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Be it known that I, MATHIAS PFATISCHER,
of Philadelphia, in the State of Penns;lva-
nia, have invented certain new and usefal

Improvementsin Methods of Regulating Elec-

tric Circuits, whereof the following is a Speci-
fication, reference being had to the accompa-
nying dmwmws *

The ultlma,te ob,]eet of my invention is to
regulate the flux in an electric cirenit in ac-
eordanee with the demands upon the latter,
50 as to maintain a substantially constant VOI-
tage 1n said.circuit despite variations in the
amount of energy therein utilized. |

For a typical illustration of the invention
I have indicated the method of regunlation as
applied to a circuit through the medlatlon of

- the generator which SUpplleb the current
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thereto and I have also selected a rheostat

of the ordlnary movable contact-lever type

i

included in the field-circuit of the generator
as a typical device by which the reﬂ'ulatlon
may be effected. Itisto be underetood how-
ever, that the regulation need not be effeeted
in thls pertwular manner and also that the

term “‘regulator” (hereinafter applied to such

lheostat) is equally eomplehenewe of any
device comprising a movable member whose
motion serves to modify the flux in an elec-
trie circuit.
(zenerally et.ated,'
invention consists in a system of codérdinated
devices, whereby the actuation of the regu-
lator is accomplished, such actuation bemn'
effected by means of an electric motor drwen

‘byanindependently-generated current whose

- polarity (and the consequent rotation of the

40
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motor in one direction or the other) is ‘de-
termined by variations above or below the
normal voltage in the circuit to be regulated.

The mode ef operation whereby sald motor-

current is mdependently generated may be
stated, broadly, as consisting in the proper
sub]eetlen of a pos1t1ve1y -rotated armature
to the influence of opposing magnetic fields,
said fields being so related to one anothel and

to the lme-cnemt as that under normal con-
ditions of the latter they shall balance one
another, and thus fail to affect the armature,
while any variation from the normal in said
line-circuit shall modify one of said fields to
& relatively greater extent than the other,

the embodiment of my

" ed for the production of direct currents.

either in favor of or against the modified
55

field. - Such preponderance will affect the
armature in a direction and to an extent cor-

responding with the differential value of the

opposed fields, and consequently the rotation
of said armature will develop a current in
one direction or the other, according to the
nature of said differential. As the resultant

armature-current directly due to said differ-

6o

ential field influence is necessarily minute it

1s preferably not immediately applied to the

movement of the regulator, but is utilized as
an excitant for the ﬁelds of an aumhary dy-

namo whose armature is maintained in con-

tinuous rotation, but whose field is neutral
save when thus exelted and the current gen-

erated by said a,umhery dynamo upon execita-
tion of its field is utilized as the motor-cur-

7’0_.' o

rent for effecting the aetuatlen of the regu- B

lator |

Within the limits of the 0‘6‘1161&1 byetem Just |
75
and I -

outlined it will be found that there are vari-
ous possible modifications in detail,

have therefore in the foregoing n*eneral state-
ment ignored those detalls Wherem chleﬂy vas-

I‘lELthl]S are to be found.
The main pr inciple upon Whlch the inven-

'8n

tion depends is the creation of a preponder- ~

ance in one or the other of two normally-bal-

anced magnetic fields, as the manifestation of

| arlatlons in the elremt to be regulated and
the utilization of the p1eponderant field for

the production of a current which indirectly

or dlreetly shall aﬁox da motor-current for the

regulator.

In the: aeeompanymw drawings, I‘ln"ule 1di-
agrammatically illustrates the appheatlon of
myinvention toashunt-wound dynamo adapt-
Fig.
2 diagrammatically illustrates the appheatwn
of my invention to a dynamo having a sepa-
rately-excited field and adapted for the pro-
duction of alternating currents. Fig. 8 is a

9
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plan view of a convenient embodiment of the

opposed
prised in my invention. Figs. 4 and 5 are

respectively side and end elevations of the
structure shown in Fig. 3. Figs. 6 to 11, in-
clusive, show eonvement relatwe proportions

ields and auxiliary dynamo com-

I60

of the opposmg normally-balanced fields and "

the ﬁeld of the auxiliary dynamo, -




oo

Referring to Fig. 1, A is the dynamo whose
outpat to the line-cirenit X X' is to be regu-
lated, and ¢ is the field of said dynamo, which
is in shunt relation with said line-circuit and
includestherheostaticregulator B. Thearma-
ture C is common to the differential opposing
fields ¢ ¢’ and is continuously rotated. DBoth
of said fields ¢ ¢’ are in shunt relation with
the line-circuit X X’'; but are so wound as to
be oppositely polarized, and in the normal
condition of the line-circuit X X' balance one
another, and thus fail to affect the armature
C. Said fields ¢ ¢’ are so related that the nor-
ma)l current therein derived from the line-cir-
cuit X X’ exceeds the limit of saturation of
the magnetic circuit of the field cby anamount
sufficient to permit of the desired range of
fluctuation above said limit, and said normal
current is so much less than is sufficient to
saturate the magnetic circuit of the field ¢’ as
to permit of the desired range of fluctuation
below said limit of the latter, and therefore
variations in the voltage of the line, and con-
sequently in. the shunt-current supplied to
both of said fields, materially affect the mag-
netic luxinthe field ¢’,while the magnetic flux
in the field ¢ remains substantially constant,
and each variation in the line-circuit is there-
by manifested in a magnetic preponderance

L)
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The described movement of the regulator
B causes a decrease in the current shunted
through the field ¢, and in correspondence
therewith the output of the dynamo A is de-
creased until equilibrium between the de-
mands upon the line-cireuit X X'and the
supply thereto is reached. - |

If the demands upon the line X X' are in-
creased, of course the terminal voltage there-
of falls below the normal, and the magnetic
flax through the variable field ¢’ being there-

by lessened a magnetic preponderance iscre-

ated in favor of the substantially constant
field ¢, so thatthe contact-lever b is shifted in
the direction opposite to the arrow upon Fig.
1, and the output of the dynamo A is accord-
ingly angmented.

‘The devices above described are grouped
in the manner shown in Fig. 1 merely for
clearness of diagrammatic illustration, and
may of course be arranged in any convenient
manner in practice. I have, however, shown
in Figs. 3,4, and 5 a convenient arrangement
of the differential fields ¢ ¢’ and the field d of
the auxiliary dynamo D upon a single bed-
plate I, provided with bearing-standards
for the shaft f’, upon which are fixed the ar-
mature C, commutator ¢*, armature D', and
commutator d’, so that said armatures and
commutators may be continuously rotated by

10 either in favor of the field ¢’ as the voltage
- rises or against said field as the voltage falls.
\ i~ The field d of the auxiliary dynamo D 1s

-~

means of the band-wheel T,
It.is obvious that a difference in the mag-

netic saturation of the fields ¢ ¢/ may be se- 100

« 7 connected with the commutator c? of the ar-
 mature C, soas to be excited by any current

oenerated in the latter, and the armature D’
of said dynamo D being continuously ro-
tated any current in its field d suffices to de-
liver a current of wmuch greater magnitude
from its‘;,commuta_tor d’ to the commutator e
and armature E' of the motor E, whose field
¢’ isseparately excited by a shunt connection
with the line-circuit X X'. The shaft e® of
said motor E is mechanically connected in
any convenient manner with the contact-le-
ver b of the rheostat B, so that rotationof the
shaft ¢® in one direction or the other eiiects
a corresponding traverse of said contact-le-
ver 0. o |

- The devices above described are calibrated
in correspondence with the normal voltage
of the line X X', in which are any number of
devices, such as lamps «© x, which demand a

. eertain supply of current from said line. If,

therefore, one of said lamps is extinguished
or the demand upon said circuit X X'is other-
wise lessened, the terminal voltage thereof
rises, and a magnetic preponderance of the
~ variable field ¢’ with respect to the substan-
tially constant field ¢ is created, and the con-
sequent magnetic flux through the rotating
armature C enables the latter to excite the
 field  of the auxiliary dynamo D with such
polarity that the current delivered from the
commutator d' to the armature E' of the mo-
tor E rotates the latter and shifts the contact-
lever b of the regulator-rheostat B in the di-
rection of the arrow upon Fig. 1.

‘material, provided that said

cured by making the respective cores thereot
of different cross-sectional area or by mak-
ing a difference in the extent of the air-gap
between the pole-piecesof therespective fields
and the armature C. I prefer, however, to
use both of said means to secure the desired

result, and I have shown a convenient pro- -

portion of the parts in Figs. 6 to 9, inclusive,
wherein it appears that the cores of the field ¢
are much less in cross-sectional area than the
cores of the field ¢’ and that the alr-gap re-
sistance of the former is much less than that
of the latter. Tigs. 10 and 11 show the pro-
portion of the field d whieh I have found it
convenient to employ with differential fields
¢ ¢’ of the proportions illustrated in the pre-
ceding figures.

In the form of my invention above de-
seribed the mnormally - balanced magnetic
fields are both execited by a current directly
shunted from the line-cireuit, which the dif-
ferential action of said field serves to regu-
late. It is obvious, however, that the source
of excitation of said differential fields 18 1m-
ields balance
each other magnetically under normal con-
ditions and respectively preponderate one
over the other in accordance with the rise or
fall of the voltage of the line-circuit from 1ts
normal state. In Fig.21havediagrammatic-
ally illustrated a modified form of my inven-
tion arranged for the regulation of an alter-
nating-current dynamo. |

| In Fig. 2 A’is the dynamo whose output to
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‘the line-circuit X*X3is to be regulated, and o’

18 the field of said dynamo, whmh 18 energized
by a separate exciter A® of ordmaly con-
struction, the latter being provided with a
shunt-wound field a¢*and the usual field-con-
The rheostatic regulator
B’ is 1neluded in the cllcmt connfﬂetmﬂ‘ the
exciter A® with the field «'.

The armature C' is contmuously rotated
with respect to the differential fields ¢® ¢, and

~the former is maintained substantmlly con-

20

stantand the latter varied in accordance with
fluctuations in the line X? X®by reason of the
following arrangement: The field c3is excited
by the storage batteu C? and the magnetic
flux therein determined by the rheostat ¢,
As a matter of eonvenience I have arranged

‘the battery C°sothatitmay be recharged from

the exciter A® by way of the switch at. The
field ¢*is exeited by shunt connection with

‘the line-cireuit X* X?, so that variationsin the

terminal voltage of the latter are manifested

~1n an increase or decrease of the magnetic flux
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1n sald field. It being uswual in alternatmﬂ'
systems of wiring to dlstubute the cmrenb
from the dynamo to the line-circuit through
static transformers, Thaveindicated such de-
vices at Y in the lme circuit X? X3and in the
shunt-circuit #* 2°, and from the latter the

alternating current is delivered to the fieldc? |

as a direct current through the medium of
the synchronous rotary transformer Y.
The operation of the differential fields ¢3 ¢t

18 1dent1c,a1 with that of the differential fields

C ¢’ previously deseribed in that the magnetic
lux through the field ¢*remains substantaally
constant, and each variation in the line-cir-
cuit is manifested in a magnetic preponder-
ance either in favor of the ﬁeld ¢* as the vol-
tage rises or against said field as the voltage
falls and in accordance therewith the con-
tmuously rotated armature C' is enabled to
deliver a current from its commutator ¢® to
the commutator ¢* and armature E3 of the
motor E The polarity of said current de-
livered to the motor-armature being deter-
mined by the magnetic preponderance of one
or the other of said fields ¢? ¢*, the contact-
lever arm b’ is caused to traverse in accord-
ance therewith and effect an increase or de-
crease in the current from the exciter A® ef-
fective in the field a' of the dynamo A’, and
thus regulate the output of the latter. The
field et of the motor E* is conveniently ener-
gized byshunt connection with the exciter A

It is to be noted from the foregoing that
whereas the normally-balanced ch
fields may be excited from a common source,
such as I have illustrated in Fig. 1, and he
permanently calibrated without the use of a
variable resistance, such as I have illustrated
at ¢’ in I'ig. 2, yet the employment of the lat-
ter not only facilitates the initial calibration
of the magnetic flux, but also permits of a
eonmderable a,dgjustment thereof.

It is obvious that without departing from
the spirit of my invention various modifica-

er entml

tions may be m&de in the mode of applying

the regulation to the line-circuit, in the char-
acter of the regulator, and in the embodi-
ment of the normally-balaneed or neutral
field, which constitutes the essential feature
thereof. I therefore do not desire to limit
myself to the precise method or arrangement
which I have illustrated.

I claim—

1. The herembefom described method of
operating the regulatorof an electric line-cir-
cult, which conmsts in the creation of a pre-
ponderance in one of a plurality of opposed
normally - balanced magnetic fields, as the
manifestation of Vauatwns in the circuit to
be regulated; subjecting a rotating armature
to the action of the pleponderant field and
thus generating a currentin accordance with
the dlfferentml value of said fields, and util-
izing the current thus generated for the move-
ment of the reﬂ'ulator, substantially as set
forth.

2. The hereinbefore-described method of
operating the regulator of an electrie line-
circuit, which conmsts in opposing two nor-

mally- bala,nced differential fields in such re-
lation with a continuously-rotating armature
that the magnetic preponderance of one of
said fields, with respect to the other, shall
produce a current of corresponding polarlty
in said armature; maintaining the magnetic
cireuit of one of said fields substantla,lly con-
stant; varying the magnetic circuit of the
other of sald fields in accordanee with the
fluctuations in the voltage of said line-cir-
cuit; and utilizing the resultant armature-
current to shift sald regulator, substantially
as set forth.

0. The hereinbefore-described method of
operating the regulator of an electric line-
circuit, which consists in opposing two nor-

- mally-balanced differential fields in such re-

lation with a continuously-rotating armature
that the magnetic prepondelance of one of
sald fields, with respect to the other, shall
produce a current of corresponding polamty
in said armature; energizing both of said
1elds by shunt connection with said line-cir-
cuit, in such relation therewith that one of
said fields shall be excited beyond its mag-
netic saturation limit, and that the other of
said fields shall be exclted below its magnetic
saturation limit; and deriving from the dif-
ferential maﬂ'nebm flux of said fields, conse-
quent upon variations in the voltage of said
line-circuit, a current for shifting said regu-

| latm substantlally as set forth.

The hereinbefore-described method of
0pe1dtin0* the regulator of an electric gener-
ator, which consists in 0pposmg two nor-
mally-balanced differential fields in such re-
lation with a continuously-rotating armature
that the magnetic preponderance of one of

‘said fields, with respect to the other, shall

produce a current of corresponding polamty’
in said armature; maintaining the magnetic
circuit of one of said fields substantlally con-
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‘stant; varying the magunetic circuit of the | said regulator by the action of said motor,sub-
 otherof said fieldsin accordance with fluctua- | stantially as set forth. |

tions in the terminal voltage of said gener- - AT TP

ator; exciting the field of an auxiliary elec- * MATHIAS PFAHSOHE‘R'
= tric generator by means of the resultant arma- Witnesses: .

ture-current; actuating a motor by means of JAMES H. BELL,

the current thereby generated; and shifting | 5. REESE.
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