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To all wihom it maly conecerw:

Beit known that we, WILLTAM STANLEY, re-
siding at Great DBarrington, and JOoHN F.
KELLY, residing at Pittsfield, Massachuselts,
citizens of the United States, have invented
certain new and useful Improvementsin Klec-
trical Generation and Distribution, of which
the following is a full, ¢lear, and exact de-
seription.

Our invention relates to improvements in
the generation of and distribution of electrical
energy by alternating currents, and has for
its object the produetion and distribution of
currents of that c¢lass in such a manner that
the pressure 1s automatically regulated with-

~out regard to the nature of the load upon the

mains. This is a great advance, since in the
present transformer system,.in which a con-
stant-potential generator is used for supply-

1ng transformers in multiple arc with lamps ;

in multiple on their secondaries, it is neces-
sary that the transformers should not only
be made to be used with the potential upon
the mains, but they must be adapted to the
generator so as to have aninsignificant leak-
age ormagnetizing current at no load. Itis
well known that any closed magnetie-cireuit
transformer which will not burn up on ac-
count of core loss when connected to con-
stant-potential mains will be adapted to the
generator, so as to have such insignificant
leakage-current, and that if the primary and
secondary coils are sandwiched or inter-
mingled, so that the turns are all in the same

homogeneous magnetic atmosphere, approxi-

mate constancy of potential at the secondary
terminals within llnits 1s inherent and that
the limit at which the drop in secondary po-
tential exceeds any given amount, or,in other
words, the capacity of the transformer de-
pends only upon the resistances of the pri-
mary and secondary colls, so that if the cross-
section of the wire is increased the capacity
will be increased and the approximation to
constancy of potential at the secondary ter-
minals for any given load will also be in-
creased. In open magnetic-cirenit trans-

formers or other similar phase-displacing de-
vices, however, there is always a large mag-
netizing-current which lags behind its elec-
tromotive force, disturbing the ordinary gen- |

erator and reducing its output by demagnet-
1zing 1ts field-magnet. These transformers,
therefore, although they may be made to
withstand the potential of the mains, are not
adapted to the ordinary alternating-current
generator and cannot be satisfactorily used 1n
the systems at present 1a use.

The purpose of our invention is to generate
and distribute alternating currents, so that
when the currents supplied lag or lead be-
cause of the nature of the load such lagging
or leading currents instead of disturbing the
generator shall automatically act to maintain
constant the potential on the mains. 'T'he
advantages of such generation and distribu-
tion will be manifest to those who are familiar
with the art as now practiced, since it does
away with the disturbing effects of translat-
ing devices, such as motors and open-circulit
transformers, which are very troublesome in
ordinary systemns.

The principle upon whieh our improve-
ment depends is that of the 1nductive action
of one alternating current upon another, the
two beingrelated asprimary and secondary—
viz., that if the two cireuits be properly dis-
posed if the secondary current lags posi-
tively 1t will react upon the primary circuit,
inereasing the primary current to the extent
necessary to maintain the magnetic fiux, and
1f the secondary has a unegative lag then it
will react upon the primary circuit, reducing
the primary carrent to the amount necessary
to maintain the flux.

In earrying out our invention the lagging
or leading currents are the armature-cur-

rents, which are made to act upon field-ener-
gizing circults carrying alternating currents.

The resistance of the field-energizing coils is
made very low, 80 that the electromotive
forces applied to the terminals of the ener-
cizing-coils and the counter-electromotive
forces set up therein will always be substan-
tially equal, and the variation of current in
theenergizing-circuits will be controlled prac-
tically onlv by the reaction of the armature-
currents.

The following 1s a description of a systein
for carrving outour improvements, reference
being had to the acecompanying drawings, in
which— |
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- TFigurel isa sideelevation of the generator. | citer is necessary, as the exciter and gen-
Kig. 2 is a diagrammatic view of the system

employing the generator and various trans-
lating devices supplied thereby. Figs. 3, 4,
5, 6, and 7 are diagrammatic. -

- Referring more particularly to the draw-

ings, A is a generator having an armature B
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with its induced windings b of such low re-
sistance as to make the full-load resistance
drop always practically negligible under nor-
mal working conditions. |

C is a held structure having wnldmﬂs ¢
¢’ supplied with multiphase alternatmﬂ’cur-
rents from the small substantially- consta,nt-
potential multiphase exciter D, the windings
¢ ¢ being so disposed that the multiphase

exciter-currents produce in the field C re-

volving magnetic poles or fields of force cut-
Lmﬂ'the armature-conductors b. These wind-
ings c ¢’ are of such low resistance that in
normal operation their applied and counter
electromotive forces are always practically
equal. Ifthedesiredfrequencyof the genera-
tor is, say, sixty alternations per second, the
frequency of the exciter D is made much
less—sayabout fouralternations persecond—
producing magnetic fields revolving four
times per second. Power is then applied to
the generator-shaft E, so as to revolve the
field structure C at a constant speed of sixty
minus four, or fifty-six times a second, thus
producing a rotating field revolving sixty
times a second, due partly to the mechanical
rotation of the field structure C relatively to
the armature and partly to the rotation of
the magnetic poles or fields relative to the
ield struecture.

The resistance of the field and the exciter
circuits, being made low, as above described,
does not interfere materially with the flow of
the alternating currents therein, but leaves
them to be controlled by the inductance of the
field as modified by the reaction of the arma-
ture-currents.
circuits must at all times be so high relatively
to the resistances that they may determine
the exciter-currents. The mutual induction
between the armature-coils and the field-coils
should also be high, so that the armature-cur-
rents shall modlfy the induetancesof the field-
circuits properly, which we accomplish by
placing the armature-coils as close to the field-
coils as possible, constructing the field, as

shown, with its windings distributed upon the

surfaceof its peripheries and making the mag-

neticeirenitof very low reluctance. Now with

suchanarrangementif the potential delivered
by the exciter D is constant the potential de-
livered by the generator is constant so long
as the applied and counter electromotive
forces of the energizing-circuits are substan-
tially equal independenily of any lagging or
leading of the current in the armature-coils,
being determined solely by the eleetromotive
force of the multiphase exciter.. Within the
limits of operation no manipulation or va-
riation of the electromotive force of the ex-

The inductances of the field- |

I tion of the field structure.

erator, reacted upon by the currents in the
maius, wiil antomatically adjust the value of
the exciting-currents to produce a constant
electromotive force at the main generator-ter-
mminals, - Thechangesinthe exciting-currents
are instantaneous, and consequently the elec-
iromotive force of the main generator never
varies because of changes in the power factor
of the circuits which it supplies. The actions
which produce this result may be explained
as follows: Suppose the currents in the arma-
ture do not lag—rviz., are in phase with the
electromotive force. _
of the revolving field structure will lie as

shown in Fig. 6, and four-sixtieths of the elec-

tromotive fome and four-sixtieths of the cur-
rent will be due to the movement relative to

the field structure of the field or pole pro-

duced by the multiphase exciting-currents,
and fifty-six sixtieths will be due to the rota-
If now the cur-
rent in the armature-coils lags through some
angle—say thirty degrees—it tends to demag-
netize the field-magnet. Therevolving field

Then the pole or field
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structure will, however, have been advanced

thirty degrees of the armature-electromotive-
force period before the current in the arma-
ture-coils attains its maximum value, and the
armature and field circuits will be more nearly

opposite each other—viz., in better mutualin-

dnection—asshownin Fig.7. The field-circuits

will then be more powerfully reacted upon by

the armature-current, allowing more primary
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current to flow, and so keeping up the value

of the field cutting the armature-circuit. In
other words,the armature-circuit is so related

to the field-circuits that it i8 acted upon as a
| secondary by the alternating ¢urrents in the

field, and when the current in the mains lags
reduce% the inductance of the field- clrcmts,

thereby permitting more energizing-current

to flow and maintaining the field magnetism.
This is in marked contrast with the ordinary
system in which the lagging current simply

‘demagnetizes the field of the generator, the
energizing-current not being atfected by any

reduction of inductance, and therefore not
increasing, so as to counteract the demagnet-
izing effect. In our improvement if the cur-
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rent leads instead of lagging positively such

lead places the armature-coil in a position to

assist or increase the magnetizing effect of

the field-windings by reacting upon them as
a primary, and consequently increases the

‘Inductance of the exciter-circuit and reduces

the exciter - currents- correspondingly, thus
again maintaining the field constant and pre-

-ventmo' a chanﬂ'e in the electromotwe force

at the main generator-termmals

In the system shown in Fig. 2, A is the gen-

erator, having the substantlally-eonstant -Po-
tential multiphase exciter D and the circuits
M M’ leading therefrom, with various trans-
lating dewces in mulmple arc—to wit, an
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open—circuit transformer K, with lamps in

parallel on its secondary, a closed magnetic
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cuits of which they form a part,

circuit-transformer G, with lamps in parallel

on its secondary, a transformer H, with lamps

1n series on its secondary, and an alternatinge-
)

current induction-motor I—which devices it
has never before been possible to use on the
same generator without expensive and un-
satisfactory local devices for preventing the
evl] effects due to the lagging currents which
are protluced because of the phase-dizpiacing
properties of open magnetic - circuit trans-
formers and similar apparatus and the ‘cir-
W’ith our
improvement, however, lagging o
currents do not prm]uce any mmh mfil effects,
and therefore no adaptation, suchashas here-
tofore been necessary, need exist; but the de-
vices can be used indiscrimately so long as
they are made to be used with the voltage and
frequency employed.

The low frequency of the exciter permits

the use of a small exciter, and thus makes a
practicable system. The freqnency should
be as low as i1s compatible with the desired
regulation. The self-induction of the field-

exciting coils must be high relatively to t.hmr_

resistance, though not nem—*swnly high in an
absolute sense, so that, as in an mdmd,r-y
transformer, tlle flow of current will be made
to vary inversely with the inductance and be
substantially independent of the resistance.
The desired results are attained by energiz-
ing the generator by impressing
electromotive forces of low frequency on the
field-coil terminals and maintaining at these
terminals counterelectromotive forcesalways
substantially equaltotheimpressed, and from
the currents thus produced and by motion
due to external mechanical power inducing
currents of normal frequency in the arma-
ture, which, 1f they lag or lead, react so as to
control the tlow of the low-frequency ener-
gizing-currents, so as to maintain a substan-
tially constant inducing-field and consequent.
constant potential atthe generator-terminals.

Such generation and distribution as abaove
described is of peculiar value in connection
with systems of high-tension long-distance
transmission, in Wthh the power factor va-
ries very ﬂ"I‘E‘dﬂV with the load.

What we claim is—

1. The method of producing alternating
currents of normal frequency and constant
potential, which consists in produacing alter-
nating currents of very low frequency and
1nducing from them by the aid of mechan-
1ical motion currents of normal frequency,

and controlling the flow of the low-frequency-

currents by the reaction of the induced cur-
rents so as to maintain a substantially con-
stant inducing-field.

. The method of generating and distrib-
utmﬂ' electrical energy by altematmg cur-
rents which consists in applying to the ter-
mminals of a plurality of field-circuits alter-
nating currents of differing phase, maintain-
Ing 1n said circuits eounter electromotive
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| der all normal conditions, and ¢

r leading

alternating

3

causing said
field to act upon a revolving-armature encmt
to induee alternating currents therein.

3. The method of producing alternating
eunent% of normal frequeney and constant
electromotive forece which consists in apply-
112 to the terminals of field-c¢irenits alternat-
Iing electromotive forces of very low fre-
quency, maltntaining in said c¢ircuits a coun-
ter electromotive force substantially equal to
the applied eleetromotive force under all
normal conditions, and inducing from the
currents thus produaced by the aid of me-
chaniezl motion currents of the normal fre-
quency and controlling the flow of the cur-
rent due to the low-frequency electromotive
forces by the reaction of the induced currents

S0 as to maintain a subsmntlally constant in-
ducing-field.

4. The method of maintaining constant
magnetization in an alternating-carrent gen-
erator which consists in exciting the field of
the generator by very-low-frequency poly-

phase alternating currents inducing by the

field thus produced and by mechanical rota-
tion alternating currents of normal frequency
and causing the high-frequency currents in
case they lag or lead to react so as to vary
the exciting-currents to the proper amount
to maintain the field constant.

o. T'he method of maintaining constant
magnetization in an alternating-current gen-
erator which cousists in exciting the field of
the generator by very-low-frequency poly-
phase alternating currents induecing by the
field thus produced and by mechanical rota-
tion alternating currents of normal frequency
and causingsald normal-frequencycurrentsto
react upon the exciting-carrents, the applied
and counter electromotive forces in the field-
circuits being maintained substantially equal
under all normal conditions.

6. Themethod of producingalternating cur-
rents of normal frequency and constant po-
tential, which consists 1n producing substan-
tialiy-constant-potential alternating currents
of verylow frequency andinducing from them
by the aid of mechanical motion currents of

normal frequency, and controlling the flow

of the low-frequency currents by the reaction
of the induced currents so as to maintain a
substantially-constant inducing-field.

7. The method of generating and distribut-
ing electrical energy by altematmﬂ' carrents

| whleh consists in applying to the terminals of

a piurality of field- cuemts substantially-con-
stant-potential alternating currents of differ-
ing phase, maintaining in said circuits coun-
ter electromotive forces substantially eqnal
totheapplied anderall normal conditions,and
causing sald field to act upon a relatively-re-
volving-armature circult to induce alternat-

Ing eurrents therein.

o

3. T'he method of producing alternating cur-
rents of normal frequency and constant elec-
tromotive force which consists in applying to
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forces substantially equal to the applied un- { the terminals of field-circuits substantially- -
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constant-potential alternating electromotive
forces of very low.frequency, maintaining in
said cirecuits a counter electromotive force
substantially equal to the applied electromo-
tive forée under all normal conditions, and
inducing from the currents thus produced by
the aid of mechanical motion currents of the

“normal frequency and controlling the flow of

the current due to the low-frequency electro-
motive forces by the reaction of the induced
currents so as to maintain a substantially-
constant inducing-field.

9. The method of maintaining constant
magnetization in an alternating-current gen-
erator which consists in exciting the field of
the generator by very-low-frequency, sub-
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stantially-eon sta,r_lt-potential polyphase alter-

nating currents, indueing by the field thus
produced and by mechanical rotation alter-
nating currents of normal frequency and
causing the high-frequency currents in case
they lag or lead to react so as to vary the ex-
citing-currents to the proper amount to main-
tain the field constant. |
WILLIAM STANLEY.
JOHN F. KELLY.
Witnesses for Wm. Stanley:
WM. H. BROWNE,
J. V. T. LEE,
Witnesses for J. K. Kelly:
L. VREELAND, |
H. B. BROWNELL.
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