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UNITED STATES PATENT OFFICE. 

THOMAS H. HICES, C F DETROIT, MICH IGAN 

ALTERNATING - C - RREN". GENERATC S. 

SPECIFICATION forming part of Letters Fatehai, No. 638,879, dated ecember 5, 899, 
. Application filed January 2, 1895, SerialNo, 533,668. (No model.) 

To all, whom it. Togy conceit. 
Be it known that I, THOMAS H. HICKs, a 

subject of the Queen of Great Britain, resid 
ing at Detroit, county of Wayne, State of 

5 Michigan, have invented a certain new and 
useful Improvement in Alternating-Current 
Generating and Regulating Apparatus; and 
I declare the following to be a fall, clear, and 
exact description of the invention, such as 

Id. Wii enable otiisers skilled in the art to which 
it appertains to make aid use the same, ref 
erence being had to the accompanying draw 
ings, which form a part of this specification. 
My invention reiates to an improvement; ii) 

I5 alternating-current generating and regulat 
ingapparatus; and it consists in a compound 
ing arrangement for an alternating-current 
generator furnishing current to a three-wire 
system consisting of the induction-coil for fur 
mishing an auxiliary exciting-current to the 
generator, said induction-coil comprising an 
iron core, tWO primary coils on said core, each 
in series with one of the mains, and a second 
alry furnishing the auxiliary exciting-current, 

25 as will be more fully described hereinafter. 
My invention is fully explained in all of its 

2C 

details in the following specification and is 
equally as fully illustrated in the acco inpany 
ing drawings here to annexed. Said drawings 
are partly diagra amatic for the purpose of a 
more easy method of exposing the essential 
parts; but the nature of my scheme will be 
readily understood by those skilled in this 
art by reference to the specification and draw 

35 ings as presented, some parts of the machi 2 
being cut away, which will be readily irider 
stood. 

- Figure is a horizontal view, partly in see 
tion, and shows the shaft, cut off at each end 
and shows also in diagram two multiple-series 
work-circuits having three main-line conduc 
tors leading thereto and an induction-regi 
lator in connection there with. The sectional 
parts of this figure referred to are (C) a rota 

45 table field-magnet and its windings (b) and ala 
annular ring E, which supports the armature 
cores. The parts cut away in Fig.1 expose 
to view, the two armature-windings and one 
view of the internal construction of the field. 

5o magnet as mounted upon the shaft and also 
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the mariner in which the armature-cores are 
secured in place by the two rings E and E. 
and bolts E'. Fig. 2 is an end view of Fig. 
1 and serves to show also an end view of cer. 
tain parts of Fig. 5. Fig. 3 is a perspective 55 
view of one of the amature-cores seen in Bigs: 
I and 2. Sinowing a few ech volutions of wire 
near one end of the core. This figure also 
silgwa the manner of secting each a nature 
core in the machie. Sig. 4 is a detail view, 
party in plan and pai'ily in Section, showing 
a, incidification of an arnature-core and its 
goils. Fig. 5 is a similar view to Fig. 1, but 
showing a modification. - - - - 

Likgietters of eference indicate like parts 65 
in the different figures. m 

describe the modification shown by Figs. 
i, 2, and 3 as follows: A is a shaft. B is an 
axial cylindrical field-magnet core secured to 
the shaft, by non-imagnetic flanges B'B'. B” to 
Bai'e magnetic laminated flanges, being Se 
cured to the circuinference of the cylinder B 
at its two ends. These flanges B° have intal 
tipolar extensions P and N, which are see. 
to better advantage in Fig. 2. C and C are 75 
two sets of field-imagnet coils, which are shown. 
separated by an insulating-disk C, the two 
sets being wound over the core 3, SO as to 
rotate there with. D and D' are two sets of 
amirated arnature - Goes arranged atter- 80 

3c. 

nately tyish each other around the field-mag 
net parasiel to the shaft. Each core is con 
Qsed of a number of sheet-iroi la:Yizige Sé 

stated to in outer central supporting-ring it, 
s y afts E' and segments of an inner ring E. 85 

Each iaminated armature-core is thus held 
between two circular surfaces which for:}} 
each core in a circle agreeing with the circle 
of the inner surface of the oute ring, the lat 
ter being in conformity with the diaineter of so 
the retatable field-magnet poles. 
The armature-cores may be formed of either 

straight pieces, as show in Figs. 1, 2, 3, aid 
5, or they may be for Eied so as to have in 
wardly-arranged polar extremities D', as i 95 
show in Fig. 4. in either case the conditle 
tors may be wouisit upon the cores in aliy Suit 
able mail fier. 

In Fig. 2 only show one armature-core se 
cured, as above stated, to the ring E; but it loc 
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will be understood, however, that each core 
is intended to be secured in a similar manner 
to the one shown. In this figure also only 
show four cores wound with a conductor, sim 
ply enough being shown to illustrate the 
method of winding and connecting the con 
ductors in series with each other through the 
commutator and to show the natural rela 
tive direction of the flow of current impulses. 
F and F" are two ordinary rectifying cur 

rent-commutators, each consisting of two sets 
of segments alternately arranged with each 
other. 
G and G' are brushes for the commutator 

F', and G. Gare the brushes for the commu 
tator F. - 

In Fig. 1 show two armature-circuits H. 
and H', the circuit H' being to primarily ex 
ite the machine to generative action and the 
Se: H for supplying the three-wire work 
circuits J and J'; but it will be readily un 
derstood that the machine can be excited to 
primary action from a separate generator. 
The armature-circuit II is divided by a com 
pensating conductor K, which leads off as a 
branch directly to the work-circuit, and there 
by forms the third conductor of the work-cir 
cuit. 
this armature-circuit H are connected to the 
work-circuit conductors N and N', respec 
tively, as indicated, through series-converter 
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regulating-coils O and O'. - - - 
R is an induction-coil wound upon the core 

R" of the converter for supplying the supple. 
plenmental or second set of field-coils C", which 
is for regulating the pressure of the work 
circuit. The current from the induction-coil 
R is rectified by the commutator F. 

In the modification I show in Fig. 5 the 
field - coils are stationary, while the field 
magnet iron rotates. I also show in this fig 
ure two sets of induction-coils wound upon 
the rotating field - magnet iron, one set be 
ing marked S and the other set S'. The in 
duction in these coils S and S' takes place 
from the armature-cores D and D in the foll 
lowing manner: The field-magnet polar ex 
tensions PN, upon which the coils S and S' 
are wound, form nearly-closed magnetic cir 
cuits through the stationary armature-cores 
whenever they are in the same radial line 
with each other. At this tine the maximum 
number of lines of force will flow through 
this nearly-closed magnetic circuit, thereby 

55 inducing a corresponding strength of current 
in the coils S and S in one direction, and 
when the polar extensions P N have moved 
so as to be between two armature-cores then 
the maximum number of lines of force will 

- o flow through the poles PN, thereby induc 
ing a current in an opposite direction. At the 
same time I can also take off induced cur 

... rents from conductors coiled upon the arma 
65. 

ture-cores D and D', which I show supplying 
the two work-circuits J and J'. also show. 

The outer two terminals L and M of 

| a work-circuit T supplied with current from 
the two rings a y, but of course the regulat 
ing induction shown in Fig. 1 can be readily 
applied to this modification also. 
The essential feature of my construction 

lies in the method of supplying a three-wire 
work-circuit with alternating currents ob 
tained from only one armature-winding and 
at the same time have the currents of the two 
sets of multiple-series translating devices act 
conjointly in inducing a secondary current 
into the coil R. of the transformer for supply 
ing a supplemental set of field-coils, the cur 
rent of which is for the purpose of regulating 
the pressure of the three-wire work-circuit. 
Taken as a whole my scheme embraces a 

self-exciting self-regulating three-wire Work 
circuit machine. I would have it understood, 
however, that the primary exciting-coil C can 
be supplied with current from any desired 
separate source without essentially chang 
ing the remaining described features of my 
scheme. t 

The complete device operates as follows, 
directing attention to Figs. 1 and 2: The rela 
tive directions of the flow of current in all of 
the circuits are indicated by arrow-heads ar 
ranged upon each circuit. When the field 
magnet has been caused to rotate with sufi 
cient speed, the machine then becomes self 
exciting through the combined effects of the 
field-coil C, armature-circuit H', and the con 
mutator F in the manner well understood by 
those skilled in this art. If work be then 
equally turned on the two work-circuits J and 
J", current will then flow from the armature 
circuit H through conductor L, series coil. O, 
conductor N, translating devices of the two 
circuits J and J', conductor N', series coil O', 
and conductor M, where it returns to the air 
mature-circuit, H. During such a flow of cur 
rent the equivalent of the consumed energy 
in the two coils O and O' will have been trans 
ferred as an induced current in the coil R, 
which will become rectified by the commu 
tator SF, and then caused to flow through the 
supplemental field-coil C', which will compen 
sate for any fall of potential in the work-cir 
cuit in a manner well understood. If all of 
the work be now turned off from either the 
circuits J and J', the current which flows 
through the remaining active translating de 
vices will then return to one-half of the ar 

7 O 

75 

9) 

95 

OC 

II.5. 

nature-circuit FI by the compensating con 
ductor K, or if any portion of the translating 
devices be cut out of one of the work-circuits 
current will then also flow through the con 
ductor FK in a manner similar to a continu 
ous current flowing through any three-wire 
work-circuit now in common public use. The 
induced current in the coil R., however, Will 
always be proportional to the current flowing 
through the two circuits J and J'-that is to 
say, if ten amperes were flowing through both 
of the circuits J and J' the induction in the 
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coil R would then be twice as great, as if the other of said inductorium series coils, and ten amperes only flowed throtigh one of tine 
work-circuits J or J', and as the fall of po 
tential of the work-circuit will always be pro 
portional to the total consumption of elec 
trical watts in the translating devices there 
fore the current from the coil R will alway: 
be suitable for maintaining constant poten 
tial in either one or both circuits or J' in a 
manner which will be readily understood. 
To carry out this part of my scheme, there 
fore require more than an ordinary three-wire 
work-circuit, for in addition theréto require 
a converter having two sets of series coils C 
and O', an induction-coil R and its gommu 
tator, and an armature-circuit divided by a compensating conductor K into tio gas: ..l. 

but it is not essential, however, that tac, ar. 
mature-circuit be equally divided into two 
parts by the third or compensating contiuc 
tor K. 
My scheme is very valuable for isolated plants. 
The form of armature-corei show in Fig. 4. 

is more expensive to construct; but to offset 
this the coils H and H's are more favoraily 
situated for receiving induction. During to 
tation of the field-magnet, the directions of 
the flow of the induced current in the two sets 
of armature-coils are always in opposite di 
rections to each other. Therefore the coils 
require to be connected together, as indi 
cate in Fig. 2. The magnetic poles of one 
sign are of course situated so as to only ro 
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tate by one end of each armature-core. in 
doing this as the field-magnet poles P and N 
recede from one set of armature-cores they 
are approaching the other set, and when the 
poles are equidistant from the two sets of 3 
mature-coils, induction then becomes egaal 
in the two sets, but of opposite direction 
around the two sets of cores. 

Notwithstanding the fact, that have shown 
the field-magnet core B to consist of a dria, 
still it could be composed of solid iroi; motin 
ed directly upon the shaft withoit the flanges 
B. In such a case, however, the bearingsfer 
the shaft would require to be coligosed of 
non-magnetic material. 
Having thus described my invention, azid 

in accordance there with, I claim as new-. 
1. In combination with a work-circuit haw. 

ing three main-line conductors and its trans lating devices arranged in multiple-series sys 
tem, of a regulating-inductorium having two 
sets of series coils O and O', one of said se 
ries coils being connected to one of said work 
circuit conductors and the other of said se 
ries coils being connected to another of said 
Work-circuit conductors, a generative arma 
ture-circuit having three conductors L., M. 
and Kleading therefrom, one of said arma 
ture-conductors being connected to one of 
said inductorium series coils, another of said 
armature-conductors being connected to the 

se 

the third armature-conductor being connect 
ed to the third work-circuit conductor, sub 
stantially as described. 

2. In combination with a work-circuit hav 
ing three main-line conductors and its trans lating devices arranged in multiple-series sys 
tem, of a regulating-inductorium provided 
with two sets of series coils O and O', and 
with an induction-coil R., one of said series 
coiis being connected to one of said work-cir 
cuit conductors and the other of said series 
cois being connected to another of said work 
circuit conductors, an alternating current 
generator provided with a supplemental field 
magnet coil C', said generator having an ar 
mature-circuit provided with three conduc 
$3rs leading therefrom, said generator also 
being provided with a rectifying-commuta 
tor, said field-magnet coil being connected in 
electrical circuit with said inductorium in 
duction-coil, one of saidarnature-conductors 
being connected to one of said inductorium 
series coils, another of said armature-conduc 
tors being connected to another of said in 
ductorium series coils, and the third arma 
ture-conductor being connected to the third 
work-circuit conductor, said commutator rec 
tifying the induced current from said induc 
tiot-coil for controlling the field of force of 
said: generator, substantially as described. 

3. In-combination with a work-circuit hav. 
ing three main-line conductors and its trans 
lating devices arranged in multiple-series sys 
tem, of a regulating-inductorium provided 
With two sets of series coils O and O', and with 
an induction-coil R., one of said series coils be 
ing coinected to one of said work-circuit con 
ductors and the other of said series being con 
nected to another of said work-circuit con 
ductors, an alternating-current generator pro 
vided with two sets of field-coils, two com 
isitators, and two generating armature-cir 
cuits, one of said armature-circuits having 
three conductors L, M and Kleading there 
from, one of said arnature-conductors being 
connected to Giae of said inductorium series 
coils, another of said armature-conductors be 
is 

tor being connected to the third work-circuit 
cond actor, said inductorium-coil R being in 
electrical circuit through one of said commu 
tators and through one of said sets of field 
coils, the said commutator rectifying the in 
duced current from said induction-coil, the 
other of said generating armature-circuits 
and the other set of field-coils being connect 
ed in electrical circuit through the other of 
said commutators, the generator being excited 
to primary generative action through said sec 
ond set of armature-windings, said second set 
of field-coils and said commutator in elec 
trical circuit there with, substantially as de 
scribed. - . . . . 

connected to another of said inductorium. 
*ies coils, and the third armature-conduc 
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4. In combination with an electric genera 
tor having three main-line conductors N, N' 
and Kleading therefrom, an inductorium pro 
vided with three sets of coils O, O' and R, 
said coils O, O' being arranged in linear series 
with the conductors N, N' and being caused 
to induce currents into the coil R, either sep 
aratelv ar conjointly, and means being pro 

vided for rectifying the current of tié coil, 
substantially as described. 

In testimony whereof sign this specifica 
tion in the presence of two witnesses;. 

TO AS E. CiS, 
Witnesses: 

N. S. WRIGHT, 
O. B. BAENZIGER. 
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