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introduction

The Dolcotron® generator is a Hghtweight,
high-performance machioe that supplies elec-
trical power for charging the battery and
operating accessories In gasoline and diesol
engine electrical systems. Featuring an out-
put at engine idle, 2 high output per pound
of weight, and a very minimum of pericdic
maintenance requirements, it & a reliable
and dependable member of the charging cir-

ouit boaum.

Constrocted essentially of a rotor mounted
of bearings in two end frames, a stator as-
sembly, and six silicon diodes, the Delcotron
generator develops A, C. voltages which are
rectifiod by the diodes to a single 1. C. volt
age and D, C. current output. This smamazal
covers the operating principles by widch the
Delootron  generator produces voltage and
current, and also includes a scction devoted
to the diferent types and designs of Delcotron
gencrators,



review of
electricity and

magnetism

In order 1o understand the operating prin-
ciples of Deleotron® generators, it will be
helpbul to review briclly the fosdamentals of
electricity and magnetism,

current

Electrie current b defined as o movement of
olectrons through a conductor such as a cop-
per wire, Current Bow is measured in amperes,
and when 6.28 hillion billion electrons pass a
certain point in o conductor In one second, the
current flow is one ampere. Electrons, how.
over, will not mwove through a conductor of
their own free will, There must be some kind
af force to enuse the elodron to move,

voltage

The [orce which causes clectrons to Bow in a
conductor is callod voltage, The voltage is the
difference in clectrical pressure measured be-
twesen two points n a efreult, Thus, using a
12-volt battery as an example, the voltage
measured between the two battery posts is
12 volts.

An important concept is “voltage potential” at
a oortain point in the electrical eivendt. This
:implg.' imoadig e voltage ar electrical presare
at a particular point with respect to another
point, 1f the voltage potential of one post of
the 12-volt hattery is zero, the voltage poten-
tinl at the other post is 12 volts with respect
to the first post.

CONVENTIONAL
CURRENT FLOW

0-VOLTS
—

Another important concept s polarity. One
post of & battery is said to be positive, and the
other negative, By conventional theory the
direction of current flow in a circuit is from
the battery or generator positive terminal
through the external circult, and then back to
the negative terminal of the battery or genera-
tor, This direction is opposite to the direc-
tion of electron Bow,

resistanco

The voltage or electrical presure needed o
produce current flow in a cireuit is necessary
o overcome the resistance in the ciroudt, Res
sistince to the How of curvent i measured
in ohms. One volt will couse one ampere to
flow through a resistance of one ohm. This
is an expression of Ohm's Law, which can be
writhen as illustmted,

_ VOLTS
AMPERES = ORVE




magnetism

Magnetism, like electricity, is imvisible, [t
effects, however, are well known, An example
is e :.I.l.t.lcﬁnll.l.ril.burm.;;ﬂnﬂ for iron fl-
ings. A magnet has a Morth pole, designabed
as "N and a South pole, designated as "5
The space around the magnet in which iron
Blings are attracted b called the “Geld of
foree™ or magnetic Seld, and iz deseribed ax
lines which come ouwt of the North pole and
enfer the South pole.,

Electricity and magnetism are very closely as-
sociated, because when electric current passes
through a wire a magnetic Beld is ereated
around the wire,
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When a wire camrying clectric current is
wound into a coil, a magnetic Geld with N
and 5 poles is ereated just as in 2 bar magnet,

Using the "Hight Hand Rule™ — wrapping
the Engers around the codl in the direction of
current fow, the thumb will point towands the
North or N pole.

I un iron core is plooed inside the eodl, the
magnetic Beld becomes much stronger, be-
cause iron comducts magnete lines moch
easier (han air, This arrangement, called an
electromagnet, is used in generators to creato
strong magnetic ficlds by winding many tums
of current-carrying wire around fron cores
culled pole pieces,

electromagnetic induction

We have seen that a magnetic eld, made up
of s of Force, {3 created around & wire when
current is passed through it. IF & magnetic
field is moved so that the lines of force cut
acrogs o wire ponductor, o voltage will be in-
duced in the conductor. The induced voltage
will canse current to Bow when an cloctrical
load, such as a resistor, is connected across
the conduetor,



The direction of current fow is determined by
the dircction of the magnetic lines of force and
the direction of motion of the magnetic ficld

with respect to the conductor, To visalize
this, note the illustration, where magnetic

pole pieces are being moved so that the

magnetic lines of force are cutting across a
conductor.

The direction of the magnetic lines of force is
upward, since magnetic lines leave the North
pole and enter the South pole. The direction
of motion of the magnetic Beld is toward the
right, as indicated by the gray arrowe With
this direction of motion, the magnetic lines
are striking the comductor on fts left side,
which is called the leading side.

The direction of current flow can be deter-
mined by applying the Right Hand Rule as
follows: Grasp the comluctor with the right
hand with the fngers on the leading side of
the conductor, and pointed in the direction
of the magnetic lines of force. The thumb
will then paint in the direction of current fow,

Valtage s generated in Deleotran grnerpbors
by moving strong magoeetic Belds across sta-
tionary conduchors,

Although our coverage of basic electrical
principles has boen  limited and rather briof,
it will sene as a welul background for the

next section covering the aperating principles
of Deleotron generators. For a more thorough
coverage of electrical fusdamentals, refer 1o
the Deleo-Remy Training Chart Mamual, DR-
S133A, entitled, “Fundamentals of Electricity
and Magnetism,”




operating
principles of
Delcotron

generators

In the review of electrical fundamentals, it
was obsorved that & voltage will be indoced
in a conductor when a magnetic field is
moved across the conductor, For example,
consider o bar magnet with its magnetie field
rotating inside a boop of wirne,
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ROTATING
LOAD MAGHETIC
CIRCLNT FIELD

With the magnet rotating as indicated, and
with the § pole of the magnet directly under
the top portion of the loop and the N pole
dircctly over the bottom portion, the induced
voltage, as determined by the Right Hand
Rule, will ciuse current to fow in the drenit
in the direction shown. Since current flows
from positive to negative through the external
or load circuit, the end of the loop of wire
marked A" will be positive (1) polarity and
the end marked "B” will be negative {— ).

After the bar magnet has moved through one-
half revolution, the N pole will have moved
directly under the top conductor and the 5
pole directly over the bottom conductor. The

imdueed voltage as determined by the Right
Hand Hule will now cawse current to How
in the opposite direction, The end of the loop
of wire marked “A" will become negative ()
polarity, and the end marked "B will be-
come positive (+). Therefore, the polarity of
the cods of the wire has changed. After o
second one-half revolotion, the bar magnet
will be hack at the starting point where A7
is positive () and "B” pegative [— ]

Consequently, current will Sow through the
load or extermal cirenit first in one direction
and then in the other. This is an altemating
current which is developed internally by a
Deleotron gencrator.

A Deleotron  penerator made with a bar
magnet rotating indde a single loop of wire
is not practical, since very litthe voltage and
current are produced. The performance is ime-
proved when both the loop of wire and the
magnet are placed inside an iron frame. Tho
iron frame not only provides a place onto
which the loop of wino can be assembled, but
also acts a5 o conducting path for the magnetic
lines of force. Without the iron frame, mag-
petism, after leaving the N pole of the rotat-
ing bar magnet, must trovel through air to
H-“ to the 5 Pnlc. Becauwae air has a hiﬂh fat
luctance to magnetism, only a few lines of
force will come out of the N pole and enter
the 5 pole, Since iron conducts magnetism
very eagly, adding the iron frame greatly
inereases the number of lines of Foree be-
tween the N pole and the 5 pole, This means
that more lines of force will be cutting across
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the comductor which Hes between the bar
magnel and the frame

It is important to note that a very large num.
ber of magnetic lines of foree are at the center
of the tip of the magnet, whereas there are
only a few lines of force at the leading and
trafling edges of the tips. Thus, there is a
strong magnetic Beld at the center and a weak
magnetic Hold at the leading and trailing
edges. This conclition results when the dis-
tance, called the air gap, between the magnet
and ficld frame is greater at the deading and
trailing edges than at the center of the mag-
met,

The amount of the voltage induced in o con-
ductor is proportional to the number of lines
of fores which cut across the conductor in &
given length of tme, Therelore, if the mums
ber of lines of force is doubled, the induced
viltage will be doubled.

L4

The voltage will also increase if the bar
magnet is made to tum faster because the
lines of force will be cutting scross the wire
in o shortor period of time,

It is important to remember that cither in-
creasing the speed of rotation of the har
magnet, or increasing the number of Hnes of
force cutting across the conductor, will re-
sult in inereasing the voltage. Similasly, de-
creasing the speed of rotation or decreasing
the number of lines of force will cause the
voltage o decrease.

The rotating magnet in a Deleotron generator
is called the rotor, and the loop of wire and
outside frume assembly 5 called the stator,

Pictured in the illustration are different posi-
tions of the rotor ms it rolates at constant
speed, In the top portion of the illustration is
a curve showing the magnitude of the voltage
which & generated in the loop of wire as the
robor revolves,

The voltage curve shows the generated volt-
age or electrical pressure which can be mea-
sured across the ends of the wire, just as valt.
age can be measured across the terminal
poats of a battery,

With the rotor in the firsst position (1), there
is no voltage being generated in the loop of
wire because there are no magnetic lines of
force cutting acvoss the conductor. As the
rotor turns and approaches position (2), the
rather weak mugnetic feld at the leading
edge of the mbtor starts to cul across the eon.
ductor, and the voltage increases. When the
rotor reaches position (2), the generated volt-
age has reached ity maximum valie, a5 shown
above the horizontal line in the illustration.
The maximum voltage occurs when the otor
poles are directly under the conductor. It is
inn this position that the conductor is being cut
by the heaviest concentration of magnetic
lines of force,

It should be noted in particular that the
magnituce of the voltage varies becanse the
concentration of magnetic lines of Force
cutting noross the loop of wire varies. The
veltage curve shown is not a result of a change
in rotor speed, bocause in the illostration the
rofor Is congidered fo be twmning at o con-
stant sooml
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By applying the Right Hand Rule to position
(2, it iz seen that the direction of cuarrent in
the leop of wire will be out of the top end of
the eonductor, and into the bottom end. Thus,
the top end of the conductor will be positive,
and the bottom end negative. The voltage
curve which is shown above the horizontal
line represents the positive voltage at the top
end of the wire loop which is generated as the
rotor tums from position (1) to posithon (3},

As the rotor turmns from position (2) to pos-
tion (3}, the voltage decrcases until at position
{3} it again becomes zero,

Az the rotor turmns From position (3) to posi-
tion (4), note that the N pole of the rotor is
oW passing unidler e top purt of the wine
loop, and the 5 pole under the bottom part.
From the Right Hand Rule, the top end of
the loop of wire f& now negative, and the bot.
toan emd positive. The negative voltage at the
top end of the loop is pictured in the il
lustration by the curve which is below the
horizontal line.

The voltage again returns to zero when the
rotor turns from position (4} to position (3).

The voltage curve in the llustration repre-
sohly one ounplete tum or cvelo of the mtor,
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With the rotor making B0 scomplete tums in
one second, there will be 80 such curves, one
coming right after the other, resulting in 60
oycles per second. The number of cycles per
socond is called the frequency. Since the
generator speed vardes in automotive type
applications, the frequency also varies,

The single loop of wire acting as a stator wind-
ing, amd the bar magnet acting as the rotor,
serve o illustrate how an A, C. voltage is
produced in a basic generator. When two
more separate loops of wire, spaced 120 de-
groes apart, are added to our basic generator,
two more separate vollages will be produced.

With the 5§ pole of the rotor directly under
the A conductor the voltage at A will be
maximum  in magnitede and  positive in
polarity. After the rotor has tumed through
120 deogroes, the 5 pole will be directly under
the B conductor and the voltage at B will be
maximom  positive.  Similarly, 120 degrees
later, the voltuge at C will be maximum
positive, This means that the peak positive
voltages at A, B amd C in each loop of wire
oocur 120 degrees apart. These loop voltage
vurves are shown in the illustration,

g

When the ends of the loops of wire marked
A, B, and C, are connected to the ends
marked B, C and A respectively, as illus-
trated, & basic three phase “delta™-connected
dator s formed. The three A. C. voltages
available from the delts-connected stator are
identical to the three voltages previously dis-
pussod, and may now be denoted as the volt-



ages from B to A, C o B, and A to ©, or
maore simply BA, CB and AC. An inspection
of the illustration will show the logic of this
notation. Example: The wvoltage formerdy
called A, A may now be calld BA,

When tho ends of the loops of wire marked
Ay, B, and C, are connected together, a basic
three-phase Y -connected stator is formed.
The three voltages available from the “Y™-
commected stator may be labeled BA, CR and

- B T (1] ———s

AC. From the illustration it may be secn that
each of these voltages consists of the voltages
in two loops of wire added together. For
example, the voltage measured from B to A
consists of the voltages in loops BB and A, A
added together. This addition yields a volt-
age curve BA similar in shape and form to
the individual loop voltages, except that the
voltage curve BA will be approximately L7
times as large in magnitude as an individual
loop veltuge, The addition of the loop volt
ages Involves a mathematical process which
will not be presented here, since it is only
necessary to remember that three A, C. volt-
ages spaced 120 degrees apart are available
from the “Y .connected stator, as illustrated.
These voltage curves will be considered in
more detal in the following sections,

At this point in our discussion we have
doveloped the two bagie types of stutor wind-
mgs, and have shown how three separate

complete cyeles of A, C. voltage spaced 130
dogrees apart are developed for each oom-
plete revolution of the rotor. We now turn
our attention to the diode, and will see how
six diodes connected to the stator winding
change the three A. C, voltages to a single
D, C. voltage needed for the D. C. electrical
system.

A complete deseription of the operating prin-
ciples of diodes is covered in Deloo-Remy
Training Chart Manual DR-5133), entithed,
“Fundamentals of Semiconductors.” For the
purposes of this soction, we need know oaly
that a diode is an electrical device that will
allow current to flow through itself in one di-
rection only. The diode is often pictured by
this symbol, and current can flow through the
diode only in the direction indicated by the

AITOW.

CLURRENT ROW

+

DIODE SYMBOL

When a diode is connected to an A, C.
voltage source having ends marked A and B,
current will flow through the disde when A
is positive (+) and B is negative (=) The
diode is said to be “forward.biased ™ and with
the voltage polarity across the diode as shown,
it will conduct curment, When the voltage at
A b negative and at B is positive, the diode
is said to be “reverse-biased” and it will not
canduct current,

FORWARD

Bl&S

+ | —
é— :|é+ :
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REVERSE
BIAS
CURRENT ROW MO CLURRENT FLOW
Thiz current Bow that would be obtained from
this arrangement b illustrated. Since the cur-
rent flows only half the time, the diode pro-
vides what is called “half-wave rectification.”
A generator baving only one diede would
provide very limited output,
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The output i3 increased when four diodes are
used to provide “full wave rectification.” Nobe
that the curment is more continuous than with
onis diide, bat that the corrent varies from a
maximum value to a sero value, It s partic:
ubarly important to observe that the current
flow through the external load resistor is in
one dircetion anly, ‘The A C, voltage and
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current have, thesefore, been rectified to a
unidirectional or D, C. voltage and current
This cireuit arrangement could be wsed 1o
charge a 3. C. battery, but it does not pro-
duce the most output that can be obtained
in a generator.

In order to obtain a higher output and a
smoother voltape and current, a three-phase
gtator is connected to six dicdes which to-
E_r:hq:[ f«l:lnn a "I!lu'ru:-lﬂl.a.u: Frualloaw e 1lﬂ.l:|.ﬂf
rectifer.” The uprrnlinn af the Y -comnected
stator will be illustrated Brst, then that of the
dilta-connected  stator. A battery connected
o the I, C. output terminal will have its
energy restored as the generator provides
charging ciurrent, Note that the blocking ac-
tion of the diodes prevents the battery from
discharging directly through the rectifier,

In order to explain the direction of current
flowe in the stator-rectiBer combination, we
will review bricfly our previoos discassion
concerning the three A O, voltage ocurves
produced in the "V <connected stator wind-
ing. Our first reference was to the voltages
developed in each loop. These loop voltage
curves A A BB and C,C are reproduced here
for reference, However, these individua] loop
voltages do not appear AcTss the: rectifier
diodes, because the rectifier is conmected only
ton thee A, B andd C terminals of the stabor,
Thercfore, the voltages which appear across
the rectifier diodes are the phase voltages BA,
CH and AC,



The phate valtage curves BA, CB and AC are
abin reproduced here, and are obtnined a3
previously explained by adding together each
pair of loop voltages. As an example, phase
voltage BA is obtained by adding together
the voltages in Joops A A and B B. In order
to obtain the phase curve BA, we add to-
gether the voltage from B to B, and the
voltage from A, to A. Consider the instant
when the voltage in curve BA is maximum in
magnitude and positive in polarity. At this
same instant the voltage BB i3 minus 8, or
the voltage from B to B, is plus 8, This value
added to the A,A loop voltage of plus § volts
yields 4 maximum positive veoltage of 18 volts
for curve BA. By taking different instants of
time, the entire curve BA wd curves CB and
AC, can be obtained in this same manner,

For convenience, the three A, C. voltage
curves provided by the “Y -connected stator
for each revolution of the rotor have Been
divided into six periods, 1 through 6, Each
period represents one-sivth of 5 rotor revolu.
tiom, or 60 degrees.

An inspection of the voltage curves during
period 1 reveals that the maximum valtage
being produced appears across  stitor  fers
minals BA. This means that the current Bow
will be from B to A in the stator winding
during this period, and through the diodes
s illustrated,

In order to see more clearly why the current
Bows during period 1 as illustrated, assume
that the peak phase voltage developed from B
to A is 16 volts. This means that the potential
at B ks zero volts, and the potential at A is 16
volts. Similarly, from the curves the phase
valtage from C to B at this instant is minus &
virlts, This means that the potential at C is 5
volts, since C o B, or § to zero, represents &
minus 8 volts, At this same instant the phase
voltage from A to © is also minus 8 volts, This
chocks, since A to C, or 18 to 8, represents
minus 5 valts.

Neglecting voltage drops in the wiring, and
asuming & one volt drop in the conducting
digdes, the voltage potentials are npoted on
the rectifier. Ouly two of the diodes will con-
duct gurrent, since these diodes are the only
ones in which current can fow in the forwarnd
direction. The other dindes will sot conduct
current because they are reverse based. For
example, the lower right-hand diode is reverse
biased by 7 volts (15 — §=7), and the right-
hand middle diode is reverss biased by 15
wolts {15 — Ows 15), It is the bianing of the
individual diodes, provided by the stator, that
determines how currend flows in the stator-
reciifier eombination. Throughout period 1 the
current lows a3 indicated, because the hias
direction acrows the diodes does not change
from that shown. Although the woltage
potentiasls seross the diodes will vary no-
merically, this vardation is not suficient dur-
ing period 1 to change a diode from reverse
bias to forward bias and from forward bine
o reverse bias,
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An inspection of the phase voltage curves will
riveal that between periods 1 and 2 the maxi-
mum woltage being impressed across the
dindes changes or switches From phase BA to
phase AT, This means that as the maximum
voltage changes the current Bow will change
from BA to CA.

.
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It is important to nobe that the maximum
voltage being produced in the stator windings
during period 2 appears across phase AC and
that this voltage is negative from A to C.
Taking the instant of time at which this volt-
age is 18 volts, the potential at A is 18, and at
C iz zero (A to C, or 16 4o 0, iz a negative or
minus 16). Similarly, at this same instant, the
voltage across phase BA is § volts, and across
phase CB is 8§ volti. This means that the
potential 5t B iz 8 volts, as chown, The direcs
tion of current fow during period 2 iz il-
lustrated,
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F‘nlhminﬁ thee sourmse l:rn;'h:]un;'- for pﬂ'ﬁd; 3=
B, the current flow conditdons can be deter-
mined, and are shown in the illustrations.
These are the siv major current Bow condi-

tons for a three-phase ™Y -connected stator
nmd rectiBer combination.

The voltage abiained from the statoer-rectifier
combination when ovmimected o @ l|‘|n|\\l'l."|.-r_l,- s
not perfectly "lat,” bul i3 0 smooth that for
all practical purposes the cutput may be oon-
sidered to be a nonvarying I, C. voltage, The
voltage, of conrse, is obtained from the phase
voltage curves, and cam be plotured as il
Tnestrated.

An altermate methed of establiching the direc-
tion of current Bow through the rectifer for
8 Y -connected stator is to refer to the il
lustration showing the loop voltage curves,
During period 1 the two loop windings having
the largest voltages are A, A and B,B, with the
voltage in loop C,C always boing less than the
voltages in the other two loops. Since the
voltage in A A is positive, and in BB is
negative (positive from B to B,), the current
will Bow from B o A during period 1 The
phase voltage curve BA, of course, s slmply
a picture of the actual voltage that the two
loop voltages A A and BB added together
impress across the rectifier diodes,



Keferring again to the loop voltage curves, the
two loop windings having the largest voltages
during period 2 are A A and C,C Since the
voltage in A,A is positive, and C,C is negative
[ positive from C 10 ©,), the current will flow
from C to A during period 2. In this same
manner, the current Bow directions can be
determined for the remaining four periods.

Although this alternate method of uxing loop
valtages can be wsed to detormine the curront
Bow directions, it cannot be used to explain
why the current Bows as it does through the
stutorspectifier combination. In order to ex-
pluin why, it is necesary to determine the
voltages that actually exist at the rectifier, be-
cituse it 15 these voltages and the biasing of
the dindes that determine the cument fow
directions. These voltages are represented by
the phase voltage curves, which are the volt-
ages that actually appear at the rectifier
diodes. Again, as we have already seen, the
phaze voltage curves are simply the loop volt-
age curves added together.
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A delta-connected stator wound to provide
the same outpul as a "Y -connected stator
also will provide a smooth voltage and cur-
rent output when connected to a siv-diode
rectifier. For convenience, the three-phase
A. C. voltage curves obtuined From the hasic
delta connection for one rotor revolution are
reproduced here and have been divided into

six periods,

During period L, the maximum voltage being
developed in the stator iz in phase BA. To
determine the direction of current flow, con-
sider the instant at which the voltage during
period 1 s a maximum, and assume this
voltage to be 16 volts. The potential at B is
wioro, and at A is 18, From the curve, it can be
seen that the voltage of phase CB is a negative
or minus & volts, Therefore, the potential at
Cis§5(CtoBor8to0isa minus § volts)
Similarly, the voltage of plase AC & minuas
8 volts. This checks, sinee A to C, or 16 to 8,
is a minus 8 These voltage potentials are
shwown in the illsstration. The curment fow
through the rectifier is exactly the same as for
a "Yiconnected stator, since the vollage
potentials on the diodes are identical.

An inspection of the delta stator, however,
reveals a major diference from the “Y™ stator.
Whereas the “Y" stator conducts carrent
through only two windings throughout peri-
od 1, the delta stator conducts current
through all three. The reason for this is ap-
parent, since phase BA ks in parallel with
phase BC plus CA. Note that since the volt-
age from B to A is 16, the voltage from R to C
ter A also must be 16, This is true since 8 volts
is developed in each of these two phases

During poeriod 2, the maximom voltage devel-
oped is in phase AC, and the voltage potentials
are shown on the illustration at the instant the
voltage is maximum. Also shown are the other
phase voltages, and again, the current Bow
through the rectifier is identical to that for a
Y stator, since the voltuges across the diodes
are the same. However, as during period 1,



all three delta phases conduct current as il
Tt rmtesd.

Following the same procodure for perieds 3-
6, the current How directions are showm,
These are tho six mapor current Bow condi-
tions fur u delta stator.
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This conchsdes our study of the fundamental
prisciples by which o simple, basie generator

develops three A, C. voltages which are then
rectified to a single D, C. voltage and current
for use in the clectrien] system, Although
the bvpical voltage values used in the recent
illustrations ignore line drogs, they serve very
well tos show in simplified fashion the sequence
and direction of carrent fow through the
stator and disdes.

The Deleotron generator & comstrocted
with more than just & bar magnet as o rotor
and three single loops of wire as o stator, In
the next section we will direct our attention
ta the basic types and designs of Delootron
generators, and to the construction features
of sach.

types and designs

The Deleotron geperator has only one func-
tion to perform in the clectrical system—to
supply current to charge the battery and op-
crate electrical accessories. Since each ap-
plication makes its owm special requirements
on the gencrator, there are many different
types and designs of Delcotron generators.
Some of the factors which determine generator
design are type of mounting vibration, belt
Inading, minimum and maximum rotor speeds,
current output, senvice life roquined, and
enwvircnmental Factars such as dust, dirt, poad
splash, and the presence of explosive mixtures
in the atmosphere, This section covers the
basic types and designs of Delcotron genera-
mn:l;.lm the primary construction fratures of
o

All Delcotron  gencrators have the  rotor
mounted on ball or roller bearings, and each
boaring has a supply of lubrication to provide
long periods of service, Current to the ool
winding mounted on the rotor is supplied
through brishes rding on smooth slip rings.

All Deleotron generators develop three-phase
A. C. voltage which is then rectified to  single
D. C. voltage available at the owtpot terminals
on the generator. Also, all Delootron genera-
tors are designed to provide an output at
engine idle, the amount depending on the ap-
plication, The Delcotron gemerator is “self-
limiting”™ in its maximum output—this eoours

as the magnetic Beld produced by the current




ROTOR SPEED
in the stator windings opposes in polarity and
approsiches in value the mageetic feld pro-
vided by the rotor as the generator output in-
ereases, This cavses the generator ko lmit its
awn outpul 1o & madmum value,

Generators of this type are designated as the
10-DN Series, and are used on many applica-
tions, including automotive, light truck, farm
tractor and aireraft. Some medels feature en-
closed brushes and slip rings to meet the
requirements of marine and other applications
where explosive mixtures may be present.

The rotor assembly consists of two iron pole
picees with interlacing Sngers mounted over
many tums of wire which are wound aver the
rotor core mounted on the shaft. The rotor
cotl is connected electrically to the twa slip
rings, which are then connected to the battery
through the brushes and leads. When ener-
gized, the rotor codl is an electromagnet which
produces alternate Nerth and South poles.
The rotor shown has a total of 14 poles,

The stator assembly congists of three separate
windings mounted on a laminated iron frame,
The windings are connected topether to form
a “Y" connected stater. An incomplete stator
assembly with only one of the windings s
illustrated.

Each winding consists of seven eoils, and each
enoil contains many tums of wire, There is one
coil for each pair of rotor poles. A complete
eycle of A. C. voltage will be generated in
each coil as a North and South pole pass by
the cofl. With seven coils in series, sach being
influenced by a North and South pole simulta-
noously, there will be soven ool voltages add-
ing together to provide a complete winding
voltage. In the previous section, & two-pole
magnet type of rotor was wsed to show that
a complete cycle of A. C. voltage will be
produced for each motor revolution. With a
l4-pole motor, seven complete cvcles of
A. C. voltage will be produced for each rotor
revalution,

Two more identical windings mounted on the
iron frame complete the assembly. These
windings are spaced so that the “Y"-connected
stator delivers three.phase A, C. voltage as
coversd in the previous section,

15
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The stator is connected 1o six pressdn type
diodes. Three of these diodes are mounted
in the end Frame, and the other three are
mounted in an electrically  insulated heat

With a Id-pole rotor having strong magnetic
Eelds, a stator containing many tumns of wire,
and adequate cooling, the generator is a high
output source of electricity,

The 20-DN Series of generators use a 18-pole
rotor similar to the 14-pole type, a "Y"-con-
nected stator, amd press-in diodes. This type
of assembly s of rugged construction, with
dual internal fans for cooling, and with
fully enclosed dual brush sets featured on
soma: masdels, The diodes are assembled into
two separate heat sinks attached to the gen-
erator shell or outer frame, This tvpe of
gemerator is normally uwsed on automotive,
light and heavv-duty truck, marine, and
industrial applications requiring higher cur-
rent outpats than the preceding assembly,

Shown in the illustration is a 30N Series
generator used in truck, marioe, industrial, and
other heavy-duty applications where a high
output at idle is required. This type of as-
sembly has mounting lug spacing to meot
specific requirements, an external fan for
pooling, and on some models, Fullv enclosed
dual brush sets,




A four-pole mior, containing many turms of
metal foil wound to produce strong alternate
North and South poles, is used on this type
of penerator. The “Y".connected stutor will
provide two complete cyeles of voltage across
each phase for each revolution of the rotor,
The diodes have serew threads and a hex hisad
to facilitate mounting into the cnd frame
and heat sink.

A generator in the 40-DN Series designed for
antemmotive, truck, marine and industrial ap-
plications having  high electrical loads is
shown. This type of assembly wses a 12-
pole rotor similar to the -pole type, and
either a "Y"-or a delta-connected stator. The
diodes are of the threaded tvpe, and some
madels have fully enclosed dual brush sets,

A S-DN Series, tofally enclosed, brushless
generator in which all current-carrying con-
ductors are stationary is used on motor coach
applications, This type of gencrator is cooled
by engine ofl circulating through the assem-
Tk,

The brushless constroetion is made possible
by a special rotor having the North and
South poles connected by a noo-magnetic
ring. The principle by which this gencrator
operates 5 illustrated.

The field coil amd core assembly, which sup-
plies the magnetic feld needed to ot across
the stator windings, is mounted on the end
frame, which is stationary, The rotor pole
picves mounted on the shaft are similar in
comstruction to the 12-pole rotor, and are
made to fit very closcly over the stationary
ficld coil winding The rotor is mounted on
bﬂl’hﬂ.ﬂbﬂlllﬂfﬂhﬁtﬁﬂhﬂ;ﬂfﬂiﬂ“ﬂ
drive end frame.

The non-magnetic ring supports the rolos
segment opposite the drive emd without pro-
vidjngtpqlhfnrmmeﬁclfmmgﬁﬁum
the North poles to the South pales. When the
stator windings mounted on an iron frame
are positioned over the rotor with a very
close air gap between the stator and rotor
the magnetic lines from the North poles fol.
bow the easy path into the stator assembly
and then into the South poles. With very small
air gaps botween the feld and rotor, and be-
tween the rolor and stater, magnetic poles
having many lines of foree are created, As
the mtar tums, the magnetic Beld cuts meross
the "V -comnected stator windings and a
three phase A, C, voltage i generated. This
voltage is then rectificd by six large threaded
diodes to a single D. C voltage and current
output,

i



18

A generator vsed on construction equipment
in the J0-51 Series iz similar to the oil-coobed
type, except it is afr-cooled by a fan and has
a completely statie semi-conductor regulator
built ooto the genemtor assembly, It iz of
brushless construction with all current-carry-
ing conductors being stationary. This typo of
design represents a completely  integmted,
compact umit having high current output ca-
pacity.

Although there are many design and stractural
variations from those presented in this sec-
ton, the more popular and basic design fea-
tures have been deseribed,

generator tests

When making tests on Deleotron generators,
referencr should be made to the appropriate
Deleo-Remy service bulletin for specifications,

output check

To check a Deleotron gencrator for autpat,
connect & jumper lead from the generator oul-
put or "BAT terminal to the feld or F ter-
minal, a voltmeter from the "BAT terminal
to pround, snd an ammeter in the cireuit at
the “BAT" terminal. If two feld terminals
are present, ground the nﬂh!':l‘ fold terminal
with a jumper bead. ﬂper:lc the generator at
specified speed, adjust the variable load oon-
nected across the battery to obtain specified
wvoltage, and observe the current output. If
the output does not meet specifications,
disassemmble thae g-l"lll‘:l‘l.l.m‘ for cheeks of the
rotor, stator, and d-ndn:




The rotor windings may e checked by con-
necting a battery, ammeter and voltmeter to
the edge of the slip rings. If the current draw
is above specifications, the windings are
shorfed, and if the current draw is low, ex-
ovssive resistance is indicated.

An ohmmeter may be used in place of the
hattery and ammeter, The specified resistance
may be caleulated by dividing the voltage by
the current listed in the specifications book-
let. A low resistance indicates shorted wind.
imgs, and a high resistance an open or poor
connection.

TERRCE B R D SO

An ohmmeter connected from either slip ring
to the shaft should show a high resistanee. A
low resistance indicates the Beld windings are
groumnded.

A test light may be used in place of an
ohmmeter to check for opens and groumds,
but the test light will not check for shorts.
When connected across the slip rings, failure
to light indicates an’ open. The windings are
grounded if the Lump lights when connected
from elther slip ring to the shaft.

Checks on the stator should be made with all
diodes disconnected from the stator, It is not
practical to check the stator for shorts due to
the very low resistance of the windings. Also,
it is not practical to check the delta stator for
opens because the windings are connected in
parallel,

To check the “Y .connected stator for apens,
conmect an ohmmeter or test light across any
two puirs of terminals, A high chmmeter read-
ing, or no light, will reveal an open winding.

Either type of stator wisaling may be checked
for grounds by conmecting an ohmmeter or
test light from either terminal 1o the stator
frame, The windings are grounded if the
olmmeter reads low, or if the lamp lights.

If all chocks are smtisfactory, including the
dinde tests listed below, but the generator
fails to provide rated output, a shorted Y™ or
delta stator winding, or an open delta wind-
ing, can be suspected.

diodes

Diodes when disconnected from the stator
can be checked lor defects with an ohmmeter
having a 1% volt cell. Using the Jowest range
seale, connect the shmmeter leads to the diode
case and the dinds deom and then reverse

i



the connections. On push-in type diodes, if
both readings are wvery low, the diede is
shorted. IF both readings are very high, the
diode is open. On threaded-tvpe diodes, i
both readings are below 300 olims, or i both
readings are above 300 ohms, the diode is de-
fective, The 300 ohm value should be near
mibd-scale for accuracy. A good dinde will give
one wvery low amd one very high reading.
CAUTION: Do not wse high voltage such as a
110 volt test light to check diodes.

summary

The above checks are general. When checking
Deleotron  gemerators, always  follow  the

specific procedures given in the appropriate
Deloo-Remy Service Bulletin



