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G E N E RATORS

WHAT IS POLARITY?

Polarity is the direction of current flow from the gen-
erator to the exiernal circuits.

As con be seen in the illusirations, the direction of cur-
rent flow in the conductors depends upon the polarity
of the poles.

If the polerity of the pole shoes is reversed, all other ® -+
conditions remaining the same, the direction of current () ] “ +
in the conductors is also reversed. Therafore, o generc- G A
tor is capable of supplying current in either direction, s @N‘ " N
depending upon the polarity of the poles. P P
Of e +
Oraes

CURRENT FLOW

B TWO GENERATOR CIRCUITS

“A" CIRCUITS AND "B" CIRCUITS

As has been pointed out in the discussion of "'Power
and Ratings of Generators”, the output of o generator
must be regulated or 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, reloy coils, contact points
and all the other electrical components of the vehicle
would be endangered by the high voltage, resulting in
short life or damaged cccessories. Even the battery
would be subject to too high voltage and cn excessive
overcharge and shori life would result.

Under the discussion of ''How a Generator Develops Voltage™, 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 gensrator 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 veoltage regulator ond current
regulator are units in the external circuit used to “'sense”
either high voltage supplied to the electrical system or
high current supplied to the external lcads. These two
units automatically decrecse the current flow in the
field coils. This, in turn, decraases the magnetic strength
of the generator and limits its ability to continue
generating high voltage or voltage sufficient to couse
high current to flow.

Generator control, therefore, is the function of the
generator regulator. Its method of controlling the gen-
erator output is by adjusting the strength of the genera-
tor's magnetic field. The amount of generator field coil
current is adjusted automatically by the regulator to
meet all conditions of speed ond locd.
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“B" CIRCUIT

The simplified illustration below 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 between these brushes will have
full generator voltage impressed vpon if. The flow of
current in any circuit connected in this manner will
depend, therefore, on the generator voltage and the
amount of resistance in the circuit (Ohm's Law).

The field circuit in the generctor is shown connected
across the generator brushes. The ground symbol indi-
cates that the ground brush and the field ceils are con.
nected together through a common conductor, usually
the vehicle frame. Since the field coils are connected
between the generctor brushes, full generator voltage
will cause current to flow from the insulated brush of
the generator, through the field coils, through @ set of
contact points located in the voltage regulator, through
the ground conductor, 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 bottery and resislance to ground, through
the ground conductor, and back to the ground brush of
the generator.
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As stated previously, if the resistance in the load circuit is high, the generator will
build up a high vcltege 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 within the armature windings which is commutcted
to the field coils for even more field current. When this happens the danger of high

voltage becomes evident,




TWO GENERATOR CIRCUITS conTiNuED:

As seen in the diagrams, a set of contact points is placed

in series with the field coil circuit ond all field coil

current passes through them. If these points were to

open, current would no longer pass through the points

but travel through a resistance to ground and then

e e L L S S VOLTAGE REG through the ground conductor back to the ground brush

! N of the generator. Inserting resistance in series with the

field coils greatly decreases the field coil current,

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

{

A shunt coil is also connected across the generctor
brushes. Generator voltage will cause current to flow
through the winding of this coil. The coil, which carries
current, has @ magnetic field surrounding it which at-
tracts the armature to which the lower contact point
is attached. When generator voltage becomes suffi-
ciently high, the spring pressure holding the points
closed will be overcome by the attraction of the magnet-
ic field surrounding the coil and the points will open.
The greater the generator voltage, the greater the
current flow through this coil and the stronger its magnet-
ic pull. The shunt coil can be called the *'sensing unit”
that operates a set of contact points to reduce the
generator voltage and prevent high system voltage.
= = When generator voltage drops as the result of inserting
i 1 resistance in the circuit, the magnetic pull of the shunt

I___L_’_____.’ coil weakens and spring tension closes the points,

allowing the generator voltage to build up again until

VEHICLE FRAME 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
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CURRENT REG peak when the points are closed ond ot @ minimum
L ST RSt i T . when points are open. The vibrating action of the con-
} H"'ﬂ tact points is so rapid that a voltmeter will only register

POINTS OPEN I | the average voltage developed.

The illustration at the left shows the various factors
involved in current regulation and the manner in which
it is done.

f.

|

|

| This diagram shows the same field and load circuits as

| described in the discussion on voltage regulation. It
should be remembered that when there is low resistance

| inthe load circuit, voltage will not climb to a high value

| g g

| although the current will increase. Therefore, current

L
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control must be obtained.

Since the current flow in any circuit depends upon the
| voltage or pressure causing it to flow, any reduction in
' voltage will result in a reduction in current.

I
|

BATTERY

As seen in the diagram, a set of contaect points is placed
in series with the field coil circuit and cll field coil cur-

rent passes through it. If these points were to open,

i
W PRI W I—
jJ ..’ -} - ‘_ {- ] current would no longer pass through them but would,

instead, travel through a resistance to ground and then
VEHICLE FRAME through the ground conductor back to the ground brush




of the generator. Inserting this resistance in series with the field coils not only greatly
decreases the amount of field coil current but also decreases the magnetic strength
between the poles and decreases the voltoge developed in the generator. The
decrease of voltage, therefore, decreases the amount of current flow to the load circuit.
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A coil placed in series with the load circuit permits all

AAAN I Y
the load current to pass through it. A magnetic field is * |I|'.1’

developed surrounding it, which attracts the armature ROUIT S, A =I

!
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to which the lower point is attached. When current of ; g
sufficient magnitude passes through this circuit, the I
I
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spring pressure holding the points closed is overcome SERIES
by the aftraction of the magnetic field surrounding the colL
coil, and the points open. Opening of the points places
the resistance in series with the field coils, and generator
voltage is decreased. This decrease in generator voltage
will not force as much load current to flow. Thus, current
control is obtained. The series coil may be called the
""sensing unit'' that operates a set of points fo 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, and the points close. This allows the
generator voltage to again build up until sufficiently
high current is forced through the series coil to open
the points.

BATTERY

VEHICLE FRAME

CURRENT REG VOLTAGE REG
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A simplified circuit employing both current and voltage —W . \HI'

regulators is illustrated. The resistance in the load |

circuit determines which regulating unit will operate, I

providing the generator is ot a sufficient speed. If the ‘

load resistance is large, as would be encountered with

all electrical appliances turned off and with o battery

fully charged, the generator voltage will be high and I
8

- ————

only the voltage regulator will operate. If load resistance
is low, as would be encountered when many of the Acols, 7080 1
: * g o B [
appliances are turned on and with a battery low in = P J J

charge, the generator voltage will be low. Under these
conditions, high current will flow and the current regula-
tor will operate. Either the voltage unit or the current
unit will operate, never both at the same time.

BATTERY

Thus far the discussion concerns the location of the
regulator points, which are a part of the field circuit,
and are located affer the field coils. The field circuit,
grounded outside the generator at the generator regula-
tor, is attached to the insulated brush inside the gen-

erator. This type of a field hook-up is called an A"
type circuit. “A" CIRCUIT

VEHICLE LOAD

A

CONTINUED
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TWO GENERATOR CIRCUITS continuED:

A

- ——————

VEHICLE LOAD

CURRENT REG.

VOLTAGE REG.

Ancther method of connecting the regulator points into
the field circuit is accomplished by placing the points
o before the field coils. This is called a "B type circuit,

BATTERY

“B" CIRCUIT

Regulating the current cnd voltage is cccomplished in
exactly the same manner as for the “A'" circuit. The
only difference between the two circuits is in the con-
nections of the field coils. The field circuit in the "B"
type hook-up is attached to the insulcted brush outside
the generctor through the generator regulator and is
grounded inside the generator at the generator ground
brush.

There is no perticuler advaniage of 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 use and then 4

design the regulotor and generator to correspond.
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Since the two systems require different procedures for checking, end adjusting, itis
necessary to first determine which fype unit is being checked. This may be done by
inspecting the connections af the brushes and fields. If the generator field coil lead
is connected to the insvlated brush inside the generator, the generator is an A"
type circuit. If the generator field coil lead is connected to the grounded brush
inside the generctor or to the generator frame, the generator is a "'B" type circuit.
Sometimes @ wire is used for a return circuit in place of the vehicle frame. This is
called an “‘insulated’’ circuit. Generators connected in this manner may have either
an ““A' or ‘B’ cirevit. Care must be taken that the conneciions are properly made
for the regulator used with the generater.

BATTERY

BATTERY



Qi E N ERRTAS ST O RS

SPECIAL
GENERATOR CIRCUITS

The discussion thus far has been concerned with the
“'Shunt” type generator. Its principles of operation and
method of developing voltage have bean explored.
Other types of special generctors have been designed
for specific cpplicctions. However, the basic principles
of operation are the seme as for the shunt generator
with only slight variations or additions made to this
bosic generator design. Examples of generciors of
other designs cre the Third Brush, Interpole, Bucking
Field and Split Field types.

@ THIRD BRUSH TYPE
@ INTERPOLE TYPE

@ BUCKING FIELD TYPE
@ sPuT FIELD TYPE

@ THIRD BRUSH GENERATORS

The Third Brush type generator uses three brushes
instead of two. As an interncl means of controlling
maximum current output of the generator, the field
circuit is connected so that the current fed to the field
coil windings is taken off the commutcter by the third
brush. The two main brushes are located al the neutral
points on the commutator where there is meximum
voltage. The third brush is placed in an intermediate
position between the two brushes. Consequently, it picks
up less than meximum availcble voltage.

On most units the position of the third brush can be
adjusted and set in various positions relative to the
main brushes. Moving the third brush toward the ad-
jacent main brush increases the voltage across the field
circuit and current through the field windings is thereby
increased. Increasing the field current increases the
strength of the magnetic field and results in a higher
generator output. Moving the third brush away from the
adjacent main brush reduces the voltage across the field
circuit, and current through the field windings is de-
creased. Reduced field current decreases the strength of
the magnetic field resulting in c lower generator output.
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HIGHER OUTPUT

INCREASED VOLTAGE
INCREASED CURRENT
GREATER MAGNETIC
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LESS MAGNETIC
STRENGTH
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SPECIAL GENERATOR CIRCUITS CONTINUED
@ THIRD BRUSH GENERATORS

LOW LOAD
LOW SPEED

MEDIUM LOAD
MEDIUM SPEED

HIGH LOAD
HIGH SPEED

In the discussion on the effect of armature reaction, it
was seen that the greater the current passing through
the windings of the armature the greater the distortion
of the magnetic field. Note this effect as shown in the
illustration. It also shows how the voltage developed in
the armature windings between the third brush and the
ground brush decrecses s fewer magnetic lines of
force are cut by the armature conductors when the lines
of force distort or shifi their neutral position. This
decrease in voltage forces less current through the field
coil cirevit. Therefore, less total voltage is developed
between the main brushes resulting in less pressure to
cause current to flow to the load circuit.

Therefore, this design allows the third brush generctor
to regulaie its own current output without a current
regulator. However, a voltage regulator is needed to
prevent high voltage from developing. lts operation is
similar to the voltage regulator previously described.

The third brush generctor was originally adapted for automotive use because of
its simplicity and because it was relatively easy to change generator output by
shifting the position of the third brush. The fact that it limited its own current output

was also advantageous.

The characteristic output curve of the third brush
generctor, however, soon rendered it obsolete for
modern automotive use. The evolution of the present
day automobile slowly kept cdding electrical loads to
the electrical system. New cppliances were added to
the automobile for passenger comfort and sofety and
consequently more and more elecirical energy was
needed to power these applionces anc to recharge the
battery. The fact that maximum current output could be
obtained at medium speeds only, and that current output
dropped or tapered off at high speeds, soon proved
that the capacity of the third brush generator was insuffi-
cient to carry the increased electrical loods ot higher
road speeds.

4
SHUNT TY;( UNREGULATED

SHUNT TYEF N, e
CURRENT REGULATED

,—--————

EFFICIENCY
ZONE

AMPERES

THIRD BRUSH TYPE

SPEED

Although not in use on present day automobiles, the third brush generator still has
widespread use on farm fractors.

The shunt generator has replac

ed the third brush generator for cutomotive applica-

tions. If reaches its peak specified output ot lower speeds than the third brush genera-
tor and can maintain this output throughout the generator speed range.



@ INTERPOLE GENERATORS

In the story covering neutral position, we learned that the magnetic feld is distorted
when current flows through the armcture condustors. When there are a great number
of conductors or there is high current flow, the distortion of the normal magnetic
field becomes great.

It should be remembered that the mechanical neutral position is half-way between
the pole shoes. This is a point where the armature conductor, connected to the
brushes through the commutator, usuclly has zero current flow since the voltage
that has been developed is changing from one direction to the other. However, with
a distorted magnetic field, the conductor is still generating voltage at this point
and there is a flow of currenf when the conductor is shorted by the brushes. This
causes arcing at the brushes which results in short brush life.

ARMATURE MAGNETIZING
FORCE

INTERPCLE MAGNETIZING
FORCE

To obtain both long brush life and good commutation without serious arcing, it is
essential that the armature coil does not cut lines of force during commutation. It
is possible to neutralize the magnetic force of the armature coils by installing an
“interpole’. This interpole is @ narrow pole piece mounted on the generator frame
between the ‘wo regular poles. It is wound with heavy bar copper since all the
armature current goes through this winding. The number of turns in the interpole
coil is calculated to produce enough ampere turns in the opposite direction to offset
the magnetic field created by the current flow through the armature. Since the
amount of current flowing through the armature and the interpole coil is always the
same, the right amount of correction is always present to nullify the armature reac-
tion and allow the normal magnetic field between the polesto remain in a straight line.

INTERPOLE

Because no field distortion occurs after the magnetic force, created by the current
flow through the armature, is equalized in generators using interpoles, it is necessary
that the brushes be located exactly on the mechanical neutral position rather than
in an advanced position as is found practical on non-interpole generators. On
certain installations where high speed and high current loads are important factors,
the installation of an interpole type generctor may increase brush life as much as
two to eight times over similar generators without interpoles.

CONTINUED




SPECIAL GENERATOR CIRCUITS CONTINUED

@ BUCKING FIELD GENERATORS

Some generators have additional turns of wire on the armature to develop the
voltage necessary to obtain a current for the load circuit at very low operating
speeds. Also where higher system voltage is used, such as on 32-volt marine applica-
tions, more armature turns are required to produce higher voltage at as low @
speed as possible.

When there is o wide range of operating speeds for such generators, voltage
regulation at the higher speeds becomes a very important problem. As stated earlier,
the voltage produced in o generctor cepends upon the strength of the magnetic
field, the number of armature conductors cutting through the field and the speed of
armature rotation. When there is a large number of conductors and the speed is
great, only a very weak field is needed to produce the required voltage, particularly
when only a low current output is required by the load circuit.

When such generators cperate af very high speeds, it is possible to produce more
than the required voliage even with normally regulated field coil circuit. The
residual magnetism of the pole shoes and the generator frame supply sufficient
magnetic field strength to produce voltage, but this voliage cannot be controlled.
Even though the voltage winding of the regulator opens the contact points and
inserts o resistance in the field coil circuit, voltoge will continue to ¢limb.

Controlling voltage on this type of generator is made possible by the use of a
“bucking field coil. This is a shunt coil of high resistance, wound on one pole piece
and connected directly across the brushes on the armature. The winding is connected A

in o reverse direction to the normal field winding and has an cpposing magnetic

effect to it. At low speeds, when the normal field current is large, the oppesing

effect of the bucking field is not great in proportion fo the main field. At higher

speeds, when current in the regulor or main field circuit is reduced by the voltage
regulator, the opposing effect of the bucking field is greater than the residual

magnetic field and practically cll of the magnetic lines of force are cancelled. With
no magnetic field for the armature conductors to cut through, the generator voltage

will immediately drop. Thus, the current flow through the main field coils can be Bgfz‘ilgle NOFFETSL
controlled by the regulator and the effects of residual magnetism can be controlled
by the bucking field and normal generator voltage can be maintained. The purpose BUCKING FIELD

of the bucking field is, therefore, an aid to regulation.

LIMITATION OF VIBRATING POINTS ON GENERATORS

The vibrating contact points used in generator regulation have a very definite limita-
tion. As they open and close many, many times o second, they break and make the
field circuit of the generaior. Each time the points open, an arc occurs which burns
the material used in making the points even though the best materials known are
used in their construction. For long life and acceptable performance, system voltages
and field currents must be held within certain limits. In general, on six-volt systems
a maximum of two amperes is allowed in the field circuit. On twelve-volt systems
maximum of one and one-half amperes is allowed, whereas on twenty-four volt
systsms one ampere is allowable.




In reality, therefore, the design of a generator begins in the regulator. The engineer
and designer must not exceed the limitctions of the vibrating points in the design of
their field circuit. This serves as a severe restriction in all design work.

@ SPLIT FIELD GENERATORS

The limited field coil current that can be handled by the vibrating contact points is
A a disadvantage on some applications. Either at engine idle or at low driving speeds,
the armature does not turn at sufficient speed to cut enough magnetic lines of force
to develop sufficient voltage to provide current for the load circuit. Under these
conditions, current for all vehicle loeds is supplied by the bettery. If prolonged
periods of idling and slow driving speeds prevail, the battery soon becomes dis-
charged. Therefore, it is necessary on such applications to provide a means of
genercting sufficient voltoge at low engine speeds to supply current for the load circuit.

The split field generator was designed for this purpose. As the name implies, it has
two field circuits within the generator. By increasing the magnetic field strength
with an added field coil circuit, the voltage necessery to provide current for the
load circuit and for charging the battery can be reached ot @ much lower speed.
Thus, current for the load circuit and charging the battery can be obtained at engine
idle speeds preventing battery discharge.

SPLIT FIELD

The stronger field necessary for developing voltage at
low speed is accomplished by splitting the field c¢ircuit

info fwo separate circuits, each controlled by its own
voltage and current regulator. Each set of field coils is
designed for maximum allowable field coil current.
The split field type generator has approximately double
the field strength of a generator having only cne field.

This type generator is successfully used on applications
such as city busses, where long periods of engine idling
and slow operating speeds due to congested city traffic
require the use of such a generator to prevent bottery
"‘run-downs'".

DOUBLE CONTACT REGULATED GENERATORS

The limitcticn of the field coil current that con be
handled by vibrating points hes, to @ small degree,
been offset by o new voltage reguletor design which
controls generator voltage by inserting resistance in
series with the field circuit in two steps. In step one, a
resistance of low value is inserted in series with the
field coils in the usual manner. When generator speed
and voltage climb to a predetermined value, step two
shorts out the entire field circuit so that no current flows
in the field coils.

This decrease in the resistance of field coil circuit permits
slightly higher field coil current to be used. Higher field
current means that the generator will develop regulated
voltage at a Iow%r speed and, if the design of the
genercter can withstand it, higher output can be
developed.
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