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UNITED STATES PATENT OFFICE.

MONTGOMERY WADDELL, OF NEW YORK, N. Y.

AUTOMATIC REGULATOR FOR ELECTRIC CIRCUITS.

No. 805,505.

Specification of Letters Patent.

Patented Nov, 28, 1905,

Application filed June 28, 1804, Serial No, 214,468,

To all whom it may concern: )

Beit known that I, MoNTeOMERY W ADDELL,
a subject of the King of Great Britain, resid-
ing in the city, county, and State of New
York, have invented a certain new and aseful
Improvement jin Automatic Regulators for
Electric Cireuits, of which the following is a
specification.

My present invention relates to an im-
proved means for the regulation of electric
circuits for the maintenance of constant cur-
rent or of constant potential. or of both, in
different parts of a system supplied by one or
more generators.

The invention is particularly useful in con-
nection with dynamos used with auxiliary
secondary batteries—for instance, for light-
ing purposes, particularly where (as in car-
lighting) the dynamo is most conveniently
driven at a varying rate of speed.

This invention may be readily combined
with certain features of the apparatus de-
seribed in my United States Letters Patent
No. 760,001, dated May 17, 1904, and when
so combined the advantages incident to both
inventions are successfully united.

Certain preferred forms of this present in-

vention are shownin the accompanying draw-.

ings, wherein—

Figure 1 is a diagram of circuits as used in
one embodiment of my general invention.
Fig. 2 is a similar illustration of a modified
arrangement. Fig. 3 is a combined side ele-
vation and diagram showing the rheostat and
governor so arranged as to combine the two
forms shown in Figs. 1 and 2 while uniting
with them certain features of my aforesaid
prior patent. Fig. 4 is a top view of a pre-
ferred form of rheostat-bar. Fig. 5isanend
view of the same, showing one mode of attach-
ment therefor; and Fig. 6 is a sectional view of
one rheostat-column preferably used by me.

In Figs. 1 and 2 the dynamo to be regu-
lated, which is shown as shunt-wound, is
shown at 1, the armature 2 feeding current
to the brushes 3 and 4, and the field-magnets
being provided with two sets of coils 5and 6 in
series.
and in the form shewn these supply current
to a secondary battery 8 and to lights 8. At
10 there is indicated any desired form of local
regulator for the lights. The two sections of
field- magnet winding 5 and 6 are reversely
wound with respect to each other, and the
longer section 5, which may be termed the
““principal” coil, always prevails. At any

The main circuit-wiresareshownat7,

moment the actual field-magnet excitation is
the result of the difference between the et-
fects of the two coils. The reverse winding
of the field-magnet coils is conventionally in-
dicated in the drawings by making those por+
tions of ‘the field-magnet coils which are con-
vex toward the observer in unbroken curves,
while the portions of the coils behind the
field-magnets are shown dotted.

The description thus far given applies to
Figs.1and 2alike; but these figuresshow some-
what different modes of treatment of these
elements. In Fig. 1 a rheostat 11 is shown
preferably composed of one or more columns
of resisting-bodies whose total resistance is
variable by changes in pressure, which col-
umn is placed in series with the principal
coils 5 and in shunt with the reverse-coils 6.
In the form shown this is accomplished by
connecting the top of the column 11 by the
wire 12 to the end of the principal coil 5,
while the wire 13 connects the armature-brush
4 to the pivot 14 of the regulator-arm 15, one
end of which bears upon the lower end of the
column 11. A variety of means may be em-
ployed for control of the regulator-arm 15,
and these will differ in construction and in ar-
rangement with reference to the electrical sys-
tem according to the nature of the regula-
tion required. In the form shown on Fig. 1
this control is accomplished by the solenoid
16 and reaction-spring 17. The solenoid 16
is placed in series with the main circuit 7,
and its core 18 is so attached to the end of
the arm 15 that the normal effort of the solen-
oid tends to compress the spring 17 or equiv-
alent reactive means and to diminish the pres-
sure on the columu 11,

The operation of the apparatus shown in
Fig. 1 is as follows: Assuming the system to
be in operation and that for any reason there
is a tendency to an increase of current in the
main wires 7, the first momentary rise in
current will cause an increased effort in the
solenoid 16, which by decreasing the pres-
sure of the spring 17, transmitted through
the lever 15 to the resisting-column 11, will
instantly cause an increase in the total resist-
ance of said column. This will cause a cor-
responding decrease in the total current pass-
ing through the principal field-magnet coils
5, while at the same time producing an -in-
creased flow in the reverse-coils 6. There

.will thus be caused a double weakening of the

field-magnet of the dynamo 1 and undue rise
in the main c¢arrent will be prevented: -
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By combining the regulator with the two
reversely - wound field-magnet sections, sub-
stantially as shown, relatively small changes
in current will instantly produce important
changes in the field-magnet.

In Fig. 2 is illustrated a modified arrange-

“ment of parts equally within the scope of my
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invention. Here the column 11 is placed in
series with the reverse-coil 6, which is dia-
grammatically shown wound on both legs of
the magnet. This position of the field-mag-
net coil is also appropriate to the arrange-
ment in Fig. 1. The resisting-column 11,
which is in shunt with the principal exciting-
coil 5, is so placed in this form of my inven-
tion that the reactive spring 17 tends to op-
pose compression upon the column 11. . The
solenoid 16 and core 18 are replaced in this
figure by an equivalent combination of mag-
net 19 and armature 20, the normal effect of
which is to oppose the spring 17 and to ex-
ert pressure upon the column 11.

The operation of the arrangement shown in.
Fig. 2 is as follows: An incipient increase of

current in the main ¢ircuit acts through the T

magnet 19 to increase the pressure upon the
column 11, thus lessening its total resistance.
This causes diversion of current from the
principal or exciting-coil 5 of the field-magnet
and increases the flow through the reverse-coil,
whereby again the field-magnet is weakened
and the desired regulation is accomplished.

While I have shown my regulator applied
to a shunt-wound generator, my invention is
not limited to this combination. -

The preferred. form of my device (shown
in Figs. 3 to 6) employs a,combination of two
rheostat-columns with the principal and re-
verse coils on the field-magnet. This may be
used in a variety of ways, according to the
kind of regulation desired, and I prefer to
use it so that during a portion of the period
of its operation at least it combines the two
systems above described with reference to
Figs. 1 and 2. Fig. 3 furthermore shows an
improved form of regulator-arm to be applied
in combination with the other parts of the
regulator in such a manner that it forms part
of an automatic means for closing the main
circuit and bringing the regulator itself into
operation. This feature, as well as the means
for employing two resisting-columns differen-
tially, is capable of application to a variety
of regulating devices, and I do not limit my-
self in my claims to its use in combination
with the other features of my invention,which
are illustrated with it in Fig. 3. Tt is to be
further understood that I am not limited to

“use of my regulator in combination with a
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shunt-wound generator, as it is applicable to
use with either a series-wound or a separately-
wound generator. In said figure there are
shown two resisting-columns, as 21 and 22,
resting upon fixed conducting-abutments 23

.and 24 and subjected to compression between

805,505

these abutments and two compression mem-
bers or nuts 25 and 26 at their opposite ends.
As shown in Fig. 6, the resisting-columns in
question are preferably composed of superim-
posed carbon buttons 27, separated at regular
intervals by metal plates 28, the whole being
perforated from end to-end to permit the pas-
sage of an insulated rod 29 30 in each column.
The rod 29 is threaded at its upper end to re-
ceive the pressure-nut 25, and the nut 26 is
similarly applied to the rod 80. This arrange-
ment permits of adjustments to suit various
conditions. A conducting cross-lever 31 is
pivoted at 32 betweén the two columns, and
its two ends are pivotally attached to the up-
per ends of the rods 29 and 30.. The lower
end of the rod 30 is preferably provided with
a dash-pot 83, adapted to prevent sudden
movenents. At the lower end of the rod 29
a nut 34 is screwed in place and a short

strong regulating-spring 35 is so placed be-
tween the abutment 23 and the nut 24 as to.

tend to exert a constant pressure upon the
column 21, while at the same time opposing
exertion of pressure upon the second column
22. The regulator-bar takes the form of a
frame comprising the two conducting side

Dpieces 36 and 37, pivoted upon an insulated

pin 38. (See Fig. 4.) The pin 38 is borne
at its two ends in a bracket 39, made of two
conducting halves separated by insulation 40.
The side piece 36 is connected to one half of
39 and the side piece 87 to the other half by
contact between the respective parts, as shown
in Fig. 4 at 41 and 42. The side pieces are
connected at three points by cross-pins insu-
lated from said side pieces. The first of these
(shown at43) provides a pivotal connection for
the long regulating-spring 44. The second
pin 45 is placed between the solenoid and the
pivot 88, and upon this pin there bears a sad-
dle 46, fixed at the lower end of the rod 29.
The short spring 35 pushes the saddle 46 down
upon the pin 45. The third pin 47 serves to
unite the side pieces at their outer extremity.
In Fig. 3 a stop 48 is shown, which serves to
limit downward movement of the regulator-
franie. The regulating-solenoid 49 is prefer-
ably supplied with coils 50 and 51, and its
core 18 carries at its lower end a circuit-clos-
ing cross-piece 52, preferably composed of
one or more springs, as shown in plan view
in Fig. 4. This bridge-piece 52 extends trans-
versely under the pivoted regulator, (see Fig.
4,) so as to make electrical contact with both
side pieces and lift one end of the frame when
the core 18 is raised. A small rod extends
upward through the top of the solenoid, be-
ing fixed to the end of the core, and an appro-
priate weight 53 is carried by said rod. This
weight is preferably screwed upon the rod
which carries it to facilitate adjustment- in
position, and thereby regulate the distance to
which the bridging-piece 52 falls when circuit
is broken. (See Figs. 3 in dotted lines.)
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The apparatus shown in Fig. 3 is connected
to the dynamo-circuit for operation as fol-
lows: One part of the bracket 39 is connected
directly to one brush 3 of the armature, and
the main current, leaving from the other part
of said bracketand passing through the coarse-
wire coil 51 on the solenoid 49, goes to the
translating devices. T'wo shunt-circuits lead
from the main circuit between the armature
and the bracket 39. The first of these leads
through the principal field-magnet coil, the
reverse-coil, and the solenoid-coil 50, back to
the main line at 55. The second shunt goes
by the wire 56 up through the resustmcr-col-
umn 22, across the lever 31, down the column
21, and back to the line by»the wire 57. In

-addition to these connections.a compensating

wire 58 connects the lever 31 between the
two columns 21 and 22, with a point between
the two sections of the field - magnet coils.
As indicated by the opposed arrows on the
wire 58, the current will flow in one direction
or the other on this wire, according to the
conditions existing in the system. Under cer-
tain possible conditions of equilibrium no
current at all will flow here. Assuming now
that the dynamo is ready to start from a state
of rest to supply current-to a previously-idle
main circuit, the solenoid-core is depressed
and the bridging-piece 52 occupies the posi-
tion shown in dotted lines in Fig. 8. After

. the dynamo starts and as soon as sufficient
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potential exists at the brushes 3 and 4 the
core 18 will be raised by the action of the coil
50, and the bridging-piece 52 will be lifted
into contact with the two side pieces 36 37,
thus closing the main circuit and putting
pressure against the pivoted frame. The
main circnit will then proceed, as indicated by
the arrows, from brush 3 toone insulated sec-
tion of the bracket 39, to the side piece 37,
across the bridging-piece 52 to the other side
piece 36, thence to the other side of the bracket
39, to the coil 51 on the solenoid, and finally
through the translating devices back to brush
4. Before closure of circuit at 52 the resist-
ance of the column 22 is near its highest point
and that of the column 21 is near its mini-
mum, owing to the action of the spring 35.
The: result is that very little current is di-
verted from the principal field-magnet coil 5,

" .and the column 21 diverts a large part of the

current from the reverse-coil 6, but leaving

. sufficient to enable the coil 50 to operate the
55

main-circuit switch. This condition of course

- favors rapid building up of the field magnet-

60

ism. As soon as the lifting action of the so-

“lenoid is felt there is at first a rapid rise of

resistance in the column 21 and a correspond-
ing fall of resistance in the column 22, which

- checks the rise of field magnetlsm by divert-

ing more current from the coils 5 and pro-
gressively less from the coils 6. At the same

-time the current pdssing through the coil 50

is increased, and this coil acts through the so-

8

lenoid to still further compress the column 22
while relieving the column 21 of pressure.
The desired balance is determined in advance
by the tension and dimensions of the springs
35 and 44 and the characteristics of the solen-
oid and dynamo. Theshortand long springs
herein shown and described have their func-
tions fully set forth in my application for
Letters Patent, Serial No. 182,576, filed No-
vember 15, 1903.

By appropriate proportions in the coils
and resistance - columns the current can be
diverted from the exciting-fields to such an
extent that under appropriate predetermined
conditions an actual fall in both potential and
current volume in the main circuit can be
made to follow an excessive increase in the
generator speed.

Tt will be seen that the arrangement shown
in Fig. 8 and above described provides a very
delicate and instantancous regulating means,
since the two differential columns 21 22 are
so arranged as to produce contrary and si-
multaneous effects on the two oppositely-
wound sections of field-magnet windings, and
thus cooperate for the productlon of a large
effect answering to relatively small casual
changes in current. Moreover, the coil 50,
acting as it does to increase its own effect
until balanced by the changes in the main cir-
cuit and the coil 51, cooperates with the dif-
terential columns to promote promptitude
and delicacy of regulation.

Many modifications may be made in the
various parts of this invention without de-
parting from the scope thereof, and 1 am not
to be understood as limiting myself to the de-

| tails hierein shown and descrlbed

What I claim is—

1. In a device of the class described, a dy-
namo having two sections of field-magnet coils
wound soas to magnetically oppose each other,
one end of each section being electrically con-
nected to one armature-brush and the remain-
ing ends of the two sections being electrically
connected to each other between said br ushes;
in combination with a rheostat connected in
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shunt with one of the sections of said coils -

and means for varying the resistance in said
rheostat, substantially as described.

.9. In a device of the class described, a dy-
namo having twosections of ﬁeld-magnet coils
wound 50 as to magnetlcally oppose each other,
one end of each section being electrically con-
nected to one armature-brush and the remain-
ing énds of the two sections being electrically
connected to each other hetween said brushes;
in combination with a rheostat connected in
shunt with one of said coils and electromag-
netic means in circuit with said dynamo for
varying the resistance in said rheostat, sub-
stantially as described.

3. In a device of the class described,.a dy-
namo having two sections of field-magnet co:ls
wound so as to magnetically oppose each other,
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one end of each section being electrically con-

" nected to one armature-br uah and the remain-

10

3]

20

ing ends of the two sections being electrically
connected to each other between said .brushes,
in combination with a regulator comprising
a variable-resistance device in shunt with the
principal field-magnet coil, substantially as
described. A

4. In a device of the class described, a dy-
namo having two sections of field-magnet coils
wound so asto magnetically oppose each other,
one end of each section being electrically con-
nected to one armature-brash and the remain-
ing ends of the two sections being electrically

connected to each other between said brushes;

in combination with a regulator comprising
a variable-resistance device in shunt with the
reverse field-magnet coil substantially as de-
scribed.

5. In a device of the class descrlbed a dy-

. namo having two sections of field- magnet coils
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wound so as to magnetically oppose each other,
one end of each section being electrically con-
nected to one armature-brush and the remain-
ing ends of the two sections being electrically
connected to each other between said brushes;
in combination with a rheostat in shunt with
each coil and electromagnetic' means in cir-
cuit, with said dynamo for simultaneously
varying the resistance in both of said rheo-
stats, substantially as described.

6. In a device of the class described, a dy-
namo having a principal field-magnet coil and
a magnetically-opposing field-magnet coil in
shunt with the armature and in series with
each other, two separate rheostats in shunt
with said armature and with the first-named
shunt but in series with each other, a com-
pensating wire connecting a point beiween
said rheostats with a point between said field-
magnet coils and means for simultaneously
operating both of said rheostats, substantially
as described.

7. In a device of the class described, a dy-
narho comprising two sections of field-magnet
cotls wound so as to magnetically oppose each
other and a regulator comprising two sepa-
rate rheostats electrically connected to said
coils and means adapted to operate said rheo-
stats simmultaneously 50 as to increase the cur-
rent in one of said coils while decreasing the
currentinthe other,substantially asdescribed.

8. In a device of the class described, a dy-
namo comprising two sections of field-magnet
coils wound so as to magnetically oppose each
other, an electromagnetic regulator in circuit
therewith, two separate rheostats also con-
nected to said coils and means operated by
said electromagnetic regulator and adapted to
operate said rheostats simultaneously so as to
increase the current in one of said coils while
decreasing the current in the other coil, sub-
stantially as deseribed.

.9. In a device of the class described, a dy-
namo having a principal winding and s re-

805,505

verse winding on the field-magnet thereof, two
rheostats in series with each other and individ-
ually in shunt with said two ield-magnet wind-
ings respectively and means for setting up si-
multaneous and opposite.resistance changesin
said two rheostats, substantially as described.

10. Ina device of the class described, a dy-
namo having a principal field-magnet winding
and a reverse field-magnet winding in shunt
with the armature and in series with each
other, twoindependent rheostats in series with
each other and in shunt with said windings, a
compensating wireconnecting a pointbetween
said rheostats with a point between said field-
magnet coils and means for setting up simul-
taneous and opposite resistance changes in
said two rheostats, substantially as described.

11. In adevice of the class described, a dy-
namo having two sections of field-magnet coils
wound soas to magnetically oppose each other;
in combination with a separate rheostat in
shunt with each of said field-magnet coils and
means for varying the resistance of each of
said rheostats substantially as described.

12. In a device of the class described, a dy-
namo having two sections of field-magnet coils
wound so as to magnetically oppose each other;
in combination with a separate rheostat in
shunt with each of said field-magnet windings
and meéans for setting up simultaneous and
opposite resistance changes in said two rheo-
stats, substantially as described.

13. Inadevice of the class described, a dV-
namo having a principal exciting field- maanet
coil and a reverse-woiind coil magnetically op-
posed thereto; in combination with a separate
column of resisting-bodies in shunt with each
of said field-magnet coils and means for set-
ting up simultaneous and opposite changes in
the pressures existing on said two columnﬂ;,
substantially as descr 1bed

14. In adevice of the class descnbed ady-
namo having a principal tield-magnet wmdlng
and a reverse field-magnet wmdlng, in combi-
nation with a separate column of resisting-
bodies in shunt with each of said field-magnet
windings,a pivoted spring-pressed lever whose

opposite ends bear on said. two eolumns and .

means for changing the effective pressure ex-
erted on said pivoted lever, substantially as

“described.

15. In a device of the class described, a dy-
namo having a principal exciting field-magnet
coil and a reverse-wound field:magnet coil; in
combination with a separate column of resist-

ing-bodies in shunt with each of said field-mag-.

net ‘windings, a lever whose opposite ends
bear on said two columns, means for exerting
pressure to tilt said lever in one direction and
means for exerting various degrees of force
on said lever in opposition tosaid first-named
means, substantially as described.

16. In a device of the class described, a dy-
namo having two reversely-wound sets of field-
magnet coils in series with each other, two col-
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umns of resisting-bodies, a solenoid having

two coils, and mechanical means connecting
said columns and said solenoid for producing
differential pressure changes in said columns
under the influence of current changes in said
solenoid; in combination with an electric con-
nection between one end of the field-magnet
coils and one end of one of said resisting-col-
umns, a connection between one end of the
other column and-the working cireuit of the
dynamo, a connectioh between the remaining
ends of both said columns and the junction
between the two sets of field-magnet coilsand
a connection from the remaining end of the
entire field-magnet system, through one coil
of said solenoid to the working circuit of the
dynamo, substantially as described.

17. In adevice of the class described, a dy-
pamo having two oppositely-wound sections
of field-magnet coils in series with each other
and together in shuntwith the armature,.and
a rheostat connected in shunt with one of
the field-magnet sections, substantially as de-
scribed. - )

18. In a device of the class described,a dy-

"namo having two oppositely-wound sections

of field-magnet coils in series with each other
and together in shunt with the armature, a
rheostat connected in shunt with one of the
field-magnet sections and means for varying
the resistance of said rheostat, substantially
as deséribed.

19. Inadevice of the class described, a dy-
namo having a principal and a reverse-wound
section of field-magnet coils in series with each
other and together in shunt with the armature
and an automatic regulator comprising a va-

riable-resistance device in shunt with the prin- |
cipal field-magnet coils, substantially as de=

seribed.

90. In a device of the class described, a dy-
namo having a principal and a reverse-wound
section of field-magnet coils in series with each
otherand together in shunt with the armature
and an automatic regulator comprisinga vari-

able-resistance - device in shunt with the re-

verse field-magnet coil, substantially ‘as de-
seribed. o

91. In combination with a dynamo having
an exciting-coil producing operative magneti-
zation of its field-magnet, a rheostat in series
with the entire exciting-coil, a second rheo-

stat in shunt around said entire exciting-coil

and means for simultaneously producing op-
posite resistance changes in said two rheo-
stats, substantially as described. )

99. In combination with a magneto-electric
generator having a principal or exciting coil
and a coil magnetically opposed thereto, two
rheostats so connected to sald field-magnet
coils as to exert opposite tendencies upon the
flow of current in said coils and means for
producing simultaneous and opposite resist-

g

ance changes in said rheostats, substantially
as described. :

93. In a device of the class described, a dy-
namo having a principal and a magnetically-
opposing section of field-magnet winding, an
electromagnetic regulator having primary and
secondary coils, said secondary coil being in
series with said magnetically-opposing field-
msagnet coil, and a rheostat controlled by said
regulator and connected in shuntaround said
field-magnet coil, substantially as described.

94. In a device of the class deseribed, ady-
namo having a principal and a magnetically-
opposing section of field-magnet winding, an
electromagnetic regulator having a primary
coil in series with the main circuit of said dy-
namo and a secondary coil in series with said
magnetically-opposing field-magnet winding,
and a rheostat controlled by said regulator
and connected in shunt.around said magnet-

ically-opposing field-magnet coil and said sec- -
‘ondary regulator - coil, substantially as de-

seribed.

95. In a device of the class described, a dy-
namo having a principal and a magnetically-
opposing section of field-magnet winding, an
electromagnetic regulator having a primary
coil and a secondary coil, said secondary coil
being in series with said magnetically-oppos-
ing field-magnet winding, and two rheostats
both controlled by said regulator, one of
which is connected in shunt around said mag-
netically-opposing field-magnet winding and
said secondary regulator-coil while the other
rheostat is in series with said last-named wind-
ing and coil, substantially as described.

96. In a device of the class described, ady-
fiamo having a principal and a reverse sec-
tion of field-magnet winding, an electromag-
netic regulator therefor comprising a coil con-
nected to form with said two field-magnet sec-
tions a single electric series, two rheostats in
series with each other and connected in shunt
with the entire aforesaid electrical series of
coils, an electric connection from a point be-
tween said rheostatsdirectly toa point between
said two field-magnet sections and means con-
trolled by said regulator for changing the re-
sistances of said rheostats, substantially as de-

_scribed. .

97. In a device of the class described, a dy-
namo, a rheostat in shunt with the exciting-
coil of said dynamo, and an electromagnetic
regulator for said dynamo having a primary
and a secondary coil, said primary coil being
in series with the main circuit of the dynamo
and said secondary coil being in series with

said rheostat, substantially as described.

- MONTGOMERY WADDELL.

‘Witnesses: .
Wicniam H. KErTRA,
JosgpH V. O’DONNELL.
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