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This book is dedicated to the
automotive technicians of tomorrow,
who will need ever-increasing knowledge of
electricity and electronics.



PREFACE

The largest single investment one usually makes
is for the purchase of a home. The next largest invest-
ment, for most, is an automobile. Both of these invest-
ments have much in common: they require insurance,
periodic maintenance, and needed repairs.

Homeowners require plumbers, electricians, car-
penters, painters, and other specialized craftsmen for
necessary repairs and maintenance. The same is true
for car owners—they require automotive technicians
who specialize in tune-ups, transmissions, brakes, air
conditioning and cooling systems, and electrical sys-
tems. When a vehicle is taken to a specialty shop for air
conditioning service, those working on the car have
considerable experience in air conditioning diagnosis
and repair. When a car is taken to a dealer or general re-
pair facility, it will be worked on by Tom, who is the in-
house air conditioning technician. If you were to visit a
large garage or service facility, you would find that bays

(work areas) are assigned to technicians skilled in a
particular service—Curt for brakes, Tim for transmis-
sions, and so on. But skilled technicians are not always
males; many are female. Today you may find Lara in the
tune-up department and Karen in the electrical service
department.

The purpose of this book, then, is to help the seri-
ous student, male or female, prepare to enter the auto-
motive profession as an automotive electrician or an
automotive electrical technician. We emphasize seri-
ous, because this text covers automotive electrical the-
ory in depth. It is intended for those interested in be-
coming a part of the large team of automotive
technicians dedicated to keeping today’s modern vehi-
cles operationally safe and sound.

B. H. Dwiggins
E. F. Mahoney
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¢ UNITT &

INTRODUCTION TO
AUTOMOTIVE ELECTRICITY
AND ELECTRONICS

OBJECTIVES

On completion of this unit you will be able to:

e Understand the early development of the car.
¢ Discuss the technology found in today’s car.

e Anticipate some of the plans for the car of the
future.

The increased use of electricity and electronics
for control of systems and subsystems is evident in al-
most every industry. Production equipment is rapidly
becoming automated through the use of digital comput-
ers tied through analog systems to handle repetitive
processes.

The American automobile is becoming increas-
ingly controlled by the use of electronic sensors and
computers. Electronics is used in the blending of en-
gine and transmission controls, advanced power train
controls, spark timing, manifold boost, and fuel mix-
ture. In today’s world if it is mechanical and requires
positioning control, it probably includes computer
electronics.

The purpose of this text is to help the serious stu-
dent prepare to enter the automotive profession as an
automotive electrician or automotive electrical techni-
cian. We emphasize “serious,” because this text covers

automotive electrical theory in depth. It is intended for
those interested in becoming part of the elite team of
automotive technicians dedicated to keeping today’s
car operationally safe and sound.

THE ELECTRONIC CAR

Electronic, by narrow definition, implies systems in
which components are “purely electronic,” such as in-
tegrated circuits (ICs) and various other solid-state de-
vices. A broader definition, when applied to the auto-
motive field, must include all types of hybrid
electrically operated components, including those with
pneumatic, hydraulic, or mechanical subsystem func-
tions. A good example of this combination of compo-
nents is the antilock brake system. When the brake
pedal is applied (mechanical) by power assist (pneu-
matic), the on-board computer (solid-state electronic)
“reads” the braking effort at each wheel and propor-
tions individual wheel-braking effort (hydraulic) ac-
cordingly. Consequently, the term automotive electron-
ics applies to any automotive electrical system or
subsystem with pneumatic, mechanical, or hydraulic
application (Figure 1-1).

When a key is turned in the ignition switch of a ve-
hicle, the engine is always expected to start. Few real-
ize, however, that starting a car’s engine requires more

1
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FIGURE 1-1 Antiskid braking system: when the brake pedal is applied by power
assist, the on-board computer (control module) “reads” the braking effort and pro-

portions individual wheel braking action

electrical power than starting many home air condi-
tioners—2500 to 3000 watts. The engine starter re-
quires this great amount of power for only a short pe-
riod of time, however. Once started, the maximum
electrical power that is required, even when driving at
night with lights and air conditioner, is about 500 watts
or a little more. This power, taken for granted by most
motorists, is supplied by the alternator charging system
and battery—only two components of the total auto-
motive electrical system. The automotive electrical sys-
tem, because it is taken for granted, is one of the most
neglected systems of the car.

A BRIEF HISTORY

The “grandfather” of automotive electricity, Count
Alessandro Volta (1745-1827), an Italian physicist-
chemist, lived before the invention of the automobile
and certainly did not know what his discovery would
lead to when, in 1780, at the age of 55, he developed the
first source of “constant current electricity” (later to be
known as direct current), the voltaic pile. He, and other
scientists, used the voltaic pile to decompose water by
electrolysis, electroplate precious metals, and form
electromagnets. For his achievement, in France, Volta
was made a count and a senator of the kingdom of
Lombardy, and he was awarded the Cross of the Legion
of Honor. The greatest tribute for his discovery came
more than 50 years after his death: the unit of electro-
motive force, the volt, was named in his honor in 1881.

Other physicists and scientists share credit for to-
day’s modern electronics and electricity. Charles Au-
gustine de Coulomb (1736-1806), a French scientist
and inventor, discovered the principles for measuring
the force of magnetic and electrical attraction. In 1884
the International Congress of Electricians named the
electrical unit “coulomb” in his honor. A coulomb iden-
tifies the quantity of electrons (6.25 X 1018) produced
by a current of one ampere for one second.

Andre Marie Ampere (1775-1836), a French
physicist, noted that two parallel conductors attract
each other when current is passed through them in one
direction and oppose each other when current is
passed through them in the opposite direction. He dis-
covered the unit of electrical strength, the ampere (of-
ten called amp), among other discoveries.

James Watt (1736-1819), a Scottish engineer and
inventor, originated a method of determining steam en-
gine power output in 1769. He named it “horsepower”
because in Watt's day power was determined by the
work ability of the average draft horse. Today horse-
power relates to the amount of energy required to raise
550 pounds (249.5 kg) one foot (30.5 cm) in one second.
The electrical unit, watt, is named in his honor. Inci-
dentally, one horsepower is equal to 745.7 (746) watts.

Georg Simon Ohm (1787-1854), a German physi-
cist, discovered a principle known as Ohm’s law. Ohm’s
law establishes the relationship between the current
flow (ampere), the potential difference (voltage), and
the resistance of individual components in a circuit
(ohm). The original ohm, discovered in 1827, and the
international ohm, established in 1893 by the Interna-



tional Electrical Congress, are almost identical. The ab-
solute ohm is equal to 0.999505 international ohm. The
unit of resistance is the ohm.

These five men—Volta, de Coulomb, Ampere,
Watt, and Ohm—are largely responsible for modern au-
tomotive electronics and the methods by which we
can understand, design, troubleshoot, and repair
automotive electrical systems. Together their lives
spanned less than 120 years (1736-1854); the last of
them died just six years before a Belgian, Etienne
Lenoir, patented the first gasoline-powered internal-
combustion engine, in France in 1860.

Perhaps Charles Franklin Kettering (1876-1958)
should be credited with the beginning of the electronic
car. In 1908 he patented the first battery ignition
system, the forerunner of the conventional ignition
system. Kettering’s system consisted of a battery,
a coil, and a set of points (Figure 1-2). Or perhaps the
credit should be shared by Henry Martyn Leland
(1843-1932). With Kettering’s help, Leland developed
the electric starter available for the first time on
1912 Cadillacs. Regardless of who gets the credit,
by 1912 the modern car was fast carving a notch in
history, only 16 years after a Duryea “motor wagon”

FIGURE 1-2 A copy of the drawing submitted by C. F.
Kettering to obtain the first U.S. patent for an ignition
system

A BRIEF HISTORY 3

was featured in a Barnum and Bailey Circus parade as
a novelty (April 2, 1896).

The car of the early 1900s was a product of the de-
velopment begun by a German engineer, Karl Benz
(1844-1929). In 1885 he built a three-wheeled vehicle
using an engine designed by Gottlieb Daimler (Ger-
many) and a carburetor designed by Fernand Forest
(France). Benz added a magneto electrical system of
his own design and produced the first known motor ve-
hicle with an electrical system. Although several motor
vehicles were built before Benz’s effort, he sparked the
continuing development of the motor vehicle.

After reading about Benz's achievements in Sci-
entific American, two bicycle mechanics, brothers
Charles E. and J. Frank Duryea, developed a two-
cylinder car. The Chicago Times-Herald sponsored a
55-mile (88.5-km) race in 1895; of the Duryea car, a
Benz car, and four other cars entered, only the Duryea
and Benz cars finished. Duryea was the victor with an
average speed of 5 miles per hour (8 km/hr) for the
course. Average driving speed was actually 7 miles per
hour (11.3 km/hr) if the time required for repairs is de-
ducted. In the 11-hour race, more than three hours was
required for repairs—considered average for those
days.

The first electric battery manufacturing concern,
known as the Electric Storage Battery Company,
was formed by an American lawyer, Isaac L. Rice
(1850-1915). Rice soon merged with the motor car-
riage division of the Pope Manufacturing Company
to form the Electric Vehicle Company. Pope Manufac-
turing, the first electric motorcar factory, was founded
in 1897 in Hartford, Connecticut. Its founder, Colonel
Albert A. Pope, theorized that combustion-powered
vehicles would not sell well because the gasoline
engine was located under the driver’'s seat. As he
rationalized, “You can’t get people to sit on top of
an explosion.” He also built gasoline-powered motor
cars. Pope’s theory held for the first two years of
operation—he sold almost twelve times as many elec-
tric cars as gasoline-powered cars during that period.
Incidentally, although Pope manufactured both elec-
tric- and gasoline-powered vehicles, he prudently con-
tinued to manufacture bicycles under the trade name
Columbia. The Columbia bicycle, produced into the
modern era, outlasted both his electric- and gasoline-
powered machines.

Important events in the development of the car
are shown in Table 1-1.

The war effort in the early 1940s greatly acceler-
ated technological advancement and production meth-
ods and primed the automotive industry for today’s
level.
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TABLE 1-1 Major events in the development of the car

1897 First commercial production of an automobile

1902 American Automobile Association (AAA) founded

1903 Henry Ford (1863-1947) founds the first of the “big three,” the Ford Motor Company
1905 The Society of Automobile Engineers (SAE) founded (The name was later changed to Society of

Automotive Engineers.)

1908 The Ford Motor Company introduces the Model T, known as the “tin Lizzie.” Charles F. Kettering
(1876-1958) patents the first battery ignition system. William C. Durant (1860-1947) founds General

Motors Corporation.

1911 Henry M. Leland (1843-1932), with the help of Kettering, develops the electric starter first used on 1912

Cadillacs

1914 The first production line is started at Ford Motor Company. Henry Ford raises employees’ pay to $5 per
day, about twice the average pay of other manufacturers at the time.

1916 The Federal Road Act is passed
1921 The Federal Highway Act is passed
1923 Ethyl gasoline is developed

1925 Walter P. Chrysler (1875-1940) founds the Chrysler Corporation
1928  The average hourly wage for automotive workers is raised to $0.75 per hour, about 27 percent higher than

the average wage of other manufacturers

1935 The United Auto Workers (UAW) union is chartered

1940 The first turnpike is opened in Pennsylvania

1942 Civilian vehicle production is halted. All manufacturers produce military vehicles for use in World War II.

1943 The fiftieth anniversary of the Duryea car, now in the possession of the Smithsonian Institution, passes

with little notice because of the war

1945 Production of civilian automobiles is resumed by all automotive manufacturers

1947  The fiftieth anniversary of commercial automobile manufacturing is celebrated in Hartford, Connecticut

THE CAR OF TODAY

Improved highways and automotive mechanical engi-
neering technologies paved the way for faster speeds
that, in turn, require precise and accurate timing of au-
tomotive functions. This, with the greater demand for
comfort, requires much more sophisticated electronics
than the car of yesterday.

Today’s average car has over 1600 feet (488 me-
ters) of wire made up into about 50 individual wiring
harnesses. There are more than 30 light bulbs in the
modern car, depending on the make and model. The air
conditioning system has sufficient capacity to easily
cool a small two-bedroom home.

The electrical system of the car consists of many
subsystems. The power system provides primary
power with a battery and secondary power with an al-
ternator that keeps the battery charged. The starting

system provides a means for starting the engine, and
the ignition system provides low- and high-voltage
power circuits necessary to keep the engine running.
The lighting system includes several subsystems such
as head/tail lamps, parking lamps, turn signal/brake
lamps and courtesy/convenience lamps. The power
system includes window, sun roof, and seat circuits.
The safety system includes windshield wipers/washers,
hazard lighting, seat restraint systems, and equipment
failure warning lamps. Other electrical systems include
heating/air conditioning, radio/sound equipment, and
other accessory equipment (see Figure 1-3).
Electronics warn of low brake fluid level, worn
brake linings, and other braking defects. Unsafe condi-
tions of the wheels, the steering system, and the front-
end parts are audibly and visually signaled to the driver.
Other fail-safe devices may warn of low engine coolant
and oil level. Safety problems are fed into an on-board



