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 Syllabus:-

Introduction to Automotive electricity generation, storage &
distribution systems, wiring harness, 12/24/42 volt system,
Connectors and its types, positive earth and negative earth,
earth return and insulated return systems, Introduction of
Controlled Area Networks (CAN) and LIN Communication.
Instrument Cluster, types of indication in the cluster, Driver
information systems.

Electromagnetic Interference (EMI), Electromagnetic
Susceptibility (EMS), Electromagnetic Compatibility (EMC)-
Need, Types, Methods of Coupling, Sources of EMI, Testing
Methods, Related ISO / CISPR / SAE / AIS Standards and
Few Case studies.
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 Definitions and Laws:

1. Ohm’s law

• For most conductors, the current which will flow through
them is directly proportional to the voltage applied to them.

• The ratio of voltage to current is referred to as resistance. If
this ratio remains constant over a wide range of voltages, the
material is said to be ‘ohmic’.

Where:

I = Current in amps

V = Voltage in volts

R = Resistance in ohms

• Georg Simon Ohm was a German physicist, well known for 
his work on electrical currents.
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2. Lenz’s law

• The emf induced in an electric circuit always acts in a

direction so that the current it creates around the circuit

will oppose the change in magnetic flux which caused it.

• Lenz’s law gives the direction of the induced emf

resulting from electromagnetic induction. The

‘opposing’ emf is often described as a ‘back emf’. The

law is named after the Estonian physicist Heinrich Lenz.
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3. Kirchhoff’s laws

Kirchhoff ’s 1st law:

• The current flowing into a junction in a circuit must equal
the current flowing out of the junction. This law is a direct
result of the conservation of charge; no charge can be lost in
the junction, so any charge that flows in must also flow out.

Kirchhoff ’s 2nd law:

• For any closed loop path around a circuit the sum of the
voltage gains and drops always equals zero. This is
effectively the same as the series circuit statement that the
sum of all the voltage drops will always equal the supply
voltage.

• Gustav Robert Kirchhoff was a German physicist; he also
discovered cesium and rubidium.
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4. Faraday’s law

• Any change in the magnetic field around a coil of wire

will cause an emf (voltage) to be induced in the coil.

• Michael Faraday was a British physicist and chemist,

well known for his discoveries of electromagnetic

induction and of the laws of electrolysis.
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 Symbols:
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 Automotive Electricity Generation:

• The ‘current’ demands made by modern vehicles are
considerable. The electricity generation system must be
able to meet these demands under all operating
conditions and charge the battery.

• The main component of the electricity generation
system is the alternator.

• The alternator generates AC but must produce DC at its
output terminal as only DC can be used to charge the
battery and run electronic circuits.

• The output of the alternator must be a constant voltage
regardless of engine speed and current load.
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 To summarize,

• Supply the current demands made by all loads.

• Supply whatever charge current the battery demands.

• Operate at idle speed.

• Supply constant voltage under all conditions.

• Have an efficient power-to-weight ratio.

• Be reliable, quiet, and have resistance to contamination.

• Require low maintenance.

• Provide an indication of correct operation.
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Automotive Electricity Storage:

Requirements:-

• To provide power storage and be able to supply it

quickly enough to operate the vehicle starter motor.

• To allow the use of parking lights for a reasonable time.

• To allow operation of accessories when the engine is not

running.

• To act as a swamp to damp out fluctuations of system

voltage.

• To allow dynamic memory and alarm systems to remain

active when the vehicle is left for a period of time
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Regulator: 

• Regulator regulates the current produced by the 

generator.
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Starting System:
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Ignition System:
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Earth Return & Insulated Return System
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 Wiring Harness:

• The vehicle wiring harness has developed over the years
from a loom containing just a few wires, to the looms
used at present on top range vehicles containing well
over 1000 separate wires.

• Modern vehicles tend to have wiring harnesses
constructed in a number of ways. The most popular is
still for the bundle of cables to be spirally wrapped in
non-adhesive PVC tape. The tape is non-adhesive so as
to allow the bundle of wires to retain some flexibility, as
shown in Figure

• Another way of grouping cables, as shown in Figure is
to place them inside PVC tubes
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• When deciding on the layout of a wiring loom within

the vehicle, many issues must be considered. Some of

these are as follows.

1. Cable runs must be as short as possible.

2. The loom must be protected against physical damage.

3.The number of connections should be kept to a minimum.

4. Modular design may be appropriate.

5. Accident damage areas to be considered.

6. Production line techniques should be considered.

7. Access must be possible to main components and sub-

assemblies for repair purposes.
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• Multiplexed Wiring System:

• The complexity of modern wiring systems has been increasing
steadily over the last 25 years or so and, in recent years, has
increased dramatically.

• It has now reached a point where the size and weight of the
wiring harness is a major problem. The number of separate wires
required on a top-of-the-range vehicle can be in the region of
1500!

• The wiring loom required to control all functions in or from the
driver’s door can require up to 50 wires, the Systems in the
dashboard area alone can use over 100 wires and connections.

• This is clearly becoming a problem as, apart from the obvious
issues of size and weight, the number of connections and the
number of wires increase the possibility of faults developing.
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• It has been estimated that the complexity of the vehicle
wiring system doubles every 10 years.

• The number of systems controlled by electronics is 
continually increasing.

• Some examples of these systems are listed below:

• Engine management.

• Anti-lock brakes.

• Traction control.

• Variable valve timing.

• Transmission control.

• Active suspension.

• Communications.

• Multimedia.
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• All the systems listed above work in their own right but are
also linked to each other. Many of the sensors that provide
inputs to one electronic control unit are common to all or
some of the others.

• One solution to this is to use one computer to control all
systems. This, however, would be very expensive to produce
in small numbers. A second solution is to use a common data
bus.

• This would allow communication between modules and
would make the information from the various vehicle
sensors available to all sensors.

• Taking this idea a stage further, if data could be transmitted
along one wire and made available to all parts of the vehicle,
then the vehicle wiring could be reduced to just three wires.
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• These wires would be a mains supply, an earth connection
and a signal wire. The idea of using just one line for many
signals is not new and has been in use in areas such as
telecommunications for many years.

• Various signals can be ‘multiplexed’ on to one wire in two
main ways – frequency division and time division
multiplexing.

• Frequency division is similar to the way radio signals are
transmitted. It is oversimplifying a complex subject, but a
form of time division multiplexing is generally used for
transmission of digital signals.

• A ring main or multiplexed wiring system is represented in
Figure above. This shows that the data bus and the power
supply cables must ‘visit’ all areas of the vehicle electrical
system.
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• To illustrate the operation of this system, consider the

events involved in switching the sidelights on and off.

• First, in response to the driver pressing the light switch,

a unique signal is placed on the data bus.

• This signal is only recognized by special receivers built

as part of each light unit assembly, and these in turn will

make a connection between the power ring main and the

lights.

• The events are similar to turn off the lights, except that

the code placed on the data bus will be different and will

be recognized only by the appropriate receivers as an off

code.
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4.3.2 Multiplex data bus

• In order to transmit different data on one line, a number

of criteria must be carefully defined and agreed. This is

known as the communications protocol.

• Some of the variables that must be defined are as

follows:

• Method of addressing.

• Transmission sequence.

• Control signals.

• Error detection.

• Error treatment.

• Speed or rate of transmission.
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• The physical layer must also be defined and agreed. This
includes the following:

• Transmission medium, e.g. copper wire, fibre optics etc.

• Type of transmission coding, e.g. analogue or digital.

• Type of signals, e.g. voltage, current or frequency etc.

• The circuit to meet these criteria is known as the bus
interface and will often take the form of a single integrated
circuit.

• This IC will, in some cases, have extra circuitry in the form
of memory for example. It may, however, be appropriate for
this chip to be as cheap as possible due to the large numbers
required on a vehicle.

• As is general with any protocol system, it is hoped that one
only will be used. This, however, is not always the case.
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 Controller Area Network (CAN):

 Bosch has developed the protocol known as ‘CAN’ or
Controller Area Network. This system is claimed to meet
practically all requirements with a very small chip surface
(easy to manufacture, therefore cheaper).

 CAN is suitable for transmitting data in the area of drive line
components, chassis components and mobile
communications. It is a compact system, which will make it
practical for use in many areas.

 Two variations on the physical layer are available that suit
different transmission rates. One is for data transmission of
between 100 K and 1 M baud (bits per second), to be used
for rapid control devices.

 The other will transmit between 10 K and 100 K baud as a
low-speed bus for simple switching and control operations.
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 CAN modules are manufactured by a number of

semiconductor firms such as Intel and Motorola.

 A range of modules is available in either Voll- CAN for

fast buses and basic-CAN for lower data rates. These are

available in a stand-alone format or integrated into

various microprocessors.

 All modules have the same CAN protocol. It is expected

that this protocol will become standardized by the

International Standards Organization (ISO).

 ISO standardized CAN in 1993 (ISO-11898 part 1,2 and

3)
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 Before CAN
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 After CAN
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Applications:
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 Applications:

 Automotive

 Military vehicles

 Industrial machinery

 Medical systems

 Agricultural machinery

 Marine control and navigation

 Elevator control systems
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Data Information Format

 The CAN message signal consists of a sequence of
binary digits (bits).

 A voltage (or light in fiber optics) being present
indicates the value ‘1’ while none present indicates ‘0’.

 The actual message can vary between 44 and 108 bits in
length.
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 This is made up of a start bit, name, control bits, the

data itself, a cyclic redundancy check (CRC) for error

detection, a confirmation signal and finally a number of

stop bits

 The name portion of the signal identifies the message

destination and also its priority.

 As the transmitter puts a message on the bus it also

reads the name back from the bus.

 If the name is not the same as the one it sent then

another transmitter must be in operation that has a

higher priority.
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 If this is the case it will stop transmission of its own
message. This is very important in the case of motor vehicle
data transmission.

 Errors in a message are recognized by the cyclic redundancy
check.

 This is achieved by assembling all the numbers in a message
into a complex algorithm and this number is also sent.

 The receiver uses the same algorithm and checks that the
two numbers tally.

 If an error is recognized the message on the bus is destroyed.

 This is recognized by the transmitter, which then sends the
message again.

 This technique, when combined with additional tests, makes
it possible for no faulty messages to be transmitted without
being discovered.
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 Twisted Pair Cables are used to get higher speeds.

 The Bit rate of the data transformation is high for short
distance and low for long distance.

Bus length in 
meters

Signal rate in 
Mbps

40 1

100 0.5

500 0.10

1000 0.05
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 Electromagnetic Compatibility (EMC)

 Definition: The ability of a device or system to function without
error in its intended electromagnetic environment.

 Electromagnetic Interference (EMI)

 Definition: Electromagnetic emissions from a device or system
that interfere with the normal operation of another device or
system.

 Examples:

 A Computer interferes with FM radio reception

 A Car radio buzzes when you drive under a power line

 A car misfires when you drive under a power line

 A helicopter goes out of control when it flies too close to radio
tower.

 The airport radar interferes with a laptop computer display.
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Source- EMC Engineers
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Source- Rhode & Schwarz
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Source- EMC Engineers
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Elements of EMC Problems:

There are three essential elements to any EMC Problem:

1. Source of an electromagnetic Phenomenon 

2. Reception (or victim) that cannot function properly due 
to the electromagnetic phenomenon.

3. Path between them that allows the source to interfere 
with the receptor (or victim).

 Each of these three elements must be present although 
they may not be readily identified in every situation.

 Identifying at least two of these elements and 
eliminating (or attenuating) one of them generally 
solves EMC problem.   
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 For example, suppose it was determined that radiated
emissions from mobile telephone were inducing currents on
a cable that was connected to an ECU controlling ABS
system.

 If this is adversely affected the operation of the circuit a
possible coupling path could be identified.

 Shielding, filtering or re-routing of the cable may be the
answer.

 If necessary filtering or redesigning the circuit would be
further possible methods of attenuating the coupling path to
the point where problem is non- existent.

 Potential sources of EMC problems include radio
transmitters, power lines, electronic circuits, lightening,
lamp dimmers, electric motors, arc welding, solar flares and
just about anything that can utilize or can detect
electromagnetic energy.
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 Methods of Coupling electromagnetic energy from a source

to a receptor fall into one of the following categories.

 Conducted ( Electric Current)

 Inducting Coupled (Magnetic Field)

 Capacitive Coupled ( Electric Field)

 Radiated (Electromagnetic Field)

 Coupling paths often utilize a complex combination of these

methods making the path difficult to identify even when the

source and receptor are known.

 There may be multiple coupling paths & steps taken to

attenuate one path may enhance another.

 EMC therefore is a serious issue for the vehicle designer.
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Source- Rhode & Schwarz
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Source- EMC Engineers
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ESA- Electrical/electronic sub-assembly 

TEM- Transverse-Electro-Magnetic Mode

Source- Rhode & Schwarz
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Driver Information System:

 The display of the driver information system (DIS) brings together a

wide range of different information items in the centre of the cockpit and

permanently indicates the vehicle’s current operating status. It is

intuitively laid out, user-friendly, and allows the driver to stay focused

on the road.


