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SECTION A -- WHAT IS A GENERATOR AND ITS USE?

AM 2-14

An automotive type generator is a machine that converts mechanical energr,'
supplied by the engine, into electrical energy used either for recharging

the battery or for supplving power to the electrical system.

Whether the energy required for
the electrical system is supplied
directly by the generator or by
the battery, or by a combination
of the generator and battery,
depends on the conditions under
which the generator operates.

When the standard automotive
generator is either at rest or is
operating at an extremely low
speed such as at engine idle, or
when operating at low engine
speed, lights and accessories
are supplied by the battery only,
not by the generator. At medium

speeds, energy is supplied to
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Fig. 1 Gemnerator and battery power

the electrical system by both the generator and the battery. At high speed,

the generator alone supplies electrical energy -- to recharge the battery
and to power the electrical system. See Figure 1.
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SECTION B -- SHUNT GENERATOR PRINCIELES

.

Generator operation is based on the principle of electromagnetic induction.
Electrical pressure, known as voltage, is generated when any conductor is
moved at right angles through a magnetic field. Voltage produced in this

manner will cause current to flow in the conductor if it is part of a complete
1 circuit. )

Figure 2 shows the relationship between the magnetic field of a permanent
magnet, the direction of motion of a conductor cutting through this magnetic

field, and the direction of current flow from the voltage induced from this
motion.
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Fig. 2 How voltage is developed
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A simple generator, with an
armature having only one turn : FIELD CiRcurT
or loop of wire and two iron pole
pieces, is illustrated in

Figure 3. These pole pieces
retain some magnetism, known
as residual magnetism, from

V their last use. They are very

} weak permanent magnets with A
3 a magnetic field between them. ~
If the armature is rotated in a
clockwise direction through
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~ the magnetic field, a weak 1OAD Clkcurm
voltage is built up or induced in . ' s
1 the left hand side of the loop Hig: 3 Generator circuits -

away from the reader, and in the right hand side of the loop toward the
reader. This induced voltage causes a flow of current in any conductor
that completes the circuit by closing the two ends of the loop.

TN UL F L Y ane e

: Joining the two ends of the loop through a conductor is commonly called
"hooking across the generator". Two circuits are shown. One is called the 4
i field circuit and the other the load circuit. .
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The difference in voltage developed between the two ends of the armature

loop when it is rotated through the magnetic field causes current to flow

through the field coils. This flow of current through the field coils, which »
. are wrapped around the pole pieces, causes the poles to become electro- ‘ .
2 magnets. The magnetic field developed by these electromagnets strengthens
the residual magnetic field of the pole pieces and greatly increases the

total field strength between the poles.

The rotating armature loop, cutting through the stronger magnetic field, ~
increases the induced voltage in the loop which, in turn, forces more
current through the field coils. This creates an even stronger magnetic
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field with more lines of force. The armature cutting through this stronger
magnetic field develops still more voltage. In this manner, the voltage

of a generator is built up. The voltage between the two ends of the i
armature loop also causes a flow of current through the load circuit, as
indicated when a light bulb is placed in the external circuit. '

The ends of the armature loop are securely attached to a split ring called a :
commutator. Riding on the commutator are brushes. It is from these ;
brushes that the voltage and the resulting current is transmitted to both the -

field and the load circuits. This is called commutation. 3

ARMATURE

As can be seen in Figure 4, the armature loop
-- when located in a vertical position -- cuts
no magnetic lines of force. Therefore, no
voltage is generated at this point. When the
armature is in this position, the split in the
commutator ring is passing under the brushes.
The split in the commutator ring makes the
direction of voltage and current the same

with respect to the brushes. Since no voltage COMMUTATOR PIECE -
. . . . . MAGNETIC o
is present in the loop at this particular in- BRUSH FIELD '
stant, there will be no current flow. Con- 3

. Fig. 4 Armature loop and o
sequently, no arc or spark will occur when magnetic field
one commutator bar moves from under the -

brush and the adjacent bar replaces it. This halfway point is called the

neutral point. o

Notice that Figure 5 shows the magnitude and direction of voltage during one
complete revolution of the armature.

Just as electrical circuits must be complete, there must also be a complete
magnetic circuit. The illustration in Figure 3 deals primarily with the
electrical circuit, whereas Figure 6 shows the magnetic circuit of a two
pole generator. It is important to remember that all air gaps in the
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magnetic circuit act as high resistance and cut down the strength and
effectiveness of the magnetic field.

For a more realistic picture of an actual generator, see Figure 7. Here is
a more complete armature containing additional loops of wire embedded in
the slots of an iron core. Note also that the loops are connected together
at the commutator. .Any voltage developed in one loop is added to the
voltage developed in the other loops since they are connected in series.
Voltage is increased by adding conductors to the armature. When more
conductors and more commutator bars are used, the voltage waves over-
lap producing an almost constant value of DC voltage at a given speed and

load.

Thus, the three basic fundamentals
for developing current and voltage
have been discussed. The strength
of the magnetic field, the number of
conductors on the armature, and the
speed of the armature are the inter-
related ingredients necessary to
obtain electrical power from a
generator.
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Fie. 8 Generator cross sectional view and diagram
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SECTION C -- POWER AND RATINGS OF A GENERATOR

The physical strength of a generator must be great enough to withstand the
electrical power it is designed to produce. Electrical power is the math-

ematical product of volts and amperes expressed in watts.

P = Ex1I
P is watts or watt hours

E is voltage or electrical pressure
I is current or intensity of current flow

=EX|

voltage current

where:

watts

Fig. 9 Power ratings (formula)
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Voltage or electrical pressure induced in the coils of the armature causes
current to flow through the field coils and load circuits. The voltage
developed within the generator will climb to any value necessary to over-
. come the resistance in the attached circuits, providing the speed of

. armature rotation is sufficient. If the total resistance of the attached
circuits is low, generator voltage will be low; if the attached circuits’
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total resistance is high, generator voltage will be high.
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Since the field coils in the generator and many of the external loads can be
damaged by excessively high voltage, some method of voltage control is
necessary. To safeguard these components, an external unit called the
voltage regulator is employed to limit the voltage developed in the generator.
’ The voltage rating of the generator denotes the system voltage in which it is
uased. The generator is designed to withstand this voltage for any length of

: time under normal vehicle operating conditions.

current flow is the result of the voltage developed in the armature coils.

The amount of current flow in the armature and in the attached circuits
depends upon the voltage developed and the resistance in these circuits.
If the total resistance of the attached circuits is high, generator voltage

will be as high as the voltage regulator setting permits and current flow

will be low. If the attached circuits’ total resistance is extremely low, the

current flow will be extremely high, providing the generator speed is

%E sufficient.

Armature overheating can result from high current flow. Excessive heat
can damage the insulation and the varnish used to bind the conductors in
@ . the armature slots. The soldered connections of the armature coils and
4 commutator bars can also be melted by excessive heat. Consequently,
open, grounded and short circuits could occur within the generator due to

the heat caused principally by too bigh a current flow.
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To prevent this condition, an external unit called a current regulator is

employed to limit the amount of current flow in the generator. The current
rating of the generator denotes the amount of current the generator can
supply continuously without damage ic its structure, under normal

operating conditions.

Another source of heat, called iron loss, is present in the armature of all
generators. The iron core of the armature acts as one large conductor
which cuts magnetic lines of force as it revolves, generating voltage within
the core itself. This action results in current flow called eddir currents.
These currents produce heat, which is added to the heat developed by
current flow in the conductors. To reduce the effects of eddy currents as
much as possible, the iron core of the armature 1is laminated. The thin
laminated sections prevent large voltages from developing, and the eddy
currents are kept small. Therefore, less heat is developed in the armature.

See Figure 10.

The heat produced during the operation of many generators is carried away
by forcing air through the generator. This permits greater output without
overheating the unit. Force ventilated generators carry a higher current
rating than non-ventilated units of the same size. Air can be forced through
a generator by placing a fan on the generator drive pulley, by passing the
engine intake air through the gene rator, and by cooling with pressurized

air through ablast tube. See Figure 11.

In summary, the power output or wattage of the generator is the product of
its rated current times its regulated voltage. Heat is an enemy of all

electrical equipment and must be taken into account when designing generators.

The output of the generator must not be allowed to exceed its specified
rating, otherwise damage to it or the electrical system will result.
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EDDY CURRENTS CREATE HEAT

PLACING A FAN
ON THE GENERATOR N
DRIVE PULLEY

{

PASSING THE ENGINE , 1)
INTAKE AIR THROUGH N A
THE GENERATOR

i COOLING WITH PRES- \'___‘ﬂ/
SURIZED AIR THROUGH N —
) A BLAST TUBE
t TYPICAL LAMINATION
: SECTIONS
Fig. 10 Eddy currents and Fig. 11 Cooling generators

armature laminations

SECTION D -- ARMATURE REACTION

w Armature reaction has aneffect onbrush locationand neutral point. In ex-

] plaininggeneré.tion of electrical power, Figures 4 and 5 illustrated a
conductor in the form of a loop rotating through a magnetic field, cutting
lines of force. As the loop rotated, it arrived at a point where each side was
traveling parallel with the magnetic lines of force for an instant,before
cutting back across them in the opposite direction. This position was

called the neutral point. At this point, no voltage was created, and there
was no current flow in the loop, as indicated in Figure 12.
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Direct current is obtained by switching the '~
connections of the conductors with a |
commutator and brushes during the time

the conductor is between the poles. This
region is known as the commutating

zone, and lies at the neutral point; see

In an armature wound for a two pole
generator, there are two neutral
points, one located approximately half
way between each of the poles. All the
armature conductors on one side of the neutral pojnt have voltage generated
in the same direction, whereas all the condugtors op the opposite side have
voltage generated in the opposite direction. Generators with more than two
poles have one neutral point for each pole. As an example, for a four pole
generator, there are four neutral points, one between each {two adjacent
poles.  See Figure 13 (b).

'!ig. 12 Neutral position

In the previous discussion it has been assumed that the magnetic field be-
tween the poles was made up of straight lines.

Figure 13 (c) shows not only this magnetic path, but also the position of the
brushes relative to the armature loop in that field. I, by some manner,
the magnetic field between the poles were to become shifted, a change in
the neutral position would result. With a change in the neutral position, a
new location for the brushes becomes necessary. Otherwise, the armature
loop being commutated would be generating voltage, and a high current
would be short circuited between the commutator bars and the brush. This
would display itself in the form of an arc, causing burning and rapid wear
of the brush. '
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Therefore, a new location of the brushes makes

‘ it possible for commutation with neither volt- |
age nor current present in the loop. See

Figure 13 (d). Such a distortion of the magnetic
fieldas shown actually exists. This distortion

is caused by the magnetic field set up around

the armature conductors acting with the
magnetic field of the poles. It is called

TWO POLE
MAGNETIZING FORCE

*z armature reaction. Figure 14 shows the w 5-
1 normal magnetic field between the poles. Eg
: Figure 15 (a) shows the magnetic field é
? : surrounding the coils of the armature that re- *
g% sults when current flow is established in the G ”“‘%&

.- coils. It must be remembered that all the /%% §§
B load current flows through the conductors of (ool Y 27
? the armature, and the greater the current i ‘fgf%z;?’y : g
i flow the greater will be the strength of the R RO S &S
surrounding magnetic field. '

The magnetic field formed after combining the o 8
5 magnetic field of the armature and the field of =28
!E the pole pieces is shown in Figure 15 (b). ggg
The change in the magnetic field changes the 55
E neutral position and necessitates a change in “
brush location to insure maximum brush life @

B ‘ and smooth commutation as described above. =~ Ei8. 13 Magnetic force

All conductors in the armature are connected
in series through the commutator so that load
current flows through all of them. To obtain
best commutation, it is necessary to locate
the brushes at the load neutral rather than at

J Pig. 14 Magnetic lines of force
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Fig. 15 Magnetic field and brush position

the mechanical neutral. The load neutral is located ahead of the mechanical
neutral in the direction of rotation as shown in Figure 15 (c).

At a constant speed and load there is an ideal commutating point. However, .
with varying speeds and loads, as encountered with automotive type

generators', the ideal commutating point is constantly changing. For this .
reason, a brush position is selected which will be the best average location

that will create the least arcing at the brush under the most usual con-
ditions of operation. '
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; SECTION E --- WHAT IS POLARITY ?

Polarity is the direction of current flow from the generator to the external
circuits. As can be seen in Figure 16, the direction of current rlow in the
conductors depends upon the polarity of the poles. If the polarity of the
pole shoes is reversed, all other conditions remaining the same, the
direction of current in the conductors also ig reversed. Thereforse, a

generator is capable of supplying current in either direction, depending
upon the polarity of the poles.
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SECTION F -- TWO GENERATOR CIRCUITS

T AT At

"A'' CIRCUITS AND "B" CIRCUITS-- As has been pointed out in the
discussion of power and ratings of generators, the output of a generator
must be controlled. Voltage control is needed to protect not only the
generator, but also the electrical system of the vehicle. Without voltage
control, light bulbs, external wiring, relay coils, contact points and all
other electrical components of the vehicle would be endangered by the high
voltage, resulting in short life or damaged accessories. Even the battery
would be subjected to too high voltage and an excessive overcharge and
short life would result.

Ve ans

The three basic fundamentals that determine a generator's output are the
speed of armature rotation, the number of armature conductors and the
strength of the magnetic field. Any one of these basic fundamentals could
be used to control the generator voltage and.current. However, the
simplest method controls the strength of the magnetic field.- to limit the
voltage and current output of the generator.

The voltage regulator and current regulator are units in the external circuit
used to sense either high voltage supplied to the eleétrical system or high
current supplied to the external loads. These two units automatically
decrease the current flow in the field coils. This, in turn, decreases the
magnetic strength of the generator and limits its ability to continue
generating high voltage or voltage sufficient to cause high current flow.
Generator control, therefore, is the function of the generator regulator.

Its method of controlling the generator output is by adjusting the strength of ‘
the generator's magnetic field. The amount of generator field coil current . '
is adjusted automatically by the regulator to meet all conditions of speed
and load.




T TEEARSTY
- )

HEALATITA A

STt i i

e Yy v‘r\“
MI ) l

L gt ST it
wansem—

AerNE Y5 ) s A
PLIHS TN
[ Y

b 4 "
- pacraway . COAACR

- i
oo GRS

BRI ¢4 Sl T A L N R 1Y
b - >~ Y Y O v, X4
L]

AN
bans

. W
L]

T W .

The simplified illustration in
Figure 17 shows the various
factors involved in voltage
regulation and the manner

in which it is done.

Full generator voltage lies
between the two brushes.
Any circuit connected be-
tween these brushes will
have full generator voltage
impressed upon it. The
flow of current in any
circuit connected in this
manner will depend, there-
fore, on the generator volt-
age and the amount of
resistance in the circuit.
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Fig. 17

VEHICLE FRAME GROUND RETURN

"A" circuit generator

The field circuit in the generator is shown connected across the generator
brushes. The ground symbol indicates that the ground brush and the field

coils are connected together through a cgmmon conductor, usually the

vehicle frame. Since the field coils are connected between the generator

brushes, full generator voltage will cause current to flow from the

insulated brush of the generator, through the field coils, through a set of

contact points located in the voitage regulator, through the ground con-

ductor, and back to the ground brush of the generator.

The load circuit of the generator can be traced from the insulated brush to
the battery and load resistance, through the battery and load resistance to
ground, through the ground conductor, and back to the ground brush of the

generator.

- 15 -
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As stated previously, if the resistance in the load circuit is high, the ;
generator will build up a high voltage to overcome it. High generator '
voltage causes high current to flow in the field circuit. This intensifies

the magnetic field between the poles. Additional voltage is developed with-
in the armature windings which is commutated to the field coils for even
more field current. When this happens the danger of high voltage becomes
evident.

VOLTAGE REG
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As seen in Figure 18, a set
of contact points is placed in
series with the field coil

'Y

P D Em Em w Em ave wn —- y

i

circuit and all the field coil : zz ol |
i 28 2|l &

current passes through them. i n g |

If these points were to open + i _) :

(as indicated), current would TTUSTTTTTTAW T UL

T I

no.longer pass through the i ; 1
points but travel through a < ! ‘L

b/ -

resistance to ground and then = o < i

through the ground conductor  z = ¢ } :
back to the ground brush of g _I ! = '

the generator. Inserting 3 -':'- 1= ! |
L——L+ ————— .i ? *---‘-— ﬂ

resistance in series with the
field coil greatly decreases
the field coil current, there- Eig. 18 Field control circuit

by decreasing the magnetic
strength between the poles and the voltage developed in the generator.

VEHICLE FRAME

A shunt coil is also connected across the generator brushes. Generator
voltage will cause current to flow through the winding of this coil. The
coil, which carries current, has a magnetic field surrounding it which
attracts the armature to which the lower contact point is attached. When

. generator voltage becomes sufficiently high, the spring pressure hoiding

the points closed will be overcome by the attraction of the magnetic field
surrounding the coil and the points will open. The greater the generator
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[voltage, the greater the current flow will be through this coil and the
‘stronger its magnetic pull.

LA L)

.The shunt coil is the sensing unit that operates a set of contact points to
.reduce the generator voltage and prevent high system voltage. When the
.generator voltage drops as the rgsult of ingerting resistance in the circuit,
-the magnetic pull of the shunt coil weakens, and sprmg tension closes the
points, allowing the: generator voltage to bujld up again until it is sufficiently
high to open the points. Due to the rapid opening and closing of the regulator
contact points, they are said to vibrate. Generator voltage is at its peak
when the points are closed and at a minimum when the points are open.

The vibration action of the contact points is so rapid that a voltmeter will
register only the average voltage developed,
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Figure 19 shows the various factors involved ja current regulation and the
manner in which it is done. Thig diagram shows the same fleld and load
circuits as described in the discussion on veoltage rggﬁla.tion. It should be
remembered that when there ig cuunmt REG

low resistance in the load Saiiaintc i ""F TN
circuit, voltage will not climb

to a high value, although the
current will increase. There-
fore, current control must be
provided for.
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Since the current flow in any
circuit d.epeﬁds upon the volt- g
age or pressure causing it to <
flow, any reduction in voltagg § I
will result in a reduction in >
current. As seen in the dia-
gram, a set of contact points
is placed in series with the / VEHICLE FRAME

field coil circuit and all field Fig. J9  Curgent control circuit
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coil current passes through it. If these points were to open, (as shown),
current would no longer pass through them but would, instead, travel
through a resistance to ground and then through the ground conductor back
to the ground brush of the generator. Inserting this resistance in series
with the field coil not only greatly decreases the amount of field coil current
but also decreases the magnetic strength between the poles and decreases
the voltage developed in the generator. The decrease of voltage, therefore,
decreases the amount of current flow to the load circuit.

Figure 20 illustrates a coil go———— CORRENT REC ]—-;-..---«

placed in series with the load ZMN
circuit, permitting all the

load current to pass through

it. A magnetic field is
developed surrounding it,
which attracts the armature I, V.
to which the lower point is
attached. When current of

[ d

SERIES
coi

Mmmmmwm smmme] mes e

-

r--'

(a]
sufficient magnitude passes g = E
through the circuit, the g g 2
Spring pressure is overcome S I '
by the attraction of the T v
magnetic field surrounding jm{____i__y ___________ ‘_.}]

the coil, and the points open. ;,EH,CLE CRAME
Opening of the points places

the resistance in series
with the field coils, and generator voltage is decreased.

Fig. 20 Load circuit and series coil

This decrease in generator voltage will not force as much current to flow.
Thus, current control is obtained. The series coil may be called the
sensing unit that operates a set of points to reduce generator voltage and
current and prevent high current that endangers the life of the generator.

- When resistance is inserted in the circuit, the load current drops. The

magnetic pull from the series coil becomes less than the pull of the spring,

~ 18 -
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.nigh current is forced through
-the series coil to open the

.points. o ’,p
| 8
A simplified circuit employing
both current and voltage g
regulators is illustrated in u
Figure 21. The resistance in =
>

_AM2-14

CURRENT REG VOLTAGE REG

and the points close. This 0T e A\A" AT

allows the generator voltage to = I

)
}
again build up until suificiently 10

¢

I

the load circuit determines
which regulating unit will
operate, providing the genera-
tor is at sufficient speed. If
the load resistance is large, as Fig. 21 "A" circuit generator

would be encountered with all ]

electrical appliances turned off and with a battery fully charged, the
generator voltage will be high, and only the voltage regulator will operate.
If load resistance is low, as would be encountered when many of the
appliances are turned on and with a battery Jow in charge, the generator
voltage will be low. Under these conditions, high current will flow and the
current regulator will operate, Either the valtage ynit or t;he current unit

“A' CIRCUIT

will operate, never both at the same time.

Thus far the discussion concerns the location of the pegulator points, which
are a part of the field circuit, and are located g.f_l_:g%t the field coils. The
field circuit, grounded outside the generator at the generator regulator,

1s attached to the insulated brush inside the generatgp. This type of a

field hook-up is called an ""A" type circuit, See Figure 21.
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Another method of connecting
the regulator points into the
field circuit is accomplished
by placing the points before
the field coils. This is called
a "B" type circuit. Regulating
the current and voltage is
aécomplished in exactly the
same manner as for the "A"
circuit. The only difference
between the two circuits is in
the connections of the field
coils. The field circuit in the

"B" type hook-up is attached

to the insulated brush outsige
the generator through the
generator regulator ard is
grounded inside the generatoy
ground brush. See Figure 22.

AM 2-14

[§ TP Y

—

CURRENT REG. VOLTAGE REG.

= )

'-__-_‘----

vy

—l ikl —

BATIERY

"B CIREUIT

Jig. 22 "B" pireuit generator

A simple way of stating the difference is; An “"A" circuit has externally

‘grounded field coils and a "B" cireuit has internally grounded field coils;

one is grounded at the regulator and the other at the generator. A simple

illustration is shown in Figure 23,

There is no particular advantage to using one circuit or the other. Both
circuits do exactly the same job, The output of any given generator
connected either way will be the same. The designer and engineer, however,
should decide which circuit they plan to usg an(} then design the regulator

and generator to correspond.
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Since the two systems re- - -
quire different procedures
for checking, and adjusting, FIELD COILS 2
it is necessary to first ¢ 8] 2 E
determine which type unit is 3 S’ 5
o >

being checked. This may be
done by inspecting the
connections at the brushes
and fields. I the generator
field coil lead is connected
to the insulated brush inside
the generator, the generator
is an "A" tvpe circuit. If the -
generator field coil lead is
connected to the grounded
brush mS1de the generator or
to the generator frame, the generator isa "B" type circuit.

“A" CIRCUIT

REGULATOR

" BATTERY

FIELD COILS
VEHICLE LOAD

o

v

= 7
- . 7]
- Ao
LS
- . *
. 2

«

Fig. 23 -"A" and "B" circuit generators

T “B" CIRCUIT

Sometimes a wire is used for a return circuit in place of the vehlcle frame,
This is called an insulated circuit. Generators connected in th1s manner
may have either an "A" or "B" circuit.” Care must be taken that the :
connections are properly made for the regulator used with the .génerator. ’

SE CTION G -- APPLICATION OF GENERATORS TO THE JOB

The normal electmcal load on a veh1cle determines the capaclty of the
generator to be used. A satisfactory application requires that a generator
be used which can produce 10 to 20 percent more output than is requlred
by the.total connected load. This additional output is required to replace

_the electrical energy used from the battery when the generator is not at

-21 -
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1 ’ ’
opgrating speed. ‘Momentary electrical loads, such as the cranking motor,
are not considered in determining the total load.

: Extremely cirty, dusty, muddy or wet operating conditions oiten make it

necessary that the generator be totally enclosed, to prevent entry of foreign
} material. Total enclosure does not allow ventilation through the generator,

$ consequently the build-up of internal heat is high. The output of an

: enclosed generator, therefore, must be less than a ventilated unit of the

same size.

The ambient or surrounding temperature in which a generator must operate
may also be an important factor in generator design. High temperature -
surrounding the generator adds to the heat developed by current passing
through the armature conductors and by eddy currents. The generator

must be designed to withstand the total heat of operation. The length of
service that is to be expected of the generator also must be a part of the
generator design. Ease of replacement of parts is another factor in the

design of such units.

The speed at which the armature turns is a very critical factor in generator
design and application. The drive ratio of an automotive generator ;
{(generator speed with reference to engine speed) may vary from 2 to 1, to

as high as 3 to 1.

Illustrated in Figure 24 is the load circuit only. If the connections between

the generator and the battery were joined as shown and the generator

voltage is lower than battery voltage, the battery would discharge through 3
: the generator to ground and back to the battery. Due to low resistance in |
;) such a circuit, high discharge current would produce rapid deterioration
‘ inside the generator in the form of burned insulation and wiring. This

would also result in a discharged battery.
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CUTOUT RELAY ;

(" i ' E

i i 3

] | 3
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i i £
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! i 4

I e

BATTERY

VEHICLE LOAD

on*—h-—.—— —— arun wy S e

generator and battery when the generator has developed sufficient voltage to

overcome battery voltage. The cut-out relay also functions to open the

; circuit between the battery and the generator when the battery voltage is

ﬁ greater than generator voltage. This condition exists only when the speed of
the armature is not sufficient to develop enough voltage to overcome hattery

g voltage. The engine in an at-rest position with the vehicle parked, the _

engine at idle speeds, or at low operating speeds, are all conditions where

E the cut-out relay is open (unless the generator is designed to develop volt-~

|

f L ;

; A
. : 7 |
__ Fig. 25 Load circuit and cut-out :

1 Fig. 24 Load circuit only relay '

g Figure 25 shows how the load circuit is broken by an electrical switch to

- prevent the battery discharge. The normal position of the switch, called

[ . the cut-out relay, is shown, .It functions to close the circuit between the

age greater than battery voltage under these conditions. )

The contact points of the cut-out relay are closed and opened by magnetic
attraction. When the voltage of the generator is great enough to cause
current to flow in the operating coils of the relay, a magnetic field of
sufficient strength is set up around the coils. This attracts the armature,

-23 -
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AM 2-14

which overcomes spring tension and closes the points and allows the
generator to supply current to the load circuit.

Adjustment of spring pressure on the armature of the relay must be such
that the generator voltage required to close the points is equal to or slightly
greater than battery voltage. The speed at which the generator armature
must be turning to develop enough voltage to close the relay points is called

the cut-in speed of the generator.

‘e .
Comed  Somod L} ) ) ]
haiiia SR DL T T e eI B G N D AT P T A AL P

When the voltage of the generaior drops,because of a reduction in speed,to

a value less than battery voltage, the higher voitage of the battery will

force current back through the series coil of the regulator and the generator.
Reversing the direction of current in the series coil causes the magnetic
field of the relay to weaken, allowing spring tension to open the relay. The
generator and battery are then disconnected so that current discharge from
the battery will not flow back through the generator and damage it.

g
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*
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It is important that the speed at which the generator cuts- in should be at
least 100 rpm above or below the engine idle speed. The drive ratio chosen
must assure that this condition exists; otherwise, burned out relay points
caused by rapid vibration (opening and closing) of the contact points will
result. Since no engine idles at a constant speed, it has a certain
variance in speed when idling. X the cut-in speed of the generator occurs
at the exact speed of idling, the points of the relay will close when idle
speed is reached. When the engine speed decreases, the generator speed
will also decrease. Insufficient voltage will be developed to hold the relay
points closed and the points will open. Thus, the change in generator speed
at this critical point will cause the relay to open and close and the points
will be burnt from breaking the circuit repeatedly. '
]

~ m m
L Bty Ll Y S D o st ok

Changing pulleys to speed up the generator, in an attempt to get a charge
rate at engine idle, often causes this condition. A smaller drive pulley on
the generator may cause trouble by driving the generator so fast at high
engine speeds that the regulator cannot control the voltage. A generator

L TIEI ST 1
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"driven at excessively high speeds also may develop bearing failure, or the
armature windings may be thrown from the core by excessive centrifugal

force. .

o sy

'
o ey

AR

The drive ratio between the pulley and the generator, therefore, is quite
critical. Generators must be designed for certain speed and load
characteristics. Vehicles operating at slow engine speeds, with high
electrical loads, require a generator with low. cut-in to keep the battery in
! a charged condition. Vehicles operating at high engine speeds, and high

‘ electrical loads, do not require a low cut-in generator. Vehicles operating
g normally at low enginé speeds, but with periods of high speed operation,
require a low cut-in generator capable of withstanding high speeds.
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e DIDACTOR PLATES FOR AM 2-14D
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(b) position 2

(a) position 1

et

(a) pulsating DC voltage in single (b) smooth DC voltage in multiple
armature coil generator
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S
. (c) position 3 (d) position &
l Plate 1
%
3 max. max.
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I ’ 0 0
: 90° 180° 270° 3600 900 1809 2700  360°
l degrees of rotation degrees of rotation

armature coil generator
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: pole shoe 2
i field S,
1 field brush 1 winding '3
i : :
| windin :
i 8 pole shoe 1
§ 1
i t; external to external 5
. -clrcuit circuit 7
(8) i
| (a) series generator (b) shunt (parallel) generator
;\ (For simplicity only one pole is shown !f
{ in each diagram. In actual generators, 5
' the armature is surrounded by two, four
, or more pole shoes.)
Plate ITT
g
% . CURRENT
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. 10/14/67 This film is the first of two in which we will discuss
DC generators. The next film will cover DC generator
DC GENERATORSI -- . testing and servicing.
INTRODUCTION TO DC GENERATOR In this film we will discuss basic principles -- how DC
PRINCIPLES ) generators develop current and voltage, the factors

i which determine generator output, current and voltage
. regulation,and generator power and ratings.
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Human Engineering Minn. State Dept. of Ed. :
gty Vocational Edueation You will also be introduced to "A" circuits and "B"
circuts.
ii
: Press A — Check to see that timer —
/ and index are OFF i Press A —2 1-1
N 2 j 1
.,%Iﬂ - —_ B
PAd ?:
3 Current will be produced in a conductor if the conduc- | If a means is provided for rotating many series- con- ‘
iU tor is moved through a stationary magnetic field. This ; nected conductors through a magnefic field, and if an §
; is one of the three ways of producing current by ! external circuit is provided, we can put the current 3
% ELECTROMAGNETIC INDUCTION. This fundamental ! that is produced to work. That is what happens in a 2
! principle is the basis of operation for all DC generators. DC generator. E
MOVING CONDUCTOR, i A DC generator converts (1) energy ! 2
- » STATIONARY FIELD . into 2) energy. ' E
, A. (1) electrical (2) mechanical = 171 E
2 B. (1) mechanical (2) chemical — 4/
¥T, % )
! Press A=3 1-2 C. (1) mechanical (2) electrical ‘:ST - :
i {URRENT IN CURRENT OUT -2 ,
3 ;
£ L ]
5 - f
1 ! </ ST
£ s
3 : . OK. See Plate I.
) ncorrect. -
- i This series of diagrams shows what happens when a
! steadily rotating conductor moves through a magnetic i
2 A DC generator converts the MECHANICAL energy field. Let's follow one side of the conductor loop g ,
H | of rotation into ELECTRICAL energy, which causes tslixg(e)uéthtgzeloc:;nplete rotation. Take the blackene
;'[ ; current to flow in the generator armature windings ) ! ol el t
H : PR In Plate 1 (a), the loop is moving roughly parallel to
;: ! and in the external circuits. the lines o(g force and none of them are being cut.
; i i
: i { Is a current being produced in Plate I (a)?
' )
Press A "'( [ A. Yes — é
1-4 ! B. NO ww
: > — 7 s |
i i
X Lo
e} r—- b TS R r———— - ———a— - me——.

-

. OK.
You are incorrect.

See Plate I (b). As the loop rotates from Position 1

to Position 5 {t cuts through lines of force at an in-

creasing rate. The speed of rotation remains constant.

but more lines are cut for

each equal time interval.

A, B, C and D in the diagram

at left show how many lines

are cut during each equal

time interval between é
Zz

—— . e

See Plate I (a). In Position 1, the conductor is moving
roughly parallel to the lines of force between the pole
pieces. Momentarily at least. NO lifies of force are
being cut. This means that NO CURRENT is being
induced in the conductor at this moment.

e 6 4 et ame—

Position 1 and Position 2.
Count them.
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8

.- {See PlateI (b).)

As the loop moves toward Position 2 at constant
speed, the current induced in the conductor

A. is constant throughout the quarter-rotation — 7 )

B. builds up during the quarter-rotation — /¢

1-8

Your answer is incorrect.

One principle of electromagnetic induction is that
the more lines of force that are cut during a given
time period, the HIGHER will be the induced current
in the conductor.

What happens to the rate at which lines are cut as
the loop moves from Position 1 to Position 2 ?

Press A~ 8
1-9

) | /0

OK. The current builds up to a peak as the loop
approaches Position 2. At that point the lines of
force are being cut at the maximum rate for that

particular speed of rotation.

If the loop were rotating faster, the induced current
at Position 2 would be

A. higher = / A
B. lower -.//

1-10

a1n ey cep—

-

//
No.

Remember that the amount of induced current depends
on the RATE at which the lines of force are cut (how
many per second. for example).

If the loop were rotating faster, it would cut through |

more lines of force per second and the induced
current would be HIGHER. &

PreSSA-/Z 1-11 !..

9 /2

: OK. The SPEED OF ROTATION is one of the factors
' that helps to determine the output of an automotive
generator.

As the loop continues through its rotation, it again
reaches a point of NO induced current. See Plate I (c).
Then it moves on to Position 4. See Plate I (d).

In moving from Position 3 to Position 4, the current
induced in the conductor moves in the OPPOSITE
direction from what it did between Pogition 1 and
Position 2. Thus, an alternating curTent is produced
in the rotating conductor.

Press A —-/3

— Sime e ——— ———— = A% ————

1-12

Z4

Incorrect. See Plate I (b) and (d)-

Note that in each of these diagrams the current is
flowing toward the half of the commutator on the
right. (Note the arrows.) That side is the POSITIVE

side.

- ———

' Press A— /{

B -t = ——— s - -

/3
In order to be useful in automotive applications the cur-
rent must be made to flow in ONE DIRECTION ONLY in
the external circuits. This is accomplished by a
COMMUTATOR. {

In the diagrams 1n Plate I, note that the commutator is
a ring split into two parts. One end of the conductor is
attached to each half of the commutator.

The current 1n the external circuit flows from

A. positive to negative — /é—‘

B. negative to positive = /1-/ 1-13 e

frr— - — - = m——— — .- -

OK. (See Plate I (b) and (d).)

In each of these figures, current is flowing out through
the commutator half that is on the righthand side.

(Note the direction of the arrows.) The current is
picked up by the positive generator BRUSH and is con-
ducted through the external circuit, back to the lefthand
commutator half through the negative generator brush.

The commutator acts as a sort of one way gate for the
current flowing from the conductor.

flows in the external circuit.

A. Alternating current -/é

B. Direct currente= # 7
1-15
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You are incorrect.

The commutator permits the current to flow
_ in ONE DIRECTION ONLY in the external

circuit. Current that flows in only one

direction is called DIRECT CURRENT.

Press A -l 7

1-16

/7
OK. Automotive DC generators contain many more 7
conductor loops (ARMATURE WINDINGS) than the
simple generator illustrated in Plate I. But each
armature winding serves only one pair of COMMUTATOR

BARS, which allows current to flow from that winding
in one direction only.

If you would like to review what we have covered so
far, press A. — _2_

Otherwise, press B. — /q 2-17

Xe) — /s

3

OK. An automotive DC generator produces current
that moves in one direction only in the external circuits.
Each loop (armature winding) is connected to only one

" pair of commutator bars that acts in the same way as
the commutator halves illustrated in Plate I.

Let's review quickly since you made an error or two
on the questions. When you answer them all correctly
we'll talk more about the armature windings.

Press A = .2

q

The simple DC generator illustrated in Plate I is not
capable of producing usable current levels.

With additional loops of wire and more commutator
sections, however, the generator will be capable of
producing more voltage. Any voltage developed in
one loop will be added to the voltage produced in all
other loops, because they are connected in series.

PressA =220

2-19

——— = e .

i 20
' Placing more loops (coils) around the rotating iron
core will produce smoother and steadier voltage and
current.

! We already know that at certain instants during rotation

l the voltage generated in each coil drops to ZERO. But
other coils will be producing high enough voltage so

E that the overall voltage output will be fairly constant.

]

H

22

can produce about as much
current as one with only 50 turns, if the speed of
rotation is the same for each.

A. one-half = 23

B. twice = jé’

C. 1don't know —211

1

— e ......1 '—...—-».

L DUV

=/
See Plate II. Plate II (a) illustrates the pulsating DC
current produced by a single armature winding as it
rotates through a full 360 degrees. The voltage rises
to a peak twice, and falls to zero twice during one

complete revolution.

Plate II (b) illustrates the effect produced by a multiple
coil armature. Each individual winding produces its
own pulsating current. but the overall effect is a

fairly smooth, steady output of voltage and current.

Press A — )70 2-21

L4

- ——

Your answer is incorrect.

A generator with 100 turns of armature winding will
cut lines of force at a rate TWICE as high (per each
equal time interval) as one with only 50 turns, if
rotation speed is the same for each.

Therefore, the 100 turn generator will produce TWICE
the induced current.

Press A — XS 2-25
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24
A generator with a 50 turn armature will cut each
line of force 50 times for each revolution it makes.

Similarly, a 100 turn generator armature will cut
each line of force 100 times per revolution.

Since the 100 turn armature cuts each line of force
twice as mary times for each revolution, it will
produce TWICE as much current as the 50 turn
armature if rotation speeds are the same for each.

Press A = QAo 2.24

PAT,
25
OK. The number of CONDUCTORS (turns) in the armature
is znother factor that helps to determine the outprt of an
automotive generator.

In order to produce a steady emf {electromotive force) of
ONE VOLT, the armature windings must cut through the
lines of force at a rate of 100 MILLION PER SECOND!

This is one reason why a generator must contain so many
turns of wire in its armature and must rotate at such
high speeds, even though the magnetic field consists of
hundreds of thousands of lines of force. Press A 'é’ 22

~£D

=26

If a generator armature contains 100 turns of wire
and is rotating at 20 revolutions per second (1200 rpm),
each line of force will be cut 2000 times per second.

At that rate it would take a magnetic field of 600,000
lines of force to produce 12 volts.

Press A — 27

r—

R

<7

The POLE SHOES in an automotive generator retain
some of the magnetism created du;'ing their last

use. This is known as a residual magnetism. At
this time they are very weak permanent magnets with
a weak magnetic field between them.

Is the residual magnetic field strong enough to supply
enough lines of force to provide normal operating

voltages for the electrical system?
A Yes =28
B. No — 2 ct

2-27

23

You are incorrect.
The residual magnetic field between the generator

pole shoes is NOT strong enough to provide enough
lines of force to generate the voltages needed by

the electrical system.

The field must be strengthened in some way.

Press A -—-Jq

4

e e

J0

Diagrams of simple series-wound and shunt-wound
generators are shown in Plate IIl. In Plate III (b},
you can easily see the field circuit. Start with the
top armature brush: continue to connection (A). Pro-
ceed downward through the field winding to_connection
(B), then back to the bottom brush. You have traced

the field circuit.

When current passes through the field circuit, the

-
.-—u—-—.-.....—..__._] r—.w -
! 1

field magnetism is

B. weakened — .3 |

A. strengthened
\ 2-30

F2

29

OK. In order to create a magnetic field of sufficient
strength, the pole shoes are wound with coils called
FIELD WINDINGS. Current for these windings is
provided by the generator itself. A complete FIELD
CIRCUIT is provided when the field windings are
connected either in series or in parallel with the

generator brushes. (See Plate III. )

Press A = 30
2-29

Incorrect.

Passing current through the field winding turns
the pole shoes into powerful ELECTROMAGNETS.

The strengthened magnetic field increases the
concentration of lines of force between the pole

shoes.

Press A "31 2-31
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OK. As current flows in the field circuit, the magnetic You are incorrect.
field between the pole shoes is strengthened. Each pole - '
shoe is turned into a powerful ELECTROMAGNET. As the field current increases, the magnetism of
More lines of force are provided for the rotating arm- the pole shoes is strengthened, due to the magnetic
ature windings to act on. field that is induced around the field winding.
As the strength of the field magnetism increases, the Increasing the magnetic strength of each pole shoe
generator output will , if the will increase the number of lines of force between
speed of armature rotation remains constant. them. With more lines of force to cut the generator
s output will INcrease.

A. increase —3/7,

B. decrease.. 3 3
2-32

Press A —3 q
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OK. The STRENGTH OF THE MAGNETIC FIELD is
the third factor that helps to determine the output of

an automotive generator.
AIR GA?P /- IRON FRAME

The iron core of the arm-
ature acts to concentrate

the lines of force so that

a powerful field is provided.
Just as a complete circujt

is required in electrical
systems, a complete magnetic
circuit must also exist in

the generator. Pre§§_ 94

RON ARMATURE CORE

Magnetic circuit

We have mentioned three factors which contribute to the
output of an automotive generator. ) They are:

1. The speed of rotation of the armature
2. The number of conductors (turns) in the armature
3. The strength of the magnetic field

We discussed SPEED OF ROTATION in the previous
section. If you would like to review the NUMBER OF
CONDUCTORS and the STRENGTH OF THE MAGNETIC

FIELD, press A. Otherwise, press B.\
\ -

/9

—— e

36

We have discussed three factors which contribute to the
output of an automotive generator.

They are:

1. The speed of rotation of the armature
2. The number of conductors (turns) in the armature
3. The strength of the magnetic field

.

[ XE) =36

37
ARMATURE REACTION AND BRUSH POSITIONING

Earlier in this film we learned that as the armature
rotates in a generator with TWO pole pieces, the
voltage drops

to ZERO twice
during each com-
plete revolution.

tO0? AT MAXIMUM STRENGTH
OF MAGNETIC FIELD

The points in

We covered SPEED OF ROTATION in the previous section.
But let's have a quick review of NUMBER OF CONDUCTQRS
and STRENGTH OF THE MAGNETIC FIELD, since you
made an error or two on the questions in this section.

Press A -/q

2-35

armature ro-
tation where the
voltage is ZERO

ROTATION

0° 1207 20" are known as
“’t I I NEUTRAL
NEUTRAL POINTS POINTS.
3-37

Press A —38
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This illustration shcws the normal magnetic field that
exists between the pole shoes of 3 two pole generator.
Note that the lines of force are assumed to flow
straight across from the N shoe to the § shoe. We
will call this the MAIN FIELD.

3-38

1

In this illustration the
armature and the
brushes are shown in
place. The brushes are
located in the MECHAN-
ICAL NEUTRAL position
-- the point at which no

mechanical
neutral position

current is induced in the
armature windings if the
magnetic fieid remains
undistorted as shown.

3-39
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Under actual operating conditions, however, the path
of the field between the pole shoes is NOT straight as
illustrated previously.

The field becomes DISTORTED due to
a reaction between the main field and
the magnetic field created around the
armature windings as current passes
through them. The magnetic field
created around each winding combines
with those of adjacent windings to form a strong field
around all the armature windings, as illustrated here.

Press A -1// 5-40

; Fm
i

In this illustration, the ‘7/
magnetic field that sur-
rounds the armature wind-
ings is shown. We will call
this the ARMATURE FIELD.

During generator operation
this field tends to .

A. remain stationary =4/ 2
B. rotate in the same

direction as the =
armature 4 ’3
>-41

) 42

R T Y

3 s, Sy N .
S TS T e,

Your answer is incorrect.

During generator operation, the magnetic field created
around the armature windings tends fo be dragged
along slightly in the same direction that the armature

is rotating.

Instead of remaining stationary, the armature field
tends to rotate-slightly in the direction of armature

43

OK. The tendency for the
armature field to rotate
slightly is responsible for
two effects in an operating
generator:

1. 1t causes the normal
magnetic field between
the pole shoes to DIS-
TORT as shown in the
illustration at left.

2. It causes the neutral
points to SHIFT in the
direction of armature

rotation.
rotation from the
mechanical neutral i
Press A ‘4_3 - NEUTRAL  "AECHANICA: position to the LOAD :
5-42 / | ~foTRa. NEUTRAL position. g
' =
Press A -f’/f =45 ;
i ‘ y <]
T l“ =
: 54 HS
The distortion of the main field, and the resulting shift
) of the neutrai points is called ARMATURE REACTION. No.
‘ This effect takes place in all operating DC generators.
’ The ideal position for the brushes in ~ost generators
l In order to insure maximum generator output, the is the LOAD NEUTRAL position -- located somewhere
l brushes should be placed at the beyond the mechanical neutral points. in the direction
i points. of armature rotation.
]
i A. mechanical neutral = 4<
1
B. load neutral -
4/é _ Press A "‘//6 o
5-44 5-45
i
?
L. e e e e

76

OK. The brushes should be placed in the LOAD NEUTRAL
nosition. (The one exception to this general rule is the
INTERPOLE type generator. The interpole generator

is designed to cancel out the effects of armature reaction
automatically. The brushes can be placed in the

mechanical neutral position. )

} Placing the brushes at the LOAD NEUTRAL points
! improves commutation in the generator.

f Press A -é/7 3-46

77

We already know that when the magnetic field between
the pole shoes becomes distorted, a shift in the neutral
position occurs. This means that the position of the
brushes must be changed also.

If the brushes were left in the mechanical neutral position,
the armature loops would be generating voltage at the
same time they were being commutated.

The generated current would be sho rt-circuited between
the commutator bars and the brushes. The short circuit
occurs in the form of an ARC, which causes burning and
rapid wear of the brushes and damage to the cominutator

bars.

Press A = 4/§ 3-47
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% " Armature reaction occurs when the rotati ng __ (1) You are incorrect. (The correct answers are
g field causes the (2) field between the pole reversed. )
shoes to distort in the direction of armature rotation.
. The rotation of the armature and the slight dragging
: A. (1) armature  (2) main =S0O along of the ARMATURE field causes the MAIN field
2 L B. (i) main (2) armature ~‘/? between the pole shoes to distort in the direction of
. j ’ armature rotation. ]
K. C. I cannot answer this question -—38
? |
' 5-45 Press A — §O 5-49
_1; E . : _.
s Co— —_—
: <o |1 s/ |
1 OK. The main field becomes distorted during armature !' .
. ]; reaction. You are incorrect. :
i ;
4 : Another effect that occurs during armature reaction 1s : Are you sure you read the question correctly ? i
! i that the ideal commutating points shift TO the l X
i (1 position FROM the i Take another look at it. Note that we are asking .
=i i ’

(2) position. which position the neutral points shift TO during !
- armature reaction. .

A. (1) mechanical neutral (2) load neutral —5‘/
B. (1) load neutral (2) mechanical neutral~53_
C. I cannot answer this question ‘\5-2 - Press A (You won't be penalized for this

>-39 incorrect answer. ) =(§0O 3-51

avsmenspuer WL
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To repeat from an earlier frame:

The teadency for the armature field to rotate shghtly OK.
‘r ] 1s responsible for two effects in an operating generator: {
14 : Itisthe ~~ position that dictates '
‘_ i I. It causes the normal magnetic field between the the approximate 1deal position for the brusles in
£ ! pole shoes to distort in the direction of armature most automotive generators.
3 l £ | rotation. )

A. load neutral = &&

! 2. It causes the neutral points to shift in the direction {
3 ; . t
px ) of armature rotation. FROM the mechanical neutral ! B. mechanical neutral .-5”11
i position TO the load neutral position. | ‘
% ttommr - 1
1
5 : !
‘ ‘ - - H
k. Press A = <O 5.52 -0 !
3 : L e - ——— ‘
'é,
&y HE e i !
S7 S5~
i: , Y»u are incorrect. ) ' OK.
&

At constant speed and load there is an ideal commutating
pomnt. Automotive applications call for varying speeds
and loads. however. This means that the ideal position
for the brushes will change with varying conditions.

} If the brushes were placed in the mechanical neutral
i position (in all except interpole generators), severe

arcing would take place between the brushes and the
v commutator bars. Generator output would be

W veas = i

E 3 seriously hampered. Frequent brush replacemert Under such conditions, a brush location must be selected
; i and commutator service would also be needed. . that will cause the least arcing under the widest ransc of
a ' , ! typical operating conditions.

Lo i

G - Press A = 6-{‘ 3-54 If you would like to review ARMATURE REACTION AND

PRRRUSH POSITIONING. press A. Otherwisc. press B. "'5—7
‘ '_.)-,
S7

e ———
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OK.

Since you've had some trouble with at least one or
two questions in this section, let's review ARMATURE

REACTION AND BRUSH POSITIONING.

When you answer all the questions correctly, we'll
talk about Generator Power and Ratings.

&7

GENERATOR POWER AND RATINGS

An automotive generator must be designed and built

to withstand all the electrical power it is capable of
producing. Electrical POWER is expressed in WATTS,
and is the product of electrical pressure (VOLTS)
times current (AMPS). P=ExL

Powatts) = EM Fevotts) x CURRENT (amps)

';-'-1.

3

Press A= & 4-57
Press A — - =
37 3-56
“ L.
FIELD &8 i é—q
—\/W\/W- Every automotive generator serves ; . H
. two circuits -- the FIELD CIRCUIT i VOLTAGE (electrical pressure) induced in the H
g ARMATURE and the LOAD CIRCUIT (the battery . generator armature windings causes current to g
X charging circuit may be considered flow in the field circuit and in the load circuit. §
)
( ) part of the LOAD CIRCUIT). As long as the speed of armature rotation is suf- H
g ]
! BATTERY i ficient. the voltage will climb to whatever value '
g The two circuits may vary in how : is necessary to overcome any resistance in either .
g 00O they are connected. but they are ' of the connected circuits.
found in all automotive generator
- . b]
applications. Press A—éO -3 :
LOAD ’
p A =3
__O-O-0— ress "\fq 455 :
i . ]
- —
; &0 6/
The field coils in the generator, and many components ; Your answer is incorrect. If voltage acted in that way
1n the load circuit can be damaged by high voltage. so : o o i Fatim
. some means of voltage control is needed. the generator would be self-regulating and no external
: regulator would be needed.
! An external unit calleda VOLTAGE REGULATOR is |
} :l: 'iget ogé:,r::.;mf_ vtzlst:egep-(-lzlteec;{;-c)a I pressure) developed The reason a voltage regulator 1s needed is that other- i
! . ‘l : ) i th wise. the voltage would INcrease to overcome any
l bfyn&; ogetﬁge;?axt'g%uwai.gtl)r is used, the voltage produced . resistance that occurs 1n the field and load circuits.
; g ' / no matter how HIGH that resistance. The resulting
A. de i i in — . .
. thecxx:ie:lfiea%ji 1lt0;1:ie‘e:§§cxl'leifslstance n é» t high volt.age could dumag.e th.e generator or the com-
B. increase to overcome any resistance _ s~ ponents in the external circuits.
it meets in the field and load circuits é
1260 d Press A —-62\ f-11
A i e - — =
é 1 - T TTot T Tt - "[v
: v indi As stated previously, voltage induced in the armature
: OK. The VOLTAGE RATING of gen.erator. indicates . windings causes current to flow in the field and load
i the system voltage that the generator 1s designed to , circuits. -
! deliver. ' CURRENT flow (amperage) in the field and load circuits
i i depends on the developed voltage and the resistance in
! . . : . i the circuits.
, An automotive generator is designed to withstand its '
E rated voltage for any length of ime under normal i If the resistance is HIGH in a circuit, the circuit
. . . .. voltage will be (1) and the current flow will
. vehicle operating conditions. : be @) e r—— -
' @)
' I
: i A. (1) high @) tow = &<
. Press A - 63 4-02 B. (1) low (2) hmghe 61/
' 1-0)
L. — 4! —
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Remember what we said about voltage -- it will climb
as high as necessary to overcome any resistance it
meets, provided that the armature speed 1s sufficient.

You are incorrect.

If the resistance is high, voltage will also be HIGH --
attempting to overcome the high resistance.

Current flow on the other hand is RETARDED by high
resistance. The higher the resistance, the LOWER
the current flow will be.

Press A — é_g’ 4-54

o sl

s e

OK. High resistance means high voltage and low
current flow. -

If the resistance in the attached circuits is extremely

LOW and armature rotation speed is sufficient,

;:lurrent flow will be HIGH. High current produces
eat. ’

Damage to the insulation and to the varnish used to
hold the armature windings in place can result.
Soldered connections in the windings and at the
commutator bars can melt.

As a result, short, oven and grounded circuits can
occur in the generator.

Press A -"{6

4-65

66

To prevent the damage that can be caused by excessively
high current and the resuiting high HEAT, some means
of current control is needed.

Just as a voltage regulator is used to limit the veltage
developed in the generator, an external CURRENT
REGULATOR is used to limit the current flow. (See
Plate IV.)

If no current regulator is used, the current flow will be
abnormally high and the components will be damaged.
primarily by excessive

- e

&7

That is not the answer we were looking for.
Amperage IS current flow.

What effect does high current flow (high amperage)
have on the components of the electrical system?

Read the last frame again Earefully and then answer
the question.

Press A =— éé

A. amperage B. voltage \ C. heat [-00
\ \
—
i 6q
You are incorrect. You said that if current is too high. 5
. damage will result because of excessive voltage. This OK. The current regulator acts to prevent over-
is not the case. heating caused by excessive current.
We already know that current and resistance are related --
when one is low. the other is high. LOW resistance then. The CURRENT RATING of a generator indicates
means HIGH current. =
the amount of current that the generator can supplv
We also know that resistance and voltage are related -- continuously witho -nal damas e
the higher the resistance. the higher ihe voltage will ¥ wathout wternal damage. or damagt
be. LOW resistance then. means LOW voltage. So. high to components in the external circuits.
current means low voltage.
< {
Since excessive voltage is not the answer. what DOES t
cause component damage when current is too high? Press A = 70
l '- '()
3
Press A — é é 1-6~ :
L e — e e
Y —— - Smmemem s s T — - ==

70

Anuther source of generator heat is EDDY CURRENTS
tlowing 1n the 1ron coure of the armature. Voltage is

generated 1n the iron core itself. because it acts as one
large conductor as it rotates through the magnetic field

hetween the pole shoes. These eddy currents produced

cause heat. known as iron loss.

To keep the eddy currents small, the core is made of
laminated sections instead of one solid piece of iron.
This prevents large eddy currents from building up and
reduces iron loss (heat) in the armature.

Press A —7/

A4-70

-

—

Most automotive generators are designed so that air
will be forced through the generator housing by some
means. The forced air acts as a cooling medium for
the rotating armature.

A force-ventilated generator will probably carry a
current rating than a non-ventilated unit

of the same size.

A. lower ~ 72
B. higher 75

J-71
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No. The current rating of a generator depends on its

ability to produce current without danger of damage
due to heat.

The normal operating temperature of a non-ventilated
generator will be somewhat higher than that of a force-
ventilated model of tiie same size, because force-
ventilation removes heat more efficiently and lowers
the operating temperature.

The force-ventilated generator can carry a HIGHER
current rating without danger of over-heating. Press A~773

FiLM no, 10141
73 1.

OK. A force-ventilated generator can safely carry
a higher current rating than a non-ventilated unit of
the same size.

Heat is an enem}} of all electrical equipment.

If you would like to review GENERATOR POWER AND
RATINGS, press A. -15'7

Otherwise, press B.— 75’

Ac)— 74

.

win

Y i il

A -
M
K f il i We learned earlier in this film that one of the factors :
’ O. - A orce-ventf ated generator carT carry é ! that helps to determine generator output is the :
‘ higher current rating because heat build-up will : STRENGTH OF THE MAGNETIC FIELD between the
l be less of a problem. ‘ pole shoes.
i H '
’ Since you have made an error or two on the questions f i Varying ihe strength of the field will cause variations !
H in this section, let's have a quick review of GENERATOR . 1n generator output. This fact serves as the basis for '
: POWER AND RATINGS. : generator voltage and current CONTROL. ¥
Press A — g 3-7T5 :
Press A—‘-(5'7 4-74 ress 7 3-75 .
i _ 2 — _J
- r -
i 76 77
The generator regulator is connected in series with the Incorrect.
generator FIELD CIRCUIT. This circuit supplies —
current to the FIELD COILS. which are wound around
i the generator pole shoes. Lowering the field current will cause the main field
: Varying the field current will cause changes in the between the pole shoes to weaken. A weaker magnetic .
i magnetic field between the pole shoes. field contains FEWER lines of force.
l If something acts to lower the field current. the main
l field will have (T lines offforce tto be cut,d With fewer hines of force for the rotating armature
: y Z) if armature spee s i
g igfn;?ﬁs‘ ?ﬁ?gﬁnﬂf' —_ : . windings to cut. the generator voltage will DECREASE.
. if rotation speed remains constant.
! A. (1) more (2) increase = 77 ‘ !
B. (1) fewer (2) decrease—7& i L
- - i Press A — /% 3-77
)—l() [
x — — - — ———
o roTTT e T T e '7q T
— : As generator voltage increases. current through the
. OK. By controlling the Strength of the magnetic field voltage regulator windings creates a magnetic field
: between the pole shoes we can control generator - which pulls OPEN a set of spring loaded contact points.
: voltage -- we can obtain VOLTAGE REGULATION. \ .
} . ' Opening these points channels the field current through
' The VOLTAGE REGULATOR umit contains two : a resistance. which reduces the current flow through
‘ windings: I thé Tield coils.
: . - TR i
i A shunt winding (in parallel with the load circuit) is . This causes the main field to weaken and results in
2 made up of many turns of fine wire. ! lower generator voltage.
; A field series winding (in series with the field circuit) . When the voltage regulator points are open. the resistance
: is made up of fewer turns of heavier wire. Both ‘ in the field circuit is than when the points
; windings are VOLTAGE SENSITIVE. i are closed.
! :
’ .
' _ . A. higher — &/
: Press A~74 5-75
1 B. lower — 0O 3-79
Lo i
‘ﬂ‘ - A P [ . — - . _ -
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You are dncorrect.

When the generator voltage climbs to the limit of the
voltage regulator setting, the field current becomes
strong enough to open the voltage regulator contact
points. Opening the points channels the current through

a resistance.
When the voltage regulator points are OPEN, field
circuit resistance is HIGHER.

Press A — g/ 5

&

OK. Increased field circuit resistance means
LOWER field current.

Once the generator voltage drops to the lower limit
of the voltage regulator setting, the contact points
close to allow voltage to build up once more.

This cycle of opening and closing the points is
repeated 50 to 100 times per second in order to
limit the voltage to the predetermined value.

A voltmeter reads

A. each voltage fluctuation as the points — gl
open and close

B. the overall average voltage created —
across the points 5%

82

Automotive voltmeters are not mechanically capable
of keeping up with voltages that rise and fall 50 to 100
times per second. The voltmeter reads the overall
average of the voltages created across the points
during point vibration.

PressA — 3 -

-2

e e orm————t ta w—————

&3

The CURRENT REGULATOR unit is constructed much
the same as the voltage regulator unit, except that it
consists of only one winding -- a series winding (in
series with the load circuit) with relatively {éw turns
of heavy wire. This winding is CURRENT SENSITIVE.
The entire generator output current flows through it.

OK.

As current flow builds up in the load circuit. a ,
is formed at the current regulator -
winding.

A. short circuit = é"‘/
B. magnetic fieldm ¢~

3-%5

. ——— - campm— 1a,

.~ — e an

s | g5
Incorrect. OK. The magnetic field (created around the series
win_ding in the current rt_agulator) causes a set of
A malfunction elsewhere ip the system could cause a spring loaded contact points to OPEN when the
e - current reaches the limit of the regulator setting.
short circuit in the current regulator. i
This causes the field current to pass through a :
But we are talking about normal operation. Remember resistance. which reduces the current flow through
the field coils.
the fundamentals of electricity and magnetism -- when .
current is passed through a conductor. a MAGNETIC LOtwetl'it“g the field current causes the generator
output to .
FIELD 1s created around it. , Tt
i A. decrease =~ 87
,' B. increase . A !
Press A — 85~ 354 ; - !
i
t
L e e
™ TTTTTIT T s T s "!
Your answer is incorrect. OK. 1

In our discussion of the voltage regulator we learned
that a decrease in the field current causes a weaker
main field and a resulting drop in generater voltage.

Remember that voltage is electrical pressure -- it
pushes current through conductors. What will happen
to the rate of current flow if the electrical pressure
(voltage) is DEcreased?

Press A "’86/

Ul
i
s

cn

_J

LR —

e v ———

R s A P

When the generator output drops to the lower himit of
the current regulator setting, the magnetic field
around the series winding weakens. Spring tension
overcomes the force of the magnetic field and the
contact points close again.

This opening-closing cycle is repeated 50 to 200 times
per second in order to limit the current flow to the
rate for which the current regulator is set.

Press A —85’
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Thus we have both the generator voltage and output
(current) under control.

An important point to remember is that when two
regulators are used -- a voltage regulator and a

current reguiator -- only one of them operates at
a time. In normal service they DO NCT operate

simultaneously.

S
If the vehicle's electrical load requirements are heavy,
and the battery is low, the system voltage will not have
a chance to build up enough to activate the voltage
regulator. The voltage regulator points will remain
closed. )

»

Under heavy load however, the demand for CURRENT
will be high. To protect against overloading and over-
heating, the current regulator points will

when the current reaches the maximum regulator

— b e = e

o 4 RO (AL N GAL T

- setting.
3 Press A 3‘7 5-88 & A. close™ qo
-1 B. open — =
P 4/ 5-%9
S
o --
% bl
70 | q/
You are incorrect. You said the current regulator i OK. ‘
H points would CLCSE. : _ _ 1
; .i { When the load requirements for the vehicle are !
} Keep in mind that under heavy load conditions and low : relatively light and the battery is nearly in a full 5
A battery charge, the system voltage is low. When i state of charge, the system voltage will increase 'E
i voltage is low, the voltage regulator points remain l (attempting to overcome the high counter-electro- :
! closed. ' motive force (CEMF) of the highly charged battery). !
f f ) Due to this high resistance, generator output 1
4 If both sets of points remain closed, the system will (current) will be reduced. The current regulator 4
have no protection against excess voltage or current points will be closed.
2] when the generator is operating. ‘
‘: Press A ~( 3 5.1 .
5 Press A - gq 3-90 .
3 i L : 3 J
3,~ - —
= 72 73
g The VOLTAGE rzgulator points will OPEN. however. ; Incorrect.
due to the increased system voltage. The system will -
3 ! then be totally dependent on the voltage regulator. A battery in a relatively high state of charge has
! high CEMF. CEMF actsasa resistance to bat-
3 .If the vehicle battery is well-maintained and in a tery charging voltage. The increascd resistance
: reasonably high state of charge. the _ causes the charging voltage to rise. 1nan attempt
b | will do most of the work to protect the vehicle's to overcome the high CEMF.
: i electrical system. .
if l Y This brings the VOLTAGE REGULATOR into action.
7 i ¢
# . A. voltage regulator -4‘f
4 ‘ Press A ™ C]ﬁ' . 5-93
, B. current regulator -q3 S :
pns .
%] X J - . e e e e e
< e -
K r 4
P 7 45
4 r th
% ! OK. The voltage regulator has to W(:)rk harder than OK. The voltage regulator works harder than the
Ta N
ﬁ i the current regulator as the vetucle battery comes ' current regulator when the electrical load is light.
Lé j nearer to full charge. ; and when the battery nears full charge.
!
; _ . n
% : This 15 one reason why voltage r?gulatOr points of:len { You have had some trouble with a question or two 1n
g i wear out faster and r.nust be serviced more often than ; this section. o let's review GENERATOR VOLTAGE
s ' current regulator points. ' AND CURRENT REGULATION. When you answer all
g E P the questions correctly we'll discuss "A" and "B”
3 ; If you would like to review this section on GENERATOR ;o circu;
% i - ircuits.
% § CURRENT AND VOLTAGE REGULATION, press A. 7{
% .
,5,‘_
% ' Otherwise, press B. ™ 76 6-94 Press A - 75’" =05
: !
; L oo -4
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There are two major types of automotive DC generator
circuits -- the "A" circuit and the "B" circuit. See
Plates V and VI.

Both types of circuits do exactly the same job. The
output for a given generator will be the same no matter
which circuit design is used.

The only significant difference between the two is the
location of the field circuit GROUND.

Press A — q7

5-95

FIELD COutS
insulated
brush

REGULATOR

AN TETTY
RATIERY

T A" CIRCUIT ¥

/”

field circuit ground

In an "A" circuit system, the field circuit is grounded
OUTSIDE the generator at the generator regulator. It
is connected to the INSULATED brush inside the
generator. Press A. .

78 5-97

RUEDRLE ) 3357 £y DRI gn Al 204 RISV i O sf

ey

P 4

LI

" et w————

48
(1

The field circuit is connected

An "A" circuit generator has
grounded field coils.

to the (2) brush inside the generator.
A. (1) internally (2) insulated —qq
B. {1) externally (2) insulated = /0/
C. (1) internally (2) grounded - /OO
D. (1) externally

(2) grounded = qq‘

6-9~

o tmt——- n

7

Only part of your answer is corréct.

The field coils in an "A" circuit generator are
grounded EXTERNALLY at the generator regulator --
outside the generator.

The field circuit is connected to the INSULATED
brush inside the generator in the "A™ c¢ircuit system.

Press A ""/0/ G-

/00

Your answers are incorrect.

We said that in an "A" circuit system,
is grounded outside the generator. The field coils are
part of the field circuit. Since the field circuit is
grounded outside the generator. the field coils are
grounded EXTERNALLY.

the field circuit

Inside the generator. the field circuit is connected to
the INSULATED brush. A circuit cannot be grounded
at both ends if current is to flow.

Press A — Cig

2-100

-

07
A "B" circuit generator has S

grounded field coils: the field circuit is connected to the

_2) ____side of the generator at the
genc cator xeg,ulafm
A. (1) internally (2) grounded-/og
B. (1) externmally (2) insulated~ /02
C. (1) internally  (2) insulated — /D5
D. (1) externally (2) grounded -/07
6-102

0/

In a "B” circuit system. the field circuit is grounded
INSIDE the generator at ‘the GROUNDED brush. It is
attached to the insulated side of the generator at the
generator regulator.

OK.

Freld oire uit ‘ . - g]
v round e, A L
(. rounded srust) &
a iy . ..g

B CIRCUNY

Press A \/Ol

Only part of your answer is correct.

A "B" circuit generator has INTERNALLY grounded
field coils. The field circuit is grounded 1nside the
generator -- at the grounded brush.

The field circuit 1s connected to the INSULATED side
of the generator at the generator regulator.

Press A ~/05

6-105
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Your answers are incorrect.

A "B" circuit generator has INTERNALLY grounded
field coils -- the field circuit is grounded inside the
~~nerator at the grounded brush.

Sinc. « circuit cannot be grounded at both ends if
current is to flow, the field circuit is connected at
the generator regulator to the INSULATED side of
the generator.

OK. Inboth "A" circuit and “B" circuit systems, the
field circuit has one connection at the generator and
one at the generator regulator.

(1)

in the

Ina "B" circuit system the field circuit is
at the regulator, and (2)
generator.

) grounded — /07
@) insulated — /Db

A. (1) insulated

B. (1) grounded

/0~ |

I

B  Gerd Gl

Eenct A

Press A = /02, 6-104 6-105
74
A, - L - -
06 |1 /07
t .
Incorrect. | :
- 1
. OK. i
! The rule to keep in mind is that a "B" circuit generator ; :
' has INTERNALLY grounded field coils. This means A generator field circuit which is grounded at the )
| that the “"B" type field circuit is GROUNDED in the regulator and connected to the insulated generator
! generator. ! brush 1s ’
z : o '
. Since the circuit cannot be grounded at both ends. the ! A. an "A" circuit — /0? 2
"B" circuit must be insulated at the regulator.
B. a "B circuit -—/02
Press A -—/07 5-106 6-107 )
i L - |
o /69 |1 /04
No.
OK.
i We said that the field circuit is grounded at the
' regulator. This means that the generator field If you are specting a generator regulator and you
i coils are grounded EXTERNALLY -- outside the find that the "F" ternunal is grounded under normal
: generator. conditions. the regulator is partof
! When the field coils are grounded externally and the system.
; field circuit 1s connected to the insulated brush. we i A . ///
. an A" circuit =~
have an A" CIRCUIT. | A. an cirew
! B. a "B circuit -.//0 G-T00
Press A — /09 6-10N ;
4 i e e e
B —- - e s - - -
+
: You are 1ncorrect. )
X OK.

This situation 18 really the same as in the preceding

gquestion.

The regulator "F" terminal 1s the connecting point

for the field caircwmt. If the regulator "F" terminal

1s grounded, you have EXTERNALLY grounded field
coils, or an A" CIRCUIT system.

Press A =11/ 6-110

If you are 1nspecting a generator and find that a bare
wire 1s connected to the "F'" terminal. and the "F”
terminal 1s connected to the grounded brush. vou are
inspecting __ generator.

A. an A" circuit =~ //-7—_
B. a "B" circuit ™ //5
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Incorrect.

The "F" terminal of the generator is the point of
attachment for the field circuit. If the "F" terminal
of a generator is connected to the GROUNDED
BRUSH, this means that the field coils are grounded
INTERNALLY (inside the generator).

Internally grounded field coils mean that this is a

/3

OK. If the generator "F" terminal is connected to
the grounded brush, you have a "B" circuit system.

An insulated generator "F" terminal means an "A"
circuit system. -

It is important for the automotive service technician
to be able to determine what type system he is dealing
with.

- r——— o — e by -

wemer u e —— et

P re——

"B" circuit generator. .
If you would like to review "A" circuits and "B"
Press A —/[ 3 6-112 circuits, press t% Otherwise, press B.—-//J':
6-113
3 9%
) 2‘% ‘ ) .
A
7 .
OK. 1If the "F" terminal of the generator is i Congratulations!
GROUNDED, you are dealing with a "B" circuit J
system, : You have successfully completed this film,
"Intreduction to DC Generator Principles. "
Since you made an error on one or two questions
in this section, let's have a brief review of "A" ‘ What we have discussed here should prove to be
circuits and "B" circuits. Take your time and : an important addition to your overall understanding
' think carefully before answering the questions. ] of automotive electrical systems.
PressA -~ g4 6-114 Press REWIND 6-115
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INSTRUCTOR'S GUIDE

Title of Unit: UNDERSTANDING DC GENERATOR AM 2-14

PRINCIPLES 9/6/867

OBJECTIVES for this Unit:

1. To review shunt generator principles, how they are
constructed, "A'" and "B" circuit designs, generator
power ratings and application of generators on the job,

2. Review the three basic fundamentals for develaping
current and voltage and the regulating of current and
voltage for the protection of the generator and the

connected circuits.

LEARNING AIDS suggested:

Visual Aids: )
Delco-Remy Training Charts and Manual

No. 5133-E;Generators

Models:
Any generator components, armatures, pole shoes,

field coils, voltage regulators etc., that could be
brought into a classroom for discussion and

demonstration.

QUESTIONS FOR DISCUSSION AND ‘GROUP PARTICIPATION:

1. What is the source of energy for a automotive type
generator ?
What effect does magnetism have on generator output?

How is generator output controlled in relation to
magnetism?

What is residual magnetism?

What is meant by induced voltage?

What are the two circuits within the generator?

How is voltage built up within the generator ?

What part does the commutator play in a generator ?
Why are the brushes necessary in a generator?

10. What is meant by the term air gap?

11. What effect would increased or decreased air gap
have on the generator field strength?
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' Instructor's Guide for AM 2-14
Page Two 9/6/6T
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d 12. Why are armature cores made of laminated sections 3
instead of solid iron? 3
[ 13.  What are the three basic fundamentals necessary to '
generate electricity ? §
E 14.  What external unit acts to safeguard the generator,
its components, and the externally connected circuits? 3
E 15. What are some of the methods used in cooling ;
generators? ‘
E 16. What is meant by the neutral point of an armature loop?
N 17. How does armature reaction affect the location of the ;
E » b..’U.SheS?
; 18.  What is meant by load neutral and mechanical neutral 94
. position of the brushes? 3
E 19. Iiow does pole shoe polarity effect current flow from
tne generator?
E 20.  What is the primary difference between an "A" circuit g
generator and a "B" circuit generator? : -
E 21. What is the function of the cut-out relay?
22. What is meant by the cut-in speed of the generatoy.in
£ relation to the cut-oufrelay?
23. Why is it important that the speed of the generator :
cut-in be at least 100 rpm above or below the engine
I idle speed?
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