauge - Rover j
Figure 13.25 shows the system used on some Ro4 
vehicles for the temperature gauge. It is an an 
cored device with fluid damping. The temperahi? 
gauge is fitted with a spiral pull off spring to inal 
the gauge read cold" when the ignition is switcha 
off. The fuel gauge is very similar but retains 1 
position when the ignition is off. I

When the system receives a supply from t| 
ignition the resistance of the thermistor determiiH 
the current flowing through the coils. When епД 
coolant temperature is low, the resistance of ih 
sender will be high. This will cause the voltagoj 
point X to be higher than that at point Y. This 
be above the Zener voltage and so the diode 
conduct in its reverse direction. Current will IlJ 
through coil A and coil В directly but also a furiM 
path will exist through R and the diode, effeclive 
bypassing coil A. This will cause lhe magnetism J 
coil В to be greater than coil A, deflecting the mojl 
and pointer towards the cold side. As the resisturj

i--
IS?^’

Lioii

Figure 13.24 An instrument panel and other readout displays
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•hk*r  tails with increasing temperature, the 
«I X will fall, reducing the current through 

'• ullnwing the needle to rise.
• • • •« mill operating temperature, the voltage at X

■ г / И under the Zener diode breakdown voltage. 
’ -4» through each coil will now be the same and
* . will read in the centre. If coolant tempera- 
«• ■ • T- uses further, then current will flow through 
" ' in Ils forward direction, thus increasing

through coil A, which will cause the
* "o move to the hot side. Operation of the fuel

viiiulur but a resistor is used in place of the
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Zener diode. The diode is used to stabilize the gauge 
when reading 'normal’ to reduce fluctuations due to 
thermostat 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 following 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 
instructions. 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 

li Alpine' navigation system mounted in a vehicle
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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 Hash 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.

fhe 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 
ease congestion, save fuel and protect the environ­
ment. The technology to create some of the solu­
tions is already available.

First-generation telematics services are alreac^i 
available, or under development They include:

• Voice based roadside assistance, emergent
dispatch, traffic information services and rouM 
advice. ]

• Travel guidance, points of interest, touring and
travel information. 3

• Stolen vehicle tracking by satellite j
• Radio Data System (RDS) built into most cirl

radios and the recent launch of RDS-rM(| 
(Traffic Message Channel). I

A fifth of all driving time is spent getting lost (>■ 
unfamiliar roads even though it is possible to pinj 
point specific locations like fuel stations and the 
guide a vehicle to them. 1

A small telematics control unit fitted in a vehicid 
can open up a new world of information serviefl 
using a combination of communications and сопя 
puting technol<^y. The unit is connected to a receiw 
that constantly calculates the vehicle's position usii» 
data received from satellites, lliese data are confl 
bined with other information and fed to the teM 
matics service centre. The information could thfl 
be used to guide a patrol vehicle to a breakdown 
By linking the telematics unit, the service centfl 
could even use a diagnostic program to identify thd 
mechanical or electrical problem. fl

As Europe’s largest traffic information broadj 
caster, the AA has taken a leading role in nine sefl 
arate EC transport studies and has developfl 
real-time traffic management systems that providl 
instant information about road problems and uncorM 
gested routes. When an onboard telematics unit il 
linked to a vehicle’s engine management systen^ ll 
will be able to monitor vehicle performance iinfl 
give advance warning of mechanical problems, tfl 
the near future, a wide range of vital new servie 
may be on offer. J
• Traffic information. To give drivers the best пЛ

quickest route destination given the road condll 
tions at the time. | 
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Figure 13.27 Screenshots from 'Alpine*  showing (a) intersection zoom and (b) automatic rerouting
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Иии1е guidance, fhe service centre will be able 
I «U'ulnte the best route to a nominated destin- 

-‘IhHi taking into account traffic conditions 
.?»»ng lhe way, and relay it to a visual and aud- 

ilixplay in the vehicle.
Hailio I )ate System Traffic Message Channel 
?Й1 >S-1 MC). This is coded traffic information, 

continuously as a sub-carrier on a 
XjiKiiml radio channel, with updates made very 
Jii 44onds. A driver can choose precisely when 
fe? IH she receives the information, and can even 
0?>.ilV particular roads that are relevant to their 

tourney.
'Mill Ic tracking. This is tracking technology that 

have a stolen vehicle and identify its location.
■- ->111010 services. To lock, unlock or immobilize
• whivle remotely. The operator will even be able 

llinh the vehicle’s lights to help you locate it in 
>1 park
■cigcncy dispatch. An in-vehicle emergency 

«lion that will be able to alert the emergency 
JHsices Io an incident and give its location.

natively, the services could be alerted auto- 
- itirtlly by a vehicle sensor, triggered by an 

»til such as a deployed airbag.
' .... . vehicle diagnostics. Telematics will pre-
■m* I wlien your vehicle is about to break down, 
f.'^l rti range for a patrol to meet you at a conveni- 
;Tsi nearby location.

• I kHtiing car data. Every vehicle fitted with a 
' inuiies unit could eventually help to keep traf- 

' iiMhing by automatically and continuously 
• A iding the service centre with details of traf- 

I ll«»w in its immediate location. That traffic 
i.lition data can then be assessed and fed back 

•I III other drivers wbo may be approaching the 
Ok*  urea and possible congestion.

r I >al« from Automobile Association, 1998)

13.5 Diagnosing 
instrumentation system 
faults

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

1

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 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 fuel or 
temperature instrument system is broadly as follows.

2.

3.

4.

1. Hand and eye checks (loose wires, loose switches 
and other obvious faults) - all connections clean 
and tight.
Either fit a known good 200 il resistor in place 
of the temperature sender - gauge should read full. 
Or short fuel tank sender wire to earth - gauge 
should read full.
Check continuity of wire from gauge to sender - 
Oto 0,5 il

5. Check supply voltage to gauge (pulsed 0-12 V 
on old systems) - 10 V stabilized on most.

6. If all above tests are OK the gauge head is at fault.i

It.) Common symptoms and possible faults of an 

•i4tKxi system malfunction

Possible fault

* '•! (eiiiperature

, ■ UtHh read high

• Voltage stabilizer.

■ad fufl/hot or 

•■Id all the time 

*и>п1« do not work

• Shorc/open circuit sensors.

• Short or open circuit wiring.

• Loose or broken wiring/ 

connect! ons/fuse.

• Inoperative instrument 

voltage stabilizer.

• Sender units (sensor) foulty.

• Gauge unit fault (not very 

common).

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
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required for other purposes, such as backlighting or 
brightness. To display three seven-segment units, 
up to about 30 wires and connections wouldjje 
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 is 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.

o

From o- 
dnptsy o- 
driver

o-

Figure 13.28 Time divisions multiplexing is used so the indi­

vidual display unit will only be lit during its own small time slot

13.6.2 Quantization I
When analogue signals are converted to digitaM 
process called quantization takes place. This couM 
be described as digital encoding. Digital cnco^ 
ing breaks down all data into elementary binaft 
digits (bits), which enable it to be processed, storofl 
transmitted and decoded as required by computfl 
technologies. J

The value of an analogue signal changes smootl|j|' 
between zero and a maximum. This infinitely vaijl 
ing quantity is converted to a series of discrete valfl 
of 0 or I by a process known as quantizatioa Thi 
range of values from zero to the maximum fx>ssiU^ и 
divided into a discrete number of steps or quantie 
tion levels. The number of steps possible depends 
the bit size of the word the digital processors can deal 
with. For an 8-bit word, the range can be divided intd 
256 steps (2”), i.e. from ООООСХЮОз to 11111И Ij 
These digital ‘samples' should alw^s be taken al 
more than twice the frequency of the analogue signf 
to ensure accurate reproduction. 1

Quantization introduces an error into the procefl 
as each value is rounded' to the nearest quanti 
level. 1Ъе greater the number of quantization levcU 
the more accurate the process will be, but obv iouiH 
increased accuracy involves more bits being used Id 
define the increased number of levels. )j

13.6.3 Holography i
A holographic image is a three-dimensional refill 
sentation of the original subject It can be creatfl 
by splitting a laser beam into object and rcferoifl 
beams. These beams produce an interference 
tern, which can be stored on a plate or projected nd 
to a special screen. Some research is current 
ongoing towards using holography to improve niglrt 
driving safety. Information from infrared earn»

1

1
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MUX
ECU 
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Figure 13.29 Block diagram showing how multiplexing is taken a stage further by some systems
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fMiK'cssed, and then an enhanced holo- 
imagc can be projected onto a vehicle

11 7 New developments 
In ln«trumentation

4'

Illi Global positioning 
»г*<<'П1  (GPS)

' I to 1979 a trial using six satellites allowed 
>1*1111  HI North America for just four hours per

* Пнч itiul was extended worldwide by using 
' ,“n .ulcllitcs until 1982, at which time it was

iliat lhe system would be extended to twenty- 
‘^icllitcs. in six orbits, with four op>erating in 

I lu xe orbits are not symmetrical and they can
• ь’нч! Ihcy are set at a height of about 21 000 km

41 miles) and take approximately twelve hours 
»l4( lhe l arth.
ih 4V4iem was developed by the American 

■ • '"'imeni of I3efence. Using an encrypted code 
;i giound location to be positioned to within

• ‘ : vniimetrcs. The signal employed for civilian 
< !• uilificially reduced in quality so that pos-

• uccuracy is in the region of 50 m.
t (iPS satellites send out synchronized infor- 

•f n hftv limes a second. Data on orbit position, 
ihmI identification signals are transmitted. The 

. iilioii computer, in the vehicle or elsewhere, 
hfs signals from up to eight satellites. The times 

■h Illi lhe signals to reach the vehicle are calcu- 
Ы lhe same time. From this information the

^^'ijHiici can calculate the distance from each satel-
* • I hv current vehicle position can then be deter- 
- kI using three coordinates. Imagine the three

forming a triangle - the position of the

M-

It*  within that triangle can be determined if the 
'i:u« Irom each corner (satellite) is known, 
lib*  Mitcllites each have very accurate atomic 
Л-, (lour of them) that are synchronized by a 
♦•‘Himcation link between satellites. Navigation

* _;T|4»lcrs also have clocks and, to eliminate the dif- 
rS>{-« iKtween satellite time and computer time.

*; «hlilional measurement to a more distant satellite

Ik*  main components of a 'sat-nav' system are 
' < I» 111 figure 13.31. Maps of towns and cities as 

** rts names of towns, cities and roads are stored 
* I) ROM in the main unit Information on main

V » and menu sound-^text is also held. The unit is 
Hiuxl in the boot or under the passenger seal.

t.

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;

• Magnetic field sensor OR turn angle sensor 
(depending on version).

• ABS wheel speed sensor signals.
• GPS positioning information.
• Data from the CD-ROM.
• 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 tty 
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 wheel 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. Il is 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 lhe 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

}
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Figure 13.31 Radio navigation system (Source: Ford). I.ABS module (distance information calculated from wheel speed sensor^ Xj 
GPS antenna. 3. Reverse light switch. 4. Main computer including CD-ROM drive. 5. Speakers. 6. Display and operating unit 7. Magnffl 

field sensor (not used if the main unit contains a turn angle sensor). j

2

Figure 13.32 Magnetic field sensor or compass (Source: Ford). 

1. Sensor element. 2. Evaluation circuit.
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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

It
Figure 13.33 Turn angle sensor (Source: Ford). Rezo elect» 

element (picks up acceleration in the twisting direcaoH 

around the vertical axis of the vehicle A). 2. Piezo electric H 

ment (causes vibration In direction C).

unit and supersedes the magnetic compass. The sciB 
sor is like a tiny tuning fork that is made to v ibnifl| 
in the kilohertz range, by the two lower PiciM 
electric elements. The upper elements sense
acceleration when the vehicle changes directiiW 
this is because the twisting of the Piezo е1етеЛ 
causes an electrical charge. This signal is process^
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I into a voltage that corresponds to vehicle
I ifHiRg tiMAcment, and sent on to the main com- 
I 1 he advantage of this type of sensor is that it
I Ь «ensitive to magnetic effects.
I IЫ’ (цкгаПоп method and functions available will 
I *и»т  wtih nninufacturers and are also under constant 
I (^»h>pinent However, Figure 13.34 is a typical 
Б *ип*|4е  as used by Ford. A later display and con- 
I И •#Hi version is shown in Figure 13.35; the func- 
L ^»N Imvc been developed but are similar.
f twvl and speech output in a number of languages 
I Й *ипш11у  available. When English is selected as 
I lanituage, a choice of metric and imperial meas- 
I is also available.
i Wlu’ii lhe NAV function is selected, a menu 

(hat shows options such as;

* sWrrss entry.

• Address book (for pre-set destinations).
• Points 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.

1 2 3 5 6 7

r’^r' 
ON h,

\, -// MN 
seu W ,7 RE fSEU

—TM

8 
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•'14111
J _

___ _ -----------—10

И 13 12 11

11.34 Typical operating unit display (Source: Ford). 1. On/off switch. 2.Volume, bass, fade and balance (selected by SEL).3.Mute 

4 Display area. S.Tape control. 6.Tape/CD. 7.Wavebands. 8. Navigation system on/off. 9. Info. 10. Detour function. 11. Pre*set  sta- 

13 Menu/retum 13. Cursor control. 14. Select audio function.

il

invg'll

1

Itfue*  13.35 Tdermcics display (Source: Ford)
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Even though the satellite information only pro­
vides a positional accuracy of about 50 m, using 
dead-reckoning the intelligent software syst<an 
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 one particular posi­
tion is possible 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 nearest fuel station 
or restaurant, for example. Work is continuing as 
more vehicle entertainment and telematics systems 
converge.

13.7.2 Advanced telematics I
and communications I
systems — Jaguar 1
The following description, supplied by JaguarJ
relates to the 2004 Jaguar XJ and is a good illustM 
tion of how telematics and communication systqj 
are progressing: J

JaguarVoice, an industry-first for Jaguar in 109Я 
provides drivers and rear passengers with access ifl 
voice-activated control of compatible systems, includ*!  
ing primary audio functions, teletext, lelephoifl 
climate control, navigation systems and in-vehicle 
displays. Jaguar has made voice activation - a technoM 
ogy to reduce distraction when driving - an ongoin|j 
research priority. All vehicles are pre-wired for insttU-J 
lation of the desired language mode. The sysiee 
will be available in English, French, and Spanish. I

A push-to-talk (PTT) button located on im 
steering wheel and in the rear multimedia switfl 
pack (where specified) activates the JaguarVoifl 
system, and automatically mutes the audio sysice 
volume, for telephone use. ■

DVD Navigation, a Denso navigation systeiw 
with a large 7-inch screen, is available across the 
range. Using exceptionally fast DVD technolog 
to deliver timely mapping information to the cleoU 
touch-sensitive screen, the system is easily pre 
grammed with the desired destination, such as fl 
house number or street junction Alternativelje

Figure 13.36 Jaguar DVOZNavigation u 

screen (Source; Ford)
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’■'-p- t 11.37 BMW HUD - a clear information source - albeit in German here’ (Source: Siemens)

» !j; likIc can be entered into the system, which 
Й** ; lAkulatcs a route and instructs the driver via

•i ll and voice guidance. If the driver strays off 
<’••• iiMite. the system recalculates a revised routing 

:hi desired destination and guides accordingly. 
1» leehiiology allows complete mapping of, for 
•H.ple. lhe whole of the USA on one disc.
diMig the route, the system can indicate ‘points of 
’ • »t . including restaurants, hotels, fuel stations, 

■ 'c ureas and Jaguar dealers, and can even be 
‘ d with the fuel gauge to automatically display 

h- luel stations when the fuel level indicated

ihc navigation system receives signals from
* it jxisitioning satellites (GPS) that allow its 

" hoiiK control unit (ECU) to calculate the vehi-
I'xact location, along with its speed and direc­
ting inputs from ABS system sensors and a 

; iopic sensor. The navigation system’s crystal 
" reen is also used for touch-screen program- 

ol vehicle systems. Navigation is optional
* lhe range.

I Ik* new rear seat multimedia system allows rear 
i IMxvengers to access the audio and video sys- 

HideiKndently of the driver and front seat pas- 
l he front passenger could be listening to a

• kIiiIc one of the rear seat passengers is viewing 
iihn on DVD and the other rear seat passenger

4 и video game.
luo 16 cm (6.5-inch) colour display screens are 

'--ttied in the rear of the front scat head restraints 
. ideo and TV viewing. Rear seat passengers use 
l|4ioncs to listen to the audio output in comfort.

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, 
fhe 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, modem 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 illumination technolo­
gies optimize a growing driver information load.
Siemens VEX) Automotive AG’ (Siemens) is at work 
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on exciting new developments such as the coloured 
head-up display, which will change information 
management behind the steering wheel dramatic­
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 telephone 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 suppliers 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 instructions, 
several displays are often layered. In light of these 

developments, the instrument cluster display hasi 
great future. In the near term, it will even be ром 
sible to display the pointer and dial of a fully гесон 
figurable instrument cluster as a digital compute 
animation. Farther out, the digital cluster may eve 
displace other elements from the instrument panel

To maintain effective eye contact between drisfl 
and vehicle, the illumination has to be right. For lhlfl 
reason Siemens has consistently forged new grouni 
with the development of many high-tech lightiu 
technologies. In the beginning instruments wm 
floodlit from the outside using a bulb, and later illii 
minated from the rear through a partially transpei 
ent dial. Since 1995 light-emitting diodes (LliOl 
have offered perfect colour saturation, uniform illJ 
mination and maintenance-free operation. Thed 
extremely bright light sources are available in pruJ 
tically the entire colour spectrum, including the whiM 
LED. A novel solution helped eliminate the anmiw 
ing halo that surrounded the speedometer pointd 
shaft in some devices. Today the pointer is irradiatll 
with invisible ultraviolet LED light which becoie 
visible only in a tip made of luminescent mater Л 
Many of these new technologies, of course, requul 
new electronics. In order to save space on the prints 
circuit board, Siemens is employing a unique sole 
tion that is now on the speedometer dial of iM 
Mercedes-Benz E-Class a white electroluminel 
cent film. Parallel to this work is also being done (Л 
a projection display in which the surface of ihl 
cockpit is used as a projector screen. This afford 
new freedom for the designer because even cune 
surfaces could be used for the display in the futurl 
Another interesting design twist: when the car I 
parked, the instrument cluster is completely invisiHl

In the near future the classic dashboard instrumij 
will be getting additional support. Siemens will sofl 
bring the first programmable colour head-up dii 
play into production. The HUD will significant^ 
expand the display area of the instrument piinfl 
Important information on speed, vehicle conditifl 
and navigation can be projected in colour onto tfl 
windscreen with a powerful light source and mirroe 
In the direct field of view the driver can immodd 
ately receive information without taking his eve 
off the road. Tests have already shown that drivfl 
concentration is maintained for longer periods wil 
the head-up display. The eyes adapt very quickly I 
the information projected on the windshield; thei 
is also less time lag between the appearance of tW 
information and the driver’s reaction. 1

That time saving means safer driving. * I

* Siemens, Nov. 7, 2002, Frankfurt, wwwsiwnens com
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11 Г4 Electroluminescent 
bitoiiment lighting - Durel

uiiiunescent backlighting is an enticing tech- 
h»T lhe automotive industry because of its 

“ Moilorm lighting characteristics. Durel Corpor- 
- Iw4 done significant development work in this 
’ ’ I kt iroluminescent (EL) lamps provide a range 

■; ; Hing opportunities for instrument designers.
.П I I lump is similar to a capacitor. It consists 

t ‘hrirvtric layer and a light-emitting phosphor
Ix'iween two conductive plates. The device 

'Jr lo be protected from high voltages but the 
■■ lov layer achieves this because it is an insula- 
^31 AlU’inuling current (AC) is needed to operate an 
»'■ hmp I he AC generates an electric field across 

" j't oxphor and dielectric layers. The phosphor 
' iiiHis lire excited by the electric field which 

‘ ilk’in lo move to a higher energy orbit. When 
.'Ivclrons fall back to a lower orbit, energy is 

C!*»  »! in lhe form of light.
fiiLclhylene terephthalate (PET) is used as the 

innienul for many EL lamps. The front elec- 
•• I» made of indium tin oxide (ITO). The phos- 
I* «lidcclric and rear electrode are screen printed 

iIh' ri'O side of the polyester, which results in 
• ■<• V of light that is thin and flat.

Htrie arc a number of clear benefits to EL

• ' "iiormity.
• Mimhility.
• --Fxibjlity (thin and lightweight).
• ■ \ to make into different shapes
• ',__________ . " *
• Hiipic lo design.

' power consumption and low heat generation.

■ diver Options for instrument lighting are bulbs, 
' iM ciintiing diodes and cold-cathode fluorescent

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 instruments 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, lypical 
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 150 
quency of 300 to 5(X) Hz. The current draw of the 
inverter and lit area is only about 1 to 2 mA/cm^. 
EL lamps can operate for over 20000 hours, which 
usually exceeds the life of the vehicle.

For final assembly purposes the EL lamp is 
essentially a 2.5mm-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.

at a fre-
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13.8 Self-assessment

1.
2.

3.

7.

10.

13.8.1 Questions
State the main advantage of a thermal gauge. 
Make a clearly labelled sketch of a thermal fuel 
gauge circuit.
Describe why moving iron and air-cored 
gauges do not need a voltage stabilizer.

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.
List five typical outputs of a trip computer and 
the inputs required to calculate each of them. 
Describe with the aid of a sketch how a head-up 
display (HLfD) operates.
Explain the operation of an air-cored fuel 
gauge system.
Describe what is meant by ‘Telematics’.

8.

9.

13.8.2 Assignment
Design an instrument displ^ 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 В says remember 
resistance decreases as temperature increases. Who 
is right?
1. A only
2. В only

Both A and В
4. Neither A nor В
3.

1.
2.
3.
4

One characteristic of a thermal type fuel gauge is its;
slow moving needle 
almost instantaneous response 
need for a reed switch type sensor 
ability to be used for oil pressure measurement

1.
2.
3.
4.

The component which prevents changes in the sys­
tem voltage affecting a gauge reading is called a;

moving iron resistor
variable resistor
current regulator
voltage stabilizer

An air-cored gauge uses the same principle as;
1. a compass needle lining up with a magnetic fid
2. wind pushing a windmill blade
3. a bi-metal strip moving the needle when heated
4 none of these

The instrument which uses pulses from the ignilit 
primary circuit is a:
1. speedometer
2. tachometer
3. ammeter
4. odometer

1.

2.
3.

A vehicle condition monitoring system can tnonHfl 
bulb operation by monitoring current drawn ifl 
the lights I
door position by signals from switches I 
brake pad wear by contact wires in the fricte 
material

4. all of the above ■

1.

2.
3.

One reason for using a dual resistance system isrli 
if one resistor breaks down the other will shl 
operate '
so that the circuit itself is checked i
it reduces the operating temperature of ll^
resistors j
so the current flow in the circuit is increasec^ J4.

2.
3.

4.

The basic functions available on a trip сотри 
include;
1. average fuel consumption, trip distance, elapfl 

time
trip distance, elapsed time, fuel remaining 
elapsed time, fuel remaining, estimated lime 
arrival
fuel remaining, estimated time of arrival, di 
and time

Technician A says advantages of LEDs are that «I 
last a very long time and only draw a small cum 
Technician В says a disadvantage of LEDs is that il 
only produce red, yellow or green light. Who is ng
1. A only
2. В only
3. Both A and В
4. Neither A nor В

Backlighting of a liquid crystal display (I.CD) I 
used in order to:
1. be able to read the display I
2. prevent EX? electroluminescence
3. display the light in a forward biased directiaf ’
4. increase vacuum fluorescence
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14,1 Conventional heating 
anil ventilation
H 1,1 Introduction

•ilicsi electrical heating I have come across was 
• »l gloves with heating elements woven into the 
ml (c 1920). These were then connected to 

*»Ьн le electrical system and worked like little 
!'H hres. The thought of what happened in the 

•I R nhort circuit is a little worrying!
I development of interior vehicle heating has 

■»ii invremental process and will continue to be 
Ни iniioduction of air conditioning being the 
•1 *iep  fhe comfort we now take for granted 

t -1 Htthr very cold beginnings, but the technology 
•♦«*<  ttieu of the vehicle electrical system is still 
I * iiig .Systems now range from basic hot/cold air 

10 complex automatic temperature and cli- 
uMiirol systems.

/Гн*  heuting and ventilation system has a simple 
____ ______________ _______;___ *. __j■= -t mpiirements, which are met to varying stand- 
I lu '.e can be summarized as follows.

• hu’ittthle lemperature in the vehicle cabin.
• I hMi must be available as soon as possible.
• ' MMiibute heat to various parts of the vehicle.
• ••hittie with fresh air with minimum noise.
I • ililiilc the demisting of all windows.
• • of control operation.

■ ч1м»*с  list, whilst b\ no means definitive, gives 
- Klion of what is required from a heating and

- tahon system. As usual, the more complex the 
i!i Ihc more the requirements are fulfilled. This 

»H4 llv related to cost.
* -me solutions to the above requirements are 

« и«ч1 below, starting with simple ventilation and
• 'tng on to full automatic temperature control.
< ‘14 I shows a representation of the perceived

■••liable lemperature in the vehicle compared 
the outside temperature. 

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 
is 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.

-20 -10

Figure 14.1 Represenution of comfortable temperature

0 10 20
Oucstde temperature

Air
How

Windscreen

Bonnet

t4 1,2 Ventilation
Ptefium 

chamber

!■»**  fresh air from outside the vehicle to be cir-
I inside the cabin, a pressure difference must Figure 14.2 Plenum chamber effect
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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 gnJJs 
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 

Temperature 
control flap

Hot water

Figure 14.3 Ventilation and heating system

Air to 
footwefls

Direcuor» 
control flap

mi

passen jrer foot wells. Most vehicles also have smal 
vents directing warm air at the drivers and fro^ 
passenj»er’s side windows. Fresh cool air outfeti 
with directional nozzles are also fitted.

0n<2 final facility, which is available on 
vehicles, is the choice between fresh or recirci 
air. The main reason for this is to decrease the iitu 
it takes to demist or defrost the vehicle window 
and simply to heat the car interior more quick^ ' 
a higher temperature. The other reason is that, li 
exam pile, in heavy congested traffic, the outsidefj 
may not be very clean

14.1 .4 Heater blower motors
The m otors used to increase air flow are simple |Wij 
manent magnet two-brush motors. The blower !■ 
is often the centrifugal type and in many cases, IB 
blades; are positioned asymmetrically to redufl 
resonant noise. Figure 14.4 shows a typical him 
and f^n arrangement. Varying the voltage supplia 
contrt^ls motor speed. This is achieved by usM 
dropp>ing resistors. The speed in some caseifl 
made ‘infinitely’ variable by the use of a \аг1аШ 
resistor. In most cases the motor is controlled Я 
three or four set speeds. 1

Figure 14,5 shows a circuit diagram typical oil 
three—speed control system. The resistors are ulfl 
ally vx/ire wound and are placed in the air streat| M 
prevent overheating These resistors will have lol 
value s in the region of I П or less. J

Figur*^« 14.4 HVAC motor mounted in spiral housing

♦1^
Resistors are wire wound 

and in itr stream for coofing

R, Rj

T

Ftelay for full 
speed operation

M

14.5 Circuit diagram of a three-speed control s)
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N1,5 Electronic heating control
■ '( hides that have electronic control of the 

lystem also include air conditioning, which 
стсич! in the next section. However, a short 
uiHion at this stage will help to lead into the

• Miiplex systems. Figure 14.6 shows a block 
^”1 representing an electronically controlled 

.. !■ heating system.
I hl» tyslem requires control of the blower motor, 
* ’ ftup. direction flaps and the fresh or recircu- 

' "й ail Hup. The technique involves one or a num- 
* Ml h*m|x.Tature  sensors suitably positioned in the

- * interior, to provide information for the ECU.
' Il |i responds to information received from 

'iiwors and sets the controls to their optimum 
7-::’Пч l he whole arrangement is, in fact, a sim- 

‘-<ч1 loop feedback system with the air tem-
■ dosing the loop. The ECU has to compare 
Mtion of the temperature control switch with

i ^iitnulion that is supplied the sensors and
■ »H»I or heat the car interior as required.

14,2 Air conditioning

M ht Introduction
' ' '* l uted with air conditioning allows the tem- 

..*•  (if the cabin to be controlled to the ideal or 
"inloriablc value determined by the ambient 

nons l he system as a whole still utilizes the
* ’>1 healing and ventilation components, but 
' irn [xirtant addition of an evaporator, which 

•ols und dehumidifies the air.
(ondiiioning can be manually controlled or, 

2 Him often the case, combined with some form 
home control. The system as a whole can be 

|lii of as a type of refrigerator or heat exchanger.
- leinoved from the car interior and dispersed 

" 'Ulsidc air.

Blower 
motor

“bwmthj
Blend flap or 
water valve

ECU

T-
Direction 

flaps

Fresh »r or 
recirculate

14 i An electronically controlled vehicle heating system

14.2.2 Principle of refrigeration
To understand the principle of refrigeration the fol­
lowing terms and definitions will be useful.

• Heat is a form of energy.
• Temperature means the degree of heat of an 

object.
• Heat will only flow from a higher to a lower tem­

perature.
• Heat quantity is measured in ‘calories’ (more 

often kcal).
• 1 kcal heat quantity, changes the temperature of 

I kg of liquid water by 1 ®C.
• 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.

• Evaporation is used to describe the change of 
state from a liquid to a gas

• Condensation is used to describe the change of 
state from gas to liquid.

• 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 heal 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 evaporates 
and the change of state (liquid to gas) uses heat from 
your body. This is why the process is often thought of 
as ‘unhealing’ rather than cooling.

ЛЪе 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 chlorofluorocarbon 
(CFC) based, due to the problems with atmospheric 
ozone depletion associated with CFC-based refriger­
ants. Note that this type of refrigerant is not 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 lhe car, usually in lhe 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 
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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 con*  
denser); thus giving off heal 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.

Low pressure 
warm ref ngerant

Г
i

1

IЕу^фогхог

Low 
preswre 

low 
bemperatur*  , 
- «omfzed i 

refrigerant „

^4,Pump

Htgh 
pressure 

hot 
refrigerant

Condenser

Cool rcfrigcranc

14.2.3 Air conditioning overvieMfl 
The operation of the system is a continuous cycle! 
The compressor pumps low pressure but heat laddfl 
vapour from the evaporator, compresses it and puma 
it as a super-heated vapour under high pressure^ to] 
the condenser The temperature of the refrigerant al 
this stage is much higher than the outside air tenU 
perature, hence it gives up its heat via the fins on lhe] 
condenser as it changes state back to a liquid. I

This high-pressure liquid is then passed to ih^ 
receiver-drier where any vapour which has not yet 
turned back to a liquid is stored, and a desiccant bad 
removes any moisture (water) that is contaminatm« 
the refrigerant. The high-pressure liquid is nowl 
passed through the thermostatic expansion valv^ 
and is converted back to a low-pressure liquid as И 
passes through a restriction in the valve into thd 
evaporator. This valve is the element of the systend 
that controls the refrigerant flow and hence thd 
amount of cooling provided. As the liquid changfl 
state to a gas in the evaporator, it takes up heat frofl 
its surroundings, thus cooling or unhealing' thd 
air that is forced over the fins. The low pressfl| 
vapour leaves the evaporator returning to the pumpJ

Compressor

?

Figure 14,7 Basic principle of an air conditioning or refrigera­

tion system

Race An evaporator

Air conditioning unit

Complete air conditioning system

Figure 14.8 Heating ventilation and air conditioning (HVAC) components
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14.9 Air condidoning operation

ihH unnpleting the cycle. The cycle is represented 
ihf 14 9,

II I he temperature of the refrigerant increases 
lb*  Mttd certain limits, condenser cooling fans can 

ей Hl hed in to supplement the ram air effect.
A Mletv switch is fitted in the high-pressure side 
«But systems. It is often known as a high low 

antuii- switch, as it will switch off the compressor 
(Hcssure is too high due to a component fault, 

W tt ih- pressure is too low due to a leakage, thus 
tiiip, the compressor.

112.4 Automatic temperature 
S)ii(rol*

fvmjwrature control systems provide a com- 
interior temperature in line with the pas- 

■ untrolled input. The electronic control unit 
W hill control of fan speed, air distribution, air 

inhire. fresh or recirculated air and the air con- 
.-iing |Himp. These systems will soon be able to 

ji^tol luitomatic demist or defrost, when reliable 
lire available. A single button will currently 

ivstem to full defrost or demist.
A ntiinber of sensors are used to provide input to 

II

Ф Ли ambient temperature sensor mounted outside 
i < vehicle will allow compensation for extreme 
f J k.ujuTature variations. This device is usually a

> n?’Mnistor.
* •oliir light sensor can be mounted on the fascia

1. !-nd This device is a photodiode and allows a 
i • iMirement of direct sunlight from which the 

‘♦Il can determine whether to increase the air 
Ihc face vents.

Ч ! ♦*-  in-car temperature sensors are simple ther- 
iiiors but, to allow for an accurate reading, a 
-all motor and fan can be used to take a sam- 

i of interior air and direct it over the sensing
' rU’lllcntS.

I I (M)lant temperature sensor is used to monitor 
•I- temperature of the coolant supplied to the 
‘« liter matrix. 1'his 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 variable. These systems are able to 
provide a comfortable interior temperature when 
exterior conditions range from —10 to +35®Ceven 
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.

• The heater must only supply the heat loss experi­
enced by the person’s body.

• Heal to be supplied only at the major contact 
points.

• Leather and fabric seats require different sys­
tems due to their different thermal properties.

• Heating elements must fit the design of the seat.
• 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 multi-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.
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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 in 
addition to accurate control of the chosen tempera­
ture setting. These seat heaters will heat up to provide 
an initial sensation in I 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 cunent, 10-15 A 
being typical. Because of this, the circuit often con­
tains a timer relay to prevent the heater being left on 
too long. The timer will switch off after 10-15 min­
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 laq;e current and is operated b>' a timer relay.

WL

Hfuted screen 
elemgnq

ReUy often 
mciudtng 
a I’nxjf

\ -L 

ContreJ SWItCb

!

T

Figure 14.11 Screen heating drcufc.

14.4 Case studies

14.4.1 Air conditioning - Rover j 
Figure 14.12 is the air conditioning system layti 
showing all the main components. |

The compressor shown in Figure 14.13 is IkI 
driven from the engine crankshaft and it acts аД 
pump circulating refrigerant through the system. 11 
compressor shown is a piston and reed valve type.^ 
the refrigerant is drawn into the cylinder due to H 
action of the piston, the outlet valve is closed due i 
the pressure. When the piston begins its compress^ 
stroke the inlet reed valve closes and the outlet ope 
This compressor is controlled by an electromagnj 
clutch, which may be either under manual controlj 
electronic control depending on the type of system

Figure 14.14 shows the condenser fitted in Гг4 
of the vehicle radiator It is very similar in constru 
tion to the radiator and fulfils a similar role. 11 
heat is conducted through the aluminium pipes 
fins to the surrounding air and then, by a рг(ххвв 
convection, is dispersed by the air movement 11 
air movement is caused by the ram effect which 
supplemented by fans as required.

Figure 14.15 is the receiver-drier assembly Iri 
connected in the high-pressure line between ft 
condenser and the thermostatic expansion viili 
This component has four features.

• A reservoir to hold refrigerant unti I a greater Пи 
is required.

• A filter to prevent contaminants circulate 
through the system.

• Vapour is retained in this unit until it finally Ofl 
verts back to a liquid.

• A drying agent removes any moisture from ft 
system. The substance used in R134A systenu 
Zeolite. Some manufacturers recommend that ih 
unit should be replaced if the system has he 
open to the atmosphere.

A sight glass is fitted to some receiver-driers to gn 
an indication of refrigerant condition and syste
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Evaporator 'Г X --------о К

Thermostatic 
, expansion 

/ / valve

1
Site

J-
;3|фИМ0Г Receiver 

drier

I '
<4 12 Air conditioning system layout

I
Condenser

1

hl

Winding

Compressor

Condenser- 
fon

,1

Drive pulley 

Electromagnetic clutch

i£ —
\

Coding hn

>!|Н» M 11 Air conditioning compressor

ЙГ- •iHMi The refrigerant generally appears clear if 
w •• Hl order

* hr lherinostatic expansion valve is slwwn as part 
Л t -гчие 14 16 together with the evaporator assent- 
lb h Ьйч two functions to fulfil;

• >Hti(ol lhe flow of refrigerant as demanded by 
'sslem.

9 ' diKC refrigerant pressure in the evaporator.

Hh’i inostatic expansion valve is a simple 
b" ; I (inirollcd ball valve, which has a diaphragm 
|H- hwl lo a spring. A temperature sensitive gas 

i«« carbon dioxide acts upon the diaphragm.

High pressure 
servicing point 

Duel pressure 

switch
Condenser

Figure 14.14 Air conditioning condenser

The gas is 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
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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. 1> 
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

------------Dessicant bag

Figure 14.1 S Receiver—drier

Outlet

The evaporator assembly is similar in constnj 
tion to the condenser, consisting of fins to maxSi 
mize heat transfer. It is mounted in the car undl 
the dash panel, forming part of the overall heati< 
and ventilation system. The refrigerant changw 
state in the evaporator from a liquid to a vapour, A|, 
well as cooling the air passed over it, the evaporeiw 
also removes moisture from the air. This is Ьесаиф 
the moisture in the air will condense on the fii*  
and can be drained away. The action is much hki 
breathing on a cold pane of glass. A thermisUrf i| 
fitted to the evaporator on some systems to monitol 
temperature. The compressor is cycled if the tem*  
perature falls below about 3 or 4°C to prevent iM 
chance of water freezing on the evaporator, whii h 
vwuld restrict air flow.

The electrical circuit is shown in Figure 14.1? 
The following points are worthy of note.

• A connection exists between the air conditionii| 
ECU and the engine management ECU. The refl 
sons for this are so that the compressor can b 
switched off under very hard acceleration and t 
enable better control of engine idle.

---------- Evaporator

Thermostatic 

expansion valve

r
II

Thermistor Drain tube I
Figure 14.16 Evaporator and thermostatic expansion valve

n
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• Twin cooling fans are used to coo! the condenser. 
These can be run at two speeds using relays to 
connect them in series for slow operation, orih 
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, 'fhe 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 load 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 pull down
This test is established by placing the vehicle in a hot 
sunny environment until the cabin temperature rises 
to about 65 °C. The vehicle is then operated at about 
50 km/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.

This establishes a maximum capacity level, which ■ 
turn sets the size of the motor and its drive electron^ 
ics. For conventional A/C systems, a 3.75 кW motm 
is a reasonable estimate for this condition About 
70% of the total load is used to condition the frciM 
outside air. Reducing or eliminating fresh air Iom 
at highway speeds has a direct influence on the siM 
of the electric drive system. fl

A series of computer simulations was conduolfl 
to explore ways of reducing the motor power requirJ 
ment. Using a two-stage cycle with 25% fresh ii« 
results in a 1.5 kW load on the motor. A com entio^J 
cycle using a high-efficiency compressor coupifrt 
with a 20% fresh air limitation also results in fl 
1 5kW load. A I 5kW motor is a realistic optiofl 
for automotive air conditioning. fl

The combined motor and electronics cost signifj 
icantly affects the feasibility of electric automotive 
A/C systems. Cost increases significantly as !■ 
required motor power increases. Development (fl 
more efficient A/C systems is ongoing. Assuminfl 
these developments are successful, a 1.5kW clofl 
trically driven A/C system will be possible and 
be able to provide performance equal to or betifl 
than today's systems. fl

In this application, brushless IX? motor systcifl 
are expected to achieve efficiencies of 85- 90% «flfl 
designed specifically for sealed automotive 
applications. This translates into a maximum (Hfl 
trical demand from the vehicle power supply syfl 
tern of 1.7 к W when the A/C electrical drive openfl 
under maximum cooling conditions fl

Research is continuing in this area but, liifl 
many other developments, the current extra cost! fl 
the system may soon be outweighed by the bencifl 
of extra control. fl

14.5 Diagnosing air 
conditioning system faults
14.5.1 Introduction
As with all systems, the six stages of fault-findi 
should be followed.

1. Verify the fault.
2. Collect further information.
3. Evaluate the evidence.
4. Carry out further tests in a logical sequeno^
5. Rectify the problem.
6. Check all systems.

Table 14.1 lists some common symptoms of an 
conditioning system malfunction together with fl 
gestions for the possible fault. The faults are gen^
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(■Ы*  14.1 Symptoms and fouks of an air conditioning system

^upturn Possible fault

Mw «topping the compressor, 

falls quickly co about

• and Chen falls gradually 

I M*ih*rge  pressure low 

{ .1 barge temperature is 

liNMr than normal

Ьмиеп pressure too high 

tUOn and discharge pressure 

' 9 high

■ lion and discharge pressure 

• low

feeAigaiant loss

Air in the system or. if no bubbles are seen in the sight glass as the condenser is 

cooled with water, excessive refrigerant may be the huh.

I Fault with the compressor or. if bubbles are seen, low refrigerant 

Frozen evaporator.

High pressure valve fault, excessive refrigerant or expansion valve open too long. 

Excessive refrigerant in the system or condenser not working due to hn fauk or 

clogged fins.

Clogged or kinked pipes.

Oily marks (from the lubricant rn the refrigerant) near joints or seals indicate leaks.

‘ ill serve as a good reminder. It is assumed an 
'i|H(uie pressure gauge set has been connected.

14 $.2 Testing procedure
•mH work on the refrigerant side of air condi- 

"ttg sysiems unless you have been trained and 
.- Я4 iTSs to suitable equipment.
I hr process of checking an air conditioning sys- 

' »• hioadly as follows.

ь iUrnl and eye checks (loose wires, loose switches 
; IMt Other obvious faults) - all connections clean 

•^1 light
I Ыч к system pressures.
I Im i к discharge temperature.
iMk|44't receiver-drier sight glass.

*tei to the previous table.

H.6 Advanced 
ixinperature control 
mrhnology
14 S.1 Heat transfer

H я icminderof the key terms associated with 
пмпчГег

• Hftvrction
• licrgy transfer that involves the movement of 

• uul (yus or liquid). Fluid in contact with the 
> ' of heat expands and tends to rise within the

ol Ihc lluid. Cooler fluid sinks to take its place, 
up a convection current.

* Miuluction
ol heal energy through a material without the 
iiicnt 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 main heat current equation and can be used, for 
example, to help determine the heat loss through 
the windows.

Az
Д7’ A7’ 

Six! kA
= -kA-----=

Дл

where = heat energy, Д7’» temperature, 
Дг == thickness/distance of material, Д/ — lime, к = 
thermal conductivity of the material (W m*  K“'), 
/4 = cross-sectional area, 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 EMF. 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 Reid 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 it 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 Valeo show how 
heating systems can actually be quite cool! These are;

• Pollution sensor.
• 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.

Using a photo-catalyst means that air in the cabki 
can be improved because pollutant gases are eliin«| 
mated. These gases can be destroyed by the UV 
action of a photo-catalyst. Volatile organic compofl 
ents, nitrogen and sulphur oxides are the main cuM 
prits. Bacteria can also be eliminated because ihefl 
are killed on the filter. The photo-catalyst, which »■ 
made of titanium oxide (TiO2), is self-regenenrt||| 
to ensure long life. The system is 70% efficient 
on toluene after 6 minutes in recirculation mode. Il 
can also be made to start automatically in associ*]  
ation with the pollution sensor. 1

14.7.2 Electric heating and 1
air conditioning 1
The increased demand for electrical power in genedfl 
has made the move to 42 V a certainty. This ehan|fl 
also allows other options to be considered in the ev<fl 
present pursuit of improved comfort with reducifl 
consumption and emissions. Climate control devi^fl 
will play an important role in this respect. Soifl 
small air conditioning (AC) components used •Л 
42 V systems may remain at 14 V However, the iwifl 
major existing components in terms of power соЛ 
sumption will switch to 42 V These are: Я

• Blower motor. fl
• PTC-R (positive temperature coefficio^|

resistance) heater. fl

The maximum power of a blower motor can reafl 
400 W, which at 14 V means a current draw of ab^| 
30 A. If a 14 V alternator is not used, the requi^f 
42/14 V Dc/Dc converter and wiring will need 
particularly robust. The power consumed by ейН 
trie heaters is between 500 and 1500 W. It is ihe^| 
fore crucial to convert to 42 V For similar reasd^| 
electrically driven AC compressors are only pi^H 
tical at 42 V PTC-R electric heaters (small eleclifl 
fires!) mean that heat is not taken from the en^tfl 
cooling system. Overall, the clear solution к В 
change the components directly to 42 V В

The use of pulse width modulation control flfl 
the blower motor is one way to increase the sp^H 
range. The current draw of the 42 V motor will 
third of that for a 14 V type. This also result^H 
improved efficiency in the vehicle system’s ebfl 
tronic components. The other major componewfl 
the AC compressor. J

Manufacturers have already improved 
ical compressors. However, using an electrical cai*  
pressor will allow further improvements in efficia*̂  
and control. Electrical compressors consume soifl 
3-4 кW so 14 V is not practical. F urther, when cefl 
pared with the low efficiency of 14 V altenwMi 
(about 50%), the 42 V machines are much better ■»- 
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t al about 80%. The change to 42 V also means 
maximum current to the electrical compressor

!i In*  under 100 A.
lit*  electrically driven compressor is clearly a 
riement for overall efficiency of the electrical 
и Siems. The electrical air conditioning (E-AC) 

uncssor will be a combination of two main 
■xiogies;

• .loll design - which leads to a high refrigerant 
'ikhibution and volumetric efficiency.

I •iKishless motor- with high electrical efficiency.

two technologies mean that the system is 
lo ailapt the thermodynamic cycle to changing 

' Hrtl conditions very quickly. There are four key 
< iiuHial and/or environmental benefits that result 

' I litis fhese are:

I ihip iind go functionahty.
• «негу temperature control.I
•

Ml

'I., icncy improvements.
ihgerant leakage reductioa^elimination.

IIm' mam fuel consumption reduction in 42 V 
’“’S I* ••. IS (he result of using regenerative braking 

slop and go’ function. This is particularly
T»We in city driving because braking and stops 

T his has little or no effect on comfort if 
"ibienl temperature is moderate. However, in 

b ' «T’lil. or damp conditions conventional HVAC 
■ iienls could cause problems This is because 

■ heal energy from the engine and mechanical
»•’ . via lhe belt drive to lhe compressor which 
*7 t-iMh required to maintain cabin comfort - can 

« kigmiieant effect on engine operation. End 
rtill. of course, also expect a fuel-consumption 

4»^- S’i- especially in view of the higher price for 
i*»werlrains.  For these reasons, electrical heat-

GJmI air conditioning is an essential step in the 
> “i tjHnenl process.

« the stop and go' function the use of an elec- 
цЛ’ «impressor is the only choice for maintaining 

lesels during engine stops. A further advan- 
f ! end users is that poor cooling performance 

will be avoided. This is because compressor 
; ill be independent from engine speed. E-AC 

lesult in more efficient dehumidification. 
; |k‘i ? tills in better visibility from the beginning of 
-1 ¥ > In conventional cars, a slow warm-up can
EI'tl icient de-misting after a cold start

1^7 <1 new electrical HVAC devices will use regen- 

W-"► ' iHiiking energy, as well as alternator-generated 
T*.  (hat will be stored in batteries. New batteries 
Й <■; nickel metal hydride (NiMH), or lithium­
al umix. are very efficient, but require thermal 
>:mI io guarantee adequate performance. NiMH 

batteries work best at temperatures above 10°C 
(50 °F)- they are also sensitive to corrosion, which 
increases 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 techniques that allow their 
capacity lo 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);

• Imperfect connections.
• Permeable flexible hoses.
• Compressor lip seal.

Because an electrical compressor does not use a lip 
seal, the total leakage 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-seal 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 and 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.

/
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Figure 14.19 Chrysler cooling module

3. Both A and в
4. Neither A nor В

The requirements of a seat heater system u»M 
include; 1
1. that the heater must supply more than the hM 

loss experienced by the person’s body I
2. that heat must be supplied only at the major coft

tact points I
3. that heating elements must be of a univcffl

design to fit all seats 1
4. all of the above |

14.8.2 Assignment
I. 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 
difTerent 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 В 
says the heater motor speed is controlled by using a 
variable resistor. Who is right?
1. A only
2. В only

The refrigerant used in many air conditioning 
terns is known as;
1. CFC
2. Ozone
3. R134A
4. —26.3C

The most likely position of a condenser on a car
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 evapti 
ator is:
1. solid to liquid i
2. liquid to gas {
3. gas to liquid *
4. liquid to solid 1

Which of the following is a true statement: j
1 an air conditioning compressor is controllej|l 

an electromagnetic clutch ,,
2. an air conditioning compressor is permanefl

driven J
3. the compressor is always mechanically contni№
4. the compressor is always manually controlled.

The component that controls the flow of refrigee 
as demanded by the system is called the: ]
I compressor j
2. condenser ]
3. evaporator 1
4. expansion valve j

The current drawn by a blower motor runniny j 
full speed is likely to be about: J
1. 0.15 amps |
2. 1.5 amps
3. 15 amps
4. 150 amps -j
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H,1 Anti-lock brakes

I*  1,1 Introduction
o^Min for the development of anti-lock brakes 

‘•■411» very simple. Under braking conditions, if 
w moie of the vehicle wheels locks (begins to 

i I there are a number of consequences.

• "uking distance increases,
• ’ Vfiiig control is lost.
• dHMinnul tyre wear.

otn lous result is that an accident is far more 
■ U Io (K'cur. The maximum deceleration of a

U' 14 achieved when maximum energy conver- 
i» liiking place in the brake system. This is the 

7;* ”’ton of kinetic energy to heat energy at the 
a в1и1 brake drums. The potential for this con- 
iHMi prtK'ess between a tyre skidding, even on a 
ими!. IS far less. A good driver can pump the 

on and off to prevent locking but electronic- 2:?-’ nil and olt to prevent locking Put electronic 
tun achieve even better results.

14 Ixxoming more common on lower price 
i> 4 which should be a significant contribution 

h is important to remember, however, that 
' Miiwl use, the system is not intended to allow 

'lx iliiving and shorter braking distances. It should 
‘ ; a.s operating in an emergency only. Figure 

i allows how ABS can help to maintain steering 
' i \en under very heavy braking conditions.

%

li 1,2 Requirements of ABS
>1 w»y of considering the operation of a com- 

jirtl nystem is to ask: ‘what must the system be
*0 do’’’ In other words, what are the require- 

' ’ Ibcse can be considered for ABS under the 
-ing headings.

»afe system
•ЛСП1 of the ABS system failing the conven- 

il Iwakes must still operate to their full poten- 
hi addition, a warning must be given to the

I
Braking 
with ABS

Figure 15.1 ABS can help maintain steering control

Without 
A8S

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 is 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 
reaction on the brake pedal. The stability and steer­
ing must be retained under all road conditions. The 
system must also adapt to braking hysteresis when 
the brakes are applied, released and then re-applied.



t

f-.

< 'hassis electrical systems .17^4
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 kfff)t 
to a minimum and only increase slowly in order lo 
allow the driver to compensate.

Controlled wheels
In its basic form, at least one wheel on each side of 
the vehicle should be controlled 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 recc^nize 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. 
l he 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 to 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.

ECU

<
Wire connection

Modulatorrr
-Hydraulic connection
*4 Brake

caliper
I

Wheel 
speed ‘ 
sensor

Wheel 
'and tyre

[Road

Figure 15.2 Anti-lock brake system

Brake pressure
Under normal braking this is proportional lo |« 
pressure but under control of the ABS it can 
reduced, held or allowed to increase.

Controlled variable
This is the actual result of changes in brake preai 
in other words the wheel speed, which then alt 
acceleration, deceleration and slip to be detcrmii

Road/vehicle conditions
Disturbances such as the vehicle load, the siaKJ 
the road, tyre condition and brake system condilli

From the wheel speed sensors the ECU сам 
lates the following. J

Vehicle reference speed
Determined from the combination of two dial 
wheel sensor signals. After the start of brakiti) 
ECU uses this value as its reference.

Wheel acceleration or decelerate 
This is a live measurement that is сопя1| 
changing.

Brake slip
Although this cannot be measured directly, u' 
can be calculated from the vehicle геГегеповЦ 
This figure is then used to determine whcn/il 
should take control of the brake pressure.

Vehicle deceleration «
During brake pressure control, the ECU u<« ■ 
vehicle reference speed as the starting point О 
decreases it in a linear manner. The rate of de(’*<»
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> uKxl by the evaluation of all signals 
‘ tnun the wheel sensors.
n «nd iu)n-driven wheels on the vehicle 
I-. died in different ways as they behave dif-

■ л1к'п braking.
■’rtl combination of wheel deceleration/ 

’ll and slip is used as the controlled vari- 
- Ik hud strategy used for ABS control varies 

Iiiiing conditions.

|l I 4 ABS components 
hi J lew variations between manufacturers 

•I number of different components. For the 
!•»« SV Stems, however, there are three main

i ' ! ' qteed sensors.
)» UK control unit. 

• ulu nuxlulator.

>•><4 «peed sensors
■ • dn ices are simple inductance sensors 
' in Kinjunction with a toothed wheel. They 
•I rt iKTinanent magnet and a soft iron rod 

•' hkh IS wound a coil of wire. As the toothed 

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 the electronic 
control unit, fhe coil resistance is of the order of 
1 kil. Coaxial cable is used to prevent interference 
affecting the signal. Some systems now use ‘Hall 
effect’ sensors, as described in Chapter 2.

1
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 is 
detected, the ABS disconnects itself and operates a 
warning light. Both processors have non-volatile 
memory into which Cault 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.

•5'
и

1

I A nMiroprocessor as used in an ABS ECU
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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

• Current supply.
• Exterior and interior interfaces.
• Transmission of data.
• Communication between the two micro­

processors.
• Operation of valves and relays.
• Operation of fault memory control.
• 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.

15.1.5 Anti-lock brake system 
control
The control of ABS can be summarized uni 
number of headings as given below.

Brake pressure control I
commencement 4
The start of ABS engagement is known as ‘first co»»] 
trol cycle smoothing'. This smoothing stage is iKOfl 
sary in order not to react to minor disturbances sufl 
as an uneven road surface, which can cause chanfl 
in the wheel sensor signals. The threshold of engafl 
ment is critical as, if it were too soon, it would M 
distracting to the driver and cause unnecessary coM 
ponent wear; too late and steeringz^stability couldfl 
lost on the first control cycle |

Even road surface regulation
Under these ideal circumstances adhesion is alii 
constant ABS works at its best under these < 
ditions, regulation frequency is relatively low i 
small changes in brake pressure.

Vehicle yaw (twist about the j
vertical axis, swerving moment) I
When braking on a road surface with different adM 
sion under the left and right wheels, the vehicle 
yaw or start to spin. The driver can control this *il

Pressure from master cylinder

Output 
to caliper ir,~rrr^ 
or drums

Accumulator to store fluid

Eiectrlcatly 
сопегЫМ 
winding

(»)

One-way valves

Motor to return 
fluid Ю nusur 
qrfinder

_JjJ Solenoid 
shuttle velve

(b) W
Figure 15.4 ABS hydraulic modulator, (a) Normal pressure build-up: (b) holding phase; (c) reducing
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f I ng if time is available. This can be achieved 
h the front wheel with poor adhesion becomes 

the pressure to the other front wheel is 1^? . л1 1 his acts to reduce the vehicle yaw, which is 
Of -ilrtfly important, when the vehicle is cornering.

From 
master i 
cylinder

-Valve

vibration
>1 *peed  instability occurs frequently and at 

, ‘•HU on rough roads. Due to this instability,
* (MCMsure tends to be reduced more than it is 

й;л1 during ABS operation. This could lead to 
; fl Iwaking under certain conditions. Adaptation 

-• MHhlitions is therefore necessary to overcome 
tmvltlvtn. An increase in brake pressure is made 
и ihiiing hard re-acceleration of the wheel after 
-MUhlc instant. With modern soft suspension 

the axle may be subject to vibration. This 
: wiK superimposed signals on the wheel speed 
” * I he indicated accelerations can be the same 
=« M tiuil unstable braking conditions. A slight

• in lhe reaction of the ABS due to the delay in 
■ I «iiuxithing - the time taken to move control

- and a lime lag in the brake lines - helps to 
lhe effect of axle vibration. The regular fre- 
i»l lhe vibrations can be recognized by the 

‘ *.  constant brake pressure is introduced when 
. ihiniions arc recognized.

Plunger '' ' .
To wheel 
cylinder

1116 Control strategy
‘ «legy of the anti-lock brake system can be 

•ii/ed as follows.

• qml brake pressure reduction during wheel
d insiabilily so the wheel will re-accelerate 

‘ ilhout too much pressure reduction, which 
1 avoid under braking.

• Cc/id rise in brake pressure during and after 
• “ acceleration to a value just less than the

Mahility pressure.
’■ ic increase in brake pressure in the event 

' "i« leased adhesion.
Miivity suited to the prevalent conditions.

■ Itxk braking must not be initiated during 
-1’ vibration.

f

I

1» ^ifthculion of these five main requirements 
* «» lhe need for compromise between them

 .. programming and prototype testing can 
iIk’ level of compromise but some disadvan- 

« lw\c to be accepted. The best example of this 
’ *iHg on uneven ground in deep snow, as decel-

! less effective unless the wheels are locked 
. »« this example, priority is given to stability

Ihdi) stopping distance, as directional control 
...il cd in these circumstances.

Lever

Spnng

Travel 
sensor

Cham

Drum

Eleccromagneoc 
dutch

Figure IS.5 Motor and spring anti-lock brake system

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 lhe 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) to 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.

• Absorb bumps.
• Manage nose dive when braking.
• Prevent roll when cornering.
• Control body movement.

This means that some functions have to be comprom­
ised in order to fulfil others to a greater extent.

1

i J

■I

г
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IS.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.

• Improvements in ride comfort, handling and 
safety.

• Predictable control of the vehicle under different 
conditions.

• 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.

B.

Yaw transducer
Yaw can be determined from lateral acceleration 
if the sensor is mounted at the front or rear of the 
vehicle.

S
I 
SB

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 

similar. If the rate of change of steering position ii 
beyond a threshold the system will switch to | 
harder suspension setting.

Vehicle speed
The speed of the vehicle is taken from a siandank 
type sensor as used for operating the specdomnir» -ar

Throttle position
Similar to the existing throttle potentiometeTS.) Ihwl 
gives data on the driver's intention to accelemic < j 
decelerate allowing the suspension to switch (u gl 
harder setting when appropriate.

Driver mode selection
A switch is provided allowing the driver to chooi 
soft or hard settings. Even if the soft setting 
selected, the system will switch to hard, under ■ 
tain operational conditions.

The layout of the suspension system also showl 
simplified view of the hydraulic unit. This is. 
effect, a hydraulic ram and can have oil under vn 
high pressure fed to the upper or lower chamber. 11 
actual operation of the whole system is as follown^) 
a wheel meets a bump in the road there is increi|i 
upward acceleration and vertical load. 1'his inform 
tion is fed to the ECU, which calculates the кЙ 
wheel displacement. A control signal is now scnii 
the servo valve(s), which control the position of | 
main hydraulic units. As this process can occur ImI 
dreds of times per second, the wheel can (bll< 
the contour of the road surface. This cushiom ll 
vehicle body from unwanted forces.

By considering information from other senie 
such as the lateral acceleration sensor, which 
data relating to cornering, and the Iongitudini|jH| 
sor, which gives data relating to braking or ассеЦ 
ation forwards, the actuators can be moved to |х«яг| 
maximum stability' at all times.

Active suspension looks set to have an easy rkbij 
the future. Ihe benefits are considerable and, as 
ponent prices reduce, the system will become 
able on more vehicles. It is expected that even olihg 
vehicles may be fitted with active suspensioa in | 
near future. A representation of an electronical||'a| 
trolled suspension system is shown in Figure I5 ft

15.3 Traction control

15.3.1 Introduction
The steerability of a vehicle is not only lost whtf 
the wheels lock up on braking; the same effect япИВ
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Figure 15.8 ABS and traction control ECU on the modulator

1^ Il A Sensors used to provide information to suspen> 

and general layout of an active suspension system

En^nt
IpuQon I

Throttle I

1 

grhnden
ECU

J Hydraulic , BrAe 
Imodulator

1*7  Traction control system

'fw Hhtxls spin when driving off under severe 
MvtNiion Electronic traction control has been

as a supplement to ABS. 'fhis control sys- 
■ jieiA t ills the wheels from spinning when mov- 
|иЛ Ol when accelerating sharply while on lhe 
Ih In this way, an individual wheel, which is 
■wntf I*  braked in a controlled manner If both or 
||й iIh- wheels are spinning, the drive torque is 
■йи! bv means of an engine control function. 
■^*11  control has become known as ASR or TCR. 
niiHiion control is not normally available as an 
WHkknt system, but in combination with ABS. 
в и Iwcause many of the components required 
I Шт Mime as for the ABS. Traction control only 
■И* •’1 ■ change in logic control in the ECU and a 
к »*iiH  control elements such as control of the 
Mi*  I igure 15.7 shows a block diagram of a 

control system. Note the links with ABS 
Вйн engine control system.
ptikiion control will intervene to achieve the

iMeniiHin stability.
I (ImIih lion of yawing moment reactions.

• Provide optimum propulsion at all speeds.
• Reduce driver 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 
throttle cable, or if lhe 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 drivers throttle 
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.

I'
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Throttle butterfly

Wheel 
slip X Throttle and ignition

Throttle and brakes

Time

Figure 15.9 Comparison of three techniques used to prevent 
wheel spin: throttle, ignition and brake control
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torque leads to an increase in driving torque at Ihl 
wheels. In order for optimum acceleration, the in*4  
imum possible driving torque must be transferred 
the road. If driving torque exceeds that which can hj 
transferred, then wheel slip will occur, at least al a|| 
wheel. The result of this is that the vehicle becooi^ 
unstable.

When wheel spin is detected the throttle posiin< 
and ignition timing are adjusted but the best result^ 
are gained when the brakes are applied to the sptfl 
ning wheel. This not only prevents the wheel frofl 
spinning but acts such as to provide a limited slip till 
ferential action. This is particularly good when on | 
road with varying braking force coefficients. Wh< 
the brakes are applied, a valve in the hydraulic mode 
lator assembly moves over to allow traction contig 
operation. This allows pressure from the pump lo h| 
applied to lhe brakes on the offending w’heel. Ih^ 
valves - in the same wjty as with ABS can providi 
pressure build-up, pressure hold and pressure redid 
tion. This all takes place without the driver touchM 
the brake pedal. 1

The summary of this is that the braking I'oril 
must be applied to the slipping wheel, such as H 
equalize the combined braking coefficient for call 
driving wheel. J

1

p

Figure 15.10 Layout of a traction control system which 

includes links with ocher vehicle cono-ol systems

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 variables 
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

15.4 Automatic 
transmission
15.4.1 Introduction
The main aim of electronically controlled automa 
transmission (ECAT) is to improve conventiori 
automatic transmission in the following ways. j

• Gear changes should be smoother and quieUl|j
• Improved performance. 1

• Reduced fuel consumption. i
• Reduction of characteristic changes over sysiaj 

life.
• Increased reliability.

The actual operation of an automatic gcartxM^j 
beyond the scope of this book. However, the impoii 
ant points to remember are that gear changes an 
lock-up of the torque converter are controlled h 
hydraulic pressure. In an ECAT system, elcctrictll 
controlled solenoid valves can influence 
hydraulic pressure. Figure 15.11 is a block diagf( 
of an ECAT system.

Most ECAT systems now have a iransmissU 
ECU that is in communication with the engine coiiin 
ECU (by a CAN - controller area network - datafa|
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И141Ц tBscs). The system as a whole consists of a 
’тЯ of sensors providing data to the ECU, which 

win I, able to control a number of actuators or 
nui devices. Figure 15.12 shows a modern auto- 
'ц gearbox as used by the Porsche Carrera.

IM.2 Control of gear shift and 
tiiiqiic converter

•h mi I CAT system, the actual point of gear shift 
iMeimincd from pre-programmed memory

glMd j------------ -

MRUh 

ttirgMile 
РТИМИ’

.>fK»<4<<ve 
iwMih

• (CU

I

’tor .1

(kHnwn I
> MWth -J

f»«iImi( 1
- J

>L
t- iwtiib

.] -
ECU

I
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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.

Transmission 
speed

Adv. >

Г Solenoid i 
1 valve I I

J Solent ' I 
I valve 2 !

4 Lockup I
I solenoid I

jetutch pressirJ
J solenoid I

J ^ПЙЮЙ 1
1 control i

J Diagnostic |
" output ;

Solenoid I 
valve I I

Retardation 
of ignition

NornW

Lockup
solenoki Ret

torque

Basic 
control

L

-------- 7~
With 

torque 
control

Feedback 
control

Figure 15.13 Transmission output torque from systems with 
and without engine torque controlII. И Шоск diagram of an ECAT system

I . 1 $. 12 Automatic gearbox as used in the Porsche Carrera

/
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The two main control functions of this system 
are hydraulic pressure and engine torque. The tem­
porary reduction in engine torque during gear shift--*'  
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.

Feedback control
ITie ECU detects the deviation of the rotation 
speed of the input shaft from a target value ui 
adjusts pressure to maintain fine control.

I

Completion control
Torque converter hydraulic pressure is reduQ^ 
momentarily so that as the engine torque oulpnf 
control is released, the potential surge is prevented J 
Because of these control functions, smooth gefl 
shifts are possible and, due to the learning ability 01 
some ECUs, the characteristics remain сопя14п| 
throughout the life of the system.

Torque converter lock-up
The ability to lock up the torque converter has hoi 
used for some time, even on vehicles with more v(i| 
ventional automatic transmission. This gives bclH 
fuel economy, quietness and improved driveabilih 
Lock-up is carried out using a hy draulic valve, whid 
can be operated gradually to produce a smooth tnl 
sition. The timing of lock-up is determined Iroi 
ECU memory in terms of the vehicle speed anl 
acceleration. ,

Transmission 
speed

Clutch 
hydraulic 
pressure

15.4.3 Summary
The use of integrated intelligent control of he| 
the engine and transmission allows consider^ 
improvements to the operation of automatic gfli 
boxes. Improvements are possible to efficienl 
performance and smoothness of operation. I xii 
facilities become available to the driver such f 
being able to select the desired mode of operghd 
This can be a choice between, for example, |«d 
formance and economy. The tie up between eng4 
control and transmission control helps to itt<| 
trate how it is becoming more difficult to contiik 
vehicle systems as isolated units and how ind 
consideration must be given to the overlap of 
system boundaries.

Torque 
output

15.5 Other chassis 
electrical systems

Basic 
concroi

Feedback 
concroi

Figure 15.14 Concroi of hydraulic pressure

Time

Shift 
completion 

control

15.5.1 Electric power steering
There are three electric power steering techniqd

• Replacing the conventional system pump w 
an electric motor whilst the ram remains mi 
the same.

f)
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I s duvc motor, which directly assists with the 
ling and has no hydraulic components.

f s.iHc steering in which the steering wheel is 
»1»1м cd with a joystick.

Йэ fiixi of these systems is popular, as the pump 
*“»lv run when needed. This gives some savings 

p Йл hK’l consumption and also allows the drive 
eiinngement at the front of the engine to be 

jthhcd
> ?h»’ 4ccond system listed is now becoming the 

iuinmon An electric motor acts directly on the 
:tng MU an epicyclic gear train. This completely 

.'зоч the hydraulic pump and servo cylinder. 
fiiQie vlnninates the fuel penalty of the conventional 

«nd greatly simplifies the drive arrangements. 
BOQiit; aiull when the power steering is operated at 

«I*  vd IS also eliminated. An optical torque sen- 
Й «4cd lo measure driver effort on the steering 

1 he sensor works by measuring light from an
■ ^Inch is shining through holes that are aligned 

lElM 4 nt either end of a 50 mm torsion bar fitted 
II*  xlecring column. This system occupies little 

EXirf iMHinet space (something which is at a pre- 
ihcse days), and the 400 W motor only aver- 

ulsmi 2 A under urban driving conditions. The 
In iH’I'its over conventional hydraulic methcxis 

^SttuHiderable.
If ‘Atlhe steering’ is the name given to a system 
£^li»|441 by Saab from its experience in the aircraft 

I I technique is known as drive-by-wire. A 
b IS used in place of the steering wheel and an 

t'l wnsors determines the required output and, 
du control unit, operates tvw electro-hydraulic 

Mtives. The ECU filters out spurious data 
Пи' sensors and provides a feedback to the 

JCII« 1*  iH order to maintain driver feel As a safety 
25^* ’ electronic circuits have built in self-test 

" jX-”’*-'* backup modules. Hydraulic fluid pres- 
15 also held in reserve in an accumulator. Figure 

nbows an overview of the active steering sys- 
• _ I »h’ui benefit could be gained using this tech- 

dw to the removal of the steering column - 
some opposition is expected to this radical 

•.. "Midi' Disabled drivers, however, may consider 
' "SI be a major improvement

stiungcment at the front of the engine to be

J

It 5.2 Electronic clutch
s’kvironic clutch was developed for racing 

• lo improve the getaway performance For
Hon vehicles, a strategy has been developed to 

|ис1 the driver’s intention. With greater throttle 
ниц*»,  lhe strategy changes to prevent abuse and 

line damage. Electrical control of the clutch
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Figure 15.15 Overview of active steering system
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Figure 15.16 Torque transmitted curve for an electronic 

clutch system

release bearing position is by a solenoid actuator, 
which can be modulated 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 lo 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 есотюту 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 regulated 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.

li

j
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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 (ESDs) 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 clutch 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 wheel sensors. Figure 15.18 shows a 
block diagram of a final drive and differential unit 
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

ж
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Figure 15.18 Final drive and diflerenciiJ unit electric^ ci

hydraulic pressure than normal if an emei
condition is sensed. The system’s ability to diiQ 
whether a braking operation is an emergency.
not, is critical. Pedal force sensors only, as wll 
pedal force sensors in conjunction with apply |
sensors, are under development, as are the coiC 
strategies. If field tests produce satisfactory re.’,ii 
brake assist systems could be introduced relulii 
quickly into mass production.

Electric actuators may even begin to lakq 
place of conventional wheel cylinders. Prccl
controlled DC motors operating on drum biq 
have the potential advantages of lower total syH 
weight and cost. Developments are occurring ill 
area of magnetic braking, which has the poteiili( 
remove all wearing components from the vchi4

15.5.6 Total vehicle dynamic»
Ibroughout this chapter on chassis eleetromr | 
terns, and in previous chapters on engine cont,^ 
may have become apparent that more and inoiv^ 
tronic systems are required to be in commumcntt^ 
achieve optimum results. This is one of the 
forces behind data bus communications (ChapH 
because many of the sensors used by various 
are common. Data are used by each in a slighllv 
ferent way but many systems have an effect on

Systems, which are now quite common, |1«Й
themselves to combined control, are as follow»

• Anti-lock brakes.
• Traction control.
• Active suspension.
• Four-wheel steering.

r
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systems could be linked together;several systems could be linked together: 
**'*'•  traction control: active suspension: four-wheel

•«fine management; automatic transmission

- mijnagement.
"tiirtliv iransmission.

I' I ‘1 is a block diagram showing how the 
, »lcms could be linked together. When 

■«Iran are working together, significant 
‘•Ills m the operation of each can be pro- 

rt*  .fiirch is still to be carried out in thic ятяh I'lirvh is still to be carried out in this area 
ilH't significant benefits are still possible in

• • I Z Automatic clutch
I о|п|шс1 Automatic Clutch (CAC) elim- 

; !' пл-d for a clutch pedal. Cars equipped
-- - . uiviviviv IIIVIV VUIlUUIiaOie

lull Io drive as the driver is freed from 
■ITort of depressing and releasing the

F П Ч (.'ЛС are therefore more comfortable
> Г:с4’ hin Io drive as the driver is freed fmm

"U CI

i:i4t.iI every time he or she changes gear. The 
•>! n-inums, however, leaving active control 

wt with lhedriver.
7 Vwli-ii I'AC is an add-on system, which can 
-;l III conventional manual transmissions. It 

III II clutch actuator, a powerful CPU and 
-viiMirs driven by dedicated software that 

^.Jrii c-il for each vehicle type. Figure 15.20

rc'i Hiih lhe driver.

I hitch actuator.
, Л»1со (.'ЛС uses electromechanical aclua- 
J i*  therefore more compact, weighs less 

l<■‘ti compared with hydraulic systems. Its 
- -mpensation spring allows for very fast 

lime (declutching time: 7ft-!00ms)

I

Figure 15.20 Compact automatic clutch actuator

Figure 15.21 Robotized manual gearbox

combined with low electrical consumption (20 W) 
|.„ IC c. -■ . . .

Ironies were developed and produced by Valeo 
Electronics.

Valeo has developed high performance

Its 16-bit electronic control unit and power elec­

. -----  com­
puter simulation tools to design operating software
that can make the car respond exactly in line with
vehicle manufacturers' requirements.

The Valeo CAC is also designed to provide max­
imum safety and includes fault modes to minimize
the impact of potential component failure Finure
1 < tl ..k.......- ®15.21 shows a "robotized’ manual gearbox.
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15.5.8 Drive-by-wire - Delphi
Automotive technology has advanced gradual]^ 
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 steering, 
braking, throttle and suspension functions, with elec­
tronic controllers, actuators and sensors. For example, 
in Delphi’s steer-by-wire system, the mechanical links 
between the steering wheel and the front wheels are 
replaced with two motorized assist mechanisms, 
a hand wheel feedback unit and an electronic con­
troller As a result, the steering column, steering 
shaft, the pump and intermediate shaft 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 
in use in General Motors*  electric vehicle, the EV-1 
The front hydraulic brakes are applied electrically, 
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, 
easier 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-powered 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. It is 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 

simplifies vehicle assembly, wfth the resultant, low 
vehicle cost potential. In addition, they are enviro 
mentally friendly, since the number of hoses, |X 
leys and fluids are reduced or eliminated. Me 

importantly, however, drive-by-wire systems bn 

a new freedom to how vehicles are designed, min 
factured and ultimately used by the consul 
Prepare for a dramatic paradigm shift as entiti 
new design and assembly philosophies evolve,

Vehicle design will take different forms, allow! 
manufacturers to do things previously thought impc 
sible with traditional technology and inanufaettei 
processes. The vehicle’s steering wheel is <i 
example. Steer-by-wire technology will allow cvi 

tual replacement of the steering wheel and coluit 
since the mechanical link between the steering whi 
and the front wheels is no longer necessary. The s|Ml 
will be available for designers to do something 
pletely different, such as incorporating new eneq 
absorbing systems in the body structure.

From an assembly standpoint, the entire sysu 
for steering, damping and braking can be contain 
in one module, which will arrive at the asscml 
point as a fully tested unit that is simply plugged ii 
the vehicle. The simplicity of this module approi 
will greatly reduce assembly time, while al the sal 
time increasing quality, since it will arrive 111 
tested. Manufacturers will find cost savings in a M 

iety of areas.

15.6 Case studies

15.6.1 Tiptronic S - Porsche
Developed by Porsche, Tiptronic S is a fully ‘laH 

ligent’ multi-programme automatic transmiMl 
with additional fingertip control. The dual-fun<*lll  
5-speed, automatic transmission, with active 4 
driving programmes is controlled by the PorK 
Tiptronic’ control system. As an alternative, aiui 
addition to, the automatic mode, it is also poss»l4< 
shift manually with fingertip controls.

Tiptronic first appeared in 1990 with techiMUl 
directly descended from Fl and the *Le  Ml 

Porsche 962s. which went on to win the 1994 ' 
Mans 24 Hrs'. The Tiptronic S system features nV 
ual shift control integrated into the steering wht 
With two rocker switches in the spokes of the sUI 
ing wheel, Tiptronic S offers an impressive I 
unique driving experience.

Once in manual mode, a driver can shift ml 

ally by pushing one of the hvo rocker swiiih 
Slight pressure of the thumb is all it takes to d 
up - tipping it downward will produce a dow niili
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Ik» liKution and design of the rocker switches, as 
Vrtl ««the distinctly perceptible pressure points, in 

^iBHhiimiion with electronic transmission manage*
tiile out any shift errors. The chosen gear is 

indicated via a read-out located on the
RlpiiHlotneter
I Ik quick responses of the transmission trig- 
М»и1 just a thumb push generate an absolutely 
■^laiieous driving impression, gear changes 
|Ьйа|| i\Mce as quick as a manual gear-box. Since 
M hands remain at the wheel, Porsche, with its 
l||MiH)ic S, has extended levels of primary safety. 
К I Ik I iptronic S system 'learns' about a particu- 
B ihh ing style by monitoring eight sensors around 
Ь «•! which include throttle speed and position, 
Ьй «|xxd. engine speed and temperature, lateral 
bvh'ittiion and deceleration. Redline-controllcd 
ВМиИус programmes in the system prevent 
ВИ**  damage due to shift errors
к I Im- shirt patterns range from an economic variant 
H «HHMith motoring to dynamic motoring with the 
H||inr revving to maximum torque and power in the 
■j^Miive gears before changing, and downshirting 

lately from relatively high engine speeds.
■|Nil mmements of the accelerator pedal, as well as 
Ьй Mveleration, result in a graduated change of 

ina|n. right up the most extreme variant. In 
Bmum). the system is intelligent erM>ugh to react to 
НЙ <l*iving  conditions and, for example, to down- 
H|ft wlk’n braking before comers, which obviously 

driving style with manual gearboxes
■ I his 'intelligent shift program’ - ISP for short 
B|k' 1‘orsche Tiptronic S is characterized by the 
Hbmtng special features in addition to the five 
^■Miwtic electronic shift maps.

,A wurm-up program, which suppresses early up- 
ikithng to ensure a rapid rise to the engine oper- 
||{iig temperature to ensure clean emissions.
.A*li\e  shifting - when the accelerator pedal 

ik'pressed and released rapidly, the most 
/ill lutinic' shirt map is available instantaneously, 
hupinession of the overrun up-shift on a sudden 

e.g. no gear changekrting of the throttle
IHhl bend.

initiated downshift to the next lower gear 
1Ы more efficient engine braking.
(lidding onto a gear in cunes - i.e. no gear 
Hwinge whilst in mid-bend.
I iiadiuiied up-shifting from lower gears to prevent 
iRtmediate change over to the top gear, especially 
•Л<1 active downshifting.
Id« titifieation of uphill stretches to stay in the 
kmet gears as long as possible when driving up 
IN «knvnhill.
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Figure 15.22 HondaABS

• Slip-induced up-shirting initiated by inertia 
forces when braking on slippery surfaces (rain, 
snow) to improve lateral guidance of the driving 
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 
is 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. Ibis pressure moves the 
piston back, thus reducing the pressure to the wheel 
cylinder. When the risk of lockup has gone, the 
inlet valve closes and the hold phase is restored.

The Honda system is a relatively simple ABS and 
has just two control channels. The front wheel which 
has the higher coeft'icient of friction 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 lower coefficient 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 each wheel and then controlling 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 7 km/h (4 miles/h). During 
vehicle operation, the control module constantly 
monitors the system. If a fault occurs in any p>art of 
the system, the dashboard warning light will illu­
minate. If a 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.

The wheel speed sensors are located al 
wheel and send an electric signal to the conlUlH 
module indicating rotational speed. They are I'liiif 
in the knuckles and have toothed rings pressed onl^ 
the front hub and bearing assemblies, and the r«M 
drive spindles. Figure 15.23 shows the locatioAjfl 
the main ABS components. I

15.6.4 Jatco’ automatic 
transmission
1Ъе Jatco SFPO’ is the first electronically CMifl 
trolled automatic transmission (ECAT) fitted fl 
Rover Group vehicle. The new ECAT is part of a nf^| 
series of transmissions with a stand alone diagnj^j 
tics system. It has five-speed adaptive control and |fl 
European on-board diagnostics (EOBD) complimifl 
Gear change and torque converter lock-up are deM^| 
mined by the throttle angle and the vehicle 
Torque converter lock-up is available in third, 
and fifth gears, tock-up of the torque converi^^ 
transmits maximum power from the engine to 
wheels of the vehicle without slip iKcurring,!. Ilfl 
automatic transmission control unit (ATCU) fl 
located in the passenger footwell. W

Like all automatic transmission vehicles, dfl 
engine will only start in Park or Neutral. The EWMfl 
(Elektronische Wegfahrsperre) immobilizer твий? 
tors the gear selector position transmitted by the У.Г 
selector position transmitted by the ATCU on 
Controller Area Network Bus (CAN-Bus). fhe 
inhibitor switch is also hard-wired from the Iran*  
mission to the WES-3. Starting is allowed when 
EWS-3 immobilizer receives a closed inhiNM 
switch signal or an appropriate CAN message tram 
mined from the ATCU. A further safety feature <>( h»

I
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П11ЧМ0П system is ‘reverse inhibition’. When the 
к 4pecd exceeds 10 km/h in the forward direc- 

:’ > ik‘ ATCU switches a solenoid, which drains the 
ii'Hii the reverse clutch, thus preventing reverse 
.hiNi und subsequent transmission damage.

J Ik inhibitor switch consists of seven sets of 
;:ih. the ATCU monitors these switches to 
mine the position of the gear range selector and 
-r the best shift pattern. It also transmits a sig- 

? • Irtting to the selected gear on to lhe CAN-Bus.
I'AN signal is used to illuminate the corres- 

_М*П(-  (wrt of the ’PRNIMS?’ display on the 
uHH’nt pack. A display also informs the driver 

' Л II пич1е has been selected.F--

-

• 1» means lhe transmission is in normal drive
-k

« means sport mode.
• 'Mnvtlake symbol indicates winter/snow mode.
• f l‘ means the ATCU has entered a fail-safe

• •ik l-ault(s) are stored in the ATCU non- 
'-«dahle memory.

nl actuators that are controlled by the ATCU 
■ tin*  automatic transmission gear changes. 

»*1 I» m hieved using nine solenoids, which regu- 
bi- Ии’ Kintrol valve operation.

Ik solenoid valve block is located inside the 
L|».>mi4sion system. The three shift solenoids, 
s engage the various gear ratios within the 

<H*4ion.  are called A, В and C in the block dia- 
E ol I igure 15.24 and there is a given combin-
1 ol these solenoid states for the selection of

(k u Й1 I jgure 15.24 is a block diagram of the 
I B*  it lit showing where the solenoids are used.

rhe 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 lhe various clutches within the 
transmission. One solenoid control valve - called 
the line pressure duly 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 controlled 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.

• Snow mode.
• Sport mode.
• 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 steep 
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

fr
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climbing a hill. This mode helps to prevent the 
gears shifting up and down in response to fre­
quent throttle pedal adjustments that the driving 
conditions may require.

2. Downhill recognition. This strategy decreases 
the need for the application of the brakes when 
driving downhill. The system recognizes the 
decrease in throttle angle and the increase in 
speed as a slope. When the brakes are applied.

gears

the transmission changes down a gear. It stays in 
this mode until application of the throttle.

3, Cooling strategy engagement. Torque 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

The transmission defaults to normaFdrive ппнк < д 
vehicle start up. Tn sport mode, the ATCU will 1»4|Я 
on to the gears for longer than usual, improvise 
acceleration performance, and will downshill 
readily giving faster overall vehicle responsivciriHS 
When snow/winter mode is selected, the A II У» 
limits the amount of wheel slip when the triuiwuee 
sion is shifting between the gears by shifting giW^S 
reduced engine torque loads. This mode is dcsigii^eЯfor use in icy and \^et conditions.

I
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 cooling strategy.

4. 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 a set tem­
perature. This warms up the power-train of the
vehicle and it reaches its optimum performing 
temperature earlier. An improvement in vehicle

15.6.5 Power steering - ZF 
Servoelectric
The ZF Servoelectric system is one of the inosi 
friendly Electric Power-Steering Systems iniwWI 
to date. It offers extensive economic and сшиИ 
mental improvements over hydraulic steermi? Hfi 
terns for a wide range of cars. In addition, / !• * НЙ 
electric system is much easier to install In i 
original equipment (OE) vehicle manuliuiuHi 
Instead of a complex range of parts, ZF Servin’lt^^^l 
is offered as a modular kit, ensuring univcp-il i 
cost-effective applications. Figure 15.25 sluMfc»| 
steering system. The kit is available in three vfiHH(

"i mid-range cars
Ш'" erliviric system designed for mid-range

made effortless, due to the system’s programmable

I

F
I

will the servo unit working on the pinion.
■ leering load is 900 kg.

emissions, fuel economy and driveability is 
the result.

The above strategies are controlled automatically by 
the ATCU. The driver can select various shift maps 
bv choosing the sport mode or the snow/winter mrxle
from the driver mode switch on the centre console.

For small passenger cars j
A Servoelectric system with an integral scivt» ■ 
incorporated in the steering column. This is 
suitable for small passenger cars with restnclmifc 
engine compartment space. Maximum stecmip ■ 
load is 600 kg. I
suitable for small passenger cars with restncliofi

•ПИЙ caiuoBJ

I

I I
I
I

• tipper mid-range cars
^T-i!-,'lcvlrlc system designed for upper mid- 

, '.•liger cars and light duty commercial 
'.'here lhe steering rack itself is driven by 

32^1. iiiotor.
'T; ■ lion in energy consumption of up to 80% 

iiilic systems is possible. The average mid- 
hiicd with the Servoelectric system would 

nxliictions in fuel consumption of around 
: r: iKT 100 km. This is possible because the 

, s-.iiir IS operating only whilst the vehicle is 
^;“*-|'ч1.  unlike a continuously operating oil 

vT.i*  h Is neither economical nor environmen- 
i ■''wlh I'Icctric steering also offers consider- 
! 'dih Io vehicle manufacturers since the 

' .'aMcr not to mention a lot quicker - to 
Ill bill It ECU offers OE manufacturers the 

--‘1 Io adapt the steering system to their spe- 
"!! iticiits, for instance, to the precise vehicle 
I .iineters, or to offer road-speed related 
.мисс Integrated sensors housed in the 

! «Iciii can transmit information about steer-
I'l speeds to chassis control units, or even 

1И igaled driver information systems.
• s-kx-lric system offers steering comfort 

, - il Io coiisentional hydraulic steering sys- 
t'lilion. driving on uneven road surfaces is

damping. There are many factors to bear in mind 
when selecting a steering system; these include per­
formance, safety, strength, installation conditions 
and, of course, costs. ZF can now offer a wide range 

. ----------------------- -----s range

per-

of possibilities for a particular solution from its r?.rgc 
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. Furthermore,
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 
leamt 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
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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 dw 
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 intervene 
more energetically at an even earlier point on wet or 
slippery roads and, in particular, on road surfaces 
with varying frictional coefficients. It 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 wersteer 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 tty 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.

Really enthusiastic drivers wishing to try out i 
natural' dynamic behaviour of their Carrera 4 

the race track are able to deactivate the lute 
dynamic control provided by Porsche Stability Mi 
agement simply by flipping a switch on the insii 
ment panel. Even then the risk involved when laid 
the car into a power slide is reasonably limited. Й 
all the driver has to do when the angle of the 1 
becomes excessive is to step on the brakes in 
to reactivate the dynamic control function. СоЩ 
quently under circumstances like this, PSM is ai 
to ‘bend', slightly but of course never fully overrt 
the laws of physics.

1S.6.7 Twenty-five years of the 
Bosch ABS
A core component of driving safely for motor vchij 
has celebrated its twenty-fifth anniversary: the A 
anti-lock braking system. It took a large numbei 
engineers many years to develop and test this Ih 
control system. Before ABS was introduced, сов 
of steering under emergency braking was not p( 
ible, and tyres suffered enormously. The anti j 
system, first produced by Bosch in 1978, prevf 
the wheels from locking, leaving the vehicle ulj 
control and allowing the driver to steer around 14a 
cles. Braking distance is also reduced in most d 
The increasing use of ABS in motor vehicloi 1 
major contribution to safety on the roads.

People had been wondering how to pre^ 
wheels from locking since the beginning ol] 
twentieth century - not only on cars, but aid 
railway vehicles and even on airplanes. As eath

Figure 15.27 ABS makes vehicles steerable even *4 

braking (Source: Bosch Press). A short lapse of accentkjx 

a dangerous situation may be created while driving. AMI 

support you in steering the car safely around obstacle» n>e 

critical situadons
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" ‘Uiu h liad registered a patent for a ‘mechanism 
f •“ .nt l(x?king of the wheels of a motor vehicle'
it Hither designs shared the same faults: they 
' hNi complicated and therefore too prone to 
' .Hid they worked too slowly. It was not until

' -i icihiiology became available in the 1970s
• ivtuible ABS system could be developed, 

atihsidiary Teldix started working on the 
i in 1464 and within two years development 
-VI4 hud already managed lo reduce the brak-

f •‘tsiHc on test vehicles. Steerability and cor- 
«liihihty were also retained.

’ on these early models, the engineers were
; : ik-Mgn a system which for the very first time 
-HiUiiiied entirely by electronics. The basic

■■■ ’;•««- of this new design - named ABS 1 - is 
f I- found in nearly all ABS systems. But the 
' •’ih and durability of the electronic control

- ■ ''“‘III Its roughly 1000 analogue components
* ‘ alcty switches then used, were not yet 
fr “1 tnmph for volume production - both of these 
‘ ’ 1?; h- nnprwed. The advent of digital technol-

. ;^4l inicgralcd control circuits finally allowed 
J 4»h *1  of electronic components to be reduced
• - loud

: >*  • I l long years of development, everything 
i »lh in place in 1978; the second generation

’ ■ Il . ABS ABS 2 - began to be fitted as 
■I *.4juipment,  at first in Mercedes-Benz’s 

irtis and shortly afterwards in BMW’s 
limousines.

fl .r. iK)w, the hydraulic unit remained the 
’ «om|X)nent of an ABS system Each of 

wIk'cIs has a speed sensor, which measures 
•tial speed of the wheel. This information is 

monitored by an electronic control unit, which opens 
and closes the magnetic valves at the right time. If a 
wheel is about lo 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 manufactured 
in very similar ways. T’his makes it possible to opti­
mize synergies in development and manufacture. 
All the systems currently produced by Bosch are 

ir. tl )| Progress in ABS wheel speed sensors (Source: 

* 0 Thr ABS wheel speed sensors have become increas-

•nd more efficient in the course of ome. Recent 

ivtiy measure the speed and direction of rotation but 

•led into the wheel bearing as well

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 latter is dearly 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 the>' 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 comers 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 
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is a risk of the vehicle going into a skid. I M^ft 
reduces engine power and simultaneously provuktx 
braking pressure to individual wheels - offering 
significant increase in driving safety. ABS
optional extra’ to ‘fitted as standard' The sucoMu 

sive technical improvements have meant that Alt|j 
has been providing greater safety in more and 
vehicles since the start of production. Through ihK 
1980s, annual sales of ABS grew slowly. In 
Bosch delivered its millionth ABS system in M 
customers. During the 1990s ABS finally began (fl 
be fitted to medium-sized and compact cars.

Sales figures grew from year to year: by I'M! 
Bosch alone had sold a cumulative total of 50 milluM 
systems. Soon - at least in Europe - every new tM 
will have ABS; according to a self commitment ol llfl 
European car manufacturers' association e\eiy 
sold in Europe from mid-2004 onwards will be fitifl 
as standard with the ABS safety system. fl

II

Milestones of development
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 reliability of the control unit is not yet adequalt 
First fitting of ABS 2 as option at Mercedes-Benz and shortly thereafter at BMW.
100000th ABS system supplied; ABS now also in commercial vehicles.
Bosch ABS fitted for the first time in US vehicles.
One million Bosch ABS delivered.
Production of TCS traction control system for passenger cars' starts.
With the ABS 2E the control unit is attached directly to the hydraulic unit
10 million ABS systems from Bosch.
Start of production of ABS 5.0 from Bosch.
Production of Bosch ABS 5.3 starts; dso start of the Electronic Stability Program (ESP).
Bosch begins volume production of ABS 5.7.
50 million Bosch ABS systems.
Bosch ABS version 8 launched. ,
25 years of series production of Bosch ABS. i
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15.7 Diagnosing chassis 
electrical system faults
15.7.1 Introduction

Table 15.1 lists some common symptoms of chei 
electrical system malfunctions together with 4| 
gestions for the possible fault. The faults are gew 
but will serve as a good reminder. It is assumed 
appropriate pressure gauge set has been connctM

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.

15.7.2 Testing procedure - blach 
box technique
‘Chassis electrical systems’ covers a large arci i*  
the vehicle. The generic fault-finding lists presciiw 
in other chapters may be relevant but the techiiHW 
that will be covered here is known as black 
fault-finding’. This is an excellent technique
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11 I Common symptoms and possible faults of a chassis electrical system malfunction

Possible fault

winking and/or warning light on

iiMt lontrol inoperative

M »r«<em reduced performance or not working

HMTing assistance low or not working

• Wheel sensor or associated wiring open circurt/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.

• Modulator 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 system 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 present

• Steering sensor inoperative.

IR I» led to many vehicle systems from engine 
BhetH-mcnl and ABS to cruise control and instru- 
RlHehnii

most systems now revolve around an ECU, 
111 11 lx considered to be a ‘black box', in other 

wt know what it should do but how it does it 
Iftvitsent' ‘Any colour, so long as it’s black,' said

I ord in the 1920s. I doubt that he was refer- 
|bhtl ('Us though.
I igtuc 15.30 shows a block diagram that could be 

hl represent any number of automobile elec- 
M ot electronic systems. In reality the arrows from
I йЧиДм' to the ECU and from the ECU to the ‘out- 
|b etc wires. Treating the ECU as a black box’

114 to Ignore its complexity The theory is that 
iIh* sensors and associated wiring to the ‘black 

(>K. all the output actuators and their wiring
II Ik nod the supply/earth connections are OK, 

luult must be the ‘black box’. Most ECUs
I Wiv reliable, however, and it is far more likely 
|| ilh*  fault will be found in the inputs or outputs.
I HtHiiiul fault-finding or testing techniques can be 
■hxl Io the sensors and actuators. For example, if 
|AliS lysiem uses four inductive-type wheel speed 
PoiMs ilwn an easy test is to measure their resist-

I ven if the correct value were not known, it 
IbiM be very unlikely for all four to be wrong at the 

lime, so a comparison can be made. If the same 
jittniKc reading is obtained on the end of the sen- 
I wiles al the ECU, almost all of the inputs' have 
И1 leslcd with just a few ohmmeter readings.

lih

j Input I

2

}
Output I ]

3
2

4 ECU
3

5
Eu.

6

Etc.

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 11, what do you do when your ohm­
meter reads 915 П? 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;

Unstable

Adhesion 
coefficient 
of braking 

effort 
Mf

Suble

0
Sip X

100%

15.31 Relationship between adhesion coefficient etFigure 

braking effort and amount of slip

0.0

0.6 .

A =
— (1) X 100% 0.4 J

or
0.2 .

A =
p; - r,

0

X 100% Sip X

ABS control areas

Dry concrete

Studded tyres*  
damp road

•^Sofi snow

Black ice

100%

t
I

{

&

0% is a free rolling wheel and 100% is a locked wheel 
where A = slip; = angular velocity of freely rotat­
ing wheel; o) = angular velocity of braked wheel; 
Vy = vehicle road speed - F, = circumferen­
tial velocity of braked wheel = r^ = dynamic 
rolling radius of the wheel.

The braking force or the adhesion coefficient of 
braking force (/ip), measured in the direction the 
wheel is turning, is a function of slip, /xp depends 
on a number of factors, the main ones being:

• Road surface material/condition.
• Tyre material, inflation pressure, tread depth, 

tread pattern and construction.
• 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 (Z^) is passed, no balance exists and the 
wheel will lock unless the braking force is reduced.

The value of critical slip (Z^) 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

Mt

Coefficient 
of adhesion 
for lateral 

force

Figure 15.32 Difference between road surface condition^

12-15“ Slip angle fl

Figure 15.33 Graph of the coefficient of adhesion for lat«0| 

force against slip angle (a) i
serves to highlight that a fixed slip threshold ая I J 
reference point, for when ABS should орегШ^ 
would not make the best use of the available adh*  t 
sion coefficient.

Lateral slip of the vehicle wheels must also Iw 4,
considered. This occurs when the wheel centre-liiH 
forms an angle of drift with the intended path <i1 
the wheel centre. The directional movement of ihi 
vehicle is defined as the correlation between the . I 
slip angle and the lateral force. This is shown Ш i 
Figure 15.33, which is a graph of the coefficient 
adhesion for lateral force, designated as ML’ i 
slip angle (a). The critical slip angle («с) iR ' 
general, between 12 and 15®.
slip angle (a). The critical slip angle («с) IR '
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Го regulate braking, it is essential that braking 
hifce and lateral guidance forces be considered. 
I Igure 15.34 shows the combination of adhesion 
Kwfl’icient (ftp), and the lateral adhesion coeffi- 
iicni (/II) against braking slip (A). The slip angle is 
fehrnvn at 2 ° and 10 ” and the test is on a dry road. 
Hole the considerable reduction in lateral adhesion 
(/*, ) when the braking slip (A) increases. When 

38. the value of /il is as a result of the steered
•ngle of the wheel. This can be calculated as:

giJmin) = /If- sina

I his serves to demonstrate how a locked wheel pro­
vides little steering effect. From Figure 15.33 it can 
he seen that ABS control must be extended for 
linger slip angles. If full braking occurs when the 
vehicle is experiencing high lateral acceleration 
(larger a) then ABS must intervene early and pro- 
gicssively allow greater slip as the vehicle speed 
decreases. These data are stored in lookup tables in 
• icud only memory in the electronic control unit.

IS.8.2 ABS control cycles
I Igure 15.35 shows the braking control cycle for a 
high adhesion road (good grip). Figure 15.36 shows

Adheuon 
lutffkient

0

(1
Wheel c/t

Lateral 
adheswe force

lateral 
Inhesion 

<oeff>cicnt 
M,

Ml (u=IO3

Slip X

Mf (0=2*’)

М» («=1СГ)

Hl («^2”)

lOOX

hfure 15.34 The combination of adhesion coefficient (д^) 

«'•I Utiral adhesion coefficient (/aJ against braking (A)

control Q^cles for a low 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. Wheel deceleration falls below a threshold (—a) 
and brake pressure is reduced.

4. Brake pressure holding is now occurring and 
wheel speed will increase.

5 Wheel acceleration exceeds the upper limit (+Л) 
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

Speed

Wheel 
acceleration

Brake 
pressure

Speed

Figure 15.35 Braking control cycle for a high-adhesion surface

Switching +3 
signals 0

--a

Slip -X

Brake 
pressure

•b
I I 

•+

+1-1-

!l:2

^4^
3 i 4 i

5

S3
; 6 ; 7 • 8

Figure 15.36 Braking control cycles for a low-adhesion surface

j
i

i
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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.

5. 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 
to 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

FH

pL

Figure 1 S.37 Forces acting on wheels of a vehicle when accel­

erating on a non-homogeneous road surfece

road surface. The maximum propulsion force can be 
calculated;

FH + FL = 2FL + FH 

where F — total propulsion force; FH — force Iran*»  
mined to дн part of road; FL = force transmitted to

part of road; FB = braking force; Дн h’Uh 
braking force coefficient; /xl ~ braking fore# 
coefficient.

15.9 New developments in 
chassis electrical systems
15.9.1 X-by-Wire
Introduction
The term X-by-wire' is used to represent iwiy 
mechanical technology on the vehicle that is openWdi 
electrically. In some areas this has been used l<f, 
many years. ‘Window lift-by-wire' would be a gooi, 
example However, the term tends to be used now 
represent systems that have not, traditionally, txaft 
electrically operated; brake-l^-wire and steer-by-win| 
are two such areas. The industry is going ihrougf® 
development stage that will lead to some level Я 
standardization in the deployment of X-by-we 
systems. In particular, the areas of failure tolenHlH 
and communication protocols are developing. 1M 
section will e?camine the emerging technologies rcM 
ing to gas-, steer- and brake-by-wire systems. |

Interestingly, X-by-wire systems have been in ufl 
for many years in the aircraft industry and appear ■ 
be readily accepted by the general public. I Iom«« 
the concept of brake-by-wire on a car seems to 
great concern over safety. This may be due to ifl 
lack of regulation in the repair and service induMiH

Gas-by-wire I
The concept of gas-by-wire is already accepted lifl 
in use on many vehicles. This includes injodMlfl 
EGR, electric supercharging and throttle-b)|^«ifl 
(sometimes referred to a.s ETC). Injectors 111 
been electrically operated for many years, и» ■ 
the actuator for the EGR system. In the thfulfl 
Iw-wire system, a sensor and an actuator rc|4|fl 
the traditional cable. The sensor is, in most cnw|l 
vanable resistor with suitable spring pressuri 
in to maintain an appropriate feel. The nctefl 
designs vary but a stepper motor is a cofBll 
choice because of its degree of control. i I

Electric supercharging is an interesting dcvtflK 
ment; it is particularly useful for gasoline d)<l 
injection engines where it improves perforin««<

I
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IS.38 Gas-by-wire GDI components (Source: Bosch Press)

Electronic concrol unit:

Communication system

Hand wheel force feedback actuator

I

Front axle actuator

re 1 S.3f Fault-tolerant steer-by-wire system layout (Source: TRW Automotive)

nelly but also prevents ‘turbo lag’. The devel- 
r«i of gas-by-wire systems will continue 
»uw of the pressure to reduce CO2 emissions. 
I n leading to the development of smaller, more 
rH*n(  engines.

eerby-wire
UhiIK all series production power steering sys- 
ta iiwinkiin a mechanical connection between the 

front wheels and the steering wheel. If
I ttaiMunce system, be it electric or hydraulic 
Й Io tail, the mechanical link still works as a 
H up I urthermore, current regulations require 
ham hnnieal connection to be in place. However. 

the rigid mechanical connection is 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 
steering 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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1Figure 15.40 Steer*by-wire  s/stem architecture (Source: TRW Automotive)

* Dr Heinz-Dieter Heitzer, TRW, 2003. Development of a 
Tolerant Steer-By-Wire Steering System, AutoTcchnology* 
Aug. 2003

r

t

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 to 
fault-tolerant system Architecture’. A failure rate of 

less than 10”’ fatal failures per hour of operating 
time is the aim. 'fhis cannot currently be achieved 
using single-channel electronic control units (ECUs). 
To achieve an integrity value comparable with 
mechanical link systems, sleer-by-wire must be able 
to tolerate single electrical or electronic faults in any 
of its sub-systems. It 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 limit to vehicle 
speed, or in critical conditions would prevent the 
vehicle from being driven.

The force feedback to the steering 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.

Я
In the above diagram, the force-feedback atlti 

ators are labelled HWA and the steering rack' lu iiM 
ators FAA. The steer-by-wire electronic control tml 
is labelled CECU and contains two ECUs. The laheli 
M# and S# relate to motors and sensors respectively

The power supply is critical for any X-by-wiH 
system. A mid-sized car will require a peak 
output of about 1000 W for full steering perform«||| 
The overall consumption is relatively low but bectiMl 
of the peak loading, most systems are designed h*  | 
42 V supply. The ECUs can be operated by 14 V ( 
necessary. 1Ъе scenario at present is that the electfV 
drive units will require a dual redundant 42 V 
and the ECUs a dual redundant 42/14 V supply.

The many advantages that steer-by-wire wl( 
bring tend to suggest that it will soon be availabl<^ 
TRW Automotive, a well-known and respeci^^ 
OEM, say that steer-by-wire will be ready for |WWi 
duction by 2007.*  j

Brake«by-wire <
Many aspects of the brake-by-wire field are alrcinlv 
quite advanced However, it is becoming clear th||£
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lifu*»  1$.41 Evolution of electric braking systems (Source: Infineon)

A Kelling and Patrick Leteintuner. 2003. Infineon
i :4H>l«tgie3 AG, X-by-wire: Opportunities, Challenges and 

..Is SAP Paper

IMI diecincal operation of the brakes, i.e. removal of 
Ute hvdiuulic/mechanical link, is some years away 
ни However, the functions of the braking system 
«Й- umlergoing a smooth and continuous evolution.^

I here are significant operational and construe- 
ndvantages to having full brake-by-wire 

of these are as follows:

improved reaction time of just 0.5 s

a consistent and integrated approach

• alety
««mid decrease death from front end collisions 
In iKlween 30-50%.

• I iisuonment - hydraulic brake fluid is poison­
ous und requires changing during the vehicle 
lilviime

• I'ontrol
will enhance other functions such as adaptive 
HiiiHc control and stability control,

• < iMiifort lower and adjustable pedal force, as 
'Mll  as features such as 'hill-holding', enhance 
ih« driver experience.
*

!**■  need for a fault-tolerant electrical system and 
a- xlditional cost, means that all current develop- 
it,-4i4 have retained the hydraulic system. Figure 
u 41 shows the evolution and future projection for 
U-U system developments.

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, i.e. duplicated, 42 V 
wiring 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

^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 Eiectrohydraulic brakes - EHB (Source: Bosch Press)
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CZl Electrical control lines
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Figure 15.43 Automatic parking brake system (Source: Bosch Press)

b

I
s 
t-

c

new safety and/or convenience features is under 
development:

• Electronic Brake Prefill - if the driver lifts their 
foot suddenly off the accelerator, the brake 
system will deduce that there 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
lar basis, removing the film of water and helping 
the brakes to bite more quickly.

• Soft-Stop - this facilitates smooth, jerk-free 
stopping by reducing braking pressure shortly 
before the vehicle comes to rest.

• Hill Hold Control - this prevents unintentional 
rolling backwards on hill starts. The brake system

automatically maintains the braking pressure 
stops the vehicle rolling backwards until ihtfj 
driver presses the accelerator again. I

• Stop & Go - this e.xpands the Adaptive CniM 
Control (ACC) distance control system. Usii^ daa 
from distance sensors, this function can automif 
ically bring the vehicle to a complete hall nnd 
then move it forward again when traffic allowd 
without the driver needing to do anything. I

An automatic parking brake (APB) is anoth|ii 
attractive function offering the driver increaifl 
comfort and convenience. Since the handbrake Icvn 
is dispensed with, car manufacturers have mod 
freedom of choice as to where they site the opcflfl 
ing parts within the car. The technical princi|>W] 
involved can be compared with that of a ball-p*.  
pen, where the ink cartridge is pushed out by ringa 
pH^essure and then held in position with a lockinJ 
mechanism until the button is pressed once againjl
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Figure 15.45 MagneRide strut (Source: Delphi)
Figure 15.44 Electrically operated parking brake caliper 

(liNirce: Bosch Press)
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hgurr 15.46 MR fluid activation (Source:Delphi)

When the driver presses the switch to activate theI
I (wking brake, the ESP unit automatically generates 

■чхлчиге in the braking system and presses the brake
i )ш1ч against the disc. The calipers are then locked in
J electrically controlled magnetic valve

ImIi into the caliper operates the locking mechanism 
inhuiilically. The caliper then remains locked with-

i .f-trf anv h\ draulic pressure. To release the brake, the 
: briefly generates pressure again, slightly more
: tiian was needed to lock the caliper.
! ; Development of brake-by-wire will not stop -
: i Lmuse it has the potential to improve significantly 

j 0b’ wav in which the vehicle will stop?I i

i;

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


Chassis electrical systems 4tli

Vehicle speed Levelling compressor
Left front 
MR strut

Right front 

MR strut

------ -t

Levelling 

exhaust value
Parc of 

ESP system

Steering angle

sensor

Yaw race 

sensor

Later^ 

accelerometer

Relative position 

sensors Fault lamp

Left rear 

MRshock
Right rear 
MR shock

•t

J’

-7-1

GndVehicle 

battery

—

Figure 15.47 MagneRide struts and ‘shocks*  as part of a complete control 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 allows 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. 1 
main features of the system are;

• Simple monotube design with no electrin
mechanical valves or small moving parts. 1

• Improved performance and reliability ovn
valve-based competitive systems. Я

• Full software tuneable damping characterislifl 
which provide excellent low frequency body
tro! without excessive harshness at high velociitfl

• Excellent roll control during transient steen
and evasive manoeuvres. a

• Wide range of force control and high bandwidfjj
for fast response. Я

• Low power requirements (20 W per damper maxi

15.10 Self-assessment
15.10.1 Questions ]

1. Describe the three main control phases of nn
ABS system. fl

2. Describe what is meant by 'black bnfl
fault-finding’. fl

3. Explain with the aid of a labelled sketch ihl
operation of a wheel speed sensor 1
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4.
5.

6.

7.

8.
9.

10.

State four advantage of electric power steering. 
Draw a graph to show the effectiveness of trac­
tion control when only the throttle is controlled. 
Make a simple sketch of a block diagram for an 
electronically controlled automatic transmis­
sion (ECAT) system and state the purpose of 
each part.
List eight chassis systems that can be con­
trolled by electronics.
Define; ‘Total vehicle dynamics’.
Describe the operation of an active suspension 
system.
State three possible disadvantages of an ABS 
system.

15.10.2 Assignment
linestigate 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
agement 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
ommendation to the board as to whether they should 
make this idea into a reality - or not. Justify your 
decision.

15.10.3 Multiple choice 
questions
Icchnician A says an anti-lock braking system must 
lecognize poor road conditions, such as when a vehi­
cle is aquaplaning and react accordingly. Technician 
H says an anti-lock braking system can increase the 
slopping distance when on poor road conditions, 
such as loose gravel or snow. Who is right?
I 
2 
5 
4

A only
В only
Both A and В
Neither A nor В

The task of an ABS control module is to compare 
iignals from wheel speed sensors by determining 
wheel: 
1

1 
4

speed 
deceleration 
linear speed 
percentage slip

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

1.
2.
3.
4.

An oscilloscope connected to a wheel speed sensor 
should show a;

sine wave pattern
cosine wave pattern
high resistance
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

1.
2.
3.
4.

1.
2.
3.
4.

A

Electronically controlled automatic transmissions 
can prevent surging by controlling:

hydraulic vacuum
hydraulic pressure
feedback vacuum
feedback pressure

Electric power steering that does not have a mechan­
ical connection between lhe steering wheel and the 
front wheels is known as:

a crazy idea
a good idea
steer-by-wire
scare-by-wire

system that improves the grip of driven wheels 
when accelerating is known as:

ABS
ECU
TCR
ECAT

1.
2.
3.
4.

1.
2.
3.
4.

Brake assist systems help to apply the brakes under;
1. all conditions
2. inclement conditions
3. anti-lock conditions
4. emergency conditions

An electronically controlled clutch;
reduces wear and improves performance 
reduces wear but reduces performance 
increases wear but improves performance 
increases wear and reduces performance

I
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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
ition memories and force limitations are the most 
common.

16.1.2 Electric seat adjustment
Adjustment of the seat is achieved by using a num 
ber of motors to allow positioning of different (xif la 
of the seat. Movement is possible in the followup 
ways.

• Front to rear
• Cushion height rear.
• Cushion height front.
• Backrest tilt.
• Headrest height.
• Lumber support.

Figure 16.2 shows a typical electrically contnillnl 
seat. This system uses four positioning motors uit4 
one smaller motor to operate a pump, which control! 
the lumber support bag. Each motor can be con 
sidered to operate by a simple rocker-type switch |1ш1 
controls two relays as described above. Nine ге1)Цй 
are required for this, two for each motor and one hi 
control the main supply.

When the seat position is set, some vehiebt 
have set position memories to allow automata 
re-positioning if the seat has been moved, 'fhis is olkm 
combined with electric mirror adjustment. Figuio 
16.3 sh(Mvs how the circuit is constructed to allow 
position memory. As the seat is mtwed a variubl»

I Motor

Change-over 
relays

Control switch

|^LuiT>b*r pun*

rev motor^;

posroon 
motor

±

Figure 16.1 Typical motor reverse circuit 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 

. lhe resistor with a fixed voltage such that the output 
I relative to the seat position is proportional to pos- 
I ition. This voltage can then be ’analogue-to-digitaT 
I 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- 

I vated by the ECU until the number in memory and 
I lhe number fed back from the seat are equal This 
( facility is often isolated when the engine is running 
• lo prevent the seat moving into a dangerous pos­

ition as the car is being driven. The position of the 
I scats can still be adjusted by operating the switches 
f as normal.

1
h

"1

Moving 
/ unit1

Resjstor

Figure 16.3 Position memory for electric seats

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 element 
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 latching 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 allows the driver to adjust the roof 
The circuit for an electrically operated sun-roof 
is 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 is operated to close the roof, the motor is run 

I

Left mirror Right mirror
Up/down In/out

i

ECU

11 HU i
Up/

down

Up/down

In/, 
out

Left/ 
right

/Prive motor

Latching relay

Convol 
switch 

Open/dosft/iiitI

M

n+ lgn

Figure 16.4 Feedback resistors for positional memory and 

the circuit Figure 16.5 Sun*roof  circuit



Comfort and safety 40V

in the appropriate direction until the micro switch 
closes when the roof is in its closed position. This 
causes the latching relay 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 I f 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 is operated by 
pressing a small switch, a complex code is transmit­
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 
ofFuntil 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 

the operation of a system that uses a ‘rolling cod 
(MAC stands for Message Authentication Code)

16.2.2 Electric window 1
operation I
'1Ъе basic form of electric window operation is sinuri 
lar to many of the systems discussed so far in thi4j 
chapter; that is, a motor reversing system that i«t| 
operated either by relays or directly by a switch. J

More sophisticated systems are now becoming 
more popular for reasons of safety as well <■ 
improved comfort. The following features are noifl 
available from many manufacturers; у
• One shot up or down fl

• Inch up or down. J
• Lazy lock. 1
• Back-off. 1
The complete system consists of an electroofl 
control unit containing the window motor reins fl 
switch packs and a link to the door lock and sun-rotid 
circuits. This is represented in the form of a bloM 
diagram in Figure 16.9. fl

When a window is operated in one-shot or onfl 
touch mode the window is driven in the сНовЛ 
direction until either the switch position is reven^| 
the motor stalls or the ECU receives a signal fn>fl 
the door lock circuit. The problem with one-4fl 
operation is that if a child, for example, shouhl 
become trapped in the window there is a seriofl 
risk of injury. To prevent this, the back-off featune 
used. An extra commutator is fitted to the inotifl

Supply
Control unit

Driver’s door 
lock switch T Lock motor,

Figure 16.6 Door lock circuit

Drive
Stop

Plunger

Stop

Figure 16.7 Door lock actuator
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urinature and produces a signal via two brushes, 
poportional to the motor speed. If the rate of 
change of speed of the motor is detected as being 
below a certain threshold when closing, then the 
ICU will reverse the motor until the window is 
hilly open.

By counting the number of pulses received, the 
bCU can also determine the window position. This 

/ to important, as the window must not reverse when 
к Stalls in the closed position. In order for the ECU 
Io 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
tion of speed.

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 is commonly fitted to allow the driver 
to prevent rear window operation for child safety, 
for example.
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Figure 16.11 Window lift motor for cable or arm-ltft systems

Speed 
sensor

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 is 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 immediately 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 ‘set’ 
switch programs the memory but this normally 
will only work if conditions similar to the following 
are met.

ECU

L

J Spei" 1

J controlT
Figure 16.12 Cruise control dosed 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‘drive’.
• Brakes or clutch are not being operated.
• Engine speed is stable.

Once the system is set, the speed is maintained lo 
within about 3-4 km/h until it is deactivated by 
pressing the brake or clutch pedal, pressing tlw 
‘resume’ switch or turning off the main control 
switch. The last ‘set’ speed is retained in тепмму 
except when the main switch is turned off.

If the cruise control system is required again 
then either the ‘set' button will hold the vehicle al 
its current speed or the ‘resume’ button \vill accel­
erate the vehicle to the previous ‘set’ speed. When 
cruising at a set speed, the driver can press and 
hold the ‘set’ button to accelerate the vehicle until
the desired speed is reached when the button id 
released 1

If the driver accelerates from the set speed Ui 
overtake, for example, then when the throttle ii 
released, the vehicle will slow down until it reaciwf 
the last set position. 1

I
I

£

16.3.3 Components
The main components of a typical cruise control 
system are as follows.

Actuator 3
A number of methods are used to control ilw £ 
throttle position. Vehicles fitted with driven by-wire I 
systems allow the cruise control to operate tlw £ 
same actuator. A motor can be used to control tlw Я 
throttle cable or, in many cases, a касиит-орсгвйч! x 
diaphragm is used which is controlled by three stm- > 
pie valves This technique is shown in Figure 16 И J 
When the speed needs to be increased, valve ‘x’ 
opened allowing low pressure from the inlet muni « 
fold to one side of the diaphragm. The atmosplwk - 
pressure on the other side will move the diaphni|m 
and hence the throttle. To move the other way, vilvr 
'x’ is closed and valve ‘y’ is opened allowing

I
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Mbm vilve jr

Safety velve x

To iniM manifold 
via check valve

Jh
Control windings

□ CJC__
Diaphngm

Vacuum valve x

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.

1
J

Throttle linkage

Figure 16.13 Cruise control‘vacuum' actuator

Speed sensor
T his 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.

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 
IS not disturbed. Valve ‘z’ provides extra safety and 
IS controlled by the brake and clutch pedals.

Main switch and warning lamp
This is a simple on/ofT switch located within easy 
reach of the driver on the dashboard. I'he warning 
lamp can be part of this switch or part of the main 
instrument display as long as it is in the driver’s 
field of vision.

Set and resume switches
I hese are fitted either on the steering wheel or on a 
stalk from the steering column. When the switches 
are part of the steering wheel, slip rings are needed 
to transfer the connection. The ‘set’ button pro­
grams the speed into memory and can also be used 
to 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
Ihis switch 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 
the clutch switch is fitted in a similar manner to 
the brake switch. It deactivates the cruise system to

16.3.4 Adaptive cruise control
Conventional cruise control has now developed to a 
high degree of quality. It 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 lake 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. '1Ъе system has three main aims

• Maintain a speed as set by the driver.
• Adapt this speed and maintain a safe distance 

from the vehicles in front.
• Provide a warning if there is a risk of collision.

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 sensor by allowing greater dis­
crimination between hazards and spurious signals. 
Two types of the headway sensor are in use, the radar 
and the lidar. Both contain transmitter and receiver 
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. Lidar 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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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 
erroneous 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 deselopment It is

s 
& J
I

Figure 16.16 Headway sensor fitted at the front of a vemdl

16.4.1 Introduction
These d^s it would be almost unthinkable not to 
have at least a radio cassette pl^ er in our \ chicle*,  Il j 
does not seem too long ago, however, that these \vrfl 
an optional extra. Looking back just a little furth<S 
the in*car  record pla\'er must have been interesting ш 
operate - it was evidently quite successful in largfl 
American cars in the US but left a bit to be desired 
British vehicles and on British roads. Figure 
shows a typical high quality in-car cntertaii 
(ICE) system with a multi-CD changer.
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We now have ICE systems fitted to standard 
production cars, which are of good hi-fi quality 
f acilities such as compact disc pliers 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 
iL'veloping.

The ‘In-car PC’ or the ‘Auto PC’ is an emerging 
technology that will soon become the ‘norm’. The 
digital’ automobile is here!

16.4.2 Speakers
(tood ICE systems include at least six speakers, 
t\w larger speakers in the rear parcel 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 
ivstem. No matter how good the receiver or CD 
player is, the sound quality will be reduced if infer- 
юг speakers are used. Equally, if the speakers are 
of a lower power output rating than the set, distor- 
lion will result at best, and damage to the speakers 
•I worst. Speakers generally fall into the following 
vaiegories.

• Tweeters - high frequency reproduction.
• Mid-range - middle range frequency reproduction 

(treble).
• Woofers - low frequency reproduction (bass).
• Sub-woofers - very low frequency reproduction.

I igure 16 .19 shows the construction of a speaker.

Figure 16.18 Pioneer sub-woofer

I

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 night. 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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16.4.4 Radio data system (RDS)
RDS has become a standard on many radio sets. It 
is an extra inaudible digital signal, ubich is sent 
with FM broadcasts in 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 is used are as 
follows.

• 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.

• 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.

6. A traffic announcement is transmitted when nii« 
announcement is being broadcast. This allow» 
the receiver either to adjust the volume, swiuh _ 
over from the cassette during the announcemeiH.rJ 
lift an audio mute or, of course, if the drive» J 
wishes it, to do nothing.

16.4.5 Radio reception
There are two main types of radio signal transmilB 
ted; these are amplitude modulation (AM) and 
quency modulation (FM). Figure 16.20 show» 
difference between AM and FM signals.

Amplitude modulation is a technique for vBn»|| 
ing the height, or amplitude, of a wave in order 
transmit information. Some radio broadcasts чпН I 
use amplitude modulation. A convenient and сПГН 
cient means of transmitting information is by 
propagation of waves of electromagnetic radiatiof^| 
Sound waves in the audible range, such as speech mhI I 
music, have a frequency that is too low for efficient Д 
transmission through the air for significant distano||fl 
By the process of modulation, however, this loMfefl 
frequency audio information can be impressed «« 
carrier wave that has a much higher frequency ami J 
can propagate through space for great distanodH 
The transmitter at a radio station generates a сагп^Н 
wave having constant characteristics, such as ainplia 
tude and frequency. The signal containing the desirnl I 
information is then used to modulate the carrier.

This new wave, called the modulated wave, willfl 
contain the information of the signal. In AM. И in 
the amplitude of the carrier wave that is made 
vary so that it will contain the information of |1м|4 
signal. When the modulated wave reaches a rndH»-^
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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
ent 1 imitations in the technique and because of inter- 
lerence from other stations and other electrical 
signals, such as those produced lightning or by 
electronic 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 in which 
frequency is varied is called the carrier, and the 
iiHxJulating wave is called the signal. Frequency 
modulation requires a higher-frequency carrier 
Vkuve and a more complex method for transmitting 
information than does AM; however, FM has an 
important advantage in that it has constant ampli­
tude; it is therefore much less su.sceptible to inter- 
ктепсе from both natural and artificial sources. Such 
sources cause static in an amplitude-modulated radio.

Both types of modulation, however, are used 
tn radio broadcasting. FM radio is generally a far 
better 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, 
reception of AM signals becomes worse due to 
vhanges in the atmosphere. FM does, however, pres­
ent problems with reception when mobile. As most 
vehicles use a rod aerial, which is omni-directional, 
II will receive signals from all directions. Because 
(if 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 to 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 F-urope 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 1^ the National Radio Systems Committee 
(NRSC), a joint committee composed of the Elec­
tronic Industries Association (EIA) and the National 
Ass(x;iation of Broadcasters (NAB). The applica­
tions for the transmission of text to the vehicle are 
interesting.

• Song title and artist.
• Traffic, accident and road hazard information.
• Stock information.
• 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, multiscrvice digital radio broadcast­
ing for reception by stationary and mobile receivers. 
It is being designed to operate at any frajuency up 
to 3 GHz. A system is being demonstrated and exten­
sively tested in Europe, Canada and the United States. 
It is a rugged and also a very efficient 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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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 1.5 GHz) 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.

Clean

WWW
Interference

16.4.8 interference suppression
The process of interference suppression on a vehicle 
is aimed at reducing the amount of unwanted noise 
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.

• Line borne, conducted through the wires.
• Air borne, radiated through the air to the aerial.

Figure 16.22 Two signals, one clean and the ocher sufferHj 
from interference

• Capacitive coupling by an electric field.
• Inductive coupling magnetic linking.

The sources of interference in the motor vehicle ow 
be summarized quite simply as any circuit, which Й 
switched or interrupted suddenly. This includes ih*  
action of a switch and the commutation process tn 
a motor, both of which produce rapidly increasiny 
signals. The secret of suppression is to slow dowfl 
this increase. Interference is produced from four 
main areas of the vehicle.

• Ignition system.
• Charging system.
• Motors and switches.
• Static discharges.

The ignition system of a vehicle is the largi^i 
source of interference, particularly the high tension 
side. Voltages up to 30 kV are now common and llw 
peak current for a fraction of a second when the spark 
plug fires can peak in excess of 100 A. The interfvi ■ 
ence caused by the ignition system is mostly above 
30 MHz and the energy can peak, for fractions of s 
second, of the order of 5(Ю kW.

The charging system produces noise because ol 
the sparking at the brushes. Electronic regulaiom 
produce little problems but regulators with vibratinn 
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 is 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 10 kV

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 maximum of about 20 кП per lead. 
This has the effect of limiting the peak current, 
which in turn limits the peak electromagnetic radi­
ation, Providing excessive resistance is not used, 
the spark quality is not affected. These resistors 
effectively damp down the interference waves.

Bonding has been mentioned earlier, it is simply 
to ensure all parts of the vehicle are at the same 
electrical 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 80 pF with a shunt resistance of about 1 МП . 
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 mH . This is particularly important for the earth 
connection.

When receiving in the FM range, the length of 
the aerial is very impjortant. 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 aerials are available but whilst these 
may be more practical the signal strength is reduced 
Aerials 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 aerial 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 I m if possible.
• Coaxial cable length - longer cable reduces the 

signal strength.
• Position

from the ignition system.
• Potential for vandalism - out of easy reach.
• Aesthetic appearance - does it fit with the style 

of the vehicle?
• Angle of fitting - vertical is best for AM, hori­

zontal for FM.

as far away as reasonably possible

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 
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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 foreseeable 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 clients, 
anywhere and anytime, indoors or outdoors. When 
travelling from home to office or from one meeting

i
Permanent supply

Ignmon/auxitiarj^pply
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Figure 16.23 ICE system wiring

to the next, it will be possible to communicate with 
anyone, whenever the need arises.

But where does this leave communication syi*  
terns relating to the vehicle? It is my opinion ihm 
‘in-vehicle’ communication equipment for normal 
business and personal use will be by the simpki 
pocket sized mobile phone and that there is no I t»» t 
ther market for the car telephone. Hands-free con 
versions will still be important.

CB radios and short-range two-way systwtt 
such as used by taxi firms and service indusln^:; 
will still have a place for the time being. Howcmm 
even these may decline as the cellular netwoiK 
becomes cheaper and more convenient to use.

16.4.10 Auto PC
A revolution in the use of information technology 
in vehicles is taking place! Advanced computings 
communications and positioning developments tte Г 
being introduced in even the most basic vehicle F 
Figure 16.24 shows an Auto PC/Car Multimetlii 
system. However, there were several barriers to il^" 
widespread use of such new technology.

• Not robust enough.
• Too costly.
• Difficult to install.
• Lack of common standards.
• Difficult to operate.

Most of these problems either have been resolv 
or are about to be, and other developments arc al 
beneficial:

• Computers have become smaller.
• Prices have reduced.

-

та 10

Figure 16.24 Car mukimedii
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• Performance has improved,
• 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.

TheAuto PC will be able to run familiar desk-top 
programs whilst also offering the following.

• Spoken turn-by-turn navigation.
• Digital map database of useful sites, such as fill­

ing stations and cinemas.
• Voice memo system.
• Vehicle diagnostics program.
• Vehicle security and tracking system.
• Emergency roadside assistance service.

rhe unit could also be a high-performance stereo 
system capable of playing CDs and receiving FM 
radio. An optional communications interface will 
enable 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 Microsoft’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 undenvay in Europe, Japan 
and the United States to develop a standard data­
bus system linking and powering non-safety related 
electronic 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’.

lying the computer in with the mobile commu­
nication system opens up even more possibilities. 

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 that 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
fit systems can still be very effective. Three main 
types of intruder alarm are used.

• Switch operated on all entry points.
• Battery voltage sensed.
• Volumetric sensing.

There are three main ways to disable the vehicle.

• Ignition circuit cut off.
• Starter circuit cut off.
• 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 is 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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using a CR circuit

ITie 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 = 15 s.
• Relay coil ~ 120П.
• Supply voltage = 12 V
• Relay drop out = 8 Y

A capacitor will discharge to about 66% of its full 
value in CR seconds. The supply voltage is 12 V, so 
66% of this is 8 V

Therefore, if CR = 15, then, C — 15/120

C= 125 mF

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 
fitted Most are made for 12 V, negative earth 
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 I 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 system

unit and siren; most will have the control unit in llw 
passenger compartment and the siren under llw 
bonnet.

Most systems now come with two infrared rcinow 
keys' that use small button-type batteries and Imvw 

an LED that shows when the signal is being sew 
They operate with one vehicle only. Intrusion sen 
sors such as car movement and volumetric sensu|| 
can be adjusted for sensitivity.

When operating with flashing lights most svH 
terns draw about 5 A. Without flashing lights (sirM 
only) the current drawn is less than 1 A. The simw 
produce a sound level of about 95 dB, when men*  
ured 2 m in front of the vehicle.

Figure 16.26 shows a block diagram of a cow 
plex alarm system. The system, as is usual, can h| 
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
• 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.

<

I
1
I

16.5.4 Security coded ECUs
A security code in the engine electronic control unit 
IS a powerful deterrent. This can only be unlocked' 
to allow the engine to start when it receives a coded 
signal. Ford and other manufacturers use a special 
Ignition key that is programmed with the required 
Hiformation. Even the correct cut’ key will not 
start the engine. Citroen, 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 
IS required.

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 
40 km/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 all 
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.

1Ъе 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.

tnfrved receiver

Tnwwmmer

Figure 16.27 Alarm system with remote control

16.6.2 Operation of the system
fhe 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 15 ms after the impact the

Figure 16.28 Don't be a crash test dummy!

I
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2.

3.

4.

vehicle is strongly decelerated and the threshold 
for triggering the airbag is reached. The igniter 
ignites the fuel tablets in the inflater.
After tdx)ut 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.
At 40 ms after impact the airbag will be fully 
inflated and the driver’s momentum will be 
absorbed by the airbag.
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 arrangements are used with 
the mounting of all components in the steering wheel 
centre becoming the most popular. Nonetheless, the 
basic principle of operation is the same.

16.6.3 Components and circuit
The main components of a basic airbag system are 
as follows.

• Driver and passenger airbags.
• Warning light.

• Passenger seat switches.
• Pyrotechnic inflater.
• Igniter.
• Crash sensort s).
• Electronic control unit.

The airbag is made of a nylon fabric with a coaliMg 
on the inside. Prior to inflation the airbag is lolih’»! 
up under suitable padding that has specially designtnl 
break lines built-in. Holes are provided in the bhU*  
of the airbag to allow rapid deflation after deploy 
ment. The driver’s air has a volume of about 60 lili**  
and the passenger airbag about 160 litres.

A warning light is used as part of the synh in 
monitoring circuit. This gives an indication of в 
potential malfunction and is an important purl of 
the circuit. Some manufacturers use two bulbn («н 
added reliability.

Consideration is being given to the use of u Mil 
switch on the passenger side to prevent deploytnvnr 
when not occupied. This may be more appropriulv to 
side-impact airbags mentioned in the next section

The pyrotechnic inflater and the igniter can hi 
considered together. The inflater in the case ol tlii 
driver is located in the centre of the steering wh« I 
It contains a number of fuel tablets in a combustuii 
chamber. The igniter consists of charged capacilor^^

I

Figure 16.29 Airbag in action
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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 small amount of sodium hydrox­
ide will be present in the airbag and vehicle interior. 
Personal 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. 
ITie mechanical system (Figure 16.30) works by a 
spring holding a roller in a set position until an 
impact above a predetermined limit, 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 
iH)t deployed in the event of a roll over.

The other main type of crash sensor can be 
described as an accelerometer. This will sense decel­
eration, which is negative acceleration. Figure 16.31 
IS 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. 
Л 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 
circuits can monitor this and be pre-programmed 
to react further when a signal beyond a set threshold 
IS 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.

The final component to be considered is the 
electronic control unit or diagnostic control unit. 
When a mechanical-type crash sensor is used, in 
theory no electronic unit would be required. A

Moving 
mass

Under accelerationAt rest

Figure 16.31 Strain gauges accelerometer

Mass Crystal

]

Piezo-ceramic 
twmorphcxjj— - — 
spring element

Figure 16.32 Piezoelectric crystal 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 16.33 Airbag ECU

г-н II I
comveton

;Г

w
tiewwi»» 

(ftarga

SotttxM

C«M

Figure 16.35 The mechanism used by one type of sea(4| 
tensioner

У Й

jSelf

i switch

—r
circuit

unit must be replaced once deployed. This feature 
sometimes described as anti-submarining. Й

BKfc-4« I 
; — power к 

dfo*  I 
_ Rcfulnorl 

ctreurt '

Safirtg 
tensor

Г Ma»»

Airbag 
inlaiion

Figure 16.34 A block diagram of an airbag circuit

16.6.5 Side airbags
Airbags working on the same techniques to th<]№g 
described previously are being used to protMl |fe 
against side impacts. In some cases bags are 
in the door pillars or the edge of the roof. Figu^^P 
16.36 shows this system.

Figure 16.37 shows a full seat-belt and atrhuj^^^H
system used by Ford.

speed of 50 km/h, to decide if 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.

11

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;

• 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

f
16.7.1 Obstacle avoidance radar
This system, sometimes called collision avoidano» * 
radar, can be looked at in two ways. First, as an ni<l 
to reversing, which gives the driver some indication 
as to how much space is behind the car Second 
collision avoidance radar can be used as a vision Я 
enhancement system. «Я

The principle of radar as a reversing aid is illuM^H 
trated in Figure 16.38. This technique is, in effecl.ji^H 
range-finding system. The output can be audio 
visual, the latter being perhaps most appropriate, 
the driver is likely to be looking backwards. The aud 
ibie signal is a ‘pip pip pip’ type sound, the гереПШт^Я 
frequency of which increases as the car comes nearcf^B 
to the obstruction, and becomes almost continuous 
impact is imminent.

16.7 Other safety and 
comfort systems

*
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Figure 16.36 Optimized airbag control (Source: Bosch Press)
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Figure 16.38 Obstacle avoidance radar

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 protected.

Obstacle avoidance radar, when used as a vision 
enhancement system, is somewhat different.
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Figure 16.39 Block diagram of obstacle avoidance radar when 

used as a 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 of94GHz 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 aircraft 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 researchers 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:

2d f = ----
C 

where t = time, d - distance to object, and 
C = speed of light.

In this example.

I =
2 X 150
3 X 10**

Relative closing speed can be calculated from 
the current vehicle speed. The radar is aciualh 
transmitted in the form of pulses. This is done In 
frequency modulating the signal, maybe using a to 
angular wave with a frequency of the order of 
100 MHz: this can also be used to trigger a d 
and for calculation of distance

The bearing, if required, is given by the rd*  
tive position on the display device. Radar for um> 
in a vehicle must fulfil the following general 
requirements.

• Range to be at least 300 m in bad weather. I hi« 
gives about 7 seconds warning at 160 k/h (ИМ1 
mile/h).

• Objects greater than 0.1 m“ must be detected
• Data update greater than one per second.
• Beam spread of about 15° 

vertical.
• The driver’s display should not intrude on con­

centration and only act as a warning.

The type of display or output that may be used on | 
motor vehicle will vary from an audible warnmi| 
to a warning light or series of lights and possibly | 
display screen.

horizontal and

16.7.2 Tyre pressure warning
A glance at the instrument panel should be епои|Й 
to tell the driver that the tyre pressures are all v<»r 
rect. Bosch has developed an electronic tyre 
sure monitoring system. Each wheel has its own 
pilot lamp, which lights up if the pressure lnll« 
below a set value. Poorly inflated tyres cause los*  of 
control and worse fuel consumption. The idea i» to 
give the driver warning of reduced pressure - ая an 
instant deflation is generally apparent to the drivcff

There are three basic components to the system 
Mounted in the wheel rim is a pressure openilwl 
switch, the contacts of which close when pres.suf9 
falls. This is recognized by a high frequency sendrt 
which the switch passes but does not contact as il*  
wheel rotates. The high frequency sender transmit*  
an appropriate pulse to the electronic evaluulm 
If the pressure drops below the set value then tlw 
switch contacts open, causing the high frequency 
sender to interrupt its stream of pulses to the evalu­
ation circuit and the warning lamp comes on I Iw 
system measures the tyre pressure with an aceuraev 
of ±50mbar. The design of the switch is such thai 
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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 
conjunction 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 is 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.

\b.l3 Noise control

a

rhe principle of adaptive noise control is that of 
using sound, which is identical and 180° out of 
phase, or in anti-phase, to cancel 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.

Л 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 due to the wide range of 
noise frequencies produced, and the fast response 
time, which is needed to give acceptable results. Low 
frequency 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 
tlemand still exists to reduce noise further and this 
IS becoming ever more expensive.

Most vehicles today are susceptible to some low 
frequency boom in the passenger compartment,

Original noise signal

Resuham 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 
20-200 Hz. 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 70 ms. A quality 
loudspeaker system is needed which must be able 
to produce up to 40 W RMS per channel. This is not 
uncommon on many ICE systems. Figure 16.41 
shows a typical layout of an adaptive noise control 
system. The greatest improvements are gained in

Y
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Figure 16.41 Layout of an adaptive noise control system and 

how it could be fitted 
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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 leader 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 suffers 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.

Volvo has always claimed that the most import 
ant protective feature in a car is the seat-belt. I Ik* 
Volvo S80 has three-point belts on all five seating 
positions; all equipped with pyrotechnical preten 
sioners. The pretensioners automatically tighten 1 hi 
belts in a crash, eliminating the slack, which is tun 
mal in a belt. The front seat-belts are also equipixxl 
with force limiters, which control and regulate ihc 
roll speed of the belt webbing and provide mote 
gentle restraint. The front seat-belts also have auto 
matic belt height adjusters for optimum belt gcoin 
etry. The belt system has been integrated with llw 
airbag systems as these systems interact.

The passenger airbag is invisibly stored undci 
the upper part of the dashboard and is designed to 
activate in a 'friendly' way in order to protect thv 
passenger rather than being a risk. A belt senscM 
indicates whether or not the front seat passenger 
wearing a seat-belt and adapts the airbag triggvi 
level accordingly. This means that more crash 
energy is needed to trigger the bag when the 
senger is wearing a seat-belt than when he is not.

In 1997, the Volvo Car Corporation presenlctl 
the Whiplash Protection Study, WHIPS, which wan 
an R&D project designed to produce a seat thni 
would reduce the risk of whiplash injuries in rem 
end collisions (Figure 16.43). Although they are 
most frequently caused at low speeds in relalivclv 
minor accidents, whiplash injuries are extremclv 
painful, both physically and mentally, for the people 
who incur them, as well as being difficult to deice I 
and define. They are also perhaps the single movi 
expensive injury in insurance terms.

Since rear-end collisions often occur in city tral 
fic, the WHIPS system is optimized to be moHi 
effective at speeds ranging from 15 to 30 km/h. The 
system consists of two elements. The first element 
of the WHIPS system is a brand new device that 
adjusts the angle between the seat cushion and Ihc 
backrest. The system is activated in two phases.

1, The backrest of the seat is allowed to move 
backwards together with the occupant reducing 
G-forces.

Figure 16.42 Volvo S80 airbags
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Figure 16.43 Volvo 
•WHIPS’

S80

Figure 16.44 Volvo new
SIPS airbag

2. 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 
even support of the spine when pressed into the seat, 
rhe 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 w^ 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. 

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 located 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 keep 
the occupant away from the side of the car. The side 
airbags are triggered by electronic sensors, one in the 
В 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.
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Figure 16.45 Volvo SBO inflataM* 

curtain

The Inflatable Curtain (IC) 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 ewer the upper part 
of the interior, from the ‘A’ pillar to the rear side pil­
lar. The same sensors as used with the SIPS 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 IC is acti­
vated but not the SIPS bag. The curtain is 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 
limited 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 partially 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.

In order to permit the installation of a real ■ 
facing child seat in the front passenger position, tlm 
passenger airbag can be switched on and off using 
a switch. This switch, which can be fitted only bv 
a Volvo dealer, works via the ignition key. When 
the ignition is turned on, an indicator lamp on th< 
switch comes on and shows whether or not the 
senger airbag is activated. If the switch suffers elec • 
tronic failure, the supplementary restraint system * 
(SRS) lamp comes on, just as it does if any othc<? 
defect occurs in the SRS system.

16.8.2 Rover electric windows
The circuit of the electric window system used by 
some Rover vehicles is shown in Figure 16.46. I lit*  £ 
windows will only operate when the ignition il 
switched on. When the ignition is switched on, th<^ 
window lift relay is energized by the supply from 
fuse 18 in the passenger compartment fuse-box on 
the LG wire, which passes to earth on a В wire. 
With the relay energized, the battery supply from 
fusible link 4 on the N wire feeds the four window 
lift fuses on an N/U wire.

The driver’s window can only be operated from 
the switchblock on the driver’s door, which is sup 
plied from fuse 30 in satellite fuse block 2, on an Ж1 
wire. When the 'up’ switch is pressed, the feed from 
the fuse crosses the window lift switch and provides fl “ 
feed to the control unit on a wire. The control 
unit will now provide a positive supply to the window 
lift motor on a R/U wire and an earth path on an R. Y 
wire. The window will now move upwards until the 
switch is released or it reaches the end of its travel

When the ‘down’ switch is pressed the supply - 
from fuse 30 in satellite fuse block 2 provides a 1
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feed to the control unit on an S/G wire. The control 
unit 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 NZY 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 В 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 В wire.

When the ‘up' switch is pressed, the supply from 
fuse 29 in satellite fuse block 2 supplies the passen 
ger's window lift switch on an N/Y wire, then onio 
the window lift motor on a U wire. The earth palli 
for the window lift motor on an R wire crosses iIk* 
passenger's window lift switch out to the drivci ч 
door master switch on an S/K wire, through the isol 
ator switch and to earth on a В wire.

When the ‘down' switch is pressed, the supph 
from fuse 29 in satellite fuse block 2 supplies iho 
passenger’s window lift switch on an N/Y wiie, 
then onto the window lift motor on an R wire. I hv 
earth path for the window lift motor on a U wiic 
crosses the passenger’s windo\v lift switch out lo 
the driver’s door master switch on an S/B wire, 
through the isolator switch and to earth on a В wire

Each rear window can be operated from (he 
driver's door switchback or, provided that the isola 
tion switch in the driver’s door switchback has not 
been pressed, from the switch on each rear door 1 he 
operation of the rear windows is similar in oper­
ation to the front passenger’s window

16.8.3 Jaguar‘S  type audio, 
communications and telematics

*

The following information is extracted from infor­
mation relating to features on the Jaguar ‘S’ (Figure 
16.47). It shows the general trend and develop­
ments relating to ‘communication’ systems.

For the first time on a production car (Jaguar 
claims), optional voice-activated controls for the 
audio (radio/cassette/CD), phone and climate con­
trol systems, responding to the spoken instructions 

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
lingual, 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; conveni­
ence and performance with the versatility of a 
pocket phone.

16.8.4 Noise control 
developments
A hydraulic engine mount, which is electronically 
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, l he 
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 77 dB (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.

F>A5

St
1s,

Figure 16.48 Since 1993'Tracker' 
has helped police forces through­

out the UK recover more than 

£35 million worth of stolen vehicles

p i
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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- 
propelled 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 is 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 is 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;

• 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)

• 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 have 
everything! In spite of high-end performance, it all 
remains uncomplicated. Good sized, easily readable 
displays, menu-controlled operator prompting and 
an ergonomic, award-winning design make an 
important contribution to driving pleasure.

High-end sound technology automatically pel 
fects the acoustics in the vehicle interior, mask*  
undesirable driving noises and uses incredible 
dynamics and spatiality’ to make listening to iIh’ 
audio system on the road a real experience.

16.8.7 Intelligent airbag sensing 
system
Bosch has developed an ‘Intelligent Airbag Sensing 
System’ which can determine the right reaction for u 
specific accident situation. The system can control a 
one- or two-stage airbag inflation process via a two^ 
stage gas generator. Acting on signals from vehicle 
acceleration and belt buckle sensors, which varv 
according to the severity of the accident, the ga.4 
generator receives different control pulses, firing oil 
one airbag stage (de-powering), both stages (full 
inflation), or staged inflation with a time interval.

Future developments will lead to capabilities 
for multistage inflation or a controllable sequence 
of inflabon following a pattern determined by the 
type of accident and the position of the vehicle 
occupants. The introduction of an automotive occu­
pancy sensing (AOS) unit that uses ultrasonic and 
infrared sensors will provide further enhancemente 
This additional module will detect seat and child 
occupancy and will be capable of assessing whether 
a passenger is in a particular position, such as feet 
on the dashboard!

Bosch hopes that the latest radar technology will 
assist the design of a pre-crash sensor capable of 
detecting an estimated impact speed prior to colli­
sion, and activating individual restraint systems, 
such as seat-belt pre-tensioners. Or, if necessary, all 
available restraint systems. Figure 16.49 shows a 
representation of this system

16.8.8 ICE system - digital 
recordable radio
The Woodstock DAB 53 digital car radio from 
Blaupunkt contains some interesting features. Digital 
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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 

r:
Л.Г

Figure 16.49 Incelligent airbag system

suitable medium for the innovative new 'Recordable' 
feature. In addition, the multimedia card and the inte­
grated CD audia'MP3 drive make it possible to play 
music in the МРЗ 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.

ITie Woodstock DAB 53 has been equipped with 
a 4 X 45 W output stage and a 4-channel preamp 
out. 1Ъе radio can also be connected to a hands-free 
telephone system and is able to operate a CD 
changer. The front panel folds down to res'eal 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 

■,Л-J
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Figure 16.50 Oigiral audio broadcast recordable radio (Source: Bosch)
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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 cm 
(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 easier and convenient reversing 
and parking manoeuvres, especially for vehicles 
where drivers have limited view al the front, rear or 
corners of the vehicle.

16.8.10 Alarms and immobilizers

Alarm system
This system can be operated by remote control oi 
using the key in a door lock. When first activated 
the system checks that the doors and tailgate аги 
closed tty monitoring the appropriate switches II 
all is in order, the anti-theft system is then activali*»!  
after a 20-second delay. The function indicator 1.1-1) 
flashes rapidly during this time and then slowly otuv 
the system is fully active.

The alarm can be triggered in a number of wa> s:

• Opening a door, the tailgate or the bonnet/hood
• Removal of the radio connector loop.
• Switching on the ignition.
• Movement inside the vehicle.

If the alarm is triggered the horn operates for .^0 
seconds and the hazard lights for 5 minutes. ГЬи 
stops if the remote key or door key is used to unlock 
the vehicle.

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.

Passive anti-theft system (PATS)
This system is a vehicle immobilizer developed b\ 
Ford. It is activated directly through the ignition 
switch by means of an electronic code stored m o 
special key. Each key has a transponder that store*,,  
the code, which does not require a battery. Fhe k^^ 
code is read by the receiver (which is part of

NAVIGA'nON ftVSTCU

VOCE ACTWATKW 
(CONTBOi. SYSTEMS)

R£VERSeA<OS

I 
1 il

w
ECeCTROWC MC&SAGtNG

ттгнюект гяАМбкжтАткм 
•УвТЕМаОАХАви*

Figure 16.51 Reversing aid as part of a control system (Source: Ford)
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Figure 16.52 Anti-theft alarm system with remote control and interior monitoring (Source: Ford). 1. Battery supply. 2. Hazard lights, 

3. Hazard lights alarm relay. 4. Earth/Ground. S. Diagnostic connector. 6. Bonnet/Hood switch. 7. Connector for radio theft protection. 

8. Function light. 9. Input signal locked/unlocked. 10, Ignition supply. 11. Battery supply. 12. Anti-theft alarm ECU, 13, Left/Right door key 

switch. 14. Door switches. IS. 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 ma\' 
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 II. When 
the light on the clock goes out remove the key. The 
light 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 II 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

F
E
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Figure 16.53 PATS components (Source: Ford). 1. Key with integrated transponder. l.Transmitter/Receiver. 3. PATS module. 4. Engine 

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 1 to П quickly 4 times - 
this illuminates 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 5 
times - the remote key is now programmed.

On some vehicles, switching the ignition from I 
to II 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 П the remote key is now 
programmed.

A useful tip is that on many remotes changing 
the batteries within 15 seconds will mean they do 
not need to be reprogrammed.

Fault diagnosis
Many vehicle manufacturers use equipment con­
nected to a diagnostic link connector (DLC) to check 
several systems, including alarms. This is the same 
DLC as used for engine management diagnostic» 
See the sections on OBD for more details IcM 
equipment is becoming available that can be used liy 
independent repairers. However, it is not often cost 
effective to purchase this for specific vehicles.

As with others, an alarm system can be treated 
as a black box system. In other words, checking the 
inputs and outputs for correct operation means the 
complexity inside the ECU can be largely ignored. 
Note that most alarms will not set if the module
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Table 16.1 Common symptoms and possible faults of comfort systems

Symptom Possible fault

Radio interference

3
Electric windows not operating

Cruise control will not sec

• Tracking HT components.

• Static build-up on isolated body panels.

• High resistance or open circuit aerial earth.

• Suppression device open circuit.

If all windows not operating:

• Open circuit in main supply.

• Main fuse blown.

• Relay coil or contacts open circuit or high resisrance.

If one window is not operating;

• 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 receiving 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.

2.

3.

Check ignition and battery power supplies and 
earth/ground connections to the alarm module, 
fest 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.
Measure the voltage signals from the key 
switches as the key is turned in each lock.

4. Check the radio loop circuit for continuity.
5. Test continuity of ultrasonic sensor wiring if fitted.
6. The hom/siren can be tested using a fused jumper 

wire (disconnect it first).

1.
2.
3.
4.
5.
6.

Verify the fault.
Collect further information.
Evaluate the evidence.
Carry out further tests in a logical sequence.
Rectify the problem.
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.

Important; Only use a digital voltmeter for the 
tests 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

16.9.2 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.

Hand and eye checks (loose wires, loose 
switches and other obvious faults) - all connec­
tions clean and tight.
Check battery (see Chapter 5) - must be 70% 
charged.
Check motor/solenoid/linkage/bulbs/unit  - visual 
check.
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.

1.

2.

3.

4.

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

f
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9. Feed out of the relay - battery volts.
10. Voltage supply to the motor - within 0.5 V of 

the battery.
11. Earth circuit (continuity or voltage) - 0 ii or 0 V

A в c D E F G H J К

Figure 16.S4 Representation of a wire with an open circuH 

between ‘H’ and T

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 in 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. Ezarthing 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 in a vehicle system. For 
example, if 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 

the back of the vehicle further illustrates how ‘luck 
comes into play.

Figure 16.54 represents the main supply wiic 
from the brake switch to the point where the wiie 
’divides’ to each individual stop light (the odds sit\ 
the fault must be in this wire). For the purpose ol 
this illustration we will assume the open circuil 1ч 
just before point ‘Г. The procedure continues in 
one of the two following ways.

One
• Guess that the fault is in the first half and test al 

point F.
• We were wrong! Guess that the fault is in ihv 

first half of the second half and test at point 1
• We were right! Check at H and we have ihc 

fault... On test number three.

Two
• Test from A to К in a logical sequence of tests
• We would find the fault... On test number nme

You may choose which method you prefer!

16.10 Advanced comfort 
and safety systems 
technology
16.10.1 Cruise control and 
system response
Figure 16.55 shows a block diagram of a cruise 
control ECU. Many cruise control systems work by 
the proportional-integral control technique. Propor­
tional control means that an error signal is devel­
oped via the feedback loop, which is proportional 
to the difference between the required and actual 
outputs. The final output of a cruise control system 
is the vehicle speed but this depends on the throttle 
position, which is controlled by the actuator. The 
system electronics must take into account the lag 
between throttle movement and the required change 
in vehicle speed.

If the system overreacts, then the vehicle speed 
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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integral control can be used. The theoretical values 
can be calculated prior to circuit design as follows;
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where G’j = integral gain, Up = proportional gain, 
= natural frequency of the system

Л/= mass of the vehicle, = e.xperimentally 
determined frictional factor (mechanical), and 
d — damping coefficient.

Figure 16.55 Cruise control system - detailed block diagram

16.10.2 Radio suppresser 
calculations

Speed

Command
speed “

Under damping

/ Optimal damping 

Critical damping

Over damping

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 inductive reactance. These can 
be calculated as follows:

2ТГ/Г

-Vl = iTTfL

T 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, proportional 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 
control electronics. Figure 16.56 shows the effect 
on vehicle speed of different damping factors, 
fhese 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 

where Xq = capacitive reactance (ohms), %£ ~ 
inductive reactance (ohms), C = capacitance 
(farads), J. = inductance (henrys), f — 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

Capacitive reactance
Inductive reactance

100 Hz IMHz

15.5 kii 

0.1811

1.6П

1,9K11

By choosing suitable values 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;

f-

When the range of the interference frequency is 
known, suitable values of components can be deter­
mined to filter out its effect.
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Figure 16.57 Standard key and 
remote transmitter

16.11 New developments 
in comfort and safety 
systems

16.11.1 Keywords
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 50 000. 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 
Bidirectional

Identify friend or foe (IFF) 

Transmit range 315 to 900 MHz 

Receive range 125 kHz to 13.56 MH*

Remote Keyless Entry
Unidirectional

Code hopping

Frequency range 3 IS to 900 MHz

Figure 16.58 Remote and Passive Keyless Entry systems

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 is simply carried in a

’ Joerge Becker, Passive Keyless Entry and Drive Systems, 
Auto Technology. June 2002

.a
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 unidirectional 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 carries 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 is 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 |iA and less than 
10 mV peak-to-peak sensitivity, the chip therefore 
provides a long battery life. It comes in an industry­
standard package small 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 multiple keys. The car could 
even be programmed to ‘know’ who was driving and 
set seat and mirror positions automatically!

1
I

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. Fhe 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 ke\' 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 
unlocked without using a key. Before unlocking the 
boot or a passenger door, the driver’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 again.

To unlock the driver’s door, the factory code or a 
personal code is entered. All codes have five num­
bers. After 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 all of the car doors at the same time, 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 is 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 
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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 
recognition 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 original route, resulting in the vehicle 
modifying the route to achieve both energy and time 
efficiency. Another example could allow the vehicle 
to delay an incoming call from an embedded phone 
when demanding situations are identified.^

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:

• Digital map databases.
• 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

16.12.3 Multiple choice questions
An electric window has a Hall type sensor fitted 
Technician A says this is used to determine the win­
dow position. Technician В says this is part of the 
’bounce back’ safety feature. Who is right?
1. A only
2. В only
3. Both A and В
4. Neither A nor В

A window lift motor drives through a worm gem 
because this:
1. increases 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’ tyjx.’ 
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 signali 
described as:
1. AM
2. RDS
3. CD
4. PC

When discussing ways in which to disable a vehicle 
to prevent theft. Technician A says two ways to do 
this are ignition circuit cut-off and fuel system cut­
off. Technician В says starter circuit cut-off and 
engine ECU code lock. Who is right?
1. A only
2. В only
3. Both A and В
4. Neither A nor В

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 regarded as a pas­
sive safety feature:
1. airbag
2. seat-belt
3. belt tensioner
4. all of the above
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Which of the following would be regarded as an 
active safety feature;

1. good road holding
2. side airbags
3. seat-belt tensioner
4. all of the above

Following a frontal impact, the time taken to fully 
inflate an airbag will be approximately:
1. 10ms
2. 20 ms

3. 30ms
4. 40 ms

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



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 
requirement 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 100 km/h in just 
8 s, had a top speed of 160 km/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 diu 
gram form of an electric vehicle (EV). Note that the 
drive batteries are often a few hundred volts, so a 
lower 12/24 V system is still required for normal' 
lighting and other systems. Some of the compon­
ents shown are optional.

17.1.3 EV batteries
A number of options are available when designing 
the electric car but, at the risk of over-simplification, 
the most important choice is the type of batteries.

Table 17.1 summarizes the current choice relat­
ing to batteries and will allow some comparisons to 
be made. Further details relating to some of these 
and other battery developments can be found in 
Chapter 5.

Currently the main advantage of lead-acid bat*  
teries is the existing mature technology, which is 
accepted by the motor industry. The disadvantage is 
their relatively low specific power. The sodium­
sulphur battery is a good contender but has a fai 
greater cost and new technologies are needed to copc 
with the operating conditions such as the high tem­
peratures. Significant developments are occurring in 
relation to lithium-based batteries. However, most 
batteries in general use are lead-acid or nickel-based.

17.1.4 Drive motors
There are several choices of the type of drive motor. 
The basic choice is between an AC and a DC motor.
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Figure 17.1 General electric vehicle (EV) layout
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Table 17.1 Factors relating to batteries

Batter/ Symbols Specific energy, 

Wh/kg (Watt hours 

per kilogram)

Relative cost per Operating 

kW/h (average 

est. in 1994)
temperature 
range,’C

Cycle life, 80% 

depth of 

discharge (DOD)

Lead-acid 

Nickel-cadmium 

Nickd-metal-hydnde 

Nickel-iron 

Zinc-bromine 

Nickel-zinc 

Lichium-ion/polymer 

Sodium-sulphur 

Silver-zinc 

Zinc air

Pb-Acid 

NiCd 

NiMH 

NiFe 

ZnBr 

NiZn 

Li-ion 

NaS 

AgZn 

Zn-Air

27-33 

35-64 

50-51 

51 

56 

73-79 

90 

79-81

117-139 

144-161

1

10
8

8

5

3.5

6.5

15

15

0-60 

-20-60 

-20-60 

-20-60

-20-60 

-20-60 

300-380

-20-40

450-600 

2000-500 

500 

1000 

500 

600 

1200-2000 

1000

100 

150

The AC motor offers many control advantages but 
requires the EX? produced by the batteries to be con­
verted using an inverter. A DC shunt wound motor 
rated at about 50 kW 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 
distinctions between and AC motor and a brushless 
DC motor.

Э phase supply

Stator 
"windings

AC motors
In general, all AC motors work on the same prin­
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 = 6o2- 
p

where n — speed in rev/min; f = 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 delta 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
This motor has a wound rotor known as the 
inductor, which is a winding magnetized by a EX?

Squirrel 
' cage 

rotor

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

I
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Figure 17.3 Representation of the synchronous motor
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Figure 17.5 A series wound motor can be controlled using t 
thyristor and can also provide simple regenerative braking
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' windings

N

P.M, 
rotor

Hall effect speed 
and position sensor

Figure 17.4 The EC motor is, in effect, halfway between an 
AC and a DC motor

motor, a gearbox is needed to ensure sutficient 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. Its main disadvan­
tage is 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 controlled 

using a thyristor and also provide simple regenerative 
braking.

DC motor - separately excited 
shunt wound
The fields can be controlled either by adding a 
resistance or using chopper control in order to vary 
the speed. Start-up torque can be a problem but. 
with a suitable controller, can be overcome. This 
motor is also suitable for regenerative braking by 
increasing field strength at the appropriate time. 
Some EV drive systems only vary the field power 
for normal driving and this can be a problem at 
slow speeds due to high current.

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 Introduction
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 ‘«o’ 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 
in 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 is also pos­
sible to use different types of engine such as petrol, 
diesel 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 Parallel

[J 
* Gearbox

S IHCluel 
*0 engine

1*1

-4

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).

It 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 
in 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 coefficient of just 0.19 and an alu­
minium spaceframe chassis (40% lighter than steel) 
with composite body panels. Weighingjust 1350 kg 
in total, the car has an electronically regulated top 
speed of I28km/h (80mile/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 9 s. The key to the success of the 
EV-1 is its electrical powertrain, based on a 103 kW 
(137 HP) 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 160 000 km (100 000 miles).

The battery pack uses 26,12 V maintenance-free 
lead-acid batteries, giving a total voltage of 312 V 
and a range of 112 km (70 miles) per charge in 
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urban conditions and 144 km (90 miles) on the open 
road. However, new nickel-metal-hydride (NiMH) 
batteries were phased into production during 1998, 
almost doubling the EV-l’s range to 224km (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 partially.

Full recharging can be carried out safely in all 
weather conditions and takes Э-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 low.

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.

The EV-1 comes with traction control, cruise con 
trol, anti-lock brakes, dual airbags, power w indowi- 
door locks and outside mirrors, AM/TM CD 
cassette, tyre inflation monitor system and питегои-ч 
other features.

17.3.2 Nissan - Altra
Nissan recently confirmed pricing for its Altra !■V 
following the success of initial trials in the US dm 
ing 1998, The Altra is an estate built for the US 
market and the EV version is the first zero-emission 
Nissan to go on sale outside Japan. The Altra EV is 
shown in Figure 17.8.

The Altra has a water-cooled, permanent mag­
net, synchronous electric motor, which is the first to 
use the highly efficient neodymium-iron-boron alios 
(Nd-Fe-B). The alloy was discovered by accident, 
when an order for materials was misinterpreted? 
The Hitachi motor is one of the most powerful in 
the world, developing 62 кW (84 PS) and 159Nm 

I

1

Figure 17.7 General Motors EV-1 (Source: GM Media)
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Figure 17.8 Nissan ^tra EV
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with a maximum rotor speed of 13000 rev, min. 
Average motor speed is 8000-9000 rev/ min and 
the power-to-weight ratio of the 39 kg motor is 
1 6 kW/kg - one of the best in the EV field.

A lithium-ion battery pack, developed by the 
Sony Corporation in a deal that is so far unique to 
Nissan, provides the power. It delivers a nominal 
output of 345 V 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 is 
350 kg and it has an energy density of 90Wh/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-walled 
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 w’ater- 
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. Il also performs relay control for 
battery cooling, provides the communication between 
the power supply and the Li-ion cell controller and 
determines the charging strategy 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 the power steering, uses an electric 
pressurization pump operating on demand.

The regenerative braking system operates on 
two levels.

• First stage - triggered when the driver lifts off 
the throttle and provides ‘a similar feel to that of 
a conventional car:

• Second stage - is much more substantial and 
occurs when the driver applies 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 beams 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 tw'o-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 EX? motor and a ‘Norton’ rotary engine.

The special battery uses lead tin foil plate con­
struction, which was developed for the aircraft 
industry, 'fhis allows deep cycling and long life as 
high internal pressures prevent loss of active mater­
ial during deep discharge. Tests have shown that 
18 batteries rated at 30 Ah and 12 У 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 l20xl20X4cm^ weighs 170 kg and can 
supply 7.5 kWh, The battery can withstand 1100 
discharges to 80% depth of discharge (DOD) and 
11 000 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

Clutches

3

Figure 17.9 Parallel layout used for che’Nelco’ system
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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 8Nm 
starting torque. Two electrically 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 liquid 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 brushless DC motor 

converted from the 216 V DC of the batteries to 
a 300 V 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 100 kg 
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. The 
vehicle starts accelerating at time = zero. In the 
early stages of acceleration the field is held constant
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Figure 17.11 Layout diat could be typical of a system using sodium-sulphur batteries and a shunt wound DC motor
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Figure 17.12 The control characteristics chat 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 batter)' 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 is made using existing power 
transistor technology. The transistors are controlled 
by a microprocessor, which in turn has its charac­
teristics 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 

12 V lead-acid battery. This can be charged when 
required from the drive batteries via a DC/EX? 
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.
• Clean combustion.
• High power-to-weight ratio.
• Multifuel capability.
• Smoothness of operation.

These advantages could make it a natural successor 
to the reciprocating engine. The automotive gas tur­
bine is still in its infancy, despite many technical 
achievements made since the world’s first gas tur­
bine car - the Rover *Jet  Г. The technical challenge 
posed by the automotive gas turbine remains con­
siderable and is, in many ways, even greater today. 
This is 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 engine is 
most suitable. The design scope of hybrid systems is 
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 pollutants, 
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. There 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 die 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 hybrid technique.

17.3.6 Inductive charging
The Nissan Altra, as described earlier 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.! 3. A coil, which 
forms the secondary winding of a transformer, is 
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 
weighs only 2 kg. Its energy density of 150Wh/kg 
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°Cto +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 battery is a ‘high-energy 
reservoir’, an additional 'booster' may be used for 

high acceleration vehicles to ensure optimum per­
formance. The booster battery provides the power 

^pweessary 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 foi 
these and other driving needs.

An electronic control system manages the use of 
both battery types without the driver 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
• Extended operating time (150 Wh/kg).
• Volume(33.0 X 13.5 X 3.9cm’).
• Weight (1.25/2.00kg dry/filled).
• Stable discharge curve, low self-discharge.
• 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 35 -40 miles per gallon (less than 
6ltr/l(X)km) in city driving. It will meet Stage IV 
emissions rules in Europe before they take effect in 
2004, £md achieve certification under California's 
Super Ultra Low Emission Vehicle (SULEV) and 
Partial Zero Emission Vehicle (PZEV) emissions 
standards. Timing of Escape hybrid is on track to 
arrive in dealer showrooms in late summer 2004.

The Escape hybrid 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 Atkinson 
cycle (see Note I on page 453) four-cylinder gasoline 
engine and an electric motor. Overall fuel economy 
is nearly double that of the V-6 Escape. The Escape 
hybrid recovers a substantia! portion of what would 
otherwise be ‘lost energy' by employing regenerative 
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 

instantaneous start-stop capability for the engine 
(thanks to a powerful combined starter-generator) 
the front wheel drive Escape hybrid is expected to 
deliver between 35-40 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
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Figure 17.16 Ford Focus hybrid powertrain (Source; Ford)

idling. 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, instantaneously 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-ltr 1-4 engine, 
generating 148 horsepower (llOkW) 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 (250-320km) 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 80mph.

Note 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.

11.4 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. I17,4.2 Optimization techniques 
mathematical modelling
The effects of design parameters on the perform- 
ance of an EV can be modelled mathematically. 5 
This section presents some of the basic techniques. 
Refer to Figure 17.18 and Table 17.2 for an explan- 3 
ation of the symbols. 3

Aerodynamic drag force:

/•a ,2
« V ' wind'2a

Rolling resistive force:

?'r = COS(e)

Climbing resistive force:

A'c = m}’ sin(ft)

Therefore the total resistive force is:

a
i
1
I
1

^’resislne "F ^'c

Force developed at the wheels: 

*̂dw motor
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The tractive effort therefore is: Acceleration time can now be shown to be;
/’t = /‘c^’tractive ^'resisthe

The maximum tractive force that can be developed; t = m, rf-2 dV
f,' I I,,—tractive

dwmax
1 +

The effective mass of a vehicle is:

Power required to hold the vehicle at a constant 
speed:

= 'w + г Power —
P b' V restsQve
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Table 17.2 Explanation of symbols

p 
Q 

Л

f, 

Mr 

Akonst 

m

0

Fdw

Ле 

Лт 
О

Ml 
W 

L 

Ч 

Jeff

Me 
r

Aerodynamic drag force 

Density of air

Coefficient of drag, e.g. 0.3 to 0.4 

Area of the vehicle front 

Velocity of the vehicle 

Velocity of the wind 

Rolling resistive force 

Road coefficient of friction 

Tyre rolling coefficient of friction 

Climbing resistive force 

Mass of the vehicle (total) 

Acceleration due to gravity 

Angle of die hill 

Total resistive force

Force developed at the driving wheels 

Efficiency of the electric motor

Efficiency of die mechanical transmission 

Centre of gravity position within Uie wheel base 

Coefficient of road adhesion 

Weight of the vehicle (mg) 

Length of the wheel base

Height of the vehicle’s centre of gravity 

Total effective inertia of the vehicle 

Mass of the battery

Power density of the battery (see Table 17.1) 

Corrdation between energy density as a function 

of power density

Power density of the batteries;

_ Power 
w

■*S

The correlation between energy density as a function 
of power density can be calculated;

Xj ~ ay^ + by^ + cy^ + + ey + f

The range of the vehicle from fully charged batteries 
can be calculated from:

Hours = —
У

Range = Fy X Hours

Further calculations are possible to allow model­
ling - 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. 

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 at 
launch by up to 60%. The torque is also available 
instantly. This means that a four-<^Iindcr engine could 
be made to perform like a six-cylinder engine. The 
wheel hub motors generate about 25 kW 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 steering 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. 'I'hese 
vehicles will primarily be in use in the USA and 
Canada, but Europe is not far behind. A suitable 
hydrogen fuelling infrastructure will soon 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 develo|> 
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

1.
2.
3.

5.
6.
7.

17.6.1 Questions
State what is meant by ZEV 
Describe briefly the term ‘Hybrid’.
Explain \\bat is meant by, and the advantages 
of, inductive charging.

4. Describe with the aid of sketches the different 
ways in which a hybrid vehicle can be laid out. 
Explain the term ‘Power density’.
List five types of EV batteries.
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.

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 ZE Vs: 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.

I

I

i

I
I



18
WorldWideWeb

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 Toot’ web 
address is given because many more detailed links 
become out of date. You will have to "dig' a little 
to find the specific details. The snippets of infor­
mation and links are presented in no particular 
order or for any reason other than that 1 found them 
interesting.

The best link to follow is www.automotive- 
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 honeycomb 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 
or moving, w'ww.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 is 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

CO2 as a substitute for R134a refrigerant in air 
conditioning systems is under test by Behr CO2 is 
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. It 
does this by measuring steering wheel 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 is 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 
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 
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

http://www.automotive-technology.co.uk
http://www.visteon.com
http://www.eberspaecher.com
http://www.omron.com
ww.toyota.co.jp
http://www.us.schott.com
http://www.behrgroup.com
http://www.active-attention.com
http://www.tycoelectronics.com
http://www.duraauto.com
http://www.beru.com
http://www.bosch.com
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Figure 18.1 ‘It is all about INPUTS and OUTPUTS'

work - and how to fix them when they do not! AT 
Electronics helps you learn how systems (engine 
management in particular) operate, how the inputs 
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 in 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.

TTie 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/altemator 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".

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.
2. 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!

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 I 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

http://www.automotive-technology.co.uk
mailto: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
Airbags, 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
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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

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

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

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
Directignition, 185, 194
Direct injection, 286
Discharge tester, 114
Distributorless 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, 160

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, 187
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
Fuel 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
Global positioning system (GPS), 348, 352
Glow plug, 220

Hall effect, 38, 53, 74, 175, 334
Hall effect sensor, 51
Halogen, 291
Head up display (HUD), 353
Headlamp, 300
Headlamp levelling, 307
Headlight adjustment, 298
Headlight cleaners, 323
Headlight patterns, 296
Head-up display, 309,342
Heat range, 186, 189
Heating and ventilation, 356
Heating effect, 12
Heavy vehicle starters, 159
HFC, 358
High resistance, 13
High tension, 170
Holography, 347
Homifocal reflector, 295
Homs, 322
Hot film air mass flow meter, 42
Hot wire air flow meter, 223
HVAC, 357
Hybrid, 448, 450, 452
Hybrid drives, 446
Hybrid vehicles, 446
Hydraulic modulator, 373
Hydrocarbons, 206
Hydrogen, 455
Hydrometer, 114

Idle control actuator, 212
Idling phase, 265
Ignition, 170, 300
Ignition angle, 182
Ignition coil, 171, 196
Ignition timing, 240, 274
In car entertainment (ICE), 410
Indicators, 292, 324
Inductance, 14
Induction, 16
Inductive pulse generator, 176
Inductive sensor, 38
Inductor diode, 53
Inductors, 20
Inertia starters, 155
Infrared lights, 307
Injection cut-off, 266
Injection duration, 273, 276
Injector, 75,263
Inlet manifold, 241

Instrument lighting, 354
Integrated circuit, 20

^Integrated starter alternator damper, 160
Integrated starter generator, 161, 164
Intelligent airbag sensing, 431
Intelligent front lighting, 311
Interference, 413
Intermediate transmission, 158
Intermittent wipe, 320
Internal resistance, 118 
Internet, 457

Jetronic variations, 219
Jewel aspect, 306

Key programming, 434
Keypad entry, 440
Kirchhoff’s laws, 17
Knock protection, 266
Knock sensor, 41, 181

Lambda, 44
Lambda control, 240
Lambda diesel, 237
Lambda sensor, 54,76,212
Lead-acid batteries, 111
Lean burn, 227, 282
LED displays, 340
LED lighting, 299, 301
Lenses, 296, 297
Lenz’s law, 17
Light bulb, 291
Light emitting diode (LED), 53, 301,314,

339, 353
Light sensors, 44
Lighting circuit, 299
Limited slip differential, 381
Linear lighting, 306
Linear wiper system, 327
Liquid crystal, 340
Load advance, 191
Lock torque, 166
Log gates, 27
Lost spark, 184
Luminous flux, 310
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Magneride, 400
Magnetic Effect, 12
Magnetic field, 18, 152, 348
Magnetism, 15, 152
Main beam, 302
Manifold absolute pressure sensor, 180,261
Measurement, 35
Memory, 31
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 iron, 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
Pre-engaged starter, 156, 159
Pre-ignition, 201
Pressure 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
Rotor, 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
Series circuit, 15
Series wound meter, 154
Short circuit, 13
Shunt wound meter. 154
Sidelights, 293, 302
Single point injection. 211. 2?5
Slip, 393
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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-lty-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

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

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

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


