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UNITED STATES

PaTeENT QFFICE.

ALBERT B. HERRICK, OF SCHENECTADY, NEW YORK, ASSIGNOR TO THE
GENERAL ELECTRIC COMPANY, OF BOSTON, MASSACHUSETTS.

DYNAMO-ELECTRIC MACHINE.

SPECIFICATION forming part of Letters Patent No. 520,781, dated June 5,1894,

Application filed January 25, 1894,

To all whom @t may conceri:

Be it known that I, ALBERT B. HERRICK, &
citizen of the United States, and a resident
of Schenectady, county of Schenectady, and
State of New York, have invented certain
new and useful Improvements in Dynamo-
Electric Machines, of which the following is
a specifieation,

My invention relates to a method of and
apparatus for taking a plurality of currents
of different potential from a single dynamo-
electric machine, and has for itsobject to pro-
vide an efficient means of compensating for
the drop in an extended system of distribu-
tion used either for power or for lighting;
and my invention consists in the method
herein pointed out, which is generally appli-
cable, not only to the above purpose, but to
any case in whieh a plurality of currents of
different potential may be required, and also
in the combination of apparatus and cireuits,
in a way hereinafter particularly pointed out,
to attain the objects of my invention; and
further, in the dynamo-electric machine it-
self, as will be more particularly described.

To attain the ends pointed out, I preferably
provide a composite magnetic field, in which
the armature is rotated; that is to say, I pro-
vide a magnetic fleld in some parts of which
the magneticintensity or number of magnetic
lines of force to the square inch is greater
than in other parts, and this sub-division of
the fleld may be extended to any desired de-
gree, so that, if desired, I may obtain from a
multipolar machine a varying number of cur-
rents, even as many as half the number of
polesin the field; and from the brusheslocated
adjacent to each pole, if the circuits be sub-
divided as just suggested, I take a current of
the particular potential desired, using all of
the negative brushes as a common return of
the various currents.

For the purposes of my invention as ap-
plied to a system of distribution, eurrents of-
three different degrees of electro-motive force
will ordinarily be found sufficient, and in ex-
emplifying the construction which I prefer, I
have selected that number as easiest of illus-
tration and deseription. In such a number

the current of medium potential, as I shall

call it, will be the one of greatest volume, as

Serial Mo, 498,036, (No model)

ordinarily the distributing station is located
as nearly as possible at the center of the sys-
tem; while the two other currents in the case
illustrated, called, for convenience, the high
potential and low potential currents, will be
of smaller volume, the high potential current
being transmitted, as will be easily under-
stood by those skilled in the art, to the more
distant portions of the system, while the low
potential current will supply the parts of the
system nearest to the power station. It is
also best in carrying out my invention to ar-
range the different portions of the composite
field in such order that the armature con-
ductor shall not pass from the part of the
field of greatest intensity to that of least in-
tensity at once, but to interpose a portion of
the field having an intermediate intensity or
adapted to generate a current of medium po-

tential, as above described; for which pur--

pose I arrange the brushes so that a brush
taking current of greatest potential is sue-
ceeded first by a negative brush, then by a
brush taking current of medium potential
with its corresponding negative brush, then
by a brush of least potential with its corre-
sponding negative, which is next succeeded
by a brush of medium potential with its cor-
responding negative, and so on around the
circumference of the armature. This ar-
rangement has the advantage of causing the
armature conductors to move through a field
of foree the changes in which are gradualand
not sudden, so that as the conductors progress
from one part of the field to another, the po-
tential of the current in it is changed gradu-
ally and not by sudden steps., It will be read-
ily understood that the sub-division of current
may be less than that illustrated, or, as al-
ready indicated, may be carried to any de-
sired extent. )

In the convenient diagrammatic illustra-
tion which I have adopted to exemplify my
invention, Ihave shown a multipolar machine
having sixteen poles,and provided, as is com-
mon with such machines, with a separate ex-
citer; but it is manifest that my improved
method and construction is equally applicable
to the ease of self-excited machines hav-
ing shunt windings or to compound-excited
apparatus, whether directly compounded or
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over-compounded for a compensating or over-
compensating rise of potential and in accord-
ance with the increase of load; this over-
compounding might,if the machine were spe-
cially constructed to allow of it,be so propor-
tioned as to give for each of the different cur-
rents selected a different compounding action
so as toover-compound for the high potential
feeders taking current to the more distant
parts of the line, to compound to a less de-
greefor the middle portions of the line, and to
compound very litlle or not at all for the
parts of the system nearest to the power sta-
tion, wherein ordinarily the current is sup-
plied with a negligible drop of potential. As
the system of distribution increases in ex-
tent, the problem of supplying its outlying
portions without special machinery becomes
a complicated one; in stations employing
many machines connected to common bus-
bars, the difficulties have been met by the
method of raising the potential to a degree
adequate to compensate for the drop to the
most distant point,orover feedershaving the
greatest resistance,and adding resistancesto
all of the otherfeedersto equalize the pressure
upon the system and the current supplied in
the different feeders; or separate machines
have been run having a greater electro-mo-
tive force, and feeding into the system at its
most distant point; or resort has been had to
one or another of the so-called “booster”
systems, in which often a number of small
machines are connected in the various feed-
ers, or else as an alternative, the size of the
more distant feeders has been inereased; all
of these methods are objectionable on the
ground of expense, the extra resistances of
the first method wasting current, the extra
machines of the second being a ground of ex-
pense on the interest account and in their
running, their usefulness being confined to
the times when a somewhat large load is be-
ing carried on the outlying part of the sys-
tem, the third necessitating a multiplicity of
small machines troublesome to care for, com-
plicating thesystem, and incurring additional
loss attendant on a second transformation of
energy and the fourth involving a waste of
copper,inasmuch as the greater the distance,
the larger the feeder, it increasing both in
length and size. It is to obviate these de-
fects that I have devised my present method
and machine, whichis fully illustrated in the
accompanying drawings, hereby referred to
and made part of this specification, in which
like letters and figures refer to like parts
throughout, wherein—

Figure 1 is a diagrammatic side elevation
of a multipolar dynamo constructed accord-
ing to my invention, and Iig. 2 is a diagram
of a system of distribution employing such a
dynamo.

In this description I have referred to a sin-
gle machine, but I do not thereby intend to
confine myself to the employment of a single
generator embodying my improvements and

method, as it is manifest that where a system
requires a large amount of power, two or
more such generators may be combined in
ways well understood in the art.

Referring by letters and figures to the draw-
ings, G is a generator having sixteen poles, G’
is its rotating armature.

I is an exciter.

The bus-bars into which the generator feeds
are divided, the positive bars numbering
three and being marked respectively II, M
and I; the bar II being designed to take the
highest electro-motive force of the generator,
the bar M the middle, and the bar L its low-
est electro-motive force. The negative bus-
bar is marked N and a single one serves as a
common return for the current from all of
the positive bars. From the exciter E leads
go to bus-bars A, B, and from the positive
bus-bar A three leads, D/, D? D2 pass around
the field-magnets of the machine, rheostats
R’, R? R? being inserted in the leads. The
lead D’ passes around the field - magnets
(which I have marked consecutively 1 to 106),
including only the field-magnets 5 and 6, 13
and 14, and then passing to the common re-
turn for the exciter, which I have marked E’.
It will be observed that the poles selected are
on diametrically opposite sides of the arma-
ture of the machine; the lead D? from the
positive bus-bar of the exeiter passes around
the field-magnet poles 3 and 4,7 and 8, 11
and 12,15 and 16, supplying them all in mul-
tiple, and returning by the common return
E’. The lead D?® passes around the remain-
ing poles 1 and 2, 9 and 10. It will thus be
observed that a composite magnetic field is
formed which is symmetrical; that is to say,
the opposite poles of the field form independ-
ent magnetic circuits, the poles on opposite
sides of the armature being magnetized tothe
same strength relatively to one another.

Referring now to the armature, which is of
the so-called “direct-driven” or multipolar
type, having a side bearing commutator as
commonly employed in armaturesadapted to
generate large currents, and in which the ar-
mature conductors themselves form the bars
of the commutator, it will be seen that the
brushes taking wvarious currents are con-
nected; in ordinary armatures of this type
where a single current is taken, all of the
positive brushes are connected and all of the
negative brushes are also connected, but in
my improved construection I divide the brush-
es, as in the case illustrated, into three groups;
those which I have marked P’, P? P® and P*
are connected together and by a lead C? are
connected to the middle positive bus-bar M;
those which I have marked P% PS are cross-
connected and by a lead C’ are connected to
thelowpotential positivebus-barI,whilethose
which T have marked P7, P are connected by
acommon lead C*to the high potential positive
bus-bar II. From thenegative bara common

lead C'extends to all of the negative brushes,
which I have given no lettering except a
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minus sign. Asalready described in the gen-
eral statementofinvention, these brushes will
be found to alternate in the order of highest
potential,—negative, medium potential,nega-
tive, lowest potential, negative, medium po-
tential, negative, and so on around the com-
mutator, a part of which is illustrated at X,
the rest of it being omitted for clearness of
illustration. The parts of Fig. 1 marked K,
KK, K, are suitable switches by which all three
of the positive bus-bars may be connected
when currents of only one potential are talken
from the armature.

Referring now to Tig. 2, I show the gener-
ator referred to illustrated diagrammatically,
the various parts being lettered as in Fig. 1;
and in addition I show track rails W, Wofa
railway circuit supplied by feeders F, I, F,
and having electric cars or locomotives S, S
upon the rails in different positions, the feed-
ers extending from the high potential bus-
bar I going to the more distant part of the
system, while those from the middle bar M go
to the parts half way from the station to the
outer edge of the system, and the low poten-
tial bus-bar L is connected at the nearest
point. A common feeder I’ connects with
the track rails which are of course united to
form a groundreturn, ascommonly practiced
in railway work. For therailwayand its mo-
tors illustrated may be substituted incandes-
cent or arc lights or any other translating de-
vice.

The operation of my improved system will
be readily understood from the statement of
invention. It is this: in Fig. 1 the greater
part of the current is supplied to the middle
potential bus-bar M, it having four of the
eight positive brushes connected to it; the
high potential and low potential bars each be-
ing connected to two of the positive brushes.
Astheload upon the parts of the system sup-
plied from the high potential bar rises, the
current increasing and the potential falling,
the rheostat D® would be adjusted to increase
the magnetization of the field-magnets 1, 2,
9,10, and the armature conductors in passing
through this part of the composite field would
furnish a higher electro-motive force to the
bus-bar H, the same steps being taken, when
necessary, to effect the same ends in either or
both of the other cireunits. Itis manifest that
in the case of a compound-wound machine or
anover-compounded machine, the same effect
would be automatically provided by a series
winding to the extent designed by the engi-
neerinconstructing themachine, and theload,
asit moves from one part of the system to the
other, will be taken care of by the increase in
pressure which the increase in eurrent auto-
matically causes. From what has just been

said about the machine illustrated in.Fig. 1,
the operation of the system in Fig. 2 will be
readily understood, the feeders I, ' supply-
ing the increased current demanded, which
by the operation of the machine is generated

at such appropriate electro-motive force as
may be desired.

By the word “composite” asused with ref-
erence to the magnetic field of the machine
described herein,Ido not mean “compound”
as usually applied in dynamo-electric ma-
chines to a field produced by a series winding
and a shunt winding combined, butI mean a
field in which one part is more highly mag-
netized than another.

‘What I claim as new, and desire to secure
by Letters Patent of the United States, is—

1. The method of simultaneously generat-
ing a plurality of currents of different electro-
motive forces in a single armature, which
consists in rotating such armature in a com-
posite fleld of force having some of its parts
more highly magnetized than others.

2. The method of simultaneously generat-
ingaplurality of currents of differentelectro-
motive forces in a single armature, which
consists in rotating such an armature in a
composite field of forece generated by a plu-
rality of magnetic poles supplied with differ-
ent amounts of magnetizing current.

3. The method of simultaneously generat-
ingcurrents of different electro-motive forces
in the same armature, which consists in ro-
tating such armature in a multipolar field of
force and supplying the field-magnets gener-

(2]

ating such field of force with currents adapted.

to cause a greater degree of magnetization in
some of such field magnets than in others.

4. The method of compensating for drop in
potential in an extended system of distribu-
tionsupplied bya single generator, which con-
sists in rotating thearmature of such genera-
tor in a composite field of force generated by
fleld-magnets supplied with different exciting
currents, then sub-dividing the collected cur-
rents and supplying the parts of such system
having the greatest drop with the currents of
highest potential, and the parts having less
drop with currents of lower potential, as set
out herein.

5. The method of compensating for drop in
the different parts of a system of distribution,
which consists in generating simultaneously
currents of different electro-motive force in
a single dynamo-electric machine, supplying
the currents of higher electro-motive force to
the more distant parts of thesystem, and those
of lower electro-motive force to the parts
nearer the power station.

6. In a dynamo-electric machine, a num-
ber of field-magnets supplied with different
amounts of exeiting eurrent, an armature ro-
tated in the field of such magnets, a commu-
tator and brushes thereon adjacent to the
field-magnets, all of the brushes adjacent to
the field-magnets supplied with the same
amount of magnetizing current having a com-
mon connection. :

7. In a dynamo-electric machine a compos-
ite field-magnet system comprising groups
of field-magnets symmetrically arranged, the
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groups being supplied with different amounts
of exeiting current, an armature rotated in
the field of force generated by such magnets,
and connectionsarranged,ashereindeseribed,
to take currents of different potential from
such armature as its conductors pass.the dif-
ferent groups of field-magnets.

8. In a dynamo-electric machinea field-mag-
net system comprising groups of field-mag-
nets symmetrically disposed, a source of cur-
rent for such field-magnets, regulating appli-
ances included in the leads from such source
of eurrent to the different groups of field-mag-
nets and arranged to independently regulate
the magnetic effect of each group, an arma-
ture rotated adjacent to such field-magnets,
commutator brushes bearing thereon, and
leads from such brushes to bus-bars; all ar-
ranged, as herein described, to take from a sin-
gle armature currents of different potential.

9. In a system of distribution, a generator

adapted to deliver currents of different poten- |

tial to different positive bus-bars, feeder lines
adapted to feed the currents of highest poten-

tial to the parts of the system having the
greatest drop, and other feeders arranged to
supply the parts of the system having a less
drop.

10. In a system of distribufion, a generator

‘having a field-magnet system producing a

composite magnetic field in which some por-

_tions are more highly magnetized than others,

an armature rotating in such field, brushes

‘taking currents of different potential from
such armature, bus-bars supplied from such
‘brushes, and feeders taking eurrents from
.stuch bus-bars and arranged to take the cur-
‘rent of highest potential to the parts of the
_system having the greatest drop and the cur-

rents of less potential to the parts of the sys-
tem having a less drop.
In witness whereof I have hereunto set my

+hand this 16th day of January, 1894.

ALBERT B. HERRICK.

Witnesses:
GUSTAVE FAURE,
W. A. PEARSON.
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