FOREWORD
This booklet is supplied by GM Product Service Training to GM dealer
personnel upon their com pletion of the subject course conducted at GM
Training Centers.
While this booklet will serve as an excellent review of th e extensive program
presented in the training center session, it is not intended to su b stitu te for
the various service m anuals norm ally used on th e job. The range of specifi
cations and variation in procedures betw een carlines and m odels requires
th a t the division service publications be referred to , as necessary, when per
form ing these operations.
All in form ation contained in this boo k let is based on the latest data available
at th e tim e o f publication approval. The right is reserved to m ake p ro d u ct or
publication changes, a t any tim e, w ith o u t notice. This b o o k let, or any
p o rtion th ere o f, m ay n o t be reproduced w ithout w ritten consent of GM
Product Service T raining, G eneral M otors C orporation.
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GENERAL
MATTER

Many of the words and terms used in this chapter are
explained in the “ glossary” section at the back of this
book. If the meaning of a new or confusing word or
term isn’t clear, always take the time to look it up.
This booklet will cover the storage battery, alter
nator generator, and the starting motor used in today’s
cars. These components make it possible to start and
run the engine, as well as supply electrical power for
all of the electrical accessories that the car has. The
first step will be to cover some basic fundamentals of
electricity. These fundamental principles are the basis
of operation for all the units in the automotive electri
cal system.
Electricity consists of the movement of electrons in
a conductor. In order to understand what an electron is
and how it behaves, we’ll have to take a look at the
composition of matter.
M atter is anything which has mass and occupies
space. Therefore, m atter is just about everything in the
universe. M atter can be a solid, a liquid or a gas
(vapor) (Fig. 1).

Construction of the atom is similar to that o f our
solar system in which the sun is the center and the
planets whirl in orbits about it. (Fig. 2)

Fig. 2 — Solar System

In the atom, the center or “ sun” is composed of
particles called protons and neutrons. Protons contain
positive charges of electricity. N eutrons have no
charge. The “ Planets” whirling about the center are
called electrons, which contain negative charges of
electricity. From here on, when discussing electricity,
only protons and electrons will be discussed since they
are the particles that contain electrical charges.
All m atter is composed of chemical building blocks
which are called elements. Nature has provided over
100 elements, which combine in numerous combina
tions to form the different kinds of m atter found on
earth.
Iron is an elem ent. Copper, hydrogen, oxygen,
aluminum, mercury, sodium and chlorine are exam
ples of other elements. When the elements of hydrogen
and oxygen combine chemically, water is formed. Salt
is the result when sodium and chlorine are combined
chemically.
Knowing that m atter is composed of elements, let’s
take a few of the more common elements and break
them down to their smallest component parts.
The smallest particle into which an element can be
reduced and still be classified as an element is the
atom.
Atoms contain particles that are made up of tiny
positive and negative electrical charges too small to be
seen by the naked eye. Many billions of atoms exist in
a single drop of water.

The atom of hydrogen is the simplest atom (Fig. 3).
It is made up of one electron revolving around one pro
ton and neutron.
Opposing the attraction between the two particles is
another force called centrifugal force. This force, act
ing on the electron, is the result o f its own circular
motion around the proton — which prevents the elec
tron from moving in toward the proton.
This action is similar to the balancing of forces you
get when you swing a ball attached to a rubber band.
(Fig. 4).

Fig. 5 — Atom o f Helium

and proton combined in perfect electrical balance.
A still more complex atom is shown in Figure 6.
Here we see an atom of lithium which is a light, soft
metal. The nucleus contains three protons and three
electrons circling about the nucleus. Notice that there
are four neutrons needed to hold the three protons
together.

Centrifugal force pushes the ball outward while the
rubber band, a constant attractive force, is trying to
pull the ball in toward the center. These forces balance
each other and the result is that the ball orbits in a set
path. If the rubber band broke, the attractive force
would be lost and centrifugal force would take over
and send the ball out and away. This happens to
atoms. If for any reason the attractive force between
the electron and the proton is lessened, centrifugal
force is allowed to take over and the electron, no
longer held in its orbit, gets away.
A slightly more complex atom is shown in Fig. 5.
This is an atom of helium. Here we see two protons in
the center and two electrons whirling about the pro
tons. Because of the additional proton in the center, or
nucleus, o f the atom, an electron must be added to
keep the atom in electrical balance. Notice also that
there are now two of the neutrons mentioned earlier in
the nucleus. The neutrons are necessary to overcome
the tendency of the two protons to move apart from
each other. Earlier we said that opposing electric
charges always attract. Similarly, when electrical
charges are the same, they repel each other.
Electrons repel electrons. Protons repel protons,
except when neutrons are present. Neutrons do not
have any electrical charge, but they have the ability to
cancel out the repelling forces between protons in an
atomic nucleus thereby holding the nucleus together.
Scientists believe that a neutron is actually an electron

Atoms of other elements can also be illustrated in
the same manner. Going up the scale of atomic com
plexity, protons and neutrons would be added, one by
one, to the nucleus, and electrons to the outer rings or
circles. In each instance, there would normally be the
same number of electrons whirling about the nucleus
as there were protons in the nucleus.
STATIC ELECTRICITY

The word static means “ at rest” . Static electricity is
thus electricity at rest. Bits of paper attracted to a

comb that has been rubbed with a d o th is an example
of static electricity. It is static electricity that builds up
in our bodies when we shuffle our feet on a rug on a
dry day. If we touch a metal object the electrical
energy is released in the form of a spark. It is therefore
no longer static.
M aterials that are charged with static electricity
either attract or repel each other. Attraction, as we
stated earlier, takes place between unlike charges be
cause the excess electrons of a negative charge, seek
out the charge which has a lack of electrons. Unlike
charges (+ and - ) attract, while like charges ( - and or + and +) repel each other (Fig. 7)

trons begin to move in one direction (for instance,
along a wire), we call that action a flow o f electricity,
or an electric current. The movement o f an electron
exerts a force (attracting or repelling) on the next elec
tron (Fig. 8 ) and starts a chain reaction throughout that
substance.
There are two methods of describing current flow,
the Conventional Theory and the Electron T heory
(Fig. 9).
CONVENTIONAL THEORY —

In this theory the direction of current flow was
arbitrarily chosen to be from the positive terminal
of the voltage source, through the external circuit,
and then back to the negative term inal of the
source.
ELECTRON THEORY —

In the 1890’s an Italian by name of Lorenz recon
ciled all the contradictory theories o f electricity
into what is known as the electron theory o f cur
rent flow. This theory states that current flows
from the negative terminal, through the external
circuit, and then back to the positive terminal o f
the source. The electron theory is ju st the oppo
site of the conventional theory.
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Fig. 7 — Electrical Charges

ELECTRICITY IN MOTION

In the section entitled “ Composition of M atter” , we
learned that an atom contains particles called protons
and electrons. The proton, we said, had a positive
electrical charge and the electron had a negative elec
trical charge. The word charge here implies a potential
force, and in the atom the protons exert an attractive
force on the electrons to hold them in their outer rings
or circles. Since the positive charge of the proton is
equal in strength to the negative charge of the electron,
the atom is electrically neutral. This neutrality can be
altered, however, if some external means (such as an
electric generator or battery) is used to cause a quan
tity of electrons to leave their atoms and gather in one
area. This then would leave atoms short of their nor
mal number of electrons.

Fig. 9 — Current Flow

Either theory can be used, but since the conven
tional theory is widely used in industry, the conven
tional theory, from positive to negative will be used in
this book.
CONDUCTORS, SEMI-CONDUCTORS AND
INSULATORS

Fig. 8 — Electron M ovem ent

When numerous electrons gather in one area, we
call the effect a charge of electricity. When the elec

In order for electrons to flow, they must have a path to
travel in. For simplicity, think of the path as a circle
(circuit) from the source (positive battery terminal),
around and back to the source (negative battery term i
nal). Electrons move through some substances more
easily than through others. Some substances, such as
copper, iron and aluminum form good paths through
which electrons can move and are therefore called
conductors. Other substances, such as rubber or glass,
strongly oppose electron movement. These substances
are called non-conductors or insulators.
An insulator is made up of a substance that does not
have many free electrons. Without free electrons, a

flow o f electrons cannot be set up, for the flow de
pends upon repelling free electrons along the circuit. If
an insulator blocks the circuit, free electrons cannot
push through. Insulators are used to cover and protect
wires and other metal parts of electrical devices. The
insulators keep the free electrons (or current) from
going off in the wrong direction and taking a short cut
to ground. If an insulator fails, it can result in what is
called a “ short circuit” .
There is also a category of substances, such as ger
manium, which are neither good conductors nor good
in su la to rs . T h ese s u b s ta n c e s are c alled sem i
conductors.
The element copper (Fig. 10) is widely used in au
tomobile electrical equipment because it is an excel
lent conductor of electricity. The copper atom con
tains 29 protons in the nucleus. Notice the single elec
tron in the outer ring. This electron is not held very
strongly and it can get away from the nucleus rather
easily. As a result, it becomes a free electron. Ele
ments containing less than four electrons in their outer
rings are generally classified as good conductors and
are called insulators. There are a few elements with
half-filled outer rings, which are half-way between
co n d u cto rs and insulators. These substances are
term ed semi-conductors, and are used in transistors.

^ 6 .2 8 BILLION BILLION
ELECTRONS PER SECOND
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Fig. 11 — Am perage

A battery supplies direct current (DC). That is, the
electrons (current) always flow out of the positive ter
minal through the circuit and return to the negative
terminal. The current always flows in the same direc
tion when the battery is supplying this current. There
is also another type of current known as Alternating
Current (AC). Alternating current flows first in one
direction then reverses its direction. It does this con
tinuously at a fraction of a second. Vehicle alternators
generate alternating current in the generator windings.
Alternators use diodes to rectify or change alternating
current to direct current. Automotive batteries and
electrical units are direct current devices, they will
operate only on direct current.
VOLTAGE

CURRENT

The movement of electrons is electrical current (induc
tance). The rate of current flow is measured in “ am
peres” or simply, amps. The rate of flow means the
amount in a given time. While we normally consider
that one ampere is a rather small current o f electricity
(a 100 watt light bulb would draw about one ampere), it
is actually a tremendous flow of electrons. 6.28 billion
billion electrons a second are required to make up one
ampere (Fig. 11).

In order to cause electron movement, some force must
act on the atom. This force is called “ Electromotive
Force” (e.m.f. or more often E) and is measured in
volts. Electromotive force and its measurement (volts)
can be compared to hydraulic pressure (Figs. 12), and
the measurement pounds per square inch.
There are many ways to produce voltage, including
friction, chemical energy and mechanical energy. The
attraction of bits of paper to a comb that has been
rubbed with a cloth is an example of voltage produced
by friction. The storage battery, composed of lead
plates immersed in a solution of sulfuric acid, produces
voltage by chemical means. A generator is an example
of a way to produce voltage by mechanical means.
RESISTANCE

The dictionary defines resistance as, the opposition
offered by a body or substance to the passage through
it of a steady electric current. As stated previously,
copper wire is a good conductor of electricity, but it
still offers some resistance to the flow of current. Re
sistance results in voltage drop; the energy is being

THE LARGER PIPE HAS LESS RESISTANCE

MEASURED IN POUNDS PER SQUARE INCH

Fig. 13 — Resistance

Wire Type

ELECTRICAL PRESSURE
MEASURED IN VOLTS
Fig. 12 — Volts Equals Pressure

“ used up” just trying to get to its destination (back to
the source). If the resistance is too great, the attraction
between the positive and negative poles of the source
is lost and the circuit will not perform its job properly.
There are a number of variables that contribute to the
resistance of a wire:
• Length
• Diameter
• Type
• Temperature
• Condition
Wire Length

A long wire offers more resistance than a short wire of
the same diameter because the voltage (pressure) has
to move the electrons farther.
Wire Diameter (Fig. 13)

A small wire has less mass than a large wire. Since
mass is composed of atoms, it follows that the small
diameter wire has fewer atoms say, per inch of length,
than a larger diam eter wire of the same material.
Fewer atoms means that there are fewer free elec
trons. Knowing that free electrons are the means by
which current flows, it becomes obvious that the
smaller wire has less capacity; is therefore less capable
of conducting the available voltage; and finally less
capable of performing the job with the greatest effi
ciency (least amount of voltage drop coupled with the
maximum performance of which a unit, such as a
motor, is capable).

Some elements, such as copper, lose electrons m ore
easily than other elements. Iron is an example of an
element that does not lose electrons very easily. An
iron wire would offer more resistance than a copper
wire of comparable size because the iron wire has
fewer free electrons.
Wire Temperature

M ost metals display an increase in resistance with an
increase in tem perature. This can be explained by say
ing that atoms move faster at higher tem peratures for
much the same reason that rubber tends to be more
flexible when warm than when cold. This forces the
free electrons to move faster as they jum p from one
atom to the next. Since the electrons are already mov
ing fast but not necessarily in the right direction, the
voltage has less effect on controlling them. They “ re
sist” the influence of the voltage. Since it is known
that when voltage loses its ability to perform (voltage
drop) it is always due to resistance, it follows that
higher tem perature increases resistance. An interest
ing “ snow-ball” effect takes place under these condi
tions. That is, when current tries to move through re
sistance (any circuit), it creates some heat. The greater
the resistance, the more heat produced; the more heat
produced the greater the resistance and so on. M ost
non-metals display a decrease in resistance with an
increase in tem perature. Glass, which is non-metal, is
a very good insulator at room tem perature but tends to
be a poor insulator when exposed to high tem pera
tures. Similarly, it tends to become a better conductor
under these conditions. The higher tem perature has
the same effect on an insulator as it does on a conduc
tor. the atoms and electrons are moving faster and
therefore more o f the available voltage is used to direct
them. At lower tem peratures, some of the voltage is
used up in heating the insulator (due to its resistance)
and getting the electrons in motion; the rest is used to
direct the current. Thus, it can again be seen that the
resistance creates heat and results in voltage drop.

Wire Condition

Wire that is partially cut reacts much the same as if the
entire length of the wire were of a smaller diameter.
The electrons set in motion at the source of voltage do
not have unrestricted passage through the reduced
diam eter (damaged) area. Hence, resistance resulting
in reduced efficiency.

CURRENT IN

MAGNETIC FIELD

MAGNETISM (Figure 14)

Magnetism, like electricity, is invisible. Its effects,
however, are well know. An example is the attraction
of a bar magnet for iron filings. A magnet has a N orth
pole, designated as “ N ” , and a South Pole, designated
as “ S” . The space around the magnet in which iron
filings are attracted is called the “ field of force” or
magnetic field, and is described as lines which come
out of the N orth pole and enter the South pole.

Fig. 15 — Current Carrying W ire

Fig. 16 — Coiled Current Carrying W ire

ran g em en t, called an e le c tro m a g n e t, is used in
generators to create strong magnetic fields by winding
many turns of current-carrying wire around iron cores
called pole pieces.
Electromagnetic Induction (Fig. 18)
Fig. 14 — M agnet

E lectricity and m agnetism are very closely as
s o c ia te d , b e c a u se w hen e le c tric c u rre n t p a sse s
through a wire a magnetic field is created around the
wire. (Fig. 15).
When a wire carrying electric current is wound into
a coil, a magnetic field with N and S poles is created
ju st as in a bar magnet.
Using the “ Right Hand Rule” — wrapping the fin
gers around the coil in the direction of current flow,
the thumb will point towards the N orth or N pole. (Fig.
16).
If an iron core is placed inside the coil, the magnetic
field becomes much stronger, because iron conducts
magnetic lines much easier than air (Fig. 17). This ar-

We have seen that a magnetic field, made up of lines of
force, is created around a wire when current is passed
through it. If a magnetic field is moved so that the lines
of force cut across a wire conductor, a voltage will be
induced in the conductor. The induced voltage will
cause current to flow when an electrical load, such as a
resistor, is connected across the conductor.
The direction of current flow is determined by the
direction of the magnetic lines of force and the direc
tion of motion of the magnetic field with respect to the
conductor. To visualize this, note the illustration, (Fig.
18) where magnetic pole pieces are being moved so
that the magnetic lines of force are cutting across a
conductor.
The direction of the magnetic lines of force is up
ward, since magnetic lines leave the North pole and
enter the South pole. The direction of motion of the

CURRENT IN

Fig. 19 — Right Hand Rule

Fig. 18 — Electromagnetic Induction

magnetic field is toward the right, as indicated by the
arrows. With this direction of motion, the magnetic
lines are striking the conductor on its left side, which is
called the leading side.

The direction of current flow can be determ ined by
applying the Right Hand Rule (Fig. 19) as follows:
Grasp the conductor with the right hand with the fin
gers on the leading side of the conductor, and pointed
in the direction of the magnetic lines of force. The
thumb will then point in the direction of current flow.
Voltage is generated in Delcotron generators by
moving strong magnetic fields across stationary con
ductors.

CONVENTIONAL BATTERIES

Fig. 20 — C onventional'Battery

DESCRIPTION

Many of the words and terms used in this chapter are
explained in the “ Glossary” section at the back of this
book. If the meaning of a new or confusing word or
term isn’t clear, always take the time to look it up.
Batteries are electrochemical devices for converting
chemical energy into electrical energy (Fig. 20). They
are not a storage tank for electricity as is often thought
but, instead, store electrical energy in chemical form.
Active materials within them react chemically to
produce a flow of direct current whenever lights,
radio, cranking motor, or other current consuming de
vices are connected to them. This current is produced
by chemical reaction between the active mataerials on
the PLATES and the ELECTROLYTE.
The batteries perform three functions in automotive
applications. First, they supply electrical energy for
the cranking motor and for the ignition system as the
engine is started. Second, they intermittently supply

current for the lights, radio, heater, and other acces
sories when the electrical demands of these devices
exceed the output of the generator. Third, they act as a
voltage stabilizer in the electrical system.
COMPONENTS AND CONSTRUCTION

The internal construction of a battery is such that a
highly reliable power source is provided. Two types of
plates, one positive and the other negative, are the
basic units. These plates consist of special chemically
active materials contained in GRIDS made of a lead
antimony alloy.
The grids are flat, rectangular, lattice-like castings
with fairly heavy borders and a mesh of horizontal and
vertical wires (Fig. 21). Each grid is designed specifi
cally to hold the active materials within its borders.
Once the grids have been pasted with the active mate
rials, they are called plates. During the manufacturing

BASIC
PLATE
GRID

Fig. 21 — Basic Plate Grid

Fig. 23 — Negative Plate

The grid is cast to form round wires which provide
maximum conductivity with a minimum surface area
exposed to acid attack. All horizontal grid wires are
beneath the surface of the active material to reduce
corrosion and improve life. The horizontal and vertical
grid wires have uniform spacing.
A PLATE GROUP is made by lead burning (weld
ing) a number of similar plates to a lead casting called a
PLATE STRAP (Fig. 24). Plate groups o f opposite po
larity are interlaced so that negative and positive plates
alternate. A plate group may contain one more nega
tive plates than the corresponding number o f positive
plates, depending upon the battery application. This
allows negative plates to occupy the exposed positions
on both sides of the interlaced group.
Each plate in the interlaced plate groups is kept
apart from its neighbors by means of SEPARATORS
and the resulting assembly is called an ELEM EN T
(Fig. 25). The separators in most Energizers are thin
sheets of polyvinylchloride (PVC). The porosity of the
PVC separators permits rapid diffusion of the electro
lyte to the plate area. All separators have one ribbed

POSITIVE
PLATE
Pb02

Fig. 22 — Positive Plate

process, these plates are subjected to processes which
cure and transform the pasted materials into chemi
cally active materials. The plates are then said to be
“ charged” .
C harged positive plates (Fig. 22) contain lead
peroxide (PbCh), which has a dark chocolate brown
color.
Charged negative plates contain sponge lead (Pb),
which is gray in color. (Fig 23).

Fig. 24 — Cell Plate Strap
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PLATE
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SEPARATORS

CONNECTOR

NEGATIVE
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POSITIVE
GROUP

Fig. 25 — Separators

side and are assembled with the ribs vertical and facing
the positive plate. In this position the space between
the ribs provides a reservoir of electrolyte to react with
the positive plates.
After the element is assembled, it is placed in a
CELL of the CASE (Fig. 26). The case is made of a
hard compound with partitions separating the cells. In
the bottom of the case are sediment chambers formed
by bridges on which the elements rest. This allows any
loose plate material to settle to the bottom. With the
elements in place in the case, connectors that pass
through sealed holes in the partitions are welded to the
plate straps to connect the elements together. The
short distance between elements achieved by connect
ing the plate straps through the partitions reduce vol
tage drop and improves battery performance.
A one-piece cover bonded to the case with sealing
compound reduces the tendency for corrosion to form
on top of the battery (Fig. 27). With less corrosion,
electrical leakage is minimized between the posts and

O N E PIECE

D ELC O EYE

C ELL C O V E R

ELECTRO LYTE LEVEL

Fig. 26 — Case

between the insulated post and ground. Many batteries
feature sealed terminals which provide a permanently
tight and clean connection when the mating cable con
nectors are properly attached. Since the terminal is
sealed when the cable is attached, any corrosion
formed by normal spillage or spewing of electrolyte
cannot reach the electrical connection, and resistance
is thereby reduced.
Some Delco batteries feature a Delco Eye, which is
a specially designed vent plug with a transparent rod
extending through the center. When the electrolyte is
at the proper level (Fig. 28), the lower tip of the rod is
immersed, and the exposed top of the rod will appear
very dark; when the level falls below the tip of the rod
(Fig. 29), the top will glow. The Delco Eye reveals at a
glance if water is needed, without the necessity of re
moving the vent plugs.

DELCO EYE
ELECTROLYTE LEVEL
INDICATOR

ONE PIECE
CELL COVER

VENT PLUG

VENT P LU G

SEALED
TERM INAL

H O LD -D O W N SLOT

SEALED
TERMINAL

Fig. 27 — Battery Styles
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Fig. 28 — Electrolyte Level Correct

Fig. 31 — Vent Cap

flam e

ARRESTOR
CAPS (6 )

Fig. 29 — Electrolyte Level Low

Design Details

Each cell in an automotive battery has a potential of
approximately 2 volts. Batteries containing three cells
connected in series are 6 -volt batteries and 12-volt bat
teries have six cells connected in series. Applications
requiring higher voltages use combinations of batteries
such as two 12-volt batteries connected in series to
obtain a 24-volt system (Fig. 30), or two 12-volt bat
teries connected in parallel to supply a higher current.
Vent caps are used in batteries to control acid vapor
and splash. A cylinder inside the vent cap allows much
of the acid vapor to condense, thus minimizing electro
lyte loss and corrosion of the battery terminals or sur
rounding metal parts (Fig. 31).
Flame arrestor caps are now used on all conven
tional batteries, to reduce the possibility of an explo
sion (Fig. 32).

AREA

BATTERY
TERM INALS
HOLD

Fig. 32 — Flame A rrestor Cap

ELECTROLYTE
LEVEL TOO
LOW

ELECTROLYTE
AT CORRECT
LEVEL

The “ VISUAL LEV EL F IL L ” which is built into
the cell cover, is another special feature of the battery.
It is primarily an aid to proper servicing. When adding
colorless odorless drinking water, the electrolyte level
should be brought up to the bottom of the SPLIT
RING. This gives a margin of safety against the dan
gers of low-level operation (Fig. 33).
Viewed from above through the vent opening, the
electrolyte level presents a smooth circular reflecting
surface when the liquid level is low. As water is added
to the cell, the surface of the rising liquid contacts the
split ring causing a distortion of the reflecting surface
which is readily seen. This represents the proper elec
trolyte level.
A narrow vertical opening or slot is molded in the
side wall of the vent well in the cell cover and serves as
an escape for gas accumulating above the electrolyte
level. It also helps to prevent electrolyte from being
pushed out when the battery has been slightly overfil
led.

gravity of approximately 1.270 at 80°F. The solution is
approximately 36% sulfuric acid (H 9 SO 4 ) and 64%
water (H 2 0 ). (Fig. 35).

=

+

h 2o

HsSO ,

64% WATER
SP.GR. = 1.000

36% ACID
SP.GR. = 1.835

ELECTROLYTE
SP.GR. = 1.270

Fig. 35 — Electrolyte

When the battery is connected into a completed
electrical circuit, current begins to flow from the bat
tery. This current is produced by chemical reactions
between the active materials in the two kinds of plates
and the sulfuric acid in the electrolyte. (Fig. 36).

CHEMICAL ACTION IN BATTERIES

In a battery, electrical energy is produced by chemical
reaction between the active materials of the dissimilar
plates and the sulfuric acid of the electrolyte (Figure
34). The availability and amount of electrical energy
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Fig. 34 — Chemical to Electrical Energy

which can be produced in this manner is limited by the
active area and weight of the materials in the plates
and by the quantity of sulfuric acid in the electrolyte.
A fter m ost of the available active m aterials have
reacted, the battery can produce little or no additional
energy. The battery then is said to be DISCHARGED.
Before the battery can be further discharged, it must
be recharged by being supplied with a flow of direct
current from some external source. The charging cur
rent must flow through the battery in a direction OP
POSITE to the current flow during discharge. There
fore, the positive terminal of the charging unit should
be connected to the positive terminal of the battery.
This causes a reversal of the discharge reactions and
the battery becomes recharged.
When the battery is in a charged condition, the ac
tive material in the positive plate is essentially lead
peroxide,PbO^. It is chocolate brown in color. The
active m aterialin the negative plate is spongy lead (Pb)
which is gray in color.
The electrolyte in a fully charged battery consists of
a solution of sulfuric acid in water which has a specific

Fig. 36 — Chemical Changes in Batteries
During Discharge

The lead peroxide (PWIK) in the positive plate is a
compound of lead (Pb) anci oxygen (© 2 ). Sulfuric acid
is a compound of hydrogen (H2) and the sulfate radical
(SO4 ). During discharge, oxygen in the positive active
material combines with hydrogen in the electrolyte to
form water (H 2 O). At the same time lead in the posi
tive active material combines with the sulfate radical,
forming lead sulfate (PbSO^).
A similar reaction takes place at the negative plate
where lead (Pb) of the negative active material com
bines with the sulfate radical to form lead sulfate
(PbSO^). Thus, lead sulfate is formed at both plates as
the battery is discharged.
It should be noted that the material in the positive
plates and negative plates becomes similar chemically
during discharge, as the lead sulfate accumulates. This
condition accounts for the loss of cell voltage, since
voltage depends upon the difference between the two
materials.

As the discharge continues, dilution of the electro
lyte and accumulation o f lead sulfate in both plates
eventually causes the reactions to stop. However, it
should be noted that the active materials never are
completely used up during a discharge. This occurs
because the lead sulfate formed on the plates acts as a
natural barrier to diffusion of electrolyte into the
plates. When the cell can no longer produce the de
sired voltage, it is said to be discharged.
The chemical reactions which occur in the cell dur
ing charging are essentially the reverse of those occur
ring during discharge, as shown by the illustrations
(Fig. 37). The lead sulfate on both plates is separated
into lead (Pb) and sulfate (SO^). The sulfate (SO^)
leaves both the plates and combines with hydrogen in
the electrolyte to form sulfuric acid (HjSO^). At the
same time, the oxygen (O) in the electrolyte combines
with the lead (Pb) at the positive plate to form lead
dioxide (PbC^) and the negative plate returns to the
original form of lead (Pb).

Fig. 38 — Battery Case Cutaway

It has been noted that water plays an important part
in the chemical action o f a battery. The purity of w ater
for battery use has always been a controversial sub
ject, but always resolves to the fact that distilled water
is the best. However, colorless and odorless drinking
water is satisfactory; but when obtained from a faucet
it should be allowed to run for a few minutes before
using.
THE CHARGING CIRCUIT

DISCHARGING

Battery electrical energy, produced by chemical ac
tion, is provided in the form of current flow to electri
cal accessories when they are connected to the battery
(Fig. 39). As the battery continues to supply current,
all the available stored chemical energy is eventually
used, and the battery becomes discharged. In order to
supply additional current, the chemical energy must be
restored to the battery.

CHARGING
G EN E R A TO R

Fig. 37 — Chemical Changes in Batteries
During Charging

In normal operation, the battery gradually loses
water from the cells due to disassociation of the water
into hydrogen and oxygen gases which escape to the
atm osphere through the vent caps. If this water is not
replaced, the level of the electrolyte falls below the
tops of the plates (Fig. 38).
This results in overconcentration of the electrolyte
and also allows the exposed active material to dry and
harden. Thus, if the water level is not properly main
tained, premature failure is certain to occur. Since
water loss is more rapid during high tem perature oper
ation than at low tem peratures, the electrolyte level
should be checked more frequently during the summer
months.

BATTERY SUPPLYING
LOAD CURRENT

Fig. 39 — Battery Supplying Load Current

It is the function of the generator to restore the
chemical energy to the battery. This is accomplished
by sending current through the battery in a direction
opposite to that during discharge. The generator cur
rent reverses the chemical actions in the battery and
restores it to a charged condition. While the battery is
an electro-chemical device, the generator is an elec
tromechanical device for converting mechanical pow er
from the engine into electrical power.

In actual operation, the battery alone supplies the
current to accessories when the generator is not run
ning. Under certain speed and load conditions, the bat
tery and generator both supply the load current. (Fig.
40)

GENERATOR AND BATTERY
SUPPLYING LOAD CURRENT
Fig. 40 — Generator and Battery Supplying
Load Current

A s g e n e ra to r speed in c re a se d , the g e n e ra to r
supplies current to operate the accessories and to
charge the battery. (Fig. 41)

G ENERATOR SUPPLYING LOAD
C URRENT AND CHARGING BATTERY
Fig. 41 — Generator Supplying Load Current and
Charging Battery

Since the generator voltage is directly proportional
to speed, the voltage would become excessively high
at high generator speeds, and it would overcharge the
battery. To limit the generator voltage to a safe value,
a voltage regulator is included in the charging circuit.
If the generator voltage were allowed to become ex
cessively high, the generator would continue to supply
high currents to the battery after the battery became
fully charged. This would result in overcharge and
would damage the battery and possibly the other elec
trical accessories. The chart (Fig. 42) illustrates that
generator voltage increases as generator speed in
creases, until it finally reaches the voltage regulator
limit.
As the voltage regulator functions to protect the bat
tery and accessories, it senses the battery voltage and
limits the generator voltage accordingly. The voltage
regulator, then senses and is affected by the battery
voltage. This means that the effectiveness of the vol
tage regulator is largely determined by how closely it is
able to sense and follow the changing characteristics of
the battery, such as battery voltage, state of charge,

and battery tem perature. The voltage regulator will be
discussed in more detail as part o f the Generator Sec
tion.
SAFETY PRECAUTIONS

Before discussing battery testing and charging it is im
portant to cover safety precautions that should be ob
served when working around batteries.
When working with batteries, use extreme care to
avoid spilling or splashing electrolyte. The electrolyte
can destroy clothing and cause body bum s. If electro
lyte is spilled or splashed on clothing or body, it should
immediately be neutralized with a solution of baking
soda and water and then rinsed with clean water.
Electrolyte splashed into the eyes is extrem ely
hazardous. Safety glasses should be worn when work
ing with batteries. If electrolyte is splashed into the
eye, force the eye open and flood it with cool clean
water for about five minutes and call a doctor im
mediately. Do not add eye drops or other medication
unless advised by the doctor.
If electrolyte is spilled or splashed on painted or
unpainted metal surfaces of a vehicle, it should im
mediately be neutralized with a baking soda solution
and rinsed with clean water.
When batteries are being charged, an explosive gas
mixture of hydrogen and oxygen forms in each cell.
Part of this gas escapes through the holes in the vent
plugs and may form an explosive atmosphere around
the battery if ventilation is poor. This explosive gas
may remain in or around the battery for several hours
after it has been charged. Sparks or flames can ignite
this gas causing an internal explosion which may shat
ter the battery. The following precautions should be
observed to prevent an explosion:
1. Do not smoke near batteries being charged or which
have been very recently charged.
2. Do not make or break live circuits at the terminals
of batteries because a spark usually occurs. Care
must always be taken when connecting or discon
necting booster leads or cable clamps on charges.
Poor connections are also a common cause of elec
trical arcs which cause explosions (Fig. 43).
TESTING

Battery testing is required to determine the ability of a
battery to function properly. A testing procedure is

Fig. 43 — Guard Against Accidential Explosion

used to determine whether the battery is good and us
able, requires recharging, or is worn out and should be
replaced. The accuracy of the testing is dependent
upon such variables as tem perature, specific gravity
and age of the battery. Accurate testing requires more
than one step. The recommended testing procedure for
conventional batteries is a three-step process:
1. Visual Inspection
2. Specific Gravity Test
3. Load Test
1. During a visual inspection check for obious dam
age, such as a cracked or broken case that would
permit the loss of electrolyte (Fig. 44). Also check
for loose or corroded battery cable connections. If
obvious damage is found, correct by properly clean
ing, tightening, or replacing as required.

Battery terminals and cables, especially on top ter
minal batteries, have a tendency to corrode (Fig.
45). An accumulation of acid film and dirt may per
mit current to flow between the terminals, which

Fig. 45 — Battery Corrosion

will slowly discharge the battery. For the best re
sults when cleaning batteries, first wash with a soda
solution to neutralize any acid present; then flush
with clean water. Care must be exercised to keep
the soda solution from entering any of the cells.
If no obvious damage is found, check the electro
lyte level. If the electrolyte level is below the top of
the plates, in any cell, add water to bring the level
to the split ring. Remove non-flame arrester caps
but leave flame arrester caps in place. N ext, charge
the battery for 15 minutes at a 15 to 25 am pere rate
to mix the electrolyte and water.
2. By measuring the specific gravity of the electrolyte
in a battery, you can determine the state of charge
of the battery. Specific gravity is a m easurem ent of
the amount of acid, by weight, that is in the electro
lyte.
W ater, used as a standard, has a specific gravity
of 1.000. The electrolyte of a battery is a combina
tion of sulfuric acid and water. When fully charged,
the electrolyte is 1.27 times as heavy as the water, it
has a specific gravity of 1.270. A battery, when less
than fully charged will have a lower specific grav
ity, since some of the acid has entered the plates.
The following chart (Fig. 46) shows specific gravity
readings from 100% state of charge to 0 % state of
charge.
STATE OF C HARG E

SPECIFIC G R A V IT Y

A T 80° F

A T 80° F

100%

1.260

75%

1.230

50%

1.200

25%

1.170

0

1.110

Removing the electrolyte from a battery and
weighing it to determine its specific gravity is not
very practical. In place of doing this, a device
called a hydrom eter is used.
A hydrom eter (Fig. 47) is a glass tube with a
calibrated float inside, a rubber bulb on top, and a
rubber tube on the bottom. Use it by squeezing the
bulb, putting the end of the tube into the battery
cell, and then releasing the bulb. This will draw
electrolyte up into the glass tube. The float, with its
stem projecting, will float in this electrolyte. You
can gauge the battery’s state of charge by the length
o f the stem that sticks out of the electrolyte. The
float is made so that it will float at a depth directly
in relation to the specific gravity of the electrolyte.
A calibrated scale, on the glass float, indicates the
specific gravity of the electrolyte when read at the
level of the surface.

C A U TIO N : When using a hydrom eter care
should be exercised so that you do not drip elec
trolyte on the car or on yourself! It will damage
the paint on the car and ruin your clothes.
Specific gravity readings are affected by tem pera
tures, and 80°F is the accepted standard. To evaluate
the tem perature affect, the tem perature of the electro
lyte must be measured and a simple mathematical cal
culation made. For every 10°F of electrolyte tem pera
ture ABOVE 80°F, four gravity points (.004) must be
added to the gravity reading. This compensates for the
loss of gravity caused by expansion of the liquid as its
tem perature increases. For every 10°F o f electrolyte
tem perature BELOW 80°F, four gravity points must
be SUBTRACTED from the gravity reading. This
compensates for the gain in gravity caused by the con
traction of the liquid as its tem perature decreases.
Examples: (Fig. 48)

A gravity reading of 1.234 at 120°F is obtained. Since
the tem perature is 40° above the standard (80°) four
points must be added for every 10°, a total addition of
16 gravity points. The corrected reading, therefore, is
1.250.

/

>H Y D R O M E TER
FLO AT

1.150

Fig. 48 — Tem perature Correction

In order to get an accurate tem perature reading, it is
necessary to use a special battery thermometer. Some
hydrometers have such a built in thermometer. If one
without a therm ometer is used, a separate thermome
ter that is designed for use in the electrolyte must be
used. The following scale shows the correction factors
for 10°F through 160°F. (Fig. 49)
The first step of a hydrometer test is to check for the
proper electrolyte level in the cells of the battery. If
necessary, add water and charge as previously out
lined.
The next step is to use the hydrometer and check the
specific gravity of each cell. You will find one of two
conditions:

unless that battery is in a sufficient state of
charge to be tested. To place a heavy electrical
load on a discharged battery as part of a test
procedure would condemn the battery because
of its discharged condition. No battery can be
expected to qualify for a Load Test unless its
specific gravity is at least above the minimum
specified.
Charge the battery, if necessary, until all cells
are at least 1.200 specific gravity @ 80°F or
more (1.230 for E-2000 series, Y87, R87 or
equivalent batteries). If charging will not bring
the specific gravity up to 1.200 at 80°F in all
cells, replace the battery (1.230 for E-2000). To
charge or load test a side terminal battery, that
is in a car, connect directly to the cable bolts. If
the battery has been removed from the vehicle,
use proper test or charging adapters to be sure
of a good connection. (Fig. 50)

Fig. 49 — Specific Gravity Tem perature Correction

A. .050 or more points of difference in the specific
gravity readings just taken. If this is the case, re
place the battery.
B. Less than .050 points of variance in the specific
gravity readings. If this is the case then:
1. If the specific gravity readings were 1.200 * or
higher (with temperature compensation) pro
ceed to the load test.
2. If the specific gravity readings were below
1.200 * charge the battery following the man
ufacturers recommendation. Then proceed to
the load test. If the battery will not accept a
charge, replace it.
* (1.230 or higher for E-2000 series batteries,
Y87 or R87 batteries and all original equip
ment batteries that use Y87 or R87 batteries
as replacements.)
3. The load test is used to determine if the battery
should be kept in service or replaced. The bat
tery should be in good condition, with no obvi
ous defects such as a broken or cracked case,
excessive corrosion on the terminals, or leaking
electrolyte.
The load test cannot be applied to a battery

Fig. 50 — Charge or Test Adapters

To remove any surface charge caused by charging
and also to test for internal shorts, remove vent caps
and connect a 300 ampere load for 15 seconds across
the battery terminals. Remove the load. If a blue haze
or “ sm oke” is seen in any cell, replace the battery. If
not, proceed with load test as follows:
A. Since the battery’s ability to deliver current is af
fected by tem perature, a therm ometer should be
placed in one cell.
B. Connect a voltm eter across the battery and apply
the load specified in the Service M anual or in
Delco-Remy Specification Bulletin 1B -187. (This is
approximately one-half the cold cranking amperage
rating for 12-volt or 6 -volt batteries.) Read terminal
voltage at end of 15 seconds with the load still con
nected. Do not keep load attached for a longer
period of time before reading the voltage as this
would alter the test results and may condemn good
batteries.
C. Remove load at the end of 15 seconds and note the
electrolyte tem perature. Then compare the voltage

and tem perature readings with the chart (Fig. 51)
shown below and proceed as follows:

ELECTROLYTE
TEM PERATURE-F°

12-V0LT
MINIMUM
VOLTAGE

6-V0LT
MINIMUM
VOLTAGE

80° (or above)
70°
60°
50°
40°
30°
20°
10°
0°

9.6
9.6
9.5
9.4
9.3
9.1
8.9
8.7
8.5

4.8
4.8
4.7
4.7
4.6
4.5
4.4
4.3
4.2

Fig. 51 — Load Test Chart

If terminal voltage drops below the minimum listed
above at the given tem perature when a battery is
subjected to the proper load for 15 seconds and is
properly charged, replace the battery.
If terminal voltage is the same or greater than the
minimum listed above at the given tem perature and
proper load, the battery is capable of further serv
ice. For best results, clean and fully charge battery
before returning to service.
With proper care, a conventional battery will pro
vide a dependable power source for many years of
service. If a battery tests good but fails to perform
satisfactorily in service for no apparent reason, the
following are some of the more important factors that
may point to the cause of trouble.
1. Vehicle accessories inadvertently left on, causing
an excessive drain on the battery.
2. Slow speed driving for short periods of tim e, such
as would occur in bad winter w eather or on a
crowded freeway during rush hour traffic condi
tions, and short trips requiring frequent engine
cranking.
3. A vehicle electrical load which is greater than the
generator capacity. This condition can be brought
on with the addition of after market equipment such
as radios, air conditioning, window defoggers or
lighting systems.
4. Malfunctions in the charging system such as high
resistance, slipping fan belt, faulty generator or vol
tage regulator.
5. Battery abuse such as failure to keep the battery
cable terminals clean and tight, loose battery hold
down, and failure to maintain the proper electrolyte
level. Lack of proper maintenance is probably the
biggest reason why conventional batteries fail be
fore reaching the end of a normal service life.
6 . Mechanical defects in the electrical system , such as
shorted wires, pinched wires, or hidden drains.
Remember, the external condition of the battery
should be checked periodically for damage such as
cracked cover, case, or vent or for the presence of dirt
and corrosion.

Charging

Battery charging is a process that is used to restore a
rundown battery to a higher state of charge. It consists
of applying a charging rate in amperes for a period of
time in hours. Thus, a 10 ampere charge rate for 7
hours would result in a 70 ampere-hour charge to the
battery.
Charging rates in the 3 to 50 ampere range are com
monly used. Specific charging rates and times will de
pend upon the following:
1. The size or electrical capacity in cold cranking
amps (CCA) of the battery — Example: A com
pletely discharged 500 CCA battery requires almost
twice the recharging as a 275 CCA battery.
2. Temperature of the electrolyte — Example: About
two hours longer will be needed to charge a battery
at 0°F. than at 80°F.
3. Battery state of charge at the start of the charging
period — Example: A completely discharged bat
tery requires twice as much charge in ampere-hours
as a one-half charged battery.
4. Battery age and condition — Example: A battery
that has been subjected to severe service will re
quire up to 50% more ampere-hour charging than a
relatively new battery.
The following basic rule applies to any battery
charging situation:
Any battery may be charged at any rate above three
amperes for as long as spewing of electrolyte, due to
violent gassing, does not occur, and for as long as
electrolyte tem perature does not exceed 125°F. If
spewing of electrolyte occurs, or electrolyte temperatue exceeds 125°F., the charging rate in amperes
must be reduced or temporarily halted to avoid dam
age to the battery.
The battery is fully charged when, after two hours at
a low charging rate and all cells are gassing freely (not
spewing liquid electrolyte), no change in specific grav
ity occurs. The full charge specific gravity is 1.2601.280, corrected for electrolyte tem perature with the
electrolyte level at the split ring. If electrolyte loss has
occurred due to age or overfilling, the specific gravity
reading will be lower.
With a lower specific gravity the battery will not
perform like new, but it may continue to provide
additional service if it has performed satisfactorily in
the past. For the most satisfactory charging, the lower
charging rates in amperes are recommended.
An “ emergency boost charge” consisting of a high
charging rate for a short period of time may be used to
crank an engine. However, this procedure usually
supplies insufficient battery reserve to crank a second
and third tim e. T herefore, the “ em ergency boost
charge” must be followed by later charging to restore
the battery to a satisfactory state of charge. A charging
guide is shown (Fig. 52).
When out of the vehicle, the battery with sealed
terminals requires adapters (AC-Delco ST 1201) for
the terminals to provide a place for attaching the charg
ing leads.
When the sealed terminal battery is in the vehicle,
the studs provided in the cable connectors are suitable
for connecting the charger’s leads.

BATTERY CHARGING GUIDE
(12 V o lt and 6 V o lt Batteries)
Recommended Rate* and Time fo r Fully Discharged Condition
RESERVE
CAPACITY
RATING

TW ENTY HOUR
RATING

75 M INUTES
OR LESS

50 AMPERE-HOURS
OR LESS

5 AMPERES

10 AMPERES

20 AMPERES

10 HOURS

5 HOURS

2'A HOURS

30 AMPERES

40 AMPERES

2 HOURS

ABOVE 75 TO
115 M INUTES

ABOVE 50 TO
75 AMPERE-HOURS

15 HOURS

Th HOURS

3% HOURS

2% HOURS

2 HOURS

ABOVE 115 TO
160 M INUTES

ABOVE 75 TO
100 AMPERE-HOURS

20 HOURS

10 HOURS

5 HOURS

3 HOURS

2'h HOURS

ABOVE 160 TO
245 M INUTES

ABOVE 100 TO
150 AMPERE-HOURS

30 HOURS

15 HOURS

7’/4 HOURS

5 HOURS

3'h HOURS

ABOVE 245
MINUTES

ABOVE 150
AMPERE-HOURS

20 HOURS

10 HOURS

6% HOURS

5 HOURS

* Initial rate for constant voltage taper rate charger
To avoid damage charging rate must be reduced or temporarily halted if;
1. Electrolyte temperature exceeds 125°F.
2. Violent gassing or spewing of electrolyte occurs.
Battery is fully charged when over a two hour period at a low charging rate in amperes all
cells are gassing freely and no change in specific gravity occurs. For the most satisfactory
charging, the lower charging rates in amperes are recommended.
Full charge specific gravity is 1.260-1.280 corrected for temperature with electrolyte level
at split ring.

Fig. 52 — Conventional Battery Charging Guide

After charging has been completed, add water to
adjust the electrolyte level to the bottom of the split
vent.
CAUTION: During charging remove non-flame
arrester vent caps and lay a cloth over the vent
holes. Leave flam e arrester vent caps in place
during charging.
SERVICE TIPS

To insure good electrical contact, the cables should be
clean and tight on the battery posts. If the posts or
cable terminals are corroded, the cables should be dis
connected and the terminals and clamps cleaned sepa
rately with a soda solution and a wire brush. After
cleaning and connecting the cables, apply a thin coat
ing of petroleum jelly over the installed cable clamps to
retard corrosion.
The cable connector used with sealed terminal bat
tery cables seals the connection and makes a perm a
nently tight and clean connection. The specifications

for tightening the cable bolt will be found in the appro
priate service manual. With this type of connection, no
coating of grease or petroleum jelly should be used.
The battery carrier and hold-down should be free
from corrosion before installing the battery. The car
rier should be in sound mechanical condition so that it
will support the battery securely and keep it level.
To prevent the battery from shaking in its carrier,
the hold-down bolts should be tight. However, the
bolts should not be tightened to the point where the
battery case or cover will be under a severe strain.
The hold-down bolts should be torqued to the
specifications shown in the appropriate service man
ual.
Lifting tools are available for carrying batteries. The
type that grasps the case is preferred. The battery case
should be grasped on the sides and not the ends. This
permits pressure to be transferred to the cell partitions
and prevents case flexing. Flexing of the case under
the lifting tool pads could cause slippage of the battery
from the tool.

MAINTENANCE-FREE BATTERIES
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Fig. 53 — Maintenance-Free Battery

COMPONENTS AND CONSTRUCTION

Many of the words and terms used in this chapter are
explained in the “ G lossary” section at the back of this
book. If the meaning of a new or confusing word or
term isn’t clear, always take the time to look it up.
The Delco M aintenance-Free Battery is the begin
ning of a new era in automotive batteries. (Fig. 53).
There have been many improvements made in the
design and manufacturing of the freedom batteries.
The current generation, those having the white case,
are the result of all the experience gained since its
conception in 1960.
The Delco M aintenance-Free Battery is a combina
tion of new design, materials, and processes to over
come most of the conditions that limit battery life.
1. The heart of the battery is the grid system. It is
made of new material and with a new process.
U ntil re c e n tly , an tim o n y has been used to
strengthen the lead so it can be made into grids (Fig.
54). Readily available, inexpensive, and easy to

cast into grids, these lead-antimony grids provided
a rechargeable battery that offered the best effi
ciency for the cost involved for many years.
In the Delco M aintenance-Free battery, calcium is
used in place of antimony in the grid system (Fig.
55). Calcium replaces antimony to strengthen the
lead so it can be made into grids. The lead calcium
grid, formed by the new process, is substantially
more resistant to internal corrosion, overcharge,
gassing, water usage, self-discharge and thermal
run-away. These problems are the usual causes of
limited battery life in conventional lead-acid bat
teries.
The process used to make the grid is new. The old
process involves hot casting the grid while the
Delco wrought lead calcium grids are wrought or
cold worked. The grain structure of the wrought
lead-calcium grid is very fine and consistent. This
means that the surface of the grid is able to resist
corrosion far better than the cast grids which have a

Fig. 54 — Lead A n tim on y Cast Grid

DELCO’S WROUGHT

Fig. 55 — Lead-Calcium Grid

Corrosion starts around the outer edges of the
grains and works in. The grains in the lead-calcium
grid being much finer and more uniform are much
more resistant to corrosion starting around the
edges.
The cast process resulted in a larger grain structure
which allows corrosion to penetrate in around the
edges of the grains. This results in a loss of strength
and capacity, in the positive grid, which is the grid
most prone to corrosion.
The grid is very important for carrying current in
and out of the plate. As the structure begins to cor
rode away, uniformly all the way around, it reduces
the diameter in addition to the penetration between
the grains which tends to separate portions of the
grid. It becomes less effective in carrying the cur
rent and weakens the support for the active m ate
rial. The corrosion continues to work on the posi
tive grid, leading to loss of battery capacity.
Antimony accelerates the corrosion, while calcium
resists the corrosion. This is why the wrought grid
concept was used in making the freedom battery.
The paste materials on the grids and the acid-water
electrolyte is the same as that used for conventional
batteries.
2. Separators are used to keep plates from touching
each other. Separators are non-conductive, highly
porous materials that allow good electrolyte diffu
sion between the plates while preventing the plates
from touching each other.
The Delco M aintenance-Free Battery uses a new
design and material for the separator. The separator
now is in the shape of an envelope which encloses
the plates. (Fig. 57)

ENVELOPE SEPARATOR

Fig. 57 — Envelope Separator

Fig. 56 — Grid Structure

coarser structure (Fig. 56). GRID CORROSION IS
A N O RM A L R E SU L T O F CH A R G IN G TH E
BATTERY.

The envelope material is more resistant to vibration
or high tem perature damage. This helps to prevent
internal “ treeing” which can be caused by vibra
tion or high tem perature damage. This design also
prevents shorting or treeing around the ends of the
plates. (Fig. 58)

DELCO ENVELOPE IMPROVES
VIBRATION D U R A B I L I T Y ...
PREVENTS TREEING AND SHORTING...

DELCO
ENVELOPE

COMPETITIVE
SEPARATOR

• SUPER STRONG
• IMPROVED RETENTION
• EXCEEDS IMPACT
STANDARD
Fig. 60 — Freedom Battery Case

Treeing between plates occurs when active material
transfers from one plate, through a hole in the
separator forming a connection to the next plate.
This would test as a short.
3. The cast grid straps (Fig. 59) are placed in the
center of the grid to help reduce the effects of road
shocks and vibrations. This helps improve the
durability o f the battery throughout its service life.

CENTERED CAST-ON f
GRID STRAPS

SMALLER
LIGH TER

Fig. 61 — Case Size and W eight

5. Even a freedom or M aintenance-Free battery can
gas and its cover is vented to allow this gas to es
cape (Fig. 62). There is one vent in each end of the
cover and they have built-in flame arresters, to re
duce any possibility of explosion.

Fig. 59 — Grid Straps

4. The case of the freedom battery is made of a poly
propylene material (Fig. 60). This material is excep
tionally strong and durable, and light weight.
This new material leads to a reduction in size and
weight for the battery. The case is \V i inch shorter
due to the side walls and cell separations being
made of the new materials. (Fig. 61)
The new design and materials allow the battery to
be smaller and weigh approximately 11 pounds less
than a com parable conventional battery, while
maintaining the same starting power.

Gassing, as discussed earlier, is the breaking down
of water molecules into their component parts — hyd
rogen and oxygen gasses. As this process occurs dur
ing normal conventional battery usage we see the elec
trolyte level going down, and in order to keep the bat
tery in service we add water. This is a continual pro
cess throughout the life of a conventional battery.
Freedom batteries are very resistant to gassing with
a normal charging system (Fig. 63). The overcharging
rate for a conventional lead-antimony battery, begin
ning at approximately 90% state of charge is about 5
amps. For Delco M aintenance-Free Batteries this
overcharge rate is reduced to 1 amp or less. This lower
rate greatly reduces the tendency for the freedom bat
teries to gas. Since there is little or no water usage,
there is no need to add water over the normal service
life.

MINIMIZES GASSING..
CLEANER BATTERY

Fig. 63 — High Resistance to Gassing

Built into the top of the case is a series of passages
through which the gas must pass to get to the vent in
the side of the top covers. When the battery gasses or
is tipped, any liquid that may be splashed into the pas
sages will be trapped and drains back into the battery
case (Fig. 64).

NOTE: The freedom b a tte ry is d esig n ed for a

maximum tilting of 40° toward either side and 45°
toward either end. Exceeding these angles may re
sult in a seepage of electrolyte at the vents.
The m aintenance free battery contains approxi
mately 1.1 to 1.2 gallons of electrolyte. This is slightly
less than the amount of electrolyte in a comparable
lead-antimony battery with filler caps.
The sealed-in, lifetime supply of electrolyte elimi
nates the typical problem s of im proper servicing.
These include past practices of overwatering, under
watering, spillage, contamination, improper activa
tion, causing cell to cell variations in specific gravity.
Specific gravity variations can also be caused by con
taminants in the water used to fill the battery, or not
getting all the fluid back in each cell when a hydrome
ter is used. (Fig. 65).

NEVER NEEDS WATER

Fig. 65 — Sealed in Electrolyte

After the lifetime supply of electrolyte is put in the
battery, the cover is heat sealed to the case (Fig. 66).
With the sealed cover in place, there is no chance for
cell to cell specific gravity variations to occur.

HEAT SEALED

6AS
SEPARATO

Some manufacturers have introduced low-antimony
batteries claiming to be maintenance-free. However,
laboratory analysis o f these so-called maintenancefree batteries does not bear this out. When competitive
batteries require filler caps to prevent failure due to a
lack of w ater, those batteries are not com pletely
maintenance-free. (Fig. 67). Unusual or harsh condi
tions will change the amount of water usage for all bat
teries.

BUILT IN HYDROMETER

The maintenance-free battery has a built in, temper
ature compensated hydrometer in the cover. (Fig. 69).

BUILT-IN HYDROMETER

Fig. 67 — Low A n tim on y Batteries

Also, activation of the maintenance-free batteries at
the factory eliminates the introduction of impurities to
the battery. A precise amount of electrolyte, at the
proper specific gravity is put into each cell. The bat
teries are then charged to maximum capacity and
checked for proper electrolyte level.
The approved activation process is time consuming
and exceedingly difficult to duplicate when activating a
dry-charge battery. M aintenance-free batteries have
taken the guess-work out o f activation. They eliminate
acid purchasing, storage and handling problems com
mon to drycharge batteries. (Fig. 68).
*

DELCO SOLVES ACTIVATION
AND HANDLING PROBLEMS...

Fig. 69 — Built in Hydrom eter

The function o f the hydrom eter is to indicate if
charging is necessary before load testing. The new de
sign and materials of the freedom battery have elimi
nated the cell to cell variations in specific gravity
which were caused by the typical problems of im
proper servicing which were just covered. This is why
only one hydrometer is used.
Remember, the hydrom eter does not indicate a
good, bad, or fully charged battery. It does tell you
whether charging is necessary before going on to the
load test.
The various signals provided by the hydrom eter
must be properly interpreted, before testing or charg
ing the Freedom Battery. The two most common con
ditions are:
1. When the battery is charged enough for testing, a
brightly colored green dot shows in the center of a
dark background in the hydrometer. (Fig. 70).
This dot should be visible when:
A. Delivering a new vehicle
B. Installing a battery
C. Battery is sufficiently recharged
D. Performing diagnostic testing
NOTE: On rare occasions where the battery has been

depleted, such as after prolonged cranking, the
green dot may remain visible. This is a result of the
electrolyte in the battery not having enough time to
mix, and is called stratification. This simply means
that the electrolyte that is near the hydrometer still

A. Before Delivery to the Customer

BATTERY TOP

G R E E N DOT
Fig. 70 — H ydrom eter Green Dot Visible

has a high enough specific gravity to float the green
ball, while the electrolyte towards the bottom of the
case has a much lower specific gravity. The differ
ent Jevels of specific gravity will gradually blend
into one if the battery is left sitting still. The mixing
of the electrolyte can be speeded up by moving or
shaking the battery. The new specific gravity will
usually be low enough so that the green ball will no
longer float.
2. A hydrometer with no green dot visible is an indica
tion of less than adequate state of charge for testing
(Fig. 71). This condition DOES N O T mean there is
a problem with the battery.

BATTERY TOP

The period of time between the building of the new car
until its delivery to the custom er is very hard on a new
battery. During production, shipping, and new car
make-ready in the dealership the battery m ust supply
power to start the engine many times and for the oper
ational checks of the accessories. Usually, the car is
run for very short periods of time, and the charging
system is not in operation long enough to charge the
battery. This can drain the battery and leave it in a
relatively low state of charge.
By checking the state of charge before delivery, the
possibility of a new car having a rundown battery can
be corrected before the car is turned over to the cus
tomer. If the battery needs a charge, follow the rec
ommended charging guide and charge the battery as
needed.
B. New Vehicle Break-In

When a customer picks up his new car, the usual pat
tern of operation includes using many of the acces
sories, driving at relatively slow speeds, and mostly
short rides to show off his new purchase. This type of
operation puts another heavy load on the battery, with
little or no chance for the charging system to put a
charge into the battery. Now, should the driver en
counter a severe starting condition (cold weather start
or hot engine restart), the battery may be too rundown
to supply the needed current.
C. Typical Driving Habits

The manner in which some customers tend to operate
the accessories on their cars, as well as their driving
schedule can lead to a rundown battery problem.
People tend to forget that the heavy, constant use of
accessories with slow speed short trip driving can lead
to a rundown battery. The following is a list of typical
current draws on a battery. (Fig. 72)

ACCESSORY

A L L DARK
Fig. 71 — H ydrom eter Dark

Certain driving or other operating habits can bring
on this condition. In this low state of charge, crank
ing complaints may result if the battery is subjected
to severe cranking requirements, or if the lights or
accessories are used without the engine running.
It is very important to understand the many possible
reasons for a rundown battery. This will aid in making
the correct diagnosis and in determining what must be
done to keep the problem from recurring.

STA R TE R
6 W A Y SEAT
REAR W INDOW DEFOGGER
HI BLOW ER A /C
HI BLOWER H EATER
E LEC TR IC W INDOW
H E A D LIG H T S HIGH BEAM
LOW BEAM
W/S WIPER R U N N IN G
HORNS
H A Z Z A R D FLASH ER

CURRENT DRAW
2 0 0 -3 0 0
2 0 -4 0
1 8 -25
19
16
12
12
9
10
12
6

AMPS
AMPS
AMPS
AMPS
AMPS
AMPS
AMPS
AMPS
AMPS
AMPS
AMPS

Fig. 72 — Typical Current Draws

If a current draw is put on a battery for a long
enough period of time, without the charging system
having a chance to replace the charge in the battery,
the end result will be a rundown battery.

Sometimes, a short conversation with the owner can
reveal the cause for a rundown battery. It may be a
case of driving habits such as many short trips with
heavy accessory use, or the rundown condition may be
the result of having left an accessory on for an ex
tended period of time. Shown below are examples of
accessories and the time it would take them to cause a
fully charged battery to be drained to an unacceptable
level. (Fig. 73)
ACCESSO RY

H E AD LIG H TS
IN TE R IO R LIGHTS
1 SEAT B ELT RETRACTOR
2 SEAT B ELT RETRACTORS
PARKING LIG HTS
TR U N K LIG H T
TR U N K CLOSING MOTOR

D R A IN T IM E

1 TO V/i HOURS
2% HOURS
7 DAYS
3V4 DAYS
4 -6 HOURS
2'A DAYS
18 HOURS

Fig. 74 — H ydrom eter Clear

Fig. 73 — Accessory Drain Times

These times are approximate and will depend upon
the battery’s state of charge when the drain begins as
well as different option packages having a different
current draw.
D. Check to see if the generator belt is set to the cor

rect specification.
E. Check for no or low charging system output.
F. Make sure that all of the electrical connections are
clean and tight. Check to see if all of the wires are the
correct size.
G. Test the battery to see if there is a problem in the
battery.
If there is no obvious reason for the battery being
rundown, then you must continue looking to find the
cause. If the battery is charged or exchanged for a new
one, and the customer is sent on his way without the
cause being found and corrected, the probable result
will be a return o f the problem. Use the appropriate
service manual when diagnosing the problem so that
you don’t overlook any possible cause and to be sure
you use the correct tests and specifications.
3. A clear or light yellow hydrometer (Fig. 74) is an
indication of a low electrolyte level in the battery.
When this indication appears (usually after a nor
mal service life expectancy), there is still electro
lyte above the tops of the plates.
On rare occasions, during recharging of a battery
with a normal fluid level a clear or light yellow hyd
rometer may be evident, due to gassing. This is a
temporary condition and will disappear in a short
time, with tapping of the hydrometer, or movement
of the battery.
When the hydrometer remains clear or light yellow
in appearance and no cranking complaints have oc
curred, a limited amount of service time remains. If
a cranking complaint is encountered with the clear
or light yellow hydrometer, replace the battery.
Do not attempt to recharge, load test, or jump start
any battery with a low electrolyte level.

The new plate and grid materials in maintenancefree Delco batteries reduce self-discharge caused by
long periods of standing or inactivity. This chart (Fig.
75) shows that maintenance-free Delco batteries are
shipped from the factory at full charge and they will
keep an acceptable capacity level for more than one
year.

Fig. 75 — Self-Discharge Characteristics
SEALED TERMINAL
CASE

TE R M IN A L IN SER T

RINGS

ST A IN L ES S S T E E L

M ELT

Sealed terminals, like the one pictured in Fig. 76, are
used on maintenance-free batteries. The portion of the
cable connection that touches the terminal insert is ac
tually slightly indenting the terminal insert. This re
sults in a good contact between the battery cable and
the battery terminal. This provides for good current
flow. Also, note that the bolt does not bottom in the
terminal.
TESTING

The following test procedure will enable you to deter
mine if the battery should remain in service or should
be replaced. The testing procedure and specifications
shown here can also be found in Delco-Remy Service
Bulletin IB -116 and current service manuals.
Step 1. Begin with a visual inspection. Look for obvi
ous damage such as a cracked or broken case or
cover which could permit the loss of electrolyte. If
there is obvious damage, the battery will have to be
replaced. Also, you should try to determine the
cause of the damage and correct as needed.
Step. 2. Check the hydrometer (Fig. 77), and if:
A. The green dot is visible, the battery is ready for
testing.
B. The hydrom eter is dark (no green dot visible).
Charge the battery before testing.
C. Hydrom eter is clear or light yellow — replace the
battery.

Fig. 78 — Test Connections

IN S U L A T O R S T R A P
P R EV E N T S T O O L S E P A R A T IO N
A N D L O S S W H EN N O T IN U S E

A D A P T E R C H A R G IN G
TO O L ATTA CH ED
T O T E R M IN A L S

Fig. 79 — Typical Adapter Tool

Step 4. The actual load test is the next step. First,
determine the battery model, then consult the fol
lowing chart (Fig. 81) to get the proper test load.
Fig. 77 — H ydrom eter Indications

Step 3. Connect a carbon pile to the battery (Fig. 78).
If the battery is in the vehicle, connect to the termi
nals. If it is out of the vehicle, you must use an
adapter charging tool, such as AC-Delco ST-1201 or
GM part number 1846855 to attach the load clamps
to the battery (Fig. 79). Put a 300 ampere to remove
the surface charge (Fig. 80). Remove the load at the
end of 15 seconds. Wait 15 seconds for the battery
to recover.

When you have determined the proper load, connect
a voltmeter and the specified load across the battery
terminals. Read the voltage after 15 seconds with
the load connected, then disconnect the load.
Step. 5. Now you must determine the tem perature of
the battery. Take into consideration where the bat
tery has been for a period o f several hours before
you tested it. For example, was the battery sitting in
a car which was outside in cold winter weather, or
sitting under a hot summer sun, or has it been at
room tem perature for several hours. Once you have
estim ated the battery’s electrolyte tem perature,

will most likely result in another problem for the
custom er and possibly a comeback for you.
CHARGING

Fig. 80 — Load Test Meter

LOAD

MODEL

LOAD

4 9-5

210 AMPERES

8 5-4

130 AMPERES

55-5

180 AMPERES

85-5

170 AMPERES

59-5

210 AMPERES

87-5

210 AMPERES

71-5

230 AMPERES

89-5

230 AMPERES

81-5

230 AMPERES

1200

235 AMPERES

MODEL

Fig. 83 — Battery Charging

Fig. 81 — Test Load Chart

look on the chart (Fig. 82) below for the listing
closest to that temperature.
Compare the voltage reading you took in Step 4 to
the minimum voltage shown under the tem perature of
the battery. If the test voltage is equal to or above the
minimum shown in the chart, the battery is good. If the
test voltage is below the minimum shown, replace the
battery.
NOTE: In order for this test to show accurate infor
mation on the serviceability of the battery, it is up to
you, the technician, to perform all the steps of the
procedure, use the correct test loads and observe
the 15 second time limits, and use the temperature
com pensating chart w hen checking the voltage
reading.
Failure to follow the procedure or the use of incor
rect specifications may result in a good battery
being replaced or a bad battery not being replaced
when it should be. Replacing a good battery is an
expensive waste, and not replacing a bad battery

TEMPERATURE
MINIMUM VOLTAGE

When necessary, Maintenance-Free batteries may be
fast or slow charged. Conventional charging equip
ment, which allows the charging current to taper off as
the battery approaches a charged condition, should be
used. (Fig. 83) The length of time needed to recharge a
Freedom Battery will depend upon:
A. Battery capacity
B. State of charge of the battery
C. Temperature of the battery
D. Charger capability
E. Time available for charging
Here are some general rules for Freedom Battery
charging.
A. Always follow the charging procedures and rec
ommendations found in the service manual or in
the latest Delco-Remy Service Bulletins IB-116 and
IB-187.
B. Do not charge if obvious damage is noted.
C. DO N O T charge when the hydrometer is clear or
light yellow. This is an indication of a lower than
normal electrolyte level.
D. If possible, allow cold batteries 4-6 hours to warm.
A frozen battery may have plate damage and
should be load tested after charging.
E. Discontinue charging if the battery becomes hot
(above 125°F), emits ozone odor, or spewing is
noted.
F. To fully charge a completely discharged cold bat
tery usually requires up to 25% more ampere-hours
of charge than a comparable warm battery.

(21°c)
70°F &
ABOVE

(16°c)
60° F

(10°c)
50° F

(4°c)
40° F

(-1°c)
30° F

(-7°c)
20° F

(-12°c)
10°F

(-18°c)
0°F

9.6

9.5

9.4

9 l“

9J

8.9

8.7

8.5

12-VOLT MAINTENANCE-FREE BATTERY CHARGING GUIDE
(Stop charging when the green dot appears or
when the maximum charge shown below is reached).
BATTERY MODEL

SLOW CHARGING RATE

FAST CHARGING RATE

55-5; 85-4; 85-5

5A @ 10 Hours
10A @ 5 Hours

20A @ 2/4 Hours
30A @ Vh Hours

49-5; 59-5
71-5; 81-5
87-5; 89-5; 1200

5A @ 15 Hours
10A @ Th Hours

20A
30A
40A
50A

@ 3%
@ Th
@2
@ Vh

Hours
Hours
Hours
Hours

TO AVO ID DAMAGE, charging rate must be reduced or temporarily halted, if:
1. Battery case feels hot (125°F)
2. Violent gassing or spewing of electrolyte occurs.
After charging in accordance with the tables, even though the green dot does not appear, the battery is still sufficiently charged for testing.

Fig. 84 — Charging Guide

G. When you look at the built in hydrometer in a bat
tery and see that it is now green, you can say that
the specific gravity of the battery is at least 1.220. It
is ready to be tested.
Since the sealed top prevents you from checking
specific gravity, how do you determine what the state
of charge is? Obviously, the conventional way will not
work but, by using your battery charger, you can
“ look” into the battery through its terminals.
But, before checking a battery this way, it is very
important that you acquaint yourself with how your
charger reacts to a fully charged Freedom Battery.
This is the key element in using this procedure. Fol
lowing the manufacturers recommendations, prepare
the battery and the charger. Set the charger on HIGH
or FAST and turn on the charger. Watch for a few
minutes, and see what the meter on the charger tells
you. This will tell you how your charger reacts to try
ing to put a charge into a fully charged battery.
Now, when you hook your charger to a Freedom
Battery with an unknown state of charge, watch the
ammeter on the charger. If you set your charger on
HIGH or FAST and start the timer, the meter may go
as high as 30-40 amps when it is turned on. Watch that
meter for a minute or two.
If it stabilizes above 15 to 25 amps and stays there,
the battery is telling you that it is discharged. If the
needle on the meter begins to swing down-scale, the
battery is resisting the charge. It is telling you that it
doesn’t really need the charge. If the needle falls below
10 amps, the battery already has a pretty high state of
charge. It certainly does not need to be charged.
A badly discharged, or a very cold battery may ap
pear as though no current is being accepted. With a
voltmeter across the battery terminals and the charger
on, the battery is being charged if the voltmeter indi
cates a voltage higher than 12 volts. It may take several
minutes or more before current will rise to a normal
charge rate of 20-40 amps.
With a charger hook-up and a few minutes time, you

can get a pretty good idea of a b attery’s state of
charge, and greatly reduce the possibility of a come
back, because o f a rundown battery.
Remember, the electrolyte in a severely discharged
Freedom battery is almost pure water and the internal
resistance is very high. It takes a longer amount o f
time on a charger to get such a battery to start accept
ing a charge. Once it begins, the charging rate will
rapidly increase. The Freedom battery will then act
like any other battery on a charger.
The chart (Fig. 84) shows the charging guide for 12
volt maintenance free batteries. The chart contains
both fast and slow charging rates.
Using the charging rates for the times shown in the
chart will charge a Freedom battery to 90% or more of
its capacity. It is very important to charge the battery
for the full amount of time at the correct rate or until
the green ball appears.
Due to the small amount of gassing while the battery
is charging, stratification of the electrolyte may occur.
For this reason, the green ball may not appear at the
end of the maximum charging time. In time or during
normal vehicle operation, the electrolyte will mix so
that the specific gravity will be high enough to float the
ball.
If the battery is agitated several times during its
charging cycle the specific gravity of the electrolyte in
the battery will raise at a relatively even rate. When
the specific gravity reaches approximately 1.220 or
more the green ball will float.
Some battery chargers are equipped with a 60 min
ute timer, which must be reset each hour if additional
charge time is required. If it is not reset, the charger
will deliver only a trickle charge at the end of the first
hour of charge.
If the charging equipment you have does not match
the charging rate in the guide, you can figure the cor
rect amount of time for the rate you have (Fig. 85).
Average charging amperage x time (hours) = amphours of charge.

AMP HOURS
AVERAGE CHARGING
OF CHARGE ~ AMPERAGE
Fig. 85 — Charging Formula

If the charging rate in amperes decreases with time,
the charging time will have to be increased to obtain
the required number of ampere-hours.

Remember, anytime a battery is first put into service
or before new car delivery, the battery should be
checked to assure that it is within the proper operating
range. Remember, the green ball tells you that the
specific gravity is approximately 1.220 or higher. As
mentioned earlier, use a battery charger to get an in
dication as to the state of charge the battery.

DELCOTRON INTEGRAL CHARGING SYSTEM

TYPICAL 10-S1 SERIES GENERATOR

TYPICAL 27-S1 SERIES GENERATOR

Fig. 86 — Delcotron Generators

Many of the words and terms used in this chapter are
explained in the “ Glossary” section at the back of this
book. If the meaning of a new or confusing word or
term isn’t clear, always take the time to look it up.
The Delcotron generator (Fig. 86) is a lightweight,
high-perform ance machine that supplies electrical
power for charging the battery and operating acces
sories in gasoline and diesel engine electrical systems.
Featuring an output at engine idle, a high output per
pound of weight, and a very minimum of periodic
maintenance requirements, it is a reliable and depend
able member of the charging circuit team.
LOAD
CIRCUIT

OPERATION OF THE DELCOTRON GENERATOR

A voltage will be induced in a conductor when a
magnetic field is moved across the conductor. For
example, consider a bar magnet with its magnetic field
rotating inside a loop of wire.
With the magnet rotating as indicated (Fig. 87), and
with the S pole of the magnet directly under the top
portion of the loop and the N pole directly over the
bottom portion, the induced voltage, as determined by
the Right Hand Rule, will cause current to flow in the
circuit in the direction shown. Since current flows
from positive to negative through the external or load
circuit, the end of the loop of wire marked “ A” will be
positive (+) polarity and the end marked “ B” will be
negative ( —).
After the bar magnet has moved through one-half
revolution, the N pole will have moved directly under

I

RO TATING
M AGNETIC
FIELD

the top conductor and the S pole directly over the
bottom conductor. The induced voltage as determined
by the Right Hand Rule will now cause current to flow
in the opposite direction. The end of the loop of wire
marked “ A ” will become negative ( - ) polarity, and
the end marked “ B” will become positive (+).
Therefore, the polarity of the ends of the wire has
changed. After a second one-half revolution, the bar
magnet will be back at the starting point where “ A” is
positive (+ ) and “ B” is negative ( - ) .
Consequently, current will flow through the load or
external circuit first in one direction and then in the
other. This is an alternating current which is developed
internally by a Delcotron Integral Charging System.
A Delcotron Integral Charging System made with a
bar magnet rotating inside a single loop of wire is not
practical, since very little voltage and current are pro
duced. The performance is improved when both the
loop of wire and the magnet are placed inside an iron
frame (Fig. 88 ). The iron frame not only provides a
place onto which the loop of wire can be assembled,
but also acts as a conducting path for the magnetic
lines of force. W ithout the iron frame, magnetism,
after leaving the N pole of the rotating bar magnet,
must travel through air to get to the S pole. Because air
has a high reluctance to magnetism, only a few lines of
force will come out of the N pole and enter the S pole.
Since iron conducts magnetism very easily, adding the
iron frame greatly increases the number of lines of
force between the N pole and the S pole. This means
that more lines of force will be cutting across the con
ductor which lies between the bar magnet and the
frame.

ling output. Changing the magnetic strength of the field
coil provides a very effective means of controlling the
voltage output. The design of alternating generators is
such that maximum output is obtained when maximum
System voltage is applied to the generator field.
Since the maximum field strength would produce
more voltage than normally required by the electrical
system, there is a regulator built into the system. This
regulator will tailor the field strength so that the
generator will produce the amount of voltage needed
for the operation of the electrical system.
COMPONENTS
Rotor

The rotating part of an alternator is made up of two
iron pole pieces with interlacing fingers mounted over
many turns of wire which are wound over the rotor
core (Fig. 89). The core and pole pieces are mounted
on the rotor shaft. The rotor core and the wire wound
around it form a strong electromagnet (Fig. 90), when
current flows in this wire winding. The pointed fingers
of the pole shoes, mounted over this electromagnet,
become alternately north and south poles.

WINDING

PIECES
STRONG

FIELD

SHAFT

Fig. 89 — Rotor
A IR PATH
HIGH
RELU CTA N CE

IRON FRAME
AND
RELUCTANCE

Fig. 88 — Electrom agnetic Assem bly

System Output

More magnetic lines of force can be made to cut across
the conductor in three ways. First, by increasing the
number of turns or windings in the conductor, second,
by increasing the speed of rotor rotation which would
increase the rate at which the magnetic lines of force
cut across the conductor and third by increasing the
magnetic field strength.
The number of generator conductor windings is part
of the design, so they cannot be changed to control
output while the generator is operating. Being belt
driven off the engine, means that control of the speed
of rotation would not be an effective means of control-

wmsBa

■Hi

The wires from the ends of the winding run along the
shaft towards the copper slip rings on the end of the
shaft (Fig. 91). The slip rings are insulated from the
shaft, and each of the wires is connected to only one of
the rings. Carbon brushes ride on the slip rings and
provide the path for current for the electromagnet.

STATOR WINDING
STATOR FRAME

Fig. 92 — Stator Assem bly

Fig. 91 — Rotor Circuit

S ta to r

The conductor is made up of many turns or windings of
wire held in an iron ring called a stator. The stator is
positioned so that the windings are held around the
inside of the cover and directly over the pole shoes.
A typical s ta to r is m ade w ith th ree windings
mounted in the laminated iron frame. Shown here is an
incomplete stator assembly with only one set of wind
ings in place. (Fig. 92).

Fig. 93 — Complete Stator Assem bly

Each winding consists o f a number of separate coils
which are wound in series. They are placed in the iron
frame (Fig. 93) so that the magnetic field polarity is the
same on each of the coils of a winding at the same

Fig. 94 — Stator W indings
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time. The voltage induced in all the coils of the wind
ings is added together to produce the desired output.
All of the windings are connected together. This in
terconnection allows the current produced in all of the
loops of the windings to be added together. Most
passenger car generators use a Y connection in the
stator, while optional heavy duty generators use a
delta connection, which, for its size, can produce a
greater output at high speeds. Shown here are typical
diagrams of both types of connections. (Fig. 94).
Both types of connections operate in a similar man
ner. The alternating current generated in the three legs
of the stator circuit passes thru the six diodes and is
converted into direct current. (Fig. 95)
The field pole piece fingers of a typical rotor alter
nate between N and S poles around the rotor.
A lternating current is produced when alternate
magnetic poles cut the stator windings as the rotor
turns. This causes the electrons in the stator to move
in one direction, and then in the opposite when the
magnetic poles cross the windings. The diagrams
in Fig. 96 show a simplified version of how this hap
pens.

Rectified AC to DC Current

The automotive electrical system used in today’s cars
uses direct current. Since the alternator stator output
is alternating current, it must be changed or rectified to
direct current.To see how this is accomplished, let’s
begin by looking at the current build-up in one winding
or phase as the rotor goes thru one complete revolu
tion. (Fig. 97).
Pictured are the different positions of a rotor as it ro
tates at a constant speed. In the top portion of the illus
tration is a curve diagram showing the magnitude of
the voltage which is generated in the loop of wire in the
stator as the rotor revolves. This voltage curve repre
sents the generated voltage of electrical pressure
which can be measured across the ends of a wire, just
as voltage can be measured across the terminal posts
of a battery.
Starting at the left of the illustration, (Fig. 98) with
the rotor in the first position, there is no voltage being
generated in the loop of wire because there are no
magnetic lines of force cutting across the conductor.
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Fig. 97 — Rotor Cycle
Fig. 95 — AC to DC Current
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Fig. 98 — No Voltage Generated

As the rotor turns and approaches position two (2),
the rather weak magnetic field at the leading edge of
the rotor starts to cut across the conductor, and the
voltage begins to increase (Fig. 99). When the rotor
reaches position two (2), the generated voltage has

ONE CYCLE
ONE CYCLE
VALUE

Fig. 101 — M axim um Negative Voltage

Fig. 99 — M axim um Positive Voltage

reached its maximum value. The maximum voltage
occurs when the rotor poles are directly under the
conductor. It is in this position that the conductor is
being cut by the heaviest concentration of magnetic
lines of force.
As the rotor turns from position two (2) to three (3),
the voltage decreases. When the rotor reaches position
three (3), the voltage is zero. (Fig. 100).

As the rotor turns from position three (3) to four (4),
you can see the magnetically opposite pole piece ap
proach the conductor. This causes the inducted vol
tage in the conductor to flow in the opposite direction.
N ote how the curve in the illustration shows the
maximum value on the negative side of the line with
the rotor in position four (4). (Fig. 101).
The voltage again returns to zero when the rotor
turns from position four (4) to five (5). (Fig. 102). The
voltage curve in the illustration represents one com
plete turn or cycle of the rotor.
The stator used in alternators has three sets of
equally spaced windings or phases. An illustration of
alternating current for each of the three phases is
shown here. (Fig. 103).
Note that each phase overlaps, but does not run
parallel with either of the other two phases. The over
lapping of the three phases smooths out the generated

Fig. 103 — Three Phase Voltage Graph

voltage so that there is little variance between the
peaks of each phase.
Diodes

The function of a diode is to permit current flow in a
circuit in only one direction, and to block its flow in
the opposite direction. (Fig. 104). This is made possi
ble by the electrical characteristics of the silicon die or
wafer within the diode.
A diode is defined as a device having two electrodes,
one being positive (anode) and the other negative
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Fig. 106 — Diode Sym bol

Fig. 104 — Diode Function

(cathode), which allows current to flow in one direc
tion only.
When a lead of positive voltage is connected to the
anode and a lead of negative voltage connected to the
cathode, current flows through the diode. If the con
nections were reversed, current would not flow be
cause of the blocking characteristic of the silicon
wafer. The diode, therefore, acts like a check valve
and allows current flow in only one direction.
In a positive diode, current flows from the lead to
the case only and in a negative diode, current flows
from the case to the lead only. Positive diodes can be
identified by red numbers and letters on the case.
Negative diodes will have black numbers and letters.
The illustration shows an external view of typical
diodes (Fig. 105) along with the diode symbol used in
wiring diagrams (Fig. 106). The arrow indicates that
current will flow only in that direction.

Six diodes, of the type pictured in Fig. 105, were
used in early versions of alternating generators. To
day, a rectifier bridge containing all six diodes, is used
in place of the individual diodes. (Fig. 108).
The rectifier bridge has a grounded heat sink and an
insulated heat sink. The three stator windings are at
tached to the studs on the rectifier bridge.
Voltage Regulator

Fig. 105 — Typical Diodes

A cross-sectional view of a diode also is shown, with
the thin silicon wafer, called a “ die” , in position at the
bottom of the diode case (Fig. 107). The heavy case
walls serve to protect the delicate silicon wafer, and
also to dissipate the heat produced by the current flow.
The diode is tightly sealed to prevent any entry of
moisture.

If the generator were connected in parallel to both the
battery and to the load circuit, then either battery or
generator voltage would be impressed upon the field
coil whenever the switch was in a closed position. Bat
tery voltage would first provide the field current in the
generator, but as the speed of the generator increased,
the generator itself would provide the voltage for field
current. As generator voltage increased, then more
field current would result with an increase in magnetic
lines of force within the rotor. This would develop
even more voltage within the generator and voltage
would rapidly increase.
The need to limit the voltage that is developed is
critical. Without voltage control, the battery, light
bulbs, external wiring, relay coils, contact points and
all other electrical components of the vehicle would be
endangered by too high a voltage, which would dam
age them or greatly shorten their life. A voltage regu
lator, consequently, is employed to regulate the field
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Fig. 108 — Rectifier Bridge

rent in the reverse direction (reverse bias) below cer
tain voltage. At a potential above that reverse bias
voltage, it will conduct most of the current in the re
verse direction. This type of diode is often used in
control circuits such as regulators.
A transistor ( . ©
) is an electronic device that
may be used in circuits to amplify and tailor current
flow. It consists of two or more diodes. There are hun
dreds of different transistors, but only two basic types.
They are P-N-P (positive-negative-positive) and
N-P-N (negative-positive-negative). (Fig. 110). The
arrow in the transistor symbol is always attached to
the emitter and points to negative polarity. If it points
to the base, it is a P-N-P transistor (negative polarity
base). Away from the base it is a N-P-N transistor. The
three transistors used in the generator are the N-P-N
type.

Fig. 109 — Voltage Regulation

current and magnetic field within the generator in
order that its voltage may be limited to a safe value
(Fig. 109). Alternators currently in use have an integral
regulator which contains specialized electronic de
vices. This regulator is a sealed, non-adjustable unit
that controls output by varying the amperes to the
rotor. This control in turn regulates the voltage limits
the generator is allowed to produce. An understanding
of the operation of the integral regulators depends on
knowledge of certain electronic devices used in this
component. A review of their definitions follows. The
symbol for each one is also shown.
A resistor ( 7 W V " ) is a conductor that limits cur
rent flow through it. Most resistors permit less current
flow as temperatures increase.
A thermistor ( s /
") is a particular type of resis
tor that conducts more current at higher temperatures.
A diode ( ---- *-J— ) is an electronic device that will
permit current to flow one way, only in the direction of
the symbol.
v
A zener diode ( —
) is a diode that will permit
current to flow at any voltage in the direction of the
symbol arrow (forward bias) and will not conduct cur

Current will flow through a transistor only if there is a
voltage potential at the base. As illustrated for the
N-P-N transistor, (Fig. 111) if a small amount of cur
rent flows from the base to emitter, this permits a cur
rent many multiples of the base-emitter current to flow
from collector to emitter. In this m anner a transistor
amplifies a signal. Tailoring the signal is achieved prin
cipally by varying the voltage signal at the base.
NOTE: A

P-N -P

tra n s is to r

w orks
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an
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Fig. 111 — Transistor Current Flow

opposite manner, permitting the stronger current to
flow in the opposite direction, from emitter to col
lector; once there is a signal current from base to
collector.
A capacitor (— | (—) stores electrical energy, under
certain circumstances and later discharges it. It there
fore, helps to level a voltage surge within a circuit.
The diagram in (Fig. 112) represents a typical alter
nator circuit. In order to simplify the explanation of
how the alternator works, the following diagrams will
use only a portion of the complete circuit. Since we are
only using a small portion of the actual circuit, it is im
portant to remember that the actual operation requires
more components and is technically much more com
plicated than the simplified explanation used here.
In the first diagram (Fig. 113), the ignition switch is
closed, but the engine in not running. Current from the
battery is flowing thru the indicator lamp, to the field,
and thru TR1 to ground. The indicator lamp is on. The
field coil is enerized, but since there is no rotation of
the rotor, no output is produced. Current to the base of
TR1 turns on the transistor so that current flowing to
the field coil can reach ground.
In the second diagram (Fig. 114), the ignition switch
is closed and the engine is running, but the output of
the stator is below the amount where regulation is
needed. Generator output current feeds thru the diode
trio to back feed the indicator lamp, thus turning it out.
This output is supplying the field with current. The
battery is also beginning to receive some charging cur
rent.
In the third diagram (Fig. 115), the ignition switch is
closed, the car is running, and the generator output is
at the present point of regulation. The voltage being
sent to the battery by the rectifier bridge is also being
sent to the number 2 terminal of the regulator.
When the current at the zener diode D2, becomes
high enough, the diode will allow current to pass to the
base of TR2. The current to the base of TR2 turns on
the transistor, which gives current from the diode trio
a shorter path to ground.
When the current flows thru TR2, TR1, loses cur-

Fig. 112 — Typical A lternator Circuit

Fig. 114 — Generator O utput w ith Engine Running

rent to its base, and the field circuit is no longer com
pleted thru TR1 to ground. When this happens, the
magnetic field around the rotor collapses, and the out
put voltage is reduced. With the reduced output volt
age, the voltage at D2, the zener diode, drops below
the point at which it will conduct voltage to TR2, and
TR2 turns off. With TR2 off, TR1 turns on again, and
provides a path to ground for the field circuit. This
cycle is repeated many times a second.
This control of the field circuit allows the alternator
to provide the necessary electrical energy to run the
car with all its accessories and keep the battery
charged.
Resistor R2 is a special type of resistor called a
thermistor. The symbol for a thermistor is
Dur
ing periods of high tem peratures, the resistance o f R2
tends to decrease. This allows more current to reach
the zener diode. When the tem perature is cold, the re
sistance of R2 tends to increase. The increased resis
tance means that a higher output from the generator
will be required before the point at which the zener
diode will conduct is reached. While the temperature is
cold there will be a higher charging voltage available to
charge a cold battery.
Three screws are used to secure the regulator in
place. Two of the screws are insulated, and one is a
ground screw. The following three diagrams will show

Fig. 115 — Voltage Regulation

the correct position for the ground screw, and what
would happen if it were put in the wrong place.
The first diagram (Fig. 116) shows all three screws in
the proper positions. This allows the generator circuit
to function in a normal manner.

can produce. By placing this tab here and having an
access hole in the end frame, you can make this test
quickly and easily.
The other components of the regulator that were not
discussed are used to help stabilize the voltage or to
protect the transistors in the regulator. Remember, all
of the components shown in the full circuit diagram are
necessary for the proper operation of the generator.

Fig. 117 — Ground Screw Incorrectly Positioned
— No O utput

In the second diagram (Fig. 117) the ground screw
has been placed in the wrong position. With the ground
screw in this position, there would be no current going
to the rotor, which mean there would be no output
from the generator. The dash light would be lit since
there is no generator output to turn it off.

Fig. 118 — Ground Screw Incorrectly Positioned
— Uncontrolled Output

With the ground screw in this position, (Fig. 118) the
field circuit has a direct path to ground. This would
allow the generator to go to full output and bypass the
regulator so that there would be no control over the
output voltage. With the ground screw in this position,
the dash light would go out after the generator starts to
put out voltage. This uncontrolled voltage would dam
age the battery and other electrical components of the
car.
In this drawing you should also note the “ TAB”
which is shown next to the improperly placed ground
screw. One of the tests, which will be covered later, is
to see what is the maximum output that the generator

Fig. 119 — Typical W iring Diagram

DIAGNOSIS PROCEDURES

Figure 119 is a basic wiring diagram showing lead con
nections found in the charging system. To avoid dam
age to the electrical equipment, always observe the
following precautions:
• Do not polarize the generator.
• Do not short across or ground any of the terminals
in the charging circuit except as specifically in
structed herein.
• NEVER operate the generator with the output ter
minal open-circuited.
• Make sure the generator and battery have the same
ground polarity.
• When connecting a charger or a booster battery to
the vehicle battery, connect positive to positive and
negative to negative.
NOTE: In som e c irc u its an a m m eter m ay
be used instead of an indicator lamp. In this case,
Section “ A” pertaining to faulty indicator lamp op
eration should be omitted from the diagnosis proce
dure.
Closely following the procedures as shown, will lead
you to the location of the malfunction in the charging
system. After the malfunction is located, proceed to do
the necessary repairs. It should never be necessary to
perform all the procedures shown to find the malfunc
tion.
Trouble in the charging system will show up as one
or more of the following conditions:
A. Faulty Indicator Lamp Operation

Check the indicator lamp for normal operation as
shown below.
Engine
Lamp
Switch
STOPPED
OFF
OFF
STOPPED
ON
ON
RUNNING
OFF
ON
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If the indicator lamp operates normally, proceed to
“ Undercharged Battery” or “ Overcharged B attery”
section. Otherwise, proceed to either one o f the fol
lowing three abnormal conditions.
1. Switch Off, Lamp On — In this case, disconnect
the two leads from the generator No. 1 and No. 2
terminals (Fig. 120). If the lamp stays on, there is a
short between these two leads. If the lamp goes out,
replace the rectifier bridge as covered in the
“ GENERATOR REPAIR” section. This condition
will cause an undercharged battery.

3. If a battery defect is suspected, check using the
appropriate service manual.
4. Inspect for wiring defects. Check all connections
for tightness and cleanliness, including the slip con
nectors at the generator and firewall, and the cable
clamps and battery posts.
5. With ignition switch on and all wiring harness leads
connected, connect a voltmeter from:
a. Generator “ BAT” terminal to ground
b. Generator No. 1 terminal to ground
c. Generator No. 2 terminal to ground.
A zero reading indicates an open between voltmeter
connection and battery.
NOTE: A n

open N o . 2 lead c irc u it on
early production generators caused uncontrolled
voltage, battery overcharge and possible damage to
battery and accessories. Generators supplied for
later applications have a built-in feature which
avoids overcharge and accessory damage by pre
venting the generator from turning on if there is an
open in the wiring harness connected to the No. 2
generator terminal. Opens in the wiring harness
connected between the No. 2 generator terminal and
Energizer may be betw een the term inals, at the
crimp between the harness wire and terminal, or in
the wire.
6 . If previous Steps 1 through 5 check satisfactorily,
check Delcotron generator as follows:
a. Disconnect battery ground cable,
b. Connect an ammeter in the circuit at the “ BAT”
terminal of the generator. (Fig. 121)

2. Switch On, Lamp Off, Engine Stopped — This
condition can be caused by the defects listed in Part
1 above or by an open in the circuit. To determine
where an open exists, proceed as follows:
a. Check for a blown fuse, a burned out bulb, de
fective bulb socket, or an open in No. 1 lead
circuit between generator and ignition switch.
b. If no defects have been found, proceed to “ U n
dercharged Battery” section.
3. Switch On, Lamp On, Engine Running — Check for
a blown fuse (where used) between indicator lamp
and switch. — The other possible causes of this
condition are covered in the “ Undercharged Bat
tery” section.
If a defect has been found and corrected at this
point, no further checks need be made.

Fig. 121 — Test Connections

c. Reconnect battery ground cable.
d. Turn on radio, windshield wipers, lights high
beam and blower motor high speed. Connect a
carbon pile across the battery.
e. Operate engine at moderate speed as required,
and adjust carbon pile as required, to obtain
maximum current output.
f. If ampere output is within 10 amperes of rated
output as stamped on generator frame, generator
is not defective; recheck Steps 1 through 5.
g. If ampere is not within 10 amperes of rated out
put, determine if test hole (Fig. 122) is accessi
ble. If accessible go to Step h. If not accessible,
go to step I.

B. Undercharged Battery

This condition, as evidenced by slow cranking and low
specific gravity readings, can be caused by one or
more of the following conditions even though the in
dicator lamp may be operating normally. The following
procedure also applies to circuits with an ammeter.
1. Insure that the undercharged condition has not
been caused by accessories having been left on for
extended periods.
2. Check the drive belt for proper tension.
41
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h. Ground the field winding by inserting a screw
driver into the test hole (Fig. 122).
INSERT SCREWDRIVER

GROUND TAB TO

b. Connect ohm meter using lowest range scale
from brush lead clip to end frame, then reverse
lead connections.
c. If both readings are zero, either the brush lead
clip is grounded or regulator may be defective.
d. A grounded brush lead clip can result from omis
sion of the insulating washer, omission of the
insulating sleeve over screw, or damaged to the
insulating sleeve. Remove screw to inspect
sleeve. If satisfactory, test regulator with an ap
proved regulator tester.
GENERATOR REPAIR

After you have gone thru the diagnosis procedures, it
is time to repair the malfunction. Begin with the disas
sembly of the generator.
Disassembly

A scribe mark will help locate the parts in the same
p o sitio n during assem bly. To d isassem b le the
generator, take out the four thru-bolts, and separate
the drive end frame and rotor assembly from the stator
assembly by prying apart with a screwdriver at the
stator slot. (Fig. 123).
Fig. 122 — G rounding Generator Field W inding

CAUTION: Tab is within 314 inch of casting surface.

Do not force screwdriver deeper than one inch
into end frame.
i. Operate engine at moderate speed as required,
and adjust carbon pile as required to obtain
maximum current output,
j. If output is within 10 amperes of rated output,
check field w inding as co v ered in
“ G EN ERA TO R R E PA IR ” section, and test
regulator with an approved regulator tester,
k. If output is not within 10 amperes of rated out
put, check the field winding, diode trio, rectifier
bridge, and stator as covered in “ GENERATOR
REPAIR” section.
1. If te s t hole is not accessible, dissasem ble
g e n e ra to r and m ake te sts listed in
“ GENERATOR REPAIR” section.
C. Overcharged Battery

1. Test the battery as previously covered.
2. Connect a voltm eter from generator No. 2 terminal
to ground. If reading is zero, No. 2 lead circuit is
open.
3. If battery and No. 2 lead circuit check good, but an
obvious overcharge condition exists as evidenced
by excessive battery water usage, proceed as fol
lows:
a. Separate end frames as covered in “ Disassem
bly” section under heading of “ GENERATOR
REPAIR’’. Check field winding for grounds and
shorts. If defective replace rotor, and test regu
lator with an approved regulator tester.

Fig. 123 — M arking End Frames Before Disassembly

After disassembly, place a piece of tape over the slip
ring end frame bearing to prevent entry of dirt and
other foreign material, and also place a piece of tape
over the shaft on the slip ring end. If brushes are to be
reused, clean with a soft dry cloth.
CAUTION: Use pressure sensitive tape and not
friction tape which would leave a gummy deposit
on the shaft. To remove the drive end fram e from
the rotor, place the rotor in a vise and tighten
only enough to permit removal o f the shaft nut.
Avoid excessive tightening as this may cause dis
tortion o f the rotor. Rem ove the shaft r\ut,
washer, pulley, fan, and the collar, and then
separate the drive end fram e from the rotor
shaft. (Fig. 124).

Rotor Field Winding Checks

To check for opens, connect the 12 volt test lamp or
ohmmeter to each slip ring. If the lamp fails to light, or
if the ohmmeter reading is high (infinite), the winding
is open (Fig. 125).

Connect a 12 volt test lamp or ohmmeter from one slip
ring to shaft (Fig. 126). If lamp lights, or if reading is
less than infinite, the rotor winding is grounded.
The winding is checked for short-circuits or exces
sive resistance by connecting a battery and ammeter in
series with the edges of the two slip rings. Note the
ammeter reading and refer to the proper service man
ual for the specifications. They can also be found in
Delco-Remy Service Bulletin 1G-187. An amm eter
reading above the specified value indicates shorted
windings; a reading below the specified value indicated
excessive resistance. The specified resistance value
can be determined by dividing the voltage by the cur
rent given in Delco-Remy Bulletin 1G-187.
Remember that the winding resistance and ammeter
readings will vary slightly with winding tem perature
changes. If the rotor is not defective, but the generator
fails to supply rated output, the defect is in the diode
trio, rectifier bridge, stator or regulator.
Diode Trio Check

The diode trio is identified in Figure 127. To check the
diode trio, remove it from the end frame assembly by
detaching the three nuts, the attaching screw, and re
moving the stator assembly. Note that the insulating
washer on the screw is assembled over the top of the
diode trio connector.

Fig. 127 — Diode Trio Location

After removing, connect an ohmmeter having a I V2
volt cell and using the lowest range scale, to the single
connector and to one of the three connectors (Fig.
128). Observe the reading. Then reverse the ohmmeter
leads to the same two connectors. If both readings are
the same, replace the diode trio. A good diode trio will
give one high and one low reading. Repeat this same
test between the single connector and each of the other
two connectors. Also, connect the ohmmeter to each
pair of the other two connectors. Also, connect the
ohmmeter to each pair of the three connectors. If any
reading is zero, replace the diode trio.

SINGLE CONNECTOR
OHMMETER

vk '

'

To check the rectifier bridge, connect the ohmmeter
to the grounded heat sink and one of the three termi
nals (Fig. 129). IMPORTANT: If rectifier bridge is
constructed as shown in Figure 130, connect ohmme
ter pressing down very firmly onto flat metal connec
tor, and not onto threaded stud. Then reverse the lead
connections to the grounded heat sink and same termi
nal. If both readings are the same, replace the rectifier
bridge. A good rectifier bridge will give one high and
one low reading. Repeat this same test between the
insulated heat sink and each of the three terminals.
This makes a total of six checks, with two readings
taken for each check.

THREE CONNECTORS
Fig. 128 — Diode Trio Check

NOTE: Figures 127 and 128 illustrate two diode trios

differing in appearance. Either one of these diode
trios may be used in these generators, and the two
are completely interchangeable.

DO NOT CONNECT
TO THREADED STUD

Rectifier Bridge Check

Note that the rectifier bridge has a grounded heat sink
and an insulated heat sink connected to the output
terminal. Also, note the insulating washer located be
tween the insulated heat sink and end frame on 10-SI
generators.
BRUSH
HOLDER

RESISTOR
(USED ON
SOME MODELS)

OHMMETER

Fig. 130 — Rectifier Bridge Connections

The ohmmeter check of the rectifier bridge, and of
the diode trio as previously covered, is a valid and
accurate check. DO NOT replace either unit unless at
least one pair of readings is the same. CAUTION: Do
not use high voltage to check these units such as a 110
volt test lamp.
To replace the rectifier bridge, remove the attaching
screws, and disconnect the capacitor lead. Note the
insulator betw een the insulated heat sink and end
frame (Fig. 131). Rectifier bridges may vary in appear
ance but are com pletely interchangeable in these
generators.
Stator Checks

REGULATOR

INSULATED
HEAT SINK

INSULATING
WASHER

GROUNDED
HEAT SINK
OHMMETER

The stator windings may be checked with a 12 volt test
lamp or an ohmmeter (Fig. 132). If the lamp lights, or if
the meter reading is low when connected from any
stator lead to the frame, the windings are grounded.
If the lamp fails to light, or if the meter reading is
high when successively connected between each pair
of stator leads on 10-SI Series, the windings are open
(Fig. 133). NOTE: Delta windings on 27-SI Series can
not be checked for opens.
A short circuit in the stator windings is difficult to
locate without laboratory test equipment due to the

BRUSH
HOLDER

RESISTOR
(USED O N
SOME MODELS)

TERMINAL
REGULATOR

/ INSULATOR
i , /
END
■Sf j S FRAME

H f~ 7N SU lA T O R
CONNECTOR
SPRING
WASHER

CONNECTOR

G RO UND
SCREW

INSULATED
HEAT SINK
GROUND
SCREW

CONNECT TO FLAT
METAL A N D N O T
TO THREADED STUD

GROUNDED
HEAT SINK

OHMMETER

O H M M ETER
(CHECK FOR OPENS)

Fig. 131 — Rectifier Bridge Removal

Fig. 133 — Checking Stator W inding

appropriate service manual for the approved testing
procedure. If the service manual calls for the use of a
regulator tester, follow the manufacturers instructions.
Brush Holder and Regulator
Replacement

After removing the three attaching nuts, the diode trio
screw, and the stator (Fig. 134), the brush holder and
regulator may be replaced by removing the two re
maining screws. A typical brush holder and regulator
are shown in Fig. 135. The brush retainer shown in the
brush holder, will aid in reassembly.

INSULATING
WASHERS

CAPACITOR

OHMMETER
(CHECK FOR GROUN DS)

132 — Checking Stator W inding

low resistance of the windings. However, if all other
electrical checks are normal and the generator fails to
supply rated output, shorted stator windings or an
open delta winding on 27-SI Series may be indicated.
Also, a shorted stator (low output) can cause the indi
cator lamp to be on with the engine at low speed.
Check the regulator in next section before replacing
stator.
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ATTACHING
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Regulator Checks

To determine if the regulator is defective, consult the

Fig. 134 — Removing Brush Holder and Regulator

BRUSH RETAINER
"D” HOLE TAB

Bearing Replacement and Lubrication

The bearing in the drive end frame can be removed by
detaching the retainer plate screws, and then pressing
the bearing from the end frame. If the bearing is in
satisfactory condition, it may be reused, and it should
be filled one-quarter full with Delco-Remy lubricant
No. 1948791 before reassembly. CAUTION: Do not
overfill, as this may cause the bearing to overheat.
To install a new bearing, press in with a tube or
collar that just fits over the outer race, with the bearing
and slinger assembled into the end frame as shown in
Figure 136. It is recom m ended that a new retainer
plate be installed if the felt seal in the retainer plate is
hardened or excessively worn. Fill the cavity between
th e re ta in e r plate and bearin g w ith p a rt num ber
1948791 lubricant.

EN D

F R A ME

BEARING

SLINGER
Fig. 135 — Brush Holder and Regulator

Note the two insulators located over the top of the
brush clips. These two screws have special insulating
sleeves over the screw body above the threads. The
third mounting screw may or may not have an insulat
ing sleeve. If not, this screw must not be interchanged
with either one of the other two screws, as a ground
m ay re s u lt, cau sin g no o u tp u t or u ncontrolled
generator output. Regulators may vary in appearance
b u t are co m pletely in terch an g eab le in these
generators.
Slip Ring Servicing

If the slip rings are dirty, they may be cleaned and
finished with 400 grain or finer polishing cloth. Spin
the rotor, and hold the polishing cloth against the slip
rings until they are clean.
CAUTION: The rotor must be rotated in order

that the slip rings will be cleaned evenly. Clean
ing the slip rings by hand without spinning the
rotor may result in flat spots on the slip rings,
causing brush noise.
Slip rings which are rough or out of round should be
trued in a lathe to .002 inch maximum indicator read
ing. Remove only enough material to make the rings
sm ooth and round. Finish with 400 grain or finer
polishing cloth and blow away all dust.

ARMATURE
SHAFT
Fig. 136 — Drive End Bearing Assem bly

The bearing in the slip ring end frame should be
replaced if its grease supply is exhausted. No attempt
should be made to relubricate and reuse the bearing.
To remove the bearing from the slip ring end frame,
press out with a tube or collar that just fits inside the
end frame housing. Press from the outside of the hous
ing towards the inside.
To install a new bearing, place a flat plate over the
bearing and press in from the outside towards the in
side of the frame until the bearing is flush with the
outside of the end frame. Support the inside of the
frame with a hollow cylinder to prevent breakage of
the end frame. Use extreme care to avoid misalign
ment or otherwise placing undue stress on the bearing.
If the seal is separate from the bearing, it is recom
mended that a new seal be installed whenever the bear
ing is replaced. Press the seal in with the lip of the seal
toward the rotor when assembled, that is, away from

the bearing. Lightly coat the seal lip with oil to facili
tate assembly of the shaft into the bearing.
Reassembly

Reassembly is the reverse of disassembly. Remember
when assembling the pulley to secure the rotor in a
vise only tight enough to permit tightening the shaft
nut. Consult the service manual for the correct specifi
cation. If excessive pressure is applied against the

rotor, the assembly may become distorted. To install
the slip ring end frame assembly to the rotor and drive
end frame assembly, remove the tape over the bearing
and shaft, and make sure the shaft is perfectly clean
after removing the tape. Insert a pin through the holes
to hold up the brushes. Carefully install the shaft into
the slip ring end frame assembly to avoid damage to
the seal. After tightening the thru-bolts remove the
brush retaining pin to allow the brushes to fall down
onto the slip rings.
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DESCRIPTION

Many of the words and terms used in this chapter are
explained in the “ Glossary” section at the back of this
book. If the meaning of a new or confusing word or
term isn’t clear, always take the time to look it up.
The starting or cranking motor is a direct current
motor which, for short periods of time, can deliver a
high horsepower for its size (Fig. 137). While the star
ter is operating, it is mechanically connected to the
flywheel through the drive mechanism. In order to de
velop the necessary power, the starter motor must
have a very low electrical resistance. Both the field
and armature conductors are very heavy, to permit a
high current flow through the motor to develop the
torque needed to crank the engine. Because of the
stress upon the cranking motor while it is operating, all
of its parts are made very heavy and strong to insure
proper operation.
Cranking motors consist o f the drive mechanism,
frame, field windings, armature and brushes. The ar
mature is supported on bushings to permit it to rotate

freely. All the current that passes through the field
coils also travels through the armature. As current en
ters the motor it passes through the field windings,
creating a magnetic field around the armature, then
into the brushes which ride on the commutator, and
through the armature windings, thus creating a second
magnetic field within the armature. The two strong
magnetic fields oppose each other in such a way that
the armature is forced to rotate.
PRINCIPLES OF OPERATION

W hen the c u rre n t m oves through a c o n d u c to r, a
magnetic field builds up around that conductor. If the
conductor is held in magnetic field, such as a horse
shoe magnet, force will be exerted on the conductor.
In this illustration (Fig. 138) the current is flowing
towards you. This causes the magnetic field from
th is c u rre n t flow to c irc le the c o n d u c to r in a
counterclockwise direction.

force try to straighten out. The more current flowing,
the more the lines of force will be distorted around the
conductor, and the stronger will be the push. Heavy
current flow can lead to a build up of heat. Therefore,
starter motors should not be operated for more than 30
seconds at a time. Allow time between periods of op
eration for the motor to cool.
If we should bend the conductor into a U and con
nect the two ends to the two halves of a split copper
ring, we have the elements of an electric motor. Sta
tionary brushes, connected to a battery and resting on
the split ring, and two poles of a magnet complete the
elementary motor. The U-shaped conductor loop and
the split ring, which is called the commutator, are de
signed to rotate together. Current flows from the bat
tery, through the right-hand brush and segment of the
com m utator, through the conductor and left-hand
segment and brush, back to the battery. (Fig. 140).

Fig. 138 — C onductor Held in a M agnetic Field

The circular magnetic field to the left of the conduc
tor is in the same direction as the straight-line magnetic
field from the magnet. To the right of the conductor, it
is in the opposite direction. This weakens the magnetic
field to the right of the conductor and strengthens the
magnetic field to the left of the conductor, causing the
resulting magnetic field to distort around the conduc
tor as shown in Fig. 139.

Fig. 139 — M agnetic Field Around a Conductor

Magnetic lines of force have a rubber-band charac
teristic of trying to shorten up to a minimum length.
Thus the magnetic-field will cause a push toward the
right to be exerted on the conductor as the bent lines of

This causes the left-hand part of the conductor to be
pushed down and the right-hand part to be pushed up
ward. Thus, the loop rotates in a counterclockwise
direction. As the two slides of the loop reverse posi
tions, the direction of the current flow through the two
sides reverses. The force thus continues to rotate the
loop counterclockwise.
The cranking motor must use more than one loop to
develop any appreciable power. Actually, many loops
or conductors are used. The ends of these conductors
are connected to the commutator segments, which are
assembled into an armature (Fig. 141).
The armature assembly consists of a stack of iron
laminations located over a steel shaft, a commutator
assembly, and the arm ature windings. The windings
are heavy copper ribbon that are assembled into slots
in the iron laminations. The winding ends are soldered

Fig. 141 — Arm ature

or welded to the commutator bars which are electri
cally insulated from each other and from the iron shaft.
To obtain sufficient magnetic-field strength for pow
erful cranking-motor action, the magnetic poles are re
placed with field windings. Current flows through the
field windings in such a direction as to aid the magnetic
field between the two poles.

Shown here is a simplified sketch of a motor (Fig.
142). It is called a series motor because the windings
around the magnetic poles are connected in series. The
current flowing through the loop also flows through the
windings. In an actual motor, the windings are called
field windings because they produce the magnetic
field. The current flowing through the field windings
forms the two poles of a electromagnet. In the illustra
tion, you might picture the electromagnet as being a
special sort of horseshoe magnet with curved poles.
The rest of the magnet is made up of the motor field
frame in which the poles are mounted. (Fig. 143).
Note that the poles, called pole shoes, are curved,
so that the conductors of the loop will be very close to
the poles as they move past. The magnetic flux is
strongest when the air gap between the armature and

the pole shoes is very small. Therefore, the conductors
are given a stronger push.
This is a cutaway of a typical starter motor (Fig.
144), and an exploded view of a starter motor (Fig.
145).
In the starting motor shown, the armature is sup
ported on two bearings, one in the commutator end
and the other in the drive housing. As the armature
spins, it turns the small drive gear on the arm ature
shaft. The gear is m eshed with teeth in the engine
flywheel during the time that the engine is cranked.
At this point in our discussion, it is important to note
that the wire loop is rotating in the m agnetic field
created by the field windings. These conditions are
necessary for inducing a voltage in the wire loop,
namely — a conductor, a magnetic field, and relative
motion between the two. It is indeed true that a voltage
will be induced in the wire loop.
However, an actual current will not flow because
the net effect of the induced voltage, called the count
erelectromotive force, or CEMF, is to oppose the bat
tery voltage and reduce the current supplied to the
motor. (Fig. 146).
Since the voltage induced in a conductor is directly
proportional to the speed at which the conductor is
cutting across the magnetic lines of force, the value of
the CEMF will be directly proportional to the speed at
which the loop of wire is revolving. This means that as
the speed of rotation increases, the CEM F increases,
and the current supplied by the battery through the
motor windings decreases.
As the speed of rotation increases, the CEM F will
approach in value but never completely reach the bat
tery voltage.
The turning force, or torque, exerted by the arma
ture is directly proportional to the current. This means
that maximum torque occurs when the arm ature is not
turning at all, because under this condition there is no
CEMF and current flow is at a maximum. As the rotat
ing speed of the arm ature increases, the CEM F in
creases, the current decreases, and the torque de
creases. (Fig. 147).
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DRIVE MECHANISM

The motor drive mechanism is assembled onto the ar
mature shaft, and is the component part through which
power is transmitted from the armature to the engine
during the starting cycle. There are a number of differ
ent types o f drive m echanism s used on cranking
motors. (Fig. 148).
All drives, regardless of type, contain a pinion which
is made to move along the shaft and engage the engine
flywheel for cranking purposes. A gear reduction is
provided between the pinion and flywheel. The elec
trical design of the motor is selected to utilize this ratio
to meet the cranking requirements of the engine. With

the gear reduction feature, the motor operates to crank
the engine at speeds sufficient for starting purposes.
When the engine has started, the flywheel would
drive the arm ature at speeds which could cause the
windings to be thrown from their slots. Accordingly,
all drive mechanisms are designed to disengage the
pinion from the flywheel or to provide an overrun fea
ture when the flywheel begins to drive the pinion faster
than the armature. This design features protects the
arm ature from being driven to damaging speeds.
For example, a typical drive mechanism may consist
of a small pinion gear with nine teeth that, in opera
tion, mesh with 166 teeth cut in the flywheel. This
provides an 18:1 gear reduction, so that the armature
must rotate 18 times to cause the flywheel to rotate
once. The cranking motor thus requires only about
1/18 as much power as would a motor directly coupled
to the crankshaft, since the arm ature turns 18 times for
each flywheel revolution. The armature may revolve
about 2,000 to 3,600 rpm when the cranking motor is
operated, thus causing the flywheel to spin at speeds
as high as 200 rpm, which is ample for starting the
engine.
After the engine starts, it may increase in speed to
2,000 rpm or more. If the cranking-motor drive pinion
remained in mesh with the flywheel, it would be spun
at 36,000 rpm because of the 18:1 gear ratio. If the
arm ature did spin at this terrific speed, centrifugal
force would cause the conductors and com m utator
segments to be thrown out of the armature, thus ruin
ing it for future use. To prevent such damage, an au
tomatic slipping device is used. This device is called
the overrunning clutch.
The overrunning clutch is operated by a shift lever
that causes the drive pinion to be moved along the
armature shaft and into mesh with the flywheel teeth.
As the shift lever completes its travel, it closes the
cranking-motor switch so that cranking takes place.
(Fig. 149).
Sprial splines cut in the arm ature shaft and the
clutch sleeve cause both to rotate together. (Fig. 150).
The clutch consists of an outer shell, which has four
hardened steel rollers, fitted into four notches, and the
pinion and collar assembly. The notches are not con
centric but are smaller at one end. When the armature
and the shell begin to rotate, the pinion is momentarily
stationary. This causes the rollers to rotate into the
smaller sections of the notches where they jam tight.
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The pinion must now rotate with the arm ature, crank
ing the engine. After the engine starts, the pinion ro
tates the rollers out of the small notches and spins
freely (overruns).
The retu rn spring, w hich is w ound aro u n d the
plunger of the solenoid, pushes the shift lever back to
its normal position and in turn pulls the pinion back out
of mesh.

H O L D - IN

W IN D IN G

CON TACTS
P U L L -IN

SOLENOID

The only remaining component of the starting system
that we have not discussed in detail is the solenoid.
A solenoid is an electro-magnetic coil wound in the
form of a cylinder. When energized, it draws a mov
able plunger into the coil and holds it there. (Fig. 151).
The starter solenoid is mounted on top of the starter
motor to provide a compact, enclosed starting unit.
(Fig. 152).
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A shift lever is connected to the plunger, and a push
rod and contact disk are assembled in line with the
plunger. When the windings are energized, the plunger
pulls the shift lever and moves the motor drive into
mesh with the flywheel. The contact disk is pushed
into firm contact with the solenoid battery and motor
terminals. With the motor windings connected directly
to the battery, cranking takes place. (Fig. 153).

Fig. 153 — Pinion Fully Engaged and
Starter M otor Cranking

The two windings in the solenoid are called the
hold-in winding and the pull-in winding. (Fig. 154). The
hold-in winding contains many turns of fine wire, and
the pull-in winding the same number of turns of larger
wire. When the start switch is closed, current flows
from the battery to the solenoid “ S” terminal, through

the hold-in winding to ground, and then back to the
battery. Current also flows through the pull-in winding
to the solenoid “ M” terminal and then through the
motor windings to ground. The magnetism created by
each winding adds together to form a strong magnetic
field that attracts the plunger into the core. Plunger
movement shifts the pinion into mesh with the ring
gear, and also moves the contact disk to close the cir
cuit between the solenoid battery (B ) and motor (M)
terminals. With the motor windings connected direcdy
to the battery through the contact disk, cranking takes
place.
The pull-in winding operates to assist the hold-in
winding in pulling the plunger into the core. Once the
plunger movement has been completed, much less
magnetism is needed to hold the plunger in the crank
ing position. With the contact disk contacting the sol
enoid battery and motor terminals, the pull-in winding
is shorted and no current flows through the pull-in
winding. This design feature reduces current draw on
the battery and also reduces the am ount of heat
created in the solenoid.
When the start switch is opened, current for a very
brief instant flows through the contact disk to the sol
enoid motor (M) terminal, through the pull-in winding
in a reverse direction to the solenoid “ S ” terminal,
and then through the hold-in winding in a normal direc
tion back to the battery. The magnetisms created by
each winding oppose and cancel out each other, and
the return spring moves the entire shifting mechanism
to the at-rest position to complete the cranking cycle.
DIAGNOSIS

The most usual starter motor complaints are those of
slow or not cranking, solenoid chattering and slow dis
engagement of the pinion from the flywheel. A quick
and simple way to check a no cranking problem is to
turn on the headlights and try to start the vehicle. The
chart below shows five possible causes and what or
where you should look to find the source of the prob
lem.

RESULT

POSSIBLE CAUSE

PROBLEM SOURCE

1. No cranking, lights
stay bright

• Open Circuit
in switch

Check switch con
tacts and con
nections.

• Starting Motor

Check commutator,
brushes, and
connections.

• Open in control
in circuit

Check solenoid,
switch, and
connections.

• High resistance
at battery con
nection

Clean and tighten
terminal connec
tions.

• Battery discharged
or malfunctioning

Recharge and test
battery.

• Very low tempera
ture

Check wiring cir
cuit and battery.

• Pinion jammed

Poor alignment be
tween cranking motor
and flywheel, free
pinion, check gear
teeth.

• Stuck Armature

Frozen bearings,
bent shaft, loose
pole shoe.

• Short in starting
motor

Repair or replace
as necessary.

• Engine malfunction

Check engine for
loss o f oil, mechan
ical interference.

• Loose or corroded
battery terminals

Remove, clean, and
reinstall.

• Pinion not engag
ing

Clean drive and
arm ature shaft, re
place damaged parts

• Solenoid engages
but no cranking.

Clean commutator;
replace brushes;
repair poor connec
tions.

2. No cranking, lights
dim heavily

3. No cranking, lights
dim slightly

Excessive resis
tance or open cir
cuit in starting
motor.
4. No cranking, lights
out

• Poor connection,
probably at battery.

Clean cable clamp
and terminal;
tighten clamp.

5. No cranking, no
lights

• Open Circuit

Clean and tighten
connections; re
place wiring
Recharge and test
battery

• Discharge or
malfunctioning
battery

RESULT

POSSIBLE CAUSE

PROBLEM SOURCE

The next chart covers the complaints of slow cranking, solenoid chatter, and slow release of the pinion after starting.
1. Engine cranks slowly
but does not start

2. Solenoid plunger
chatters

3. Pinion disengages
slowly after
starting

4. Cranking motor
turns but engine
doesn’t

• Battery discharged

Check battery

• Very low tem pera
ture

Battery must be
fully charged;
engine wiring and
starting motor in
good condition.

• Undersized battery
cables

Install proper
cables.

• Starting motor
defective

Test starting
motor.

• Mechanical trouble
in engine

Check engine.

• Low battery loose
or corroded termin
als

Charge battery,
clean, and tighten
terminals.

• Hold-in winding of
solenoid open

Replace solenoid.

• Sticky solenoid
plunger

Clean and free
plunger.

• Overrunning clutch
sticks on armature
shaft

Clean armature
shaft and clutch
sleeve.

• Overrunning clutch
defective

Replace clutch.

• Shift-lever return
return spring weak

Install new
spring.

• Tight alignment
between flywheel
and pinion

Realign cranking
m otor to flywheel.

• Pinion not engaged

Realign cranking
motor to flywheel,

• Pinion slips

Replace defective
drive.

To correct starter motor noise during starting, use the following procedure:
PROBLEM

CAUSE

1. High pitched whine during cranking (before
engine fires) but engine cranks and fires
okay.

Distance too great between starter
pinion and flywheel.

2. High pitched “ whine” after engine fires,
as key is being released. Engine cranks
and fires okay. This intermittent com
plaint is often diagnosed as “ starter
hang-in” or “ solenoid w eak.”

Distance too small betw een starter
pinion and flywheel. Flywheel runout
contributes to the intermittent nature.

3. A loud “ whoop” after the engine fires
but while the starter is still held
engaged. Sounds like a siren if the
engine is revved while starter is
engaged.

Most probable cause is a defective
clutch. A new clutch will often
correct this problem.

4. A “ rumble” , “ growl” or (in severe cases)
a “ knock” as the starter is coasting
down to a stop after starting the
engine.

Most probable cause is a bent or un
balanced starter armature. A new arma
ture will often correct this problem.

If the complaint is similar to problem categories 1 or 2,
correction can be achieved by proper “ shimming” as
follows:
a. Remove lower flywheel housing cover and examine
for visual problems — bent flywheel, unusual wear,
etc.
b. Start engine and carefully touch outside diam eter of
rotating flywheel ring gear with chalk or crayon to
show high point of tooth runout after engine is
turned off. Turn engine off and rotate flywheel so
that the marked teeth are in the area of the starter
pinion gear.
c. Disconnect positive battery cable to prevent inad
vertent cranking of engine. Insert screwdriver in
small hole in bottom of starter shown by arrow in
Figure 155 and move starter pinion and clutch as
sembly so that pinion teeth and flywheel teeth are
meshed. If necessary, rotate the flywheel so that a
pinion tooth is directly in the center of two flywheel

teeth and on the centerline of the two gears, as
shown in Figure 156.
d. Check pinion to flywheel clearance, as shown in
Figure 156 by using a wire gage of .020” minimum
thickness (or diameter). If the clearance is under
this minimum, shimming the starter away from the
flywheel is required. Shim (Part #9786608 or equiv
alent, .015” thick), installed as shown in Figure 155
will increase the clearance by approximately .005” .
More than one shim may be required.
CAUTION: It is very important to center the pin
ion tooth between the flywheel teeth and gage, as
shown in Figure 156 and not in the corners, where
a misleading larger dimension may be observed.

SHIM

A .015" SHIM W ILL INCREASE THE
CLEARANCE APP R O XIM A TE LY
.005". MORE THAN ONE SHIM
M AY BE REQUIRED.

Fig. 155 — Meshing Starter to Flywheel Teeth

Fig. 156 — Flywheel to Pinion Clearance

e. If the clearance is grossly over .020” (in the
vicinity of .060” or more), shimming the starter
towards the flywheel is required. (This is gener
ally the problem causing broken flywheel teeth or
starter housings.) Shimming the starter towards
the flywheel can be accomplished by shimming
only the outboard starter mounting pad. A shim
of .015” thickness, Part #1246249 or equivalent,
at this location will decrease the clearance by
approximately . 010 ” .

NOTE: Substitute shims can be improvised from plain

washers or other suitable material.
3. Problem categories 3 and 4 above may require start
er motor replacement or repair in some cases.
The use of this diagnosis information can help you to
narrow down the possible cause of the complaint.
Further testing, rem oval, disassem bly, service, as
sembly, and installation procedures can be found in
the appropriate service manual.

GLOSSARY OF TERMS
Alternating Current (Al-ter-na-ting Cur-rent) — An

Condenser (Con-den-ser) — A small device which

electric current; its flow is considered to change
directions with each cycle.

possesses capacitance and is designed to help
keep interference from electrical devices from dis
turbing the radio reception. Usually found on dis
tributors, regulators, and generators.

Alternator (Al-ter-na-tor) — An electrical device

used for generating alternating current.
Ammeter (Am-meter) — A device used to measure

the amperage in an electrical circuit.
Ampere (Am-pere) — The unit of measure for rate of

flow o f electrons, obtained by dividing volts by
ohms.
Ampere Hour (Am-pere Hour) — A unit of measure

for battery capacity, obtained by multiplying the
current in amperes by the time in hours during
which the current is delivered.

Conductor (Con-duc-tor) — A m aterial through

which electricity will travel easily.
Continuity (Con-ti-nu-ity) — Continuous; without a

break
Cranking Motor (Cran-king Mo-tor) — The starter of

the automobile
Current (Cur-rent) — Electron flow measured in am

peres.

Antimony (Ant-i-mo-ny) — An element, mixed with

lead, to strengthen the lead so it can be formed
into grids in a conventional battery.
Armature (Ar-ma-ture) — That part of the starter that

rotates.

D
Diode (Di-ode) — A type o f rectifier used to convert

alternating current to direct current.
Direct Current (Di-rect Cur-rent) — A continuous,

Atom (At-om) — The smallest particle of m atter that

has the characteristic chemical properties o f an
element.
B
Battery (Bat-ter-y) — An electrochemical device for

storing energy in chemical form so that it can be
released as electricity.

nondirecitonal and nonpulsating current as pro
duced by a generator or battery.
Discharge (Dis-char-ge) — To remove more energy

from a battery than is being replaced is to dis
charge it. A discharged battery is of no service
until it is charged. See “ Charge” .
Drive (Dri-ve) — A device located on the starter to

allow for a method of engaging the starter to the
flywheel.

Brush (Brush) — A conductor, usually carbon, ar

ranged so as to make contact with a rotating sur
face, such as the armature of a generator or a
starting motor.
C
Calcium (Kal-se-um) — An element, mixed with lead,

E
Electricity (E-lec-tri-ci-ty) — A form of energy gener

ated by friction, induction, heat, light, or chemical
change.
Electrode (E-lec-trode) — An element of a cell.

to strengthen the lead so it can be formed into
grids in M aintenance-Free batteries.

Electrolyte (E-lec-tro-lyte) — A fluid capable of car

Charge (Charj) — The act of restoring energy to a

Electromagnet (E-lec-tro-mag-net) — A coil with a

storage battery by use of a charger, generator, or
alternator.
Cell (Sel) — That part of the electric storage battery

composed of a set of positive plates and negative
plates, with separators, arranged to deliver ap
proximately 2.2 volts d.c., when fully charged.
Circuit (Cir-ket) — A complete electrical path.
Closed (Klozd) — Term used to indicate that an elec

trical control device (switch, points, etc.) is in the
ON or MAKE position. Also used to indicate that
a circuit is complete.

rying current between two electrodes.
soft iron core capable of being magnetized only so
long as current is applied to the coil.
Electron (E-lec-tron) — Electrical particle of negative

polarity.
Element (El-e-ment) — A substance that cannot be

separated into two or more substances. Each ele
ment has a characteristic arrangement of electrons
in its atoms.
F

Commutator (Comm-u-ta-tor) — That part of an

Field Coil (Fi-eld Coil) — That part of a starter or

electric motor or starter consisting of an assembly
of copper bars on which the brushes ride to sup
ply, current to the armature windings.

generator that is mounted inside the frame, posi
tioned around the armature, and held in place by
pole shoes.

G
Gage (Gage) — A measuring device, such as a wire

gage, used to check regulator point gap opening; a
device used to measure current or amperage flow,
such as an amm eter or voltmeter.

M atter (Mat-ter) — That which occupies space and of

which all things are composed.
Molecule (Mol-e-cule) — The smallest particle of a

substance that retains its chemical identity.
N

Generator (Gen-er-a-tor) — A mechanical device

used to convert mechanical energy to electrical
energy. A generator produces direct current.
Growler (Grow-ler) — A device used to check an ar

Negative (Neg-a-tive) — Electrical potential of a

negative-charged object that has gained some
extra electrons.

mature and test it to determine open or shorted
windings.

O
Ohm (Ohm) — The unit of electrical resistance which

H

opposes current.

Horsepower (Hors-pow-er) — A unit of energy. One

Ohm's Law (Ohm's Law) — Expresses the relation

horsepower is required to lift 550 pounds one foot
in one second, or to lift 33,000 pounds one foot in
one minute.

Open (O-pen) — A break in the electrical circuit. No

Hydrogen Gas (Hy-dor-gen Gas) — The lightest and

most explosive of all gas; emitted from a battery
during charging procedures. This gas is very
dangerous and certain safety precautions must be
observed.
Hydrometer (Hy-drom-et-er) — A device used to

measure the specific gravity of the electrolyte in a
battery.

ship between volts, amperes, and ohms, in an
electrical circuit.
current may flow in an open circuit.
Open Circuit (O-pen Cir-cuit) — A circuit that is not

complete because of deliberate or accidental rea
sons.
Open Winding (O-pen Win-ding) — The winding of

an armature or field that is not complete because
of deliberate or accidental reasons.
Orbit (Or-bit) — The path followed by an electron

around the nucleus.

I
Insulate (In-sul-ate) — To bar the flow of electricity

by the use o f a non-conducting material.
Insulation (In-sul-a-tion) — Nonconducting materials

used to bar the passage of electricity.
Insulator (In-sul-a-tor) — See "Insulation” .
L
Lead Peroxide (Led - Per-ox-ide) — A combination of

Overrunning Clutch (O-ver-run-ning Klutch) — A

device located on the starter to allow for a method
of engaging the starter with the flywheel. The
overrunning clutch uses a shift lever to actuate the
drive pinion to provide for a positive meshing and
demeshing of the pinion with the flywheel ring
gear.
P
Parallel Circuit (Par-a-lel Cir-cuit) — Two or more

lead and oxygen, as may be found in the storage
battery. It is chocolate brown in color, and its
chemical symbol is PBO2.

resitances, or loads, are connected so that the
positive terminals are connected to a common
source and the negative terminals are connected
to a common source.

Lead Sulfate (Led - Sul-fate) — A combination of

Permanent Magnet (Per-ma-nent Mag-net) — A

lead, oxygen and sulfur, as may be found in the
storage battery. Its chemical symbol is PbS04.

magnet made of tempered steel which holds its
magnetism for a long period of time.
Polarity (Po-lar-i-ty) — The power o f being attracted

M
Magnet (Mag-net) — A substance, usually steel, with

to one pole and repelled by the other, such as
North and South.

a N orth and South pole having the properties of
attractin g certain m etals. The lodestone is a
natural magnet.

Poles (Pols) — Either end of a magnet; one end will be

Magnetic (Mag-net-ic) — A metal having the proper

that is used to hold the field coils in place in their
proper position.

ties of being attracted or magnetized by a magnet.
Magnetic Field (Mag-net-ic Fe-ld) — Invisible lines

of force surrounding a permanent or electromag
net.
Magnetic Poles (Mag-net-ic Pols) — The ends of a
bar or horseshoe magnet.

the North pole; the other end, the South pole.
Pole Shoes — (Pol shoes) — That part of a starter

Q
Quick Charger (Quick Char-ger) — A battery charger

designed to allow the charging of a battery in a
short period of time.

R
Regulator (Reg-u-la-tor) — A device used to regulate

the output of a generator or alternator by control
ling the current and voltage.
Rectifier (Rec-ti-fi-er) — A device in the electrical sys

tem used to convert Alternating Current to Direct
Current.
Resistance (Re-sis-tance) — Opposition offered by a

circuit to the flow of electrons through it.
Resistor (Re-sis-tor) — A device whose resistance

has been adjusted or calibrated to be a stated
value.

Starter (Star-ter) — A device used to supply the re

quired mechanical force to turn over the engine
for starting.
Stator (Sta-tor) — The part o f the alternator that is

stationary around the rotor.
Sulfuric Acid (Sul-fur-ic Ac-id) — A heavy, corrosive,

high-boiling liquid acid H2SO4, that is colorless
when pure. It is mixed with distilled water to form
the electrolyte used in storage batteries.
Switch (Switch) — A m echanical device used to

energize or de-energize a circuit.
T

Right-Hand Rule (Right-Hand Rule) — The m ethod

used to determine the polarity of a coil when the
direction of current is known.
Rotor (Ro-tor) — That part of an alternator that ro

tates inside the unit.

Thermistor (Ther-m is-tor) — A resisto r with the

physical p ro p erties of changing its resistance
value with a change of tem perature.
Torque (Tor-que) — An effort devoted to twisting or

S
Semi-Conductor (Se-mi Con-duc-tor) — An electri

cal device which can be made to appear as a con
ductor or as an insulator.

turning. Torque is measured in foot-pounds (ft.lb.).
Transistor (Tran-sis-tor) — A semiconductor device

used in electrical apparatus.
V

Series Circuit (Ser-ies Cir-cuit) — Two or more resis

tances, or loads, that are connected in such a
manner that the positive pole of one is connected
to the negative pole of the next.
Short (Short) — The grounding, intentionally or

otherwise, o f a positive, or current carrying, wire.
Short Circuit (Short Cir-cuit) — A circuit that has

been grounded, deliberately or accidentally.
Shorted Winding (Shor-ted Win-ding) — The wind

ing of a field or armature that is grounded because
of accidental or deliberate reasons.

Valence Ring (Va-len-ce Ring) — The outermost ring

of an atom.
Volt (Volt) — The unit of measure of electromotive

force, one volt is the am ount of electrom otive
force necessary to force one ampere through the
resistance of one ohm.
Voltage (Vol-tage) — The amount of electromotive

force available.
Voltmeter (Volt-me-ter) — A device used to measure

voltage.

Slip Ring (Slip Ring) — That part of the alternator that

provides a place for the positive and negative
brushes to ride in order to make contact with the
rotor.
Solenoid (Sol-e-noid) — An electromagnetic switch

used when the flow o f heavy amperage is desired.
Specific Gravity (Spe-ci-fic Gra-vi-ty) — The weight

- of a sulfuric acid solution in reference to water
which has an assigned value of 1.0. The specific
gravity of the solution in a storage battery is m ea
sured with a hydrometer.

Z
Zener Diode (Ze-ner Di-ode) — A semi-conductor al

lowing reverse current flow at specified voltages.

COURSE REVIEW
CHARGING AND STARTING SYSTEMS
1. What determines the resistance of wire?
A. Length
B. Diameter
C. Material it is made of

D. All of the above

2. Magnetic attraction means like p o le s ___________ and unlike p o le s ____________
A. Repel/Attract
B. Attract/Repel
3. A soft iron bar placed inside a coil of wire with an electric current running through it is a:
A. Electical Conductor
B. Electromagnet
C. Switch
D. None of these
4. Hydrometers are necessary for testing each cell of a Freedom Battery.
____________True
____________ False
5. The gases given off by a battery that is being charged are:
A. Explosive
B. Hydrogen and Oxygen
C. Both A and B
6. The Hydrom eter in the Maintenance-Free battery tells you that the battery is:

A. Good

B. Bad

C. Is or is not capable of being tested

D. None of these

7. Alternators use diodes to rectify AC current to DC current.
____________ False
____________True
8 . The rotor in an alternator has three sets of windings that are connected at one end.

True

____________ False

9. Alternator output is controlled by a:
A. Voltage Regulator
B. Capacitor

C. Relay

D. None of these

10. Starter motors should not be operated for more than 30 seconds at a time.
------------------ True
____________ False
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