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1.Basic Electrics

1.1 Introduction

The electrical system on vehicles and equipment is designed to perform a variety of func-
tions. The automotive electrical system contains five electrical circuits. 

These circuits are:

• Charging circuit 

• Starting circuit 

• Lighting circuit 

• Accessory circuit

Electrical power and control signals must be delivered to electrical devices reliably and safely 
so electrical system functions are not impaired or converted to hazards. This goal is accom-
plished through careful circuit design, prudent component selection, and practical equipment 
location. By carefully studying this module, you will understand how these circuits work and 
the adjustments and repairs required to maintain the electrical systems in good condition.

1) Battery

2) Battery terminal

3) Starter solenoid (relay)

4) Starter motorp

5) Fan belt

6) Alternator
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1.2 Charging circuit
 
The charging system performs several functions, which are as follows:

1) It recharges the battery after engine cranking or after the use of electrical accessories 
with the engine turned off

2) It supplies all the electricity for the vehicle when the engine is running. It must change 
output to meet different electrical loads

3) It provides a voltage output that is slightly higher than battery voltage.                              

A) The Battery:
Provides current to energize or excite the alternator and assists in stabilizing initial alternator 
output. 

B) An alternator or generator:
Uses mechanical (engine) power to produce electricity.

C) The alternator drive belt:
Links the engine crankshaft pulley with alternator/ generator pulley to drive the alternator/ 
generator.

D) Voltage regulator:
Ammeter, voltmeter, or warning light to inform the operator of charging system condition.

1.2.1 The Battery:

The storage battery is the heart of the charging circuit. It is an electrochemical device for 
producing and storing electricity. 

A vehicle battery has several important functions, which are as follows:

1) It must operate the starting motor, electronic fuel injection system, and other electrical 
devices for the engine during engine cranking and starting.

2) It must supply all of the electrical power for the vehicle when the engine is not running. It 
must help the charging system provide electricity when current demands are above the 
output limit of the charging system.

3) It must act as a capacitor (voltage stabilizer) that smoothens current flow through the 
electrical system.

4) It must store energy (electricity) for extended periods.

The type of battery used in automotive, construction, and weight-handling equipment is a lead-acid cell-
type battery. This type of battery produces direct current (dc) electricity that flows in only one direction. 
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When the battery is discharging (current flowing out of the battery), it changes chemical en-
ergy into electrical energy, thereby, releasing stored energy. During charging (current flow-
ing into the battery from the charging system), electrical energy is converted into chemical 
energy. The battery can then store energy until the vehicle requires it.

A) Battery construction

The lead-acid cell-type storage battery is built to withstand severe vibration, cold weather, 
engine heat, corrosive chemicals, high current discharge, and prolonged periods without 
use. To test and service batteries properly, you must understand battery construction. T

The construction of a basic lead-acid cell-type battery is as follows:

 

B) Battery terminals: this is where energy leaves the galvanic cell array. They are made of 
lead, a good corrosion resistant conductor.

C) Battery casing: the six galvanic cells are held in position by a non-reactive plastic com-
posite case.
D) Lead plates: the negative electrode reacts with sulphuric ions to generate hydrogen ions 
and more lead sulphate

E) Lead dioxide plates: this is the active material within the battery, reacting with the acid 
to produce ions and lead sulphate.

Sulphuric acid: plates are submerged in acid which acts as the chemical catalyst and an elec-
trolyte for ions.
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The battery elements are made up of negative plates, positive plates, separators, and straps. 
The elements fit into a cell compartment in the battery case. Most automotive batteries have 
six elements.

Each cell compartment contains two kinds of chemically active lead plates, known as posi-
tive and negative plates. The battery plates are made of grid (stiff mesh framework) coated 
with porous lead. These plates are insulated from each other by suitable separators and are 
submerged in a sulfuric acid solution (electrolyte).

Charged negative plates contain spongy (porous) lead (Pb) which is grey in colour. Charged 
positive plates contain lead peroxide (PbO2 ) which has a chocolate brown colour. These sub-
stances are known as the active materials of the plates. Calcium or antimony is normally add-
ed to the lead to increase battery performance and to decrease gassing (acid fumes formed 
during chemical reaction). Since the lead on the plates is porous like a sponge, the battery 
acid easily penetrates into the material.This aids the chemical reaction and the production 
of electricity.
Lead battery straps or connectors run along the upper portion of the case to connect the 
plates. The battery terminals (post or side terminals) are constructed as part of one end of 
each strap.

To prevent the plates from touching each other and causing a short circuit, sheets of insulat-
ing material (microporous rubber, fibrous glass, or plastic-impregnated material), called sep-
arators, are inserted between the plates. These separators are thin and porous so the elec-
trolyte will flow easily between the plates. The side of the separator that is placed against the 
positive plate is grooved so the gas that forms during charging will rise to the surface more 
readily. These grooves also provide room for any material that flakes from the plates to drop 
to the sediment space below.

The battery case is made of hard rubber or a high- quality plastic. The case must withstand 
extreme vibration, temperature change, and the corrosive action of the electrolyte. The di-
viders in the case form individual containers for each element. A container with its element 
is one cell.

Stiff ridges or ribs are moulded in the bottom of the case to form a support for the plates and 
a sediment recess for the flakes of active material that drop off the plates during the life of 
the battery. 

The sediment is kept clear of the plates so it will not cause a short circuit across them.
The battery cover is made of the same material as the container and is bonded to and seals 
the container. The cover provides openings for the two battery posts and a cap for each cell.

Battery caps either screw or snap into the openings in the battery cover. The battery caps 
(vent plugs) allow gas to escape and prevent the electrolyte from splashing outside the bat-



5

TRANSMISSIONS AND DRIVETRAIN

BASIC ELECTRONICS

BASIC LEVEL MECHANICS 2

tery. They also serve as spark arresters (keep sparks or flames from igniting the gases inside 
the battery). The battery is filled through the vent plug openings. 

Maintenance-free batteries have a large cover that is not removed during normal service.

G) Caution
Hydrogen gas can collect at the top of a battery. 
If this gas is exposed to a flame or spark, it can explode.

Battery terminals provide a means of connecting the battery plates to the electrical system 
of the vehicle. Either two round post or two side terminals can be used.
Battery terminals are round metal posts extending through the top of the battery cover. 
They serve as connections for battery cable ends. Positive post will be larger than the nega-
tive post. It may be marked with red paint and a positive (+) symbol. Negative post is smaller, 
may be marked with black or green paint, and has a negative (-) symbol on or near it.

Side terminals are electrical connections located on the side of the battery. They have in-
ternal threads that accept a special bolt on the battery cable end. Side terminal polarity is 
identified by positive and negative symbols marked on the case.

H) Electrolyte
The electrolyte solution in a fully charged battery is a solution of concentrated sulfuric acid in 
water. This solution is about 60 percent water and about 40 percent sulfuric acid.
The electrolyte in the lead-acid storage battery has a specific gravity of 1.28, which means 
that it is 1.28 times as heavy as water. The amount of sulphuric acid in the electrolyte changes 
with the amount of electrical charge; also the specific gravity of the electrolyte changes with 
the amount of electrical charge. A fully charged battery will have a specific gravity of 1.28 at 
80° F. The figure will go higher with a temperature decrease and lower with a temperature 
increase.

As a battery discharges, the sulphuric acid is depleted and the electrolyte is gradually con-
verted into water. This action provides a guide in determining the state of discharge of the 
lead-acid cell. 

The electrolyte that is placed in a lead-acid battery has a specific gravity of 1.280.
The specific gravity of an electrolyte is actually the measure of its density. The electrolyte 
becomes less dense as its temperature rises, and a low temperature means a high specific 
gravity. The hydrometer that you use is marked to read specific gravity at 80° F only. Under 
normal conditions, the temperature of the electrolyte will not vary much from this mark. 
However, large changes in temperature require a correction in your reading.
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I) Battery capacity
The capacity of a battery is measured in ampere-hours. The ampere-hour capacity is equal 
to the product of the current in amperes and the time in hours during which the battery is 
supplying current. The ampere-hour capacity varies inversely with the discharge current. The 
size of a cell is determined generally by its ampere-hour capacity. 

J) Battery ratings
Battery ratings were developed by the Society of Automotive Engineers (SAE) and the Bat-
tery Council International (BCI). They are set according to national test standards for battery 
performance. They let the mechanic compare the cranking power of one battery to another. 
The two methods of rating lead-acid storage batteries are the cold-cranking rating and the 
reserve capacity rating.

K) Cold-cranking rating
The cold-cranking rating determines how much current in amperes the battery can deliver 
for thirty seconds at 0° F while maintaining terminal voltage of 7.2 volts or 1.2 volts per cell. 
This rating indicates the ability of the battery to crank a specific engine (based on starter cur-
rent draw) at a specified temperature.
For example, one manufacturer recommends a battery with 305 cold-cranking amps for a 
small four-cylinder engine but a 450 cold-cranking amp battery for a larger V-8 engine. A 
more powerful battery is needed to handle the heavier starter current draw of the larger 
engine.
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L) Reserve Capacity Rating
The reserve capacity rating is the time needed to lower battery terminal voltage below 10.2 V 
(1.7 V per cell) at a discharge rate of 25 amps. This is with the battery fully charged and at 80° 
F. Reserve capacity will appear on the battery as a time interval in minutes. 

For example, if a battery is rated at 90 minutes and the charging system fails, the operator 
has approximately 90 minutes (1 1/ 2 hours) of driving time under minimum electrical load 
before the battery goes completely dead.

M) Battery Charging
Under normal conditions, a hydrometer reading below 1.240 specific gravity at 80° F is a 
warning signal that the battery should be removed and charged. Except in extremely warm 
climates, never allow the specific gravity to drop below 1.225 in tropical climates. This read-
ing indicates a fully charged battery.

When a rundown battery is brought into the shop, you should recharge it immediately. There 
are several methods for charging batteries; only direct current is used with each method. If 
only alternating current is available, a rectifier or motor generator must be used to convert 
to direct current. 
The two principal methods of charging are (1) constant current and (2) constant voltage (con-
stant potential). Constant current charging is be used on a single battery or a number of 
batteries in series. Constant voltage charging is used with batteries connected in parallel. (A 
parallel circuit has more than one path between the two source terminals; a series circuit is 
a one-path circuit). You should know both methods, although the latter is most often used.

N) Charging practices
It is easy to connect the battery to the charger, turn the charging current on, and, after a nor-
mal charging period, turn the charging current off and remove the battery. Certain precau-
tions however are necessary both before and during the charging period.           

These practices are as follows:
1.  Clean and inspect the battery thoroughly before placing it on charge. Use a solution of 

baking soda and water for cleaning; and inspect for cracks or breaks in the container.

Caution: do not permit the soda and water solution to enter the cells. To do so would 
neutralize the acid within the electrolyte.

2.  Connect the battery to the charger. Be sure the battery terminals are connected proper-
ly; connect positive post to positive (+) terminal and the negative post to negative (-) ter-
minal. The positive terminals of both battery and charger are marked; those unmarked 
are negative. The positive post of the battery is, in most cases, slightly larger than the 
negative post. Ensure all connections are tight.

3.  See that the vent holes are clear and open. DO NOT REMOVE BATTERY CAPS DURING 
CHARGING. This prevents acid from spraying onto the top of the battery
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 and keeps dirt out of the cells.

4.  Check the electrolyte level before charging begins and during charging. Add distilled 
water if the level of electrolyte is below the top of the plate.

5.  Keep the charging room well ventilated. DO NOT SMOKE NEAR BATTERIES BEING 
CHARGED. Batteries on charge release hydrogen gas. A small spark may

 cause an explosion.

6.  Take frequent hydrometer readings of each cell and record them. You can expect the 
specific gravity to rise during the charge. If it does not rise, remove the battery and dis-
pose of it as per local hazardous material disposal instruction.

7.  Keep close watch for excessive gassing, especially at the very beginning of the charge 
when using the constant voltage method. Reduce the charging current if excessive gas-
sing occurs. Some gassing is normal and aids in remixing the electrolyte.

8.  Do not remove a battery until it has been completely charged.

O) Batteries in service
New batteries may come to you full of electrolyte and fully charged. In this case, all that 
is necessary is to install the batteries properly in the piece of equipment. Most batteries 
shipped to shops are received charged and dry.

Charged and dry batteries will retain their state of full charge indefinitely so long as moisture 
is not allowed to enter the cells. Therefore, batteries should be stored in a dry place. Moisture 
and air entering the cells will allow the negative plates to oxidize.            The oxidation causes 
the battery to lose its charge.

To activate a dry battery, remove the restrictors from the vents and remove the vent caps. 
Then fill all the cells to the proper level with electrolyte. The best results are obtained when 
the temperature of the battery and electrolyte is within the range of 60° F to 80° F. 

Some gassing will occur while you are filling the battery due to the release of carbon dioxide 
that is a product of the drying process of the hydrogen sulphide produced by the presence of 
free sulphur. Therefore, the filling operations should be in a well-ventilated area. 

These gases and odours are normal and are no cause for alarm.
Approximately 5 minutes after adding electrolyte, the battery should be checked for voltage 
and electrolyte strength. More than 6 volts or more than 12 volts, depending upon the rated 
voltage of the battery, indicates the battery is ready for service. 

P) Warning
When mixing electrolyte, you are handling pure sulfuric acid, which can burn clothing quickly 
and severely bum your hands and face. Always wear rubber gloves, an apron, goggles, and a 
face shield for protection against splashes or accidental spilling.
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When mixing electrolyte, never pour water into the acid.

Always pour acid into the water.

If water is added to concentrated sulfuric acid, the mixture may explode or splatter and cause 
severe burns. Pour the acid into the water slowly, stirring gently but thoroughly all the time. 
Large quantities of acid may require hours of safe dilution.

Let the mixed electrolyte cool down to room temperature before adding it to the battery 
cells. Hot electrolyte will eat up the cell plates rapidly. To be on the safe side, do not add the 
electrolyte if its temperature is above 90° F. After filling the battery cells, let the electrolyte 
cool again because more heat is generated by its contact with the battery plates. Next, take 
hydrometer readings. The specific gravity of the electrolyte will correspond quite closely to 
the values on the mixing chart if the parts of water and acid are mixed correctly.

Q) Battery maintenance 

If a battery is not properly maintained, its service life will be drastically reduced. Battery 
maintenance should be done during every PM cycle. 

R) Complete battery maintenance includes the following:

• Visually checking the battery.

• Checking the electrolyte level in cells on batteries with caps.                                       Adding 
water if the electrolyte level is low.

• Cleaning off corrosion around the battery and battery terminals.

1. Visual inspection
Battery maintenance should always begin with a thorough visual inspection. Look for signs 
of corrosion on or around the battery, signs of leakage, a cracked case or top, missing caps, 
and loose or missing hold-down clamps.

2. Checking electrolyte level and adding water
On vent cap batteries, the electrolyte level can be checked by removing the caps. Some bat-
teries have a fill ring which indicates the electrolyte level. The electrolyte should be even with 
the fill ring. If there is no fill ring, the electrolyte should be high enough to cover the tops of 
the plates. Some batteries have an electrolyte-level indicator (Delco Eye). This gives a colour 
code visual indication of the electrolyte level, with black indicating that the level is okay and 
white meaning a low level.
If the electrolyte level in the battery is low, fill the cells to the correct level with 
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3. Distilled water
purified water. Distilled water should be used because it does not contain the impurities 
found in tap water. Tap water contains many chemicals that reduce battery life. The chemi-
cals contaminate the electrolyte and collect in the bottom of the battery case. If enough 
Contaminants collect in the bottom of the case, the cell plates short out, ruining the battery.

If water must be added at frequent intervals, the charging system may be overcharging the 
battery. A faulty charging system can force excessive current into the battery. Battery gas-
sing can then remove water from the battery.

4. Cleaning the battery and terminals
If the top of the battery is dirty, using a stiff bristle brush, wash it down with a mixture of bak-
ing soda and water. This action will neutralize and remove the acid-dirt mixture. 
Be careful not to allow cleaning solution to enter the battery.

To clean the terminals, remove the cables and inspect the terminal posts to see if they are 
deformed or broken. Clean the terminal posts and the inside surfaces of the cable clamps 
with a cleaning tool before replacing them on the terminal posts.

Caution: Do not use a scraper or knife to clean battery terminals. This action removes too 
much metal and can ruin the terminal connection. When reinstalling the cables, coat the ter-
minals with petroleum or white grease. This will keep acid fumes off the connections and 
keep them from corroding again. Tighten the terminals just enough to secure the connec-
tion. Overtightening will strip the cable bolt threads.

Maintenance-free batteries do not need periodic electrolyte service under normal condi-
tions. It is designed to operate for long periods without loss of electrolyte.
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5. Checking Battery Condition
When measuring battery charge, you check the condition of the electrolyte and the battery 
plates. As a battery becomes discharged, its electrolyte has a larger percentage of water. 
Thus the electrolyte of a discharged battery will have a lower specific gravity number than a 
fully charged battery. This rise and drop in specific gravity can be used to check the charge in 
a battery. There are several ways to check the state of charge of a battery.

Non-maintenance-free batteries can have the state of charge checked with a hydrometer. 
The hydrometer tests specific gravity of the electrolyte. It is fast and simple to use. There are 
three types of hydrometers- the float type, the ball type, and needle type.

To use a float type hydrometer, squeeze and hold the bulb. Then immerse the other end of 
the hydrometer in the electrolyte. Then release the bulb. This action will fill the hydrometer 
with electrolyte. Hold the hydrometer even with your line of sight and compare the numbers 
on the hydrometer with the top of the electrolyte.

Most float type hydrometers are not temperature correcting. However, the new models will 
have a built-in thermometer and a conversion chart that allow you to calculate the correct 
temperature.
The ball (disc) type hydrometer is becoming more popular because you do not have to use a 
temperature conversion chart. The balls allow for a change in temperature when submersed 
in electrolyte. This allows for any temperature offset.
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To measure Voltage with a multimeter will not give a proper indication of the condition of the 
battery. A hydrometer of battery tester is the right diagnostic tool to check the condition of a 
battery. To use a ball type hydrometer, draw electrolyte into the hydrometer with the rubber 
bulb at the top. Then note the number of balls floating in the electrolyte. Instructions on or 
with the hydrometer will tell you whether the battery is fully charged or discharged.

A fully charged battery should have a hydrometer reading of at least 1.265 or higher.               If 
below 1.265, the battery needs to be recharged. or it may be defective. 
         
               

                                
6. Battery load tester
With a battery load tester the starting conditions of a battery is simulated and the condition 
of the battery can be recorded.
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2. Generators
Generator restore energy to the battery that has been used up in cranking the engine. Wheth-
er the energy required for the rest of the electrical system is supplied directly by the genera-
tor, by the battery, or by a combination of both depends on the conditions under which the 
generator is operating.

2.1 Types of Generators

• The DC (direct current) generator supplies electrical energy directly to the battery and or 
electrical system through various regulating devices.

• The AC (alternating current)  generator (alternator) has the same function as the DC 
generator but because only direct current can be used to charge a battery,  a component, 
called a rectifier, must be used to convert from alternating to direct current. 

2.2 Direct-Current (dc) Generator

The dc generator essentially consists of an armature, a field frame, field coils, and a commu-
tator with brushes to establish electrical contact with the rotating element.           The mag-
netic field of the generator usually is produced by the electromagnets or poles magnetized 
by current flowing through the field coils. Soft iron pole pieces (or pole shoes) are contained 
in the field frame that forms the magnetic circuit between the poles. 

.Although generators may be designed to have any even number of poles, two-and four-
pole frames are the most common. The field coils are connected in series. In the two-pole 
type frame, the magnetic circuit flows through only a part of the armature core; therefore. 
the armature must be constructed according to the number of field poles because current is 
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generated when the coil (winding on the armature) moves across each magnetic circuit.
The current is collected from the armature coils by brushes (usually made of carbon) that 
make rubbing contact with a commutator. The commutator consists of a series of insulated 
copper segments mounted on one end of the armature, each segment connecting to one 
or more armature coils. The armature coils are connected to the external circuits (battery, 
lights, or ignition) through the commutator and brushes. Current induced in the armature 
coils thus is able to flow to the external circuits.

There are two types of field circuits, determined by the point at which the field circuit is 
grounded, which are as follows: One circuit, referred to as the “A” circuit, shunts the field 
current from the insulated brushes through the field winding grounding externally at the 
regulator.
In the other, the “B” circuit, the field current is shunted from the armature series winding in 
the regulator to the generator field windings, grounding internally within the generator.

The three basic design factors that determine generator output are (1) the speed of armature 
rotation, (2) the number of armature conductors, and (3) the strength of the magnetic field. 
Any of these design factors could be used to control the generator voltage and current. How-
ever, the simplest method is to determine the strength of the magnetic field and thus limit 
the voltage and current output of the generator.
Since most of today’s manufactured vehicles and machines are equipped with AC genera-
tors, no more time will be spend on DC generators.
We therefore continue this module with looking at the operation of Alternators.
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3. Alternators
The alternator has replaced the dc generator because of its improved efficiency.               It is 
smaller, lighter, and more dependable than the dc generator. The alternator also produces 
more output during idle which makes it ideal for late model vehicles.
The alternator has a spinning magnetic field. The output windings (stator) are stationary. As 
the magnetic field rotates, it induces current in the output windings.

3.1 Alternator Construction

Knowledge of the construction of an alternator is required before you can understand the 
proper operation, testing procedures, and repair procedures applicable to an alternator.
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The primary components of an alternator are:

Rotor assembly:  rotor shaft, slip rings, claw poles, and field windings

Stator assembly:  three stator windings or coils, output wires, and stator core

Rectifier assembly:  heat sink, diodes, diode plate, and electrical terminals

3.2 Rotor assembly

The rotor consists of field windings (wire wound into a coil placed over an iron core) mounted 
on the rotor shaft. Two claw-shaped pole pieces surround the field windings to increase the 
magnetic field. The fingers on one of the claw-shaped pole pieces produce south (S) poles 
and the other produces north (N) poles. As the rotor rotates inside the alternator, alternating 
NS-N-S polarity and ac current is produced. 

An external source of electricity is required to excite the magnetic field of the alternator.
Slip rings are mounted on the rotor shaft to provide current to the rotor windings.                Each 
end of the field coil connects to the slip rings.

3.3 Stator Assembly

The stator produces the electrical output of the alternator. The stator, which is part of the alterna-
tor frame when assembled, consists of three groups of windings or coils which produce three sep-
arate ac currents. This is known as three-phase output. One end of the windings is connected to 
the stator assembly and the other is connected to a rectifier assembly. The windings are wrapped 
around a soft laminated iron core that concentrates and strengthen the magnetic field around 
the stator windings. There are two types of stators- Y -type stator and delta type stator.

3.3.1 Y-type Stator

The Y-type stator has the wire ends from the stator windings connected to a neutral junc-
tion. The circuit looks like the letter Y. The Y-type stator provides good current output at low 
engine speeds.
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3.3.2 Delta type Stator

The delta-type stator has the stator wires connected end-to-end. With no neutral junction, 
two circuit paths are formed between the diodes. A delta-type stator is used in high output 
alternators.

3.3.3 Rectifier Assembly
The rectifier assembly, also known as a diode assembly, consists of six diodes used to con-
vert stator ac output into dc current. The current flowing from the winding is allowed to pass 
through an insulated diode. As the current reverses direction, it flows to ground through a 
grounded diode. The insulated and grounded diodes prevent the reversal of current from the 
rest of the charging system. By this switching action and the number of pulses created by 
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motion between the windings of the stator and rotor, a fairly even flow of current is supplied 
to the battery terminal of the alternator.

The rectifier diodes are mounted in a heat sink (metal mount for removing excess heat from 
electronic parts) or diode bridge. Three positive diodes are press-fit in an insulated frame. 
Three negative diodes are mounted into an uninsulated or grounded frame.

 

When an alternator is producing current, the insulated diodes pass only outflowing current 
to the battery. The diodes provide a block, preventing reverse current flow from the alterna-
tor. 
                                                                                          

Fig: 2.14
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3.4 Alternator Operation

The operation of an alternator is somewhat different than the dc generator.                                      An 
alternator has a rotating magnet (rotor) which causes the magnetic lines of force to rotate 
with it. These lines of force are cut by the stationary (stator) windings in the alternator frame, 
as the rotor turns with the magnet rotating the N and S poles to keep changing positions. 
When S is up and N is down, current flows in one direction, but when N is up and S is down, 
current flows in the opposite direction. This is called alternating current as it changes direc-
tion twice for each complete revolution. If the rotor speed were increased to 60 revolutions 
per second, it would produce 60-cycle alternating current. 
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Since the engine speed varies in a vehicle, the frequency also varies with the change of speed. 
Likewise, increasing the number of pairs of magnetic north and south poles will increase the 
frequency by the number pair of poles. A four-pole generator can generate twice the fre-
quency per revolution of a two-pole rotor.

3.5 Alternator Output Control

A voltage regulator controls alternator output by changing the amount of current flow 
through the rotor windings. Any change in rotor winding current changes the strength of the 
magnetic field acting on the stator windings. In this way, the voltage regulator can maintain 
a pre-set charging voltage. 

The three basic types of voltage regulators are as follows:

1) Contact point voltage regulator, mounted away from the alternator in the engine 
compartment

2) Electronic voltage regulator, mounted away from the alternator in the engine 
compartment

3) Electronic voltage regulator, mounted on the back or inside the alternator

The contact point voltage regulator uses a coil, set of points, and resistors that limits system 
voltage. The electronic or solid-state regulators have replaced this older type. 

The electronic voltage regulators use an electronic circuit to control rotor field strength and 
alternator output. It is a sealed unit and is not repairable. The electronic circuit must be sealed 
to prevent damage from moisture, excessive heat, and vibration. 
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3.6 Electronic Voltage regulator

A rubber like gel surrounds the circuit for protection.
An integral voltage regulator is mounted inside or on the rear of the alternator. This is the 
most common type used on modern machinery. It is small, efficient, dependable, and com-
posed of integrated circuits.

An electronic voltage regulator performs the same operation as a contact point regulator, 
except that it uses transistors, diodes, resistors, and capacitors to regulate voltage in the sys-
tem. To increase alternator output, the electronic voltage regulator allows more current into 
the rotor windings, thereby strengthen the magnetic field around the rotor. More current is 
then induced into the stator windings and out of the alternator.

To reduce alternator output, the electronic regulator increases the resistance between the 
battery and the rotor windings. The magnetic field decreases and less current is induced into 
the stator windings.

Alternator speed and load determines whether the regulator increases or decreases charging 
output. If the load is high or rotor speed is low (engine at idle), the regulator senses a drop in 
system voltage. The regulator then increases the rotors magnetic field current until a pre-set 
output voltage is obtained. If the load drops or rotor speed increases, the opposite occurs.

3.7 Alternator Maintenance

Alternator testing and service call for special precautions since the alternator output termi-
nal is connected to the battery at all times. Use care to avoid reversing polarity when per-
forming battery service of any kind. A surge of current in the opposite direction could bum 
the alternator diodes.
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Do not purposely or accidentally “short” or “ground” the system when disconnecting wires or 
connecting test leads to terminals of the alternator or regulator. 

For example, grounding of the field terminal at either alternator or regulator will damage 
the regulator. Grounding of the alternator output terminal will damage the alternator and 
possibly other portions of the charging system.

Never operate an alternator on an open circuit. With no battery or electrical load in the cir-
cuit, alternators are capable of building high voltage (50 to over 110 volts) which may dam-
age diodes and endanger anyone who touches the alternator output terminal.
Alternator maintenance is minimized by the use of pre-lubricated bearings and longer last-
ing brushes. If a problem exists in the charging circuit, check for a complete field circuit by 
placing a large screwdriver on the alternator rear-bearing surface. If the field circuit is com-
plete, there will be a strong magnetic pull on the blade of the screwdriver, which indicates 
that the field is energized. If there is no field current, the alternator will not charge because 
it is excited by battery voltage.

Should you suspect troubles within the charging system after checking the wiring connec-
tions and battery, connect a voltmeter across the battery terminals. If the voltage reading, 
with the engine speed increased, is within the manufacturer’s recommended specification, 
the charging system is functioning properly. Should the alternator tests fail, the alternator 
should be removed for repairs or replacement. 

Do not forget, you must always disconnect the cables from the battery first.

V-belt adjustment of Alternator
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4. The Starting System      

 
         
The starting motor converts electrical energy from the battery into mechanical or rotating 
energy to crank the engine. The main difference between an electric starting motor and an 
electric generator is that in a generator, rotation of the armature in a magnetic field pro-
duces voltage. In a motor, current is sent through the armature and the field; the attraction 
and repulsion between the magnetic poles of the field and armature coil alternately push 
and pull the armature around. This rotation (mechanical energy), when properly connected 
to the flywheel of an engine, causes the engine crankshaft to turn.

Fig: 2.21
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4.1 Starting Motor Construction
The construction of the starting motors is very similar to the DC Generator. 
There are, however, slight design variations. 

 

The main parts of a starting motor are;

• Armature assembly: The windings, core, starter shaft, and commutator assembly that 
spin inside a stationary field.

• Commutator and frame: The end housing for the brushes, brush springs, and shaft 
bushings.

• Pinion drive assembly: The pinion gear, pinion drive mechanism, and solenoid.

• Field frame: The centre housing that holds the field coils and pole shoes.

• Drive end frame: The end housing around the pinion gear, which has a bushing for the 
armature shaft.
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A) Armature assembly
The armature assembly consists of an armature shaft, armature core, commutator, and ar-
mature windings. The armature shaft supports the armature assembly as it spins inside the 
starter housing. The armature core is made of iron and holds the armature windings in place. 
The iron increases the magnetic field strength of the windings.

The commutator serves as a sliding electrical connection between the motor windings and 
the brushes and is mounted on one end of the armature shaft. The commutator has many 
segments that are insulated from each other. As the windings rotate away from the pole shoe 
(piece), the commutator segments change the electrical connection between the brushes 
and the windings. This action reverses the magnetic field around the windings. The constant 
changing electrical connection at the windings keeps the motor spinning.

B) Commutator end frame
The commutator end frame houses the brushes, the brush springs, and the armature shaft 
bushing. The brushes ride on top of the commutator. They slide on the commutator to carry 
battery current to the spinning windings. The springs force the brushes to maintain contact 
with the commutator as it spins, thereby no power interruptions occurs. The armature shaft 
bushing supports the commutator end of the armature shaft.

C) Pinion drive assembly
The pinion drive assembly includes the pinion gear, the pinion drive mechanism, and sole-
noid. There are two ways that a starting motor can engage the pinion assembly with a move-
able pole shoe that engages the pinion gear and with a solenoid and shift fork that engages 
the pinion gear.

The pinion gear is a small gear on the armature shaft that engages the ring gear on the fly-
wheel. Most starter pinion gears are made as part of a pinion drive mechanism. The pinion 
drive mechanism slides over one end of the starter armature shaft. The pinion drive mecha-
nism found on starting motors that you will encounter are of three designs-Bendix drive, 
overrunning clutch, and Dyer drive.

The Bendix drive relies on the principle of inertia to cause the pinion gear to mesh with the 
ring gear. When the starting motor is not operating, the pinion gear is out of mesh and en-
tirely away from the ring gear. When the ignition switch is engaged, the total battery voltage 
is applied to the starting motor, and the armature immediately starts to rotate at high speed.

The pinion, being weighted on one side and having internal screw threads, does not rotate 
immediately with the shaft but because of inertia, runs forward on the revolving threaded 
sleeve until it engages with the ring gear. If the teeth of the pinion and ring gear do not en-
gage, the drive spring allows the pinion to revolve and forces the pinion to mesh with the ring 
gear. 
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When the pinion gear is engaged fully with the ring gear, the pinion is then driven by the 
starter through the compressed drive spring and cranks the engine. The drive spring acts as a 
cushion while the engine is being cranked against compression. t also breaks the severity of 
the shock on the teeth when the gears engage and when the engine kicks back due to igni-
tion. When the engine starts and runs on its own power, the ring gear drives the pinion at a 
higher speed than does the starter. This action causes the pinion to turn in the opposite direc-
tion on the threaded sleeve and automatically disengages from the ring gear. This prevents 
the engine from driving the starter.

D) Overrunning clutch
The overrunning clutch provides positive meshing and de-meshing of the starter motor pin-
ion gear and the ring gear. The starting motor armature shaft drives the shell and sleeve 
assembly of the clutch. The rotor assembly is connected to the pinion gear which meshes 
with the engine ring gear. Spring-loaded steel rollers are located in tapered notches between 
the shell and the rotor. The springs and plungers hold the rollers in position in the tapered 
notches. When the armature shaft turns, the rollers are jammed between the notched sur-
faces, forcing the inner and outer members of the assembly to rotate as a unit and crank the 
engine.
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After the engine is started, the ring gear rotates faster than the pinion gear, thus tending to 
work the rollers back against the plungers, and thereby causing an overrunning action. This 
action prevents excessive speed of the starting motor. When the starting motor is released, 
the collar and spring assembly pulls the pinion out of mesh with the ring gear. 

E) Field frame
The field frame is the centre housing that holds the field coils and pole shoes.
The field coil (winding) is a stationary set of windings that creates a strong magnetic field 
around the motor armature. When current flows through the winding, the magnetic field 
between the pole shoes becomes very large. Acting against the magnetic field created by the 
armature, this action spins the motor with extra power. Field windings vary according to the 
application of the starter motor. 

The most popular configurations are;

• Two windings, parallel: The wiring of the two field coils in parallel will increase their 
strength because they receive full voltage. Note that two additional pole shoes are used. 
Though they have no windings, their presence will further strengthen the magnetic field.

• Four windings, series-parallel: The wiring of four field coils in a series-parallel 
combination creates a stronger magnetic field than the two field coil configuration.

• Four windings, series: The wiring of four field coils in series provides a large amount of 
low-speed torque, which is desirable for automotive starting motors. However, series-
wound motors can build up excessive speed if allowed to run free to the point where they 
will destroy themselves.
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A) Six windings, series-parallel: Three pairs of series-wound field coils provide the mag-
netic field for a heavy-duty starter motor. This configuration uses six brushes.

B) Three windings, two series, one shunt:  The use of one filled coil that is shunted to ground 
with a series-wound motor controls motor speed. Because the shunt coil is not affected by 
speed, it will draw a steady heavy current, effectively limiting speed.

C) Drive end frame
The drive end frame is designed to protect the drive pinion from damage and to support the 
armature shaft. The drive end frame of the starter contains a bushing to prevent wear be-
tween the armature shaft and drive end frame.

4.2 Types of Starting Motors

There are two types of starting motors that you will encounter on equipment. These are the 
direct drive starter and the double reduction starter. All starters require the use of gear re-
duction to provide the mechanical advantage required to turn the engine flywheel and crank-
shaft.

4.2.1 Direct drive starter motors

Direct drive starters make use of a pinion gear on the armature shaft of the starting motor. 
This gear meshes with teeth on the ring gear. There are between 10 to 16 teeth on the ring 
gear for everyone on the pinion gear. Therefore, the starting motor revolves 10 to 16 times 
for every revolution of the ring gear. In operation, the starting motor armature revolves at a 
rate of 2,000 to 3,000 revolutions per minute, thus turning the engine crankshaft at speeds 
up to 200 revolutions per minute.

4.2.2 Double reduction starter
The double reduction starter makes use of gear reduction within the starter and the reduc-
tion between the drive pinion and the ring gear. The gear reduction drive head is used on 
heavy-duty equipment.
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The gear on the armature shaft does not mesh directly with the teeth on the ring gear, but 
with an intermediate gear which drives the driving pinion. This action provides additional 
breakaway, or starting torque, and greater cranking power. The armature of a starting motor 
with a gear reduction drive head may rotate as many as 40 revolutions for every revolution 
of the engine flywheel.

5. Neutral Safety Switch
Vehicles equipped with automatic transmissions require the use of a neutral safety switch. 
The neutral safety switch prevents the engine from being started unless the shift selector 
of the transmission is in neutral or park. Forklifts, Tractors, Wheel loaders and other Heavy 
earthmoving equipment are also equipped with a neutral switch device to avoid accidental 
staring of the machine while in gear. It disables the starting circuit when the transmission is in 
gear. This safety feature prevents the accidental starting of a vehicle in gear, which can result 
in personal injury and vehicle damage.

The neutral safety switch is wired into the circuit going to the starter solenoid. When the 
transmission is in forward or reverse gear, the switch is in the OPEN position (disconnect-
ed). This action prevents current from activating the solenoid and starter when the ignition 
switch is turned to the start position. When the transmission is in neutral or park, the switch 
is closed (connected), allowing current to flow to the starter when the ignition is turned.

 

A misadjusted or bad neutral safety switch can keep the engine from cranking. f the vehicle 
does not start, you should check the action of the neutral safety switch by moving the shift 
lever into various positions while trying to start the vehicle. If the starter begins to work, the 
switch needs to be readjusted.
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6. Lighting circuit
The lighting circuit includes the battery, vehicle frame, all the lights, and various switches 
that control their use. The lighting circuit is known as a single-wire system since it uses the 
vehicle frame for the return.

 

The complete lighting circuit of a vehicle can be broken down into individual circuits, each 
having one or more lights and switches. In each separate circuit, the lights are connected in 
parallel, and the controlling switch is in series between the group of lights and the battery.

The marker lights, for example, are connected in parallel and are controlled by a single 
switch. In some installations, one switch controls the connections to the battery, while a se-
lector switch determines which of two circuits is energized. The headlights, with their high 
and low beams, are an example of this type of circuit. In some instances, such as the courtesy 
lights, several switches may be connected in parallel so that any switch may be used to turn 
on the light.

When a wiring diagram is being studied, all light circuits can be traced from the battery 
through the ammeter to the switch (or switches) to the individual light.
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7. Light bulbs (lamp)
Small gas-filled incandescent lamps with tungsten filaments are used on automotive and 
construction equipment. 

The filaments supply the light when sufficient current is flowing through them. They are de-
signed to operate on a low voltage current of 12 or 24 volts, depending upon the voltage of 
the vehicle will be of the single-or double-contact small one-half-candle power bulbs to large 
50- candlepower bulbs. The greater the candlepower of the lamp, the more current it re-
quires when lighted. Lamps are identified by a number on the base. When you replace a lamp 
in a vehicle, be sure the new lamp is of the proper rating. The lamps within Lamps are rated 
as to size by the candlepower (luminous intensity) they produce. They range from types with 
nibs to fit bayonet sockets, as shown in lamp is also whiter than a conventional lamp, which 
increases lighting ability.

8. Turning signal systems
 Vehicles that operate on any public 
road must be equipped with turn signals. 
These signals indicate a left or right turn 
by providing a flashing light signal at the
 rear and front of the vehicle. 

The turn-signal switch is located on
 the steering column. It is designed to 
shut off automatically after the turn is 
 
completed by the action of the 
cancelling cam.
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9. Circuit Breakers and Fuses
Fuses are safety devices placed in electrical circuits to protect wires and electrical units from 
a heavy flow of current. Each circuit, or at least each individual electrical system, is provided 
with a fuse that has an ampere rating for the maximum current required to operate the units. 
The fuse element is made from metal with a low-melting point and forms the weakest point 
of the electrical circuit. In case of a short circuit or other trouble, the fuse will be burned out 
first and open the circuit just as a switch would do. 

 

10. Fuses

11. Circuit breaker
 
Testing fuse (continuity)
Examination of a burnt-out fuse usually gives an indication of the problem. A discoloured 
sight glass indicates the circuit has a short either in the wiring or in one of its components. 
If the glass is clear, the problem is an overloaded circuit. Be sure when replacing a fuse that 
it has a rating equal to the one burned out. Ensure that the trouble of the failure has been 
found and repaired. A circuit breaker performs the same function as a fuse. It disconnects the 
power source from the circuit when current becomes too high. The circuit breaker will remain 
open until the trouble is corrected. Once the trouble is corrected, a circuit breaker will auto-
matically reset itself when current returns to normal levels. 
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12. Electric Wiring diagram
Wiring colour codes are used by manufacturers to assist the mechanics in identifying the 
wires used in many circuits and making repairs in a minimum of time. No colour code is com-
mon to all manufacturers. For this reason, the manufacturer’s service manual is a must for 
speedy troubleshooting and repairs.

Wire

Component Circuit Diagram Symbol

Resistor

Light bulb

Cell

Battery

Switch
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Wiring diagrams are drawings that show the relationship of the electrical components and 
wires in a circuit. They seldom show the routing of the wires within the electrical system of 
the vehicle

Often you will find electrical symbols used in wiring diagrams to simulate individual compo-
nents. 

13. The electrical symbol of a relay

Ask your lecturer for additional symbols (complete list) of 
Automotive circuit symbols, ISO Standard.

14. Wiring terminals
Wire terminals are divided into two major classes; the solder type and the solderless type, 
which is also known as the pressure or crimp type. The solder type has a cup in which the wire 
is held by solder permanently. The solderless type is connected to the wire by special tools. 
These tools deform the barrel of the terminal and exert pressure on the wire to form a strong 
mechanical bond and electrical connection. Solderless type terminals are gradually replacing 
solder type terminals in military equipment.
Wire passing through holes in the metal members of the frame or body should be protected 
by rubber grommets. If rubber grommets are not available, use a piece of rubber hose the 
size of the hole to protect the wiring from chafing or cutting on sharp edges. 
Wire in the electrical system should be supported by clamps or fastened by wire ties at vari-
ous points about the vehicle. When installing new wiring, be sure to keep it away from any 
heat-producing component that would scorch or bum the insulation.
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15. Magnetism
The effects of magnetism were first observed when fragments of iron ore called lodestone, 
found in nature, were seen to attract other pieces of iron.
 

It was further discovered that a long piece of this iron ore suspended in air would align itself 
so that one end always pointed toward the North Pole of the earth. This end of the iron bar 
was called the north pole, or N-pole, and the other end the south or S-pole. Such a piece of 
iron ore was called a bar magnet. This principle became the basis for the compass, which has 
been used as an aid in navigation for over 1000 years.

15.1 Magnetic fields

Further study of the bar magnet revealed that an attractive force was exerted upon bits of 
iron or iron filings even though the iron filings were some distance away from the bar mag-
net. From this it was clear that a force existed in the space close to the bar magnet. 

This space around the magnet in which iron filings are attracted is called the field of force or 
magnetic field.

The theory of magnetic lines of force can be dramatically shown by sprinkling iron filings on a 
piece of paper resting on top of a bar magnet. When the paper is lightly tapped by hand, the 
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iron filings line up to form a clear pattern around the bar magnet.

The pattern shows that the lines of force are heavily concentrated at the N and S poles of the 
magnet, and then spread out into the surrounding air between the poles. The concentration 
or number of lines at each pole is equal, and the attractive force on the iron filings at each 
pole is equal. Notice that the force of attraction on bits of metal is greatest where the con-
centration of magnetic lines is greatest. 

For a bar magnet, this area is next to the two poles.

We have said that the lines of force always leave the N pole and enter the S pole of a magnet. 
When a small compass needle, which is a small bar magnet, is located in the magnetic field 
of a strong bar magnet, the compass needle will align itself so it is parallel with the lines of 
force of the bar magnet.

S

S

N

N

This alignment takes place because the strong magnetic lines from the bar magnet must 
enter the S pole and leave the N pole of the compass needle.
We can also see that the unlike poles of the two magnets are attracted towards each other.

To demonstrate further the force of attraction between the unlike poles of two magnets, a 
force of attraction is seen to exist between two bar magnets lying end to end with an N and 
S pole facing each other. The force of attraction increases as the two magnets are moved 
closer together.

If, on the other hand, the magnets are aligned so the N poles or the S poles face each other, 
a force of repulsion is seen to exist between the two magnets, and this repulsion increases as 
the two magnets are moved closer together.

Unlike poles attract each other and like poles repel each other.
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15.2 Theory of magnetism

Exactly what magnetism is, and how it exerts a field of force, can best be explained by either 
one of two theories.

Theory No.1 states that a magnet is made up of a very large number of small magnetized 
particles. When a bar of iron is not magnetized, the small magnetic particles are arranged in 
a random manner. But when the bar of iron becomes a magnet, the magnetic particles are 
aligned so that their individual effects add together to form a strong magnet.

Theory No.2 about magnetism concerns the electron. The electron has a circle of force 
around it, and when the electron orbits are aligned in a bar of iron so that the circles of force 
add together, the bar of iron is magnetized.

While iron is one of the better known magnetic materials, remember that some materials 
are non-magnetic since they never exhibit any of the properties of magnetism. Some of the 
non-magnetic materials are wood, paper, glass, copper, and zinc.
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15.3 How magnets are made

An ordinary iron bar can be converted into a magnet in a number of different ways.

One method is to stroke the iron with another piece of iron that has already been magne-
tized. 

The effect of inducing magnetism into the iron bar is called magnetic induction.

Another method of magnetic induction is simply to place an iron bar in a strong magnetic 
field. The lines of force in the field passing through the iron bar will cause the bar to become 
a magnet as long as it is located in the field. If the bar is withdrawn from the field of force, 
and if its composition is such that it retains some of its induced magnetism, it is then said to 
be permanently magnetized and is called a permanent magnet.
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Most permanent magnets are made of hard metals composed of alloys, since soft metals will 
not retain much of their magnetism. Some of the more common alloys are nickel-iron and 
aluminum-nickel-cobalt.

Forming a Horseshoe magnet
Permanent magnets are found in many shapes, including the horseshoe magnet which con-
centrates the lines of force at the two poles in a small area. Magnets of this type are widely 
used in voltmeters and ammeters.

 
It was not until the year 1820 that the relation between electricity and magnetism was dis-
covered. Before this time it was generally believed that magnetism existed only in the lode-
stone or iron ore found in nature, and there was no relationship at all between electricity and 
magnetism.
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When the wire is connected to the battery, current will flow, creating a magnetic field that 
disrupts the compass needle.

An experiment with a compass and a wire carrying current revealed the connection between 
electricity and magnetism. When the compass was held over the wire, the needle turned so 
it was crosswise of the wire. 

Since the only thing known that would attract a compass needle was magnetism, it was obvi-
ous that the current in the wire created a magnetic field around the wire.

The nature of the magnetic field around the wire is revealed when the current-carrying wire 
is run through a piece of cardboard, and iron filings are sprinkled on the cardboard. The iron 
filings align themselves to show a clear pattern of concentric circles around the wire. 

The circles are more concentrated near the wire than farther away. Although the iron filings 
on the cardboard show only the pattern in one plane, remember that the concentric circles 
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extend the entire length of the current-carrying wire.

When current is flowing in a wire in the direction indicated by the cross, the N pole of a com-
pass needle will always point in one direction. However, when current is flowing in the wire in 
the opposite direction as indicated by the dot, the north pole of the compass needle reverses 
and points in the opposite direction.

Since the needle always has a tendency to align itself, so magnetic lines, or flux lines, enter 
its S pole and leave its N pole, we can conclude:

Magnetic lines have direction, and change direction when the current flow changes in the 
wire from one direction to another.

The Right Hand Rule for a Straight Conductor can be used to find the direction of the lines of 
force around the wire.

To apply the rule, grasp the wire with the thumb extended in the direction of conventional 
current flow (positive to negative); the fingers will then point in the direction in which the 
lines of force surround the conductor. These lines of force are always at right angles to the 
conductor, and the compass needle confirms the direction as determined by the Right Hand 
Rule.

Unlike the flow of electrons in a conductor, which actually move, the magnetic lines of force 
do not move or flow around the wire; instead they merely have direction as indicated by their 
effect upon the compass needle.
The number of lines of force, or strength of the magnetism, increases as the current 
through the conductor is increased.

If a compass is moved farther away from the conductor, a point finally is reached where the 
compass is unaffected by the field. 
If the current is then increased, the compass needle will be affected and will again indicate 
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the direction of the magnetic field as shown.

The number of lines of force, and the area around the conductor which they occupy, 
increase as the current through the conductor increases.

 

In other words:    More current creates a stronger magnetic field.
 
If two adjacent parallel conductors are carrying current in opposite directions, the direction 
of the field is clockwise around one conductor and counterclockwise around the other. 

The lines of force are more concentrated between the conductors than on the outside of the 
conductors. The force lines between the two wires add together to form a strong magnetic 
field. Under this condition, the two wires will tend to move apart, leading us to conclude:

A current-carrying conductor will tend to move out of a strong field and into a weak field.
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15.4 Principal of a starter motor

In the picture below, two conductors are placed on an armature located between a strong N 
and S pole, and the conductors are made to carry current in opposite directions. The result 
is that a strong and a weak field are formed on opposite sides of each conductor as shown.

By the Right Hand Rule, current flowing into the top conductor will form magnetic lines on 
the underneath side of the conductor that add to the lines of the N and S poles.          The con-
ductor will then tend to move upward or clockwise into the weakened field.

Similarly, current flowing out of the lower conductor forms a strong field on top and a weak 
field underneath, causing the conductor to move downward or clockwise.

Thus, a rotation is caused by the current flowing in the conductors. 
This is the principle of the starting motor. A different condition exists when two parallel con-
ductors are carrying equal currents in the same direction. 

A magnetic field, clockwise in direction, will be formed around each conductor, with the 
magnetic lines between the conductors opposing each other in direction. The magnetic field 
between the conductors is canceled out, leaving essentially no field in this area. 

The two conductors will then tend to move toward each other; that is, from a strong field into 
a weak field. Two conductors lying alongside each other carrying equal currents in the same 
direction create a magnetic field equivalent to one conductor carrying twice the current.

When several more conductors are placed side by side, the magnetic effect is increased as 
the lines from each conductor join and surround all the conductors.
Conductor in a Single Loop has no increase in Magnetic field.
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A straight current-carrying wire when formed into a single loop has the same magnetic field 
surrounding it as when it was straight.

Using the Right Hand Rule, we can see that all the lines of force enter the inside of the loop of 
wire on one side, and leave the other side as shown. The lines of force are concentrated inside 
the loop. A single loop of wire carrying current is called a basic electromagnet.

15.5 Electromagnets

But what happens when a current-carrying wire is wound into a number of loops to form a 
coil. Now the resulting magnetic field is the sum of all the single loop magnetic fields added 
together, since this is the same as several conductors lying side by side carrying current in the 
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same direction.

With lines of force leaving the coil at one end and entering at the other end, a north and 
south pole are formed at the coil ends the same as in a bar magnet.

15.6 Right Hand Rule for coils.

To find polarity of the coil ends, apply the Right Hand Rule for Coils by grasping the coil with 
the fingers pointed in the direction of current flow; the thumb will then point toward the N 
pole of the coil as shown. If the current direction through the coil is reversed, the polarity of 
the coil ends will also reverse.
When a coil is wound over a core of magnetic material such as iron, the assembly becomes a 
usable electromagnet.

The strength of the magnetic field at the N and S poles is increased greatly by adding the iron 
core. The reason for this increase is that air is a very poor conductor of magnetic lines, while 
iron is a very good conductor. 

Relatively speaking, the use of iron in a magnetic path may increase the magnetic strength 
by 2500 times over that of air.

The strength of the magnetic poles in an electromagnet is directly proportional to the num-
ber of turns of wire and the current in amperes flowing in the coil as shown.
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An electromagnet having one ampere flowing through 1000 turns and another electromag-
net having 10 amperes flowing through 100 turns will each create 1000 ampere-turns, which 
is a measure of the magnetic field strength. 

The attraction on magnetic materials located in the magnetic field of each of these electro-
magnets will be the same. Just as electric current flows through a closed circuit, so do the 
lines of force created by a magnet occupy a closed magnetic circuit. Since the same number 
of lines that come out of the N pole must also enter the S pole, a complete circuit must be 
present for each magnetic field.

The resistance that a magnetic circuit offers to lines of force, or flux, is called reluctance. The 
reluctance is comparable to resistance in an electrical circuit.

There is an equation for an electromagnetic circuit that is similar to Ohm’s Law for the elec-
tric circuit. This equation is:

Number of Magnetic Lines is Proportional to:

Ampere -Turns
Reluctance

Two facts related to this equation are important to us here:

1) The number of magnetic lines, or strength of the field, is directly proportional to the 
ampere turns. In an electromagnet, more current through the coils means greater field 
strength.
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2) The number of lines or field strength is inversely proportional to the reluctance;              that 
is, if the reluctance increases the field strength decreases. Since most magnetic circuits 
consist of iron and short air gaps, the reluctance of such a series circuit is equal to the iron 
reluctance added to the air gap reluctance.

The effect of an air gap on the total reluctance of a circuit is very pronounced. 
This is true because air has a much higher reluctance than iron.

 

To illustrate this fact, consider a magnetic circuit with a short air gap that has a field of 
strength of 10,000 lines of force (Fig. 24). If the length of the air gap is doubled, the reluc-
tance will almost double, and the field strength will be reduced to approximately 5,000 lines 
of force. Although the air gap represents only a very short segment of the total magnetic 
path, increasing the air gap from, say, 0.1 inch (3 mm) to 0.2 inch (5 mm) may cut the field 
strength almost in half.

15.7 Electromagnetic induction

When a conductor is moved across a magnetic field, a voltage is induced in the conductor.
This principle is called electromagnetic induction, and is defined as the inducing of voltage in 
a conductor that moves across a magnetic field.

How Voltage is induced
To show this, move a straight magnet through a coil wire. Connect a sensitive voltmeter to 
the ends of the wire and the needle will register a small voltage as the magnet is moved in-
sides the magnetic field.
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Magnet, 
Coil and 
Voltmeter

We have observed that voltage has polarity; that is, positive and negative poles. We have also 
stated that current flows from the positive terminal of a voltage source through the external 
circuit and then back to the negative terminal of the source.

Now we can also see that a wire cutting across a magnetic field also becomes a source of 
electricity, and must have a positive and negative end, just like a battery.
However, unlike the battery, we will now see that the polarity at the ends of the wire can 
change. This polarity depends upon the relative direction of wire movement and the direc-
tion of the magnetic field.

To determine the polarity at the ends of a conductor and the consequent direction of current 
flow, consider a straight wire moving to the left across a magnetic field.

 

With this direction of motion, the magnetic lines are striking the wire on the left side, and this 
side of the wire is called the leading side. A horseshoe magnet is used to show how a metal 
bar is moved between the poles.
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Current is seen to flow into away from the reader, as indicated. that the polarities at the wire 
ends shown in order to meet the condition flows from the positive side of a source through 
the external circuit and returns to side of the source.

When the direction of motion of the conductor is changed to move toward the right, the 
right side of the conductor becomes the leading side. By applying the Right Hand Rule, the 
current is seen to reverse its direction, and to flow out of the page or toward the reader. This 
means that the voltage polarities at the wire ends have reversed.
In the previous examples, if, instead of moving the wire to the left, we move the magnetic 
field to the right across a stationary conductor, the same voltage and current flow will be in-
duced in the wire. The same holds true for moving the field to the left across the conductor, 
because in each case the leading side of the conductor and the magnetic field direction are 
unchanged. 

Therefore, we can conclude:

A voltage will be induced in a conductor cutting across a magnetic field when there is relative 
motion between the two. Either the conductor can move, or the magnetic field can move.

15.8 Magnitudes of induced Voltage
Now that we have observed the factors that determine the polarity of the induced voltage 
and the direction of current flow, let’s consider the factors that determine the magnitude of 
the induced voltage. These factors are:
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1. The strength of the magnetic field.

2. The speed at which lines of force are cutting across the conductor.

3. The number of conductors that are cutting across the lines of force.

If the magnetic field is made stronger, such as by using a larger horseshoe magnet, more 
lines of force will be cut by the conductor in any given interval of time and the induced volt-
age will be higher.

If the relative motion between the conductor and magnetic field is increased, more lines of 
force will be cut in any given interval of time and so the voltage will be higher.

If the straight wire conductor is wound into a coil which is then moved across the field, all the 
loops of wire are in series and the voltage induced in all the loops will add together to give a 
higher voltage.

To summarize:

• Stronger magnetic field = more induced voltage
• Faster relative motion = more voltage
• More conductors in motion = more voltage

15.9 Methods of inducing Voltage

There are three ways in which a voltage can be induced by electromagnetic induction:

• Generated Voltage
• Self-Induction
• Mutual Induction

Let’s discuss each form of induction.

15.10 Generated Voltage

A direct-current generator operates by moving conductors across a stationary magnetic field 
to produce voltage and current.

To show this, take the most basic type of d.c. generator where a single loop of wire is rotating 
between the N and S poles of a magnetic field.
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By applying the Right Hand Rule for Induced Voltage to both sides of the wire loop, current 
is seen to flow in the direction indicated, and the voltages induced in the wire loop give a coil 
voltage that appears at the two commutator segments attached to the wire ends. The cur-
rent then flows through brushes riding on the commutator to the external circuit. 

Another application of the principle of generated voltage is the alternating-current genera-
tor, or alternator, where the magnetic field is made to cut across stationary conductors in 
order to produce voltage and current.

By applying the Right Hand Rule, with the rotating field position as shown, current will flow 
through the conductor in the direction indicated with the voltage polarities.

The voltage induced in a conductor by physically moving the conductor or the field is re-
ferred to as generated voltage. This principle is used in d.c. generators and in alternators.

15.11 Self-Induction

Self-induction is the induction of a voltage in a current-carrying wire when the current in the 
wire itself is changing.

Earlier in this lesson we used a separate magnetic field provided by a horseshoe magnet to 
generate voltage in a conductor. In self-induction no separate field is used; instead the mag-
netic field created by a changing current through the wire itself is seen to induce a voltage in 
the wire. Hence, the voltage is self-induced.

The reason that a voltage is induced in a wire carrying a changing current is as follows:  Since 
the current creates a magnetic field in the form of concentric circles around the wire which 
expand and contract as the current increases and decreases, these magnetic circles cut 
across the conductor and thereby induce a voltage in the conductor. Since there is relative 
motion between the field and conductor, the condition necessary for inducing a voltage has 
been met.

Let’s take a coil of wire with the turns wound tightly together over an iron core. 
When the current increases in one loop the expanding magnetic field will cut across some or 
all of the neighboring loops of wire; thus inducing a voltage in these loops. 
The coil of wire wound over an iron core is often called an inductor, and possesses the prop-
erty of inductance which causes a voltage to be induced in the coil when the current is chang-
ing.

Polarity of Induced Voltage in a Coil
Now, let’s make a statement that determines the voltage polarity of the self-induced voltage 
in a conductor or coil of wire, and then explain this statement more fully.
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The polarity of an induced voltage, will oppose a change in the current that produced it.

“Change in current” refers to current which is either increasing or decreasing in value.

After the switch is closed, the current increases from zero to its maximum value of, say, four 
amperes. During this time a voltage will be induced in the inductor in a direction opposing 
the increasing current; the inductor itself becomes a source of voltage that attempts to pre-
vent the current from increasing in the circuit.

To oppose the increasing current, the inductor will have to generate a voltage in a direction 
opposite to the battery current, hence the polarity at A is positive (+) and at B is negative 
(-). The induced voltage opposes the change in current; that is, the induced voltage tries to 
maintain the “status quo” and keep the battery current at zero when the switch is closed.

However, the battery current in time overcomes the inductive effect of the coil, and reaches 
its final steady value of four amperes.

When the switch is opened, the current decreases from four amperes to zero. 
This changing current induces a voltage in the coil that again tries to maintain the “status 
quo” or to keep the current flow at four amperes. The polarity of the induced coil voltage, 
therefore, must be as shown, because the coil attempts to supply current in the same direc-
tion as originally supplied by the battery. It attempts to keep the current flow at the four-
ampere value, and this may cause the switch to arc when it is opened.

Note that the induced voltage polarity for any direction of current flow is determined by 
whether the current is increasing or decreasing. For example:

 Induced Voltage
 A B
Current Increasing ; + -
Current Decreasing ;   +  -

Although the inductive voltage tries to prevent any change in current value, the effects of the 
battery voltage and the closed or open switch in time cause the current to reach a constant 
value. 

The induced voltage, however, does cause a time delay while the current reaches its final 
value after the switch is closed or opened.

Consider first the case when the switch is closed. Due to the inductive effect of the coil the 
current slowly rises to its maximum value of four amperes. When the final current of four 
amperes is reached, there is no changing magnetic field, no induced voltage, and the resistor 
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4 Amperes =
12 Volts

3 ohms

Coils`s energy = 
Inductance x curent x curent = L x l x l

2                     2

alone acts to establish the final current value. 

Ohm’s Law applied to this circuit gives the final current value of four amperes; 

There is a certain amount of energy stored in an inductive coil when current is flowing through 
it. This energy is directly related to the amount of current (I) and the inductance of the coil, 
whose symbol is (L). The inductance of any coil is determined primarily by the number of 
turns of wire, their spacing, and the type of material used in the core of the coil. The amount 
of energy stored in a coil is given by the following equation:
This equation shows that the higher the inductance and the higher the current, the greater 
will be the energy stored in the coil.

Use of Self-Induction in Ignition Circuit Coils
A standard ignition circuit operates on the principle of energy stored in the primary winding 
of an ignition coil. When the distributor contacts open, the current suddenly drops to zero, 
and from the energy equation the energy in the coil suddenly drops to zero. Some of this 
energy is transferred by mutual induction (see the next section) to the secondary winding of 
the ignition coil, and the energy is dissipated in the form of an arc across the spark plug. In 
an ignition circuit, the time delay in build-up of primary winding current when the distributor 
contacts close is very important.

If the contacts open before the final maximum value of current is reached, the energy stored 
in the coil (see the energy equation) is reduced, making less energy available to fire the plug. 
Although the inductance of the ignition coil may cause a time delay of only a fraction of a 
second, this interval of time must be closely correlated with the time the distributor contacts 
are closed. 

Many machine components are using magnetism to function.
A relay is using magnetism for closing the main contacts.
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Also the relay of a starter motor is using magnetism.

In Module 3.1 (Hydraulics), on-off magnets and proportional magnets will be discussed.

Normally an electromagnet is On or Off.
But some operations require an electromagnet that can vary its strength.

15.12 Proportional or Linear Solenoid actuator
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The strength of this magnet is adjusted by supplying mill amperes.
Such a magnet is useful when operating equipment that requires a smooth operation.

The linear variable differential transformer (LVDT) (also called just a differential transform-
er, linear variable displacement transformer, or linear variable displacement transducer  is a 
type of electrical transformer used for measuring linear displacement (position). It will send 
signals to the control unit to ensure the spool will always remain in the position placed, when 
no current changes are made.
Hydraulic symbol of a 4/3 way valve, proportional operated

 

The arrow through the symbol of the magnet shows that the magnet (solenoid) is adjustable. 
The black arrow represents the supply of oil (servo).

In Module 3.1 we will continue to discuss the use and influence of magnetics.
The ECU – Electronic Control Unit, Sensors and Actuators will also be discussed in detail. 

So far, the basics of electrics have been covered with this module.

https://en.wikipedia.org/wiki/Transformer
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16.Practical exercise
I) Electrical circuits

a) Connect the loads in series

b) Connect the loads in parallel

c) Connect the loads in parallel and add a switch and fuse in power line.

d) Connect the loads in series and add a switch and fuse in power line.
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e) Connect the loads to form a combined circuit with a fuse and switch in power line.

f) Connect the loads to form a combined circuit with switch A controlling the entire circuit 
and switch A and B should be ON to turn ON bulb B.
 

 

 

C

A

A
B

B
C
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II) Electrical Wiring Diagram 

Use appropriate wiring diagram manual to identify the following

a) Locate the battery and Ignition/Start switch

Notes:

b) Locate the main fuse/relay/Junction box in the given equipment/vehicle

Notes:

c) Locate the various ground points

Notes:
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d) Locate the Head/Main Lights connector and identify the power wire colour and terminal 
number

Notes:

e) Locate the Horn connector and identify the ground wire colour and terminal number

Notes:

f) Refer to the wiper/washer page in the wiring diagram manual and write the connector 
number, number of wires in the connector, wire number 2 and 4 colour codes. Verify this in 
the actual machinery/vehicle

Notes:
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III) Testing Electrical Systems with a Digital Multimeter

Perhaps the most important tool you will use in troubleshooting automotive electrical sys-
tems is the multimeter. 

Switch Fuse

Globe

Battery

With a Basic Multimeter you can measure;

• voltage (AC & DC)

• current 

• resistance

With a more advantaged Multimeter you can measure;

• frequency

• duty cycle

• dwell

• temperature

• pressure and vacuum.

Given some electrical components, you are to measure;

• Starter current

• Alternator leakage

• AC current

• Battery Voltage

• Current drains

• Bad ground
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Digital MULTIMETER

IV) Starter Current

Starting system troubles are often confused with charging system problems. 

Many a dead battery has been replaced when the real cause was a faulty charging system. Be 
sure that the charging system is functioning properly before you replace the battery. 

Make sure the battery is charged and passes a load test, then look for resistance in the starter 
circuit if the engine still cranks slowly. Investigate excessive current draw; check for worn-
through insulation, a seized or tight engine, a faulty starter, etc. 

If the starter turns the engine slowly, the current draw is not high, and the battery is in good 
condition, check the resistance in the starter circuit.
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Measuring Starter Current Draw Determine how much current the starter is drawing by using 
an Inductive Current Clamp on the starter cable. This accessory will allow the multimeter to 
measure starter current up to 1000 amps. 

Check manufacturer’s specs for exact specifications

Record your findings herewith below:

V) Alternator AC Leakage
An alternator generates current and voltage by the principles of electromagnetic induction. 
Accessories connected to the vehicles charging system require a steady supply of direct cur-
rent at a relatively steady voltage level. You can’t charge a battery with alternating current, 
so it must be rectified to direct current.
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Checking AC voltage can be measured by switching your multimeter to AC and connecting 
the black lead to a good ground and the red lead to the “BAT” terminal on the back of the 
alternator, (not at the battery). A good alternator should measure less than 5 VAC with the 
engine running. A higher reading indicates damaged alternator diodes.

Record your findings herewith below:
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VI) Alternator Leakage Current 

To check alternator diode leakage, connect the multimeter in series with the alternator out-
put terminal when the car is not running. Leakage current should be a couple of milliamps at 
most; more often, it will be on the order of 0.5 milliamps. 

Use care when disconnecting the alternator output wire; make sure the battery is discon-
nected first.

Record your findings herewith below:
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VII) Alternators
The accuracy of a multimeter and digital display make regulator/alternator diagnosing and 
adjusting easy. First determine if the system has an integral (internal) regulator, then wheth-
er it’s type A or B. Type-A has one brush connected to battery + and the other brush grounded 
through the regulator. Type-B has one brush directly grounded and the other connected to 
the regulator.

Next, isolate the problem to alternator or regulator by bypassing the regulator (full-fielding). 
Ground Type-A field terminal. Connect Type-B field terminal to Battery +.If the system now 
charges, the regulator is faulty. Use a rheostat if possible. Otherwise, just idle the engine 
(lights on) so the voltage doesn’t exceed 15V.

Verifying a Good Alternator The battery must be fully charged. Run the engine and verify that 
no-load voltage is 13.8 - 15.3V. Next, load the alternator to rated output current with a carbon 
pile across the battery. Run the engine at 2000 RPM. 
Check the current with an current clamp. 
The unit must maintain at least 12.6V at rated output.

Record your findings herewith below:
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VIII) Checking field current

Checking Field Current Worn brushes limit field current, causing low alternator output. To 
test: load unit  and measure field current with current clamp or use 10A jack on the multime-
ter. Readings range from 3 to 7 amps. 

Field current should be between 2 and 5 amps, higher current with lower battery voltage. 
Control battery voltage by loading it with a carbon pile.

Record your findings herewith below:
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IX) Batteries
Charging system problems often come to you as a “no-start” complaint. The battery
will have discharged and the starter won’t crank the engine. The first step is to test the bat-
tery and charge it if necessary.

Voltage Percentage ( % ) charge

12.60 to 12.72 100

12.45 75

12.30 50

12.15 25

Readings obtained at 80°F (27°C)
Measuring System Voltage. Bleed the surface charge from the battery by turning on the 
headlights for a minute. Measure the voltage across the battery terminals with the lights off. 
When possible, individual cell specific gravity should be checked with a hydrometer. A load 
test should be done to indicate battery performance under load. Voltage tests.

X) Cooling Systems / Temperature Measurement
The Fluke 78’s built-in temperature function makes it quick and easy to check
engine cooling systems for proper temperature, which is critical with today’s computer-con-
trolled engines. You can also check transmissions for overheating, and heaters and air condi-
tioning systems for proper operation. With the Fluke 78’s bead thermocouple probe, you can 
test thermostats and fan switches without heating them in hot water on a hot plate. You get 
faster, more accurate diagnosis of electrically controlled cooling systems and can compare 
computer data stream information with actual temperatures. 

On many late model cars the cooling system is sealed; the only opening is in the expansion 
tank. Since it doesn’t have water circulating through it, you can’t make an accurate tempera-
ture measurement here. The only accurate test is to measure the surface temperature of the 
upper tank at the radiator inlet. With the Fluke 78, it’s easy to do.
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Testing for Switch On-Off Temperature Check the operation of electric cooling fans by touch-
ing the radiator tank next to the temperature switch with the temperature probe tip. Note 
the temperature when the fan comes on, and again when it goes off. 
Check your figures against factory specifications.

 

Testing for Switch Continuity Check temperature-switch continuity with the Ohms function, 
while the switch is in place. Test for voltage drop across the switch and from the radiator to 
the body ground, as described on page 8. 

Note: the temperature must be above the “fan-on” temperature for the fan switch to be 
closed.

XI) Locating Current Drains
Current drains, shorts and bad grounds are the cause of many problems. The cause
of the problem often seems to have nothing to do with the symptom. But, using a digital 
multimeter, you can find the cause quickly without burning a whole box of fuses. Current 
drains that run the battery dead are often referred to as shorts, although they may not actu-
ally be short circuits. 

Shorts that blow fuses can be found using the same troubleshooting techniques used to find 
current drains even though the symptoms are different. 

Caution; Each vehicle manufacturer has a different procedure for locating current drains. 
Using the wrong testing method will give you erroneous results. To make sure you get the 
proper results, please refer to the vehicle manufacturer’s procedure.

Bad Grounds
High resistance among grounds can be among the most frustrating of electrical



69

TRANSMISSIONS AND DRIVETRAIN

BASIC ELECTRONICS

BASIC LEVEL MECHANICS 2

problems. They can produce bizarre symptoms that don’t seem to have anything to do with 
the cause, once you finally find it. The symptoms include lights that glow dimly, lights that 
come on when others should, gauges that change when the headlights are turned on, or 
lights that don’t come on at all. 

Measuring continuity
A blown fuse can easily be checked with a multimeter.
No resistance means ( 0,0 Ohm ), fuse is fine.
An ‘open’ circuit  (broken wire) can also be found by using the Ohm Meter setting.
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