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To all whony it may conceri:

Be it known that I, THOoMAS H. Hi¢ Ku, :
sub,]ect of 'the Queen of Greas Britain, resid
ing at Detroit, county of Wayne, State ef

Michigan have invented a certain new and

useful Improvement in Alternating-Current
Generating and Kegulating Apparatus: and
I declare the following to be a fdll, clear, and
exact description of the mvﬂntlon such a8

will enable otierg skilled in the art to which.
1t appertains to make and use the same, ret-
erence being had to the accompanying draw-

ings, which Form a part of this specification.
My invention relates to an improvement in
alternatmg-aurrent ﬂeneratxng and -regulat-
ing apparatus; and it consists in a compound-
ing arrangement for an alternating-current
generator furnishing current to a three-wirs
system consisting of the induction-eoil for fur-
nishing an wumhm‘y exeliting-current 1o the
generator, said induction-coil comprising an
irou core, two primary coils on said core, each
in series with one of the mains, and a second-
arytarnishing the auxiliary exciting-current,
as will be more fully described hereinafter.

My invention is fully explained in ail of its
details 1n the following specification and is

. equally as fully illustrated in the accompany-
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ing drawings herefoannexed. Saiddrawings
are partly diagrammatic for the purpose of 2

“more easy method of exposing the essential

parts; but the nature of my seheme will be

readily understood by those skilled in this

art by referencetothe specmemma and draw-
ings as presented, some parts of the maching
being cut away, which will be read ty tnder-
Steod

- Figure 1 is a horizontal view, partly in sec-

tioa, and shows the shafi cut off at each end
and shows also in diagram two multiple-series
work-circuits having three main-line condue-
tors leading thereto and an induction-regu-
lator in connection therewith. The sectionai
parts of this figure referred to are (¢} a rota-

45 table field-magnet and its windings (b) and an

annular ring K, whichsupportsthe armature-
coreS, 'The parts cut away In ¥ig..1 expose
to view the two armature- wmdmﬂs and one
view of the internal construction of the field-

of the inner

5o magnet as mounted upon the shaft and also |

the marnner in which the alnic;tm*e-cm‘ g a.re. -

secured in place by the two rings K a
and bolis K.

pain parts of Hig. 5.
viewof one of the armature-coresseen in Figs:
1 and 2, showlng a few convolutions of wire
near one snd of the core. 'This figure #is¢
showsa the manner of securing each armaiurs-
gore in the machine., I'ig. 4is 2 L‘:etf il view,
parily in plan and pm*blg in gection, showing
& modification of an

2¢ils.
showing a modification, -

Tikcs fetters ofroference indicate [ike pa,l ts
in the different figures.

,!.
, 2. and 3 as follows: A is a shaft. LTS&E
19, 1 eyl mduwl field-magnet core secn md TS
ma: 9*’6'&‘ by non-magnetic flanges B’ B/,
R g w*letm laminated ﬂ@nfﬁ(}s bo IHD 30-

Gm‘ea 0 ’ahe circumference of the Cy linder B
at its two ends. These flanges B® have
tipolar extensions ¥ and I‘L which are seen
to better advanitage in Fig. 2.
twosetsof fleld-magnet coils, which areshown
SE&E}{LT;: ted by an insulating-disk €7, the two
3 belng wouna over tm core i3, 850 ag to
mmm therewith., D and D' are two sels of
laminated armature - coros arranged alter-
nately with each osther around the field-mag-
net pmanel to vhe sh afi Hach core is com-
posed of & nuniben of heetl-iron lamijise se-
surad o £D 0u u%‘{' central supporiing-ring i
inner i

f,i

EfJ

oY
€3 L

by boles I and segments of Fing €,
Hach laminated. .;L ‘maburs-core is tz_l.ns held
betwseen iwo cireular surfaces which form
each core in a circle agreeing with the eircle
surface of the outer ring‘g the lat-
ter being in conformity with the diameter of
the re tmame field-magnst poles.
Thoaarmature-cores may beformed of either
straight pieces, as Ishow in Kigs. 1, 2, 5, and
5, or they may be formed sc as to have in-
wardls —{Ll‘l&ﬂﬂ‘ed pnolar extremities D7, as i
show in Hig. é Tn either ¢
tors may be wourd upon thecoresin any suit-
::‘Lbie MAanier,
2 Fig. 2 I onlysnow one armainre-core §8-
curedj as above st,;med to the ring H; but il

de embe the medlﬁmtmn shown bV F‘lﬂ's .

bg -

Cand O are

case the condue-

ol T L
Fig. 2 is an end view of Fig..
1 apd serves o Show also an end view of cey-

Hig. 3 is a perspective 3

armature-core and j.ias_._' 3
Fig. 5is a ::3111:1113..1" view o Fig. 1, but
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will be understood, however, that each core

18 intended to be seeured ina similar manner
to the one shown. In this figure also I only

show four cores wound with a coaductor sim-

ply enough being shown to illustrate the
method of Wmdmﬂ* and connecting the con-
ductors in series Wth each other through the
commutator and to show the natural rela-
tive direction of the flow of currentimnuises.
T and F' are two ordinary iectlfylﬂﬂ* curs-

rent-commutators, each consisting of two sets
of segments altematelv fwranf}ed with each
other. -

G and G’ are brushes fm the commumtor
F' and G? G?are the brushe es forthe commu-
ta,tor F. ~

In Fig. 1 I show Luo armature circuits I
and H', the cirecuit H' Deing to 'Jumm*lly oX-

ite the machine to generative action and the
guemt H for suppl_}mﬂ the three-wire worlk-

circuits J and J'; but it will be readily un-

derstood that the machine can he emlted to

primary action from a separate generator,

The armature-cireuit Il is divided L-y a com-
pensating conductor X, which leads off as a
branch directly to the work- -circuit, and there-

by forms the third conductor of bhe worlk-cir-
The 6uter two terminals L and M of

cuit.
this armature-circuit H are connected to the
work-circuit conductors N and N', respec-
tively, as indicated, through series-converter
refrula,tmfr coils O and O, .

Ri 1S an mductlon coil wound upon the core
R’ of the‘converter for supplying the supple-
plemental or second set of field-coils &', which
1s for regulating the pressure of thﬂ woerlk-
eireuit.  The cument from theinduction-ecoil
‘R is rectified by the commutator F".

In the modification I show in Hig.
field - coils are stationary, while the field-
magnet iron rotates.
ure two sets of induction-coils wound upon

the rotating field - magnet iron, one set be-
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ing mdrked S and the other set S, The in-

duction in these coils S and 8’ takes place

from the:armature-cores D and D' in the fol-
lowing manner: The field-magnet polar ex-

tensions P N, upen which the coils S and 8

are wound, Torm nearly-closed magnetic cir-
cuils throu*f‘rh the smtmnaw a,rmatm*e -COTOS
whenever they are in the same radial line
with each other. At thistime the maximum

number of lines of force will flow through

this nearly-closed magnetic circuit, tnef@bv

inducing a correspondm o strength of carrent

in the 00118 S and S in one dueetmn and

when the polar extensions P N have moved

0 as to be between two armature-cores then

" the mammum nimber of lines of force will

6o

flow throngh the poles > N, thereby induc-
uwaeurrent inan oppositedirection. At the
same time I can alse take off induced cur-

.. rents from conductors cmlea upon the arma-

05

ture-cores D and D', which I show ﬂanblymg
the two work- clf'emts J and J'

5 the

i a,lso show in this fig-

tator I

i also show

858,679

a work-circuit T supphed mth current fron
tne bwo rings & ¢, but of course the regulat-

ing mduemon shown in Fig. 1 can be 1*ead11y
&pphed to this mOdlﬁC{LthH 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-windin

g and
at tne same time have the currents of the two

sets of multiple-series translating devices act

conjointly in indueing a secondary curreat
into the coil R of the transformer for supply-
ing a supplemental set of field-coils, the cur-
rent of which isfor the purpose of regulating
the pressure of the three-wire work- (‘11'(3111t
Taken as a whole my scheme embraces a
self-exciting self-regulating three-wire work-
circnit maehine I would have it understood,
however, that the primary exciting-coil C can
be supphea with current irom any desired
separate source without essentially chang-

ing the remaining deseribed featm es of my

Scheme ,.

The eo*nmete device operates as follows
directing attention to Figs. 1 and 2: The rela-
tive direc_tions of the fiow of carrent in all of
the cireniss are indicated by arrow-heads ar-
ranged upon "each cireuit. When the field-

mnmagnet has been caused to rotate with sufli-

cient speed, the machine then becomes self-
oxciting through the combined effects of the

field-coil C, armature-cireuit H', and the com-

rautator ¥ in the manner well understood by
those skilled in this art. If work be then

equally turned on the two work-cireuits J and

J’, current will then flow from the armature-

circuit I through conductor 1, series eoil O,

conduetor N, tmnsl&tmﬂ devices of the two

circuits J ana J’, eonductor N, series coil O/,

zmd corductor M where 1t returns to the ar-
mature-circuit . During such a flow of cur-
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rent the equivalent of the constumed energy

in the two coils O and O’ will have been trans-

ferred as an induced current in the coil B,
which will become rectified Ly the eommu-.
flow through the -
bupp_lememal field-eoil C', which will compen-
sate for any fall of potential in the work-cir«

. and then caused fo

cuit in a manner well understood. If all of
the work be now turned off from either the
civcuits J and J',. the current which flows
throngh the i‘emamlnﬂ' active translating de-
vices. Wlll then 1eturn to one-half of the ar-
ihature-cireuit I by the compensating con-
duetor It, 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 i in & manner similar to a continu-
ous current flowing through any three-wire
worlt-eireuit now incommon publicuse. 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, il ten amperes were flowing through both

i of the eircuits J and J' the induction in the
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coil R would then be twice as greal as if
ten amperes only fiowed throuigh one of the
work-circuits J or J', and as the fall of po-

tential of the work-circuit will always be Pro-
portional to the total eon&umptlon of elec-

trical watts in the translating devices there-

fore the current from the (3011 B wil always
be suitable for maintaining constant poten- .‘.I
tial in either one or both elmuu@d or J'in g

manner which wil® be readily understo. d
To carry out this partof mvsehe me, i the

\l-"

fore require more than an ordinai; 4] hree-wire

vmk circuit, forin addition therato I-reg mie

- a converter h&VlI]“‘ two sets of series coilg C
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ries coils being connected to anothe:s* of said

ﬂenemum arma-
tare-circuit having three condmtm‘s L, M,
‘and K leading therefrom one of said arma-—

ture - conductors being connected o one of

6o

65

*

and O', an 1nduct1011~001l R and its commu-
tator, and an armature-eireuit dw:i ed by &
eompensatmﬂ' conductor X into t¥Wo paris:
but it is not essential, however, that the ur-
matuare-circuit be equallv divided into iwo
parts by the third or eompsﬂnsatmﬁ eeﬂf‘"ﬂc-
tor K. |

My scheme is Very val: m"bl.e for' isolated
plants.

“T'he form of armature-core I show in Iig,
iI$ more expensive to construct; but fo afﬁ'eu
this the coils H and H':are more favorably
situated for receiving induetion. During TO-
tation of the field- maﬂ'neb the. dwe(,t;ou of
the flow of the 111duced (3111‘1‘81‘11} inthe two s
of armature-coils dre always in opposite di-
rections to each other. ’“Fheiefme the oolig

require to be connectad together, as I indi- |

cate in Fig. 2. The mawnetw poles of one

- sign are of course smua,ted 80.88.10 only ro-

tate by one end of each armature-core. In
doing this as the field-magnet poles P and N
recede from one set. of armadure-cores bngy
are approaching the other set, and when the

poles are equidistant from the two sets of gr-

mdtnre colis.induction then bhecomes S a1
in the two sets, but of opposite direction

around the two sets of eores,

Notwithstanding the fact that Fhave shown
the field-magnet core B to ccnsist of a drum,
still it could be composed of sohd iron meum
ed directly upon the shaft withotis the flanges
B.  In'such a case, however, the bearings for
the shaft would require tu be JoWpeseL of

non-magnetic material,
Ha,vmn' thus deserlbed my mventmﬂ and’

in accerda,nee therewith, I.claim as ntaw e

lating devices arranged in multi ple-series3ys-
tem, of a reg ulatmg inductorium having two

sets of series coils O and O', one of said 88~ |
ries coils being connected to One of said work-

circuit eonductors and the other of said sea-

work-cirenit conduetors

sald inductorinm series coils, another of sald
armature-conductors. bemﬂ' conneeted

the |

-
Lh‘l‘ :

7o | 3
other of said inductorium series coils, and
i the t ird armature-conductor being connect-

ed to the third work-circuit eonduetor sub-
t ntially as deseribed.

. In combination with a work-circuit h:ew-

ing three main-line conductors and its trans-

latingdevicesarranged in multiple-series sys-
tem, of a 1‘eﬂ*ulmmﬂ' inducterium provided

msh two sets of series coils O and O, and
“vv’h an 1nduction-coil R, one of said series
¢olis peing connected o one of sald work-cir-

cuit condaei,ors and the other of said series

coiis being connected to another of said work-
circuit conductors, an alternating -current
ﬂel‘(} ator provided with a snpplemental field-
magnet coil ', said generator having an ar-
muw*ﬂ-@ueum nrovldﬁd with three conduc-
ors leading i,hﬂrefmm said generator also

'bei ng pmﬂded with a 1'eemfymw-commuta,-

tor, said field-magnet coil being connected in
alectrical Cll‘Pult with said mductorlum in-
duction-coil, one of said armature-conductors
being connected to one of said inductorium
series coils, another of said armature-conduc-
tors being connected to another of said in-
auctorium series eoils, and the third arma-
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turo-con ductor being c{mneeted to the third

work-circuit condiictor, said commutator rec-

tifying ,Jhe induced current from said indue-
tioni-coil for controlling the field of force of
881G generator, su bstantmlly as described.

3. Inmombmatmn with a work-cireuit hav-

i0g uﬂree main- lme conductors and its trans-

I@tlnw Geviees arranged in multi ple-series sys-
tem,’ Gf a I'efrula,tmo* -inductorium provided

| with two sets of series coils O and O’, and with

;ﬂ induction-coil R, oneof said series coils be-
ug connscied to one of said work-circuit con-

&ue bors and theother of said series being con-

nected to another of said Work-cwcmt con-
ductors,an alternating-current generator pro-
J:u...ed w]LL two sets of field-coils, two ¢om-

utators,. and {wo genorating armature- -Clr-
{euiis, one of sald armature-circuits having
L'-ﬁhrﬂe coinduectors L, M and K leading there-

from, oneo of said armature-conductors being
Ml‘:nemed to one of said inductorium series
¢01iS, another of sald armature-conductors be-

eﬂndnunr said inductorinm-coil R being in

elecirical czrcmb through one of said commu-
_ta.tova ahd tthL‘mh one of said sets of- ﬁeld-

coils, the said eommutdtor rectifying the in-

duacedq: ﬂarreﬂt from said induction-coil, the
other of

said generating armature- cu'cults
antd tae other set of field-coils being connect-

ad in electmcal circuit through the other of

said commutators,the frenerator being execited
50 pmmary gene‘ﬂatwe action through said sec-

ond-set of armature- windingss S&ld second set,
ot neld-coils and said commutator in elec-

trical cirenit theremth substantmlly as de-

0 the | Serlbﬁd
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ing. wunected to another of said inductorium -
series coils, and the third armature-conduc-

| tor being connectad 1o the third work-cirenit
1. In combination mbh a work-cirenit hav-

ing three main-line conductors.and its tra ng-

11§
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4, In combination with an electric genera-
tor having three main-line conductors N, N
and & leadmﬂ therefrom, aninductorium pro-
vided with three sets of coils O, 0’ and R,

said coils O, O being arranged in linear %GI‘IGS
- with the comduetms N, N’ and being caused
to induce currents inte the coll R, either sep-

aratelv ar conjointly, and means being pro- |

By =

vided for rectifying.the current of the coil 2,

substantially as described.
In testimony whereof I
Lmn in the presence of uwo witnesses.

THOMAS H., HICHE L.
W"itaeﬁ%ﬂs
N, &5 WRIGHT,
O. B. .DAENZIG-ER.

sion this specliich-

e
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