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To all whom it may concern:

Be 1t known that I, JAMES J. Wo0D, a citi-

zen of the United btates residing in Brook-
lyn,in the county of Kmus and Sta,‘te of New
York, have invented certain new and useful
Improvementb In Self-Regulating Constant-
Current Dynamos, of which the followuw 18
a specification.

This invention relates to dynamo-electric
machines which automatically regulate them-
selves in order to generate at all 1 times & con-
stant current nothth%tandmﬂ variations 1in
the “load” orline-resistance. The invention
applies to dynamo-machines having arma-
tures of the Gramme or Pacinotti ring or
Slemens drum type, such as are Known as

“closed-coil armatures.” The regulation of
such machines has been effected heretofore
1n different ways. Of these the most success-
ful and satisfactory in practice has been by
shifting the brushes on the commutator, mov-
1ng them automatically away from the neu-
tr &1 line or position of maximum current
whenever the current tends to become ex-
cessive, S0 that the brushes collect less cur-
rent as they are moved away from the neutral
line and more current as they are returned
toward it.
brushes 1s effected through the medium of a
shifting mechanism moved or governed in its
movement by an electro-magnet, solenoid, or
other electro-motive device connected in the
Another method of regula-
tion applicable to series-wound field-magnets
consists 1n the application of a variable re-

sistance in a shunt short-circuiting the field--
-magnet coil, theresistance being increased to

increase the execitation of the field and de-
creased to lower its excitation. Field-mag-
nets havealso beenregulated by winding them
in sections and automatically switching more
or less of the sections into or out of circuit.
The inversion of the currentin the successive
sections has been proposed in order that the
inverse current or currents should tend to de-
magnetize the field-magnet; but no means has
been devised for :;Lpply ing this method in such

manner as to preserve a unifoi"m current in
It has also been pro-

the external circuit.
posed to regulate both separately-excited and
series-excited constant-ctrrent dynamos by
the winding of the field-magnet with a di-

The automatic movement of the

(No model.)

rectly-connected shunt-coil, but thus far with-

out practical success, so far as I am aware.
An inversely-connected shunt-coil has also
been proposed, to be traversed by an inter-

mittent or interrupted current on a branch

of the main arc-lamp cireuit, the relative du-
ration of the closures and breaks being va-
ried to vary the demagnetizing effect of the
inverse current in order to regulate the gen-
eration of current; but this system has not
been found practicable by reason of the in-
evitable heavy sparking and induction.

My invention provides an improved method
of regulation differing from any heretofore
a*:)phed I wind the field- magnet with two
colls—the usual main mag netlzmﬂ‘ or exciting
¢oll connected in series .-.-md a 511pplementa,1
demagnetizing-coil inversely connected in a
shunt. The inverse current through this
shunt-coil is a continuous current, which flows
continuously during the normal running of
the dynamo and is increased or decreased by
the action of an automatic regulator respond-
ing to changes in the main or external cir-
cuit, and proportionately varying the electro-
motive force of the current in the shunt-coil,
so that it more orless reduces the magnetiza-
tion of the field-magnet, and thereby compen-
sates for any increase or decrease of current
due to variations of resistance in the circuit
or to variations of speed of the dynamo.

In the accompanying drawings, I'igure 1 is
a side elevation of a Wood dynamo, showing
the field-magnet winding and the circuit con-
nections in diagram. Iig. 2 is an end eleva-
tion thereof, partly broken away to show the
commautator-brushes. Fig. 3 1s a diagram of
the circuit-connections for the machine shown
in Figs. 1 and 2. Fig. 4 is an explanatory
circuit diagram of similar character to Fig. 3.
Fig. 5§ 1s a similar diagram showing a modifi-

cation. Ifig. 618 a diagram showing a further
modification. IKig.7 is adiagram showing an-

other modification. Fig. s is a diagram show-
ing my invention as applied to a separately-
excited dynamo. |

I will first explain the principle of my in-
vention with reference to TFig. 4, which is a
simplified diagram thereof.

Let A designate the commutator of a dy-
namo-electric machine of the Gramme ring
or closed-coil type, and BB I3’ the positive and
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negative main collecting-brushes thercof, ar-
ranged to touch the commutator on the neu-
tral Iime @ @ or in the position of maximum
current. ILet D designate the main exeiting-
coil of the field-magnet, which is connceted
in series with the line between the brushes
I3 B’. This is the ordinary arrangement for
self-excited series-wound dynamos.

Let C designate an auxiliary commutator-
brush touching the commutator A adjacent

to the negative brush I/, and mounted on an

arm or yoke G, by the movement of which it
can be shifted around the commutator. A
shunt-coil D’ has its terminals econnected by
shunt-circuit wires « o with the auxiliary
brush C and the negative main Dbrush B/,
When the brush C'is in contact with the brush
B’, it is obvious that both will have the same
potential, and consequently no current will
flow through the shunt ¢ D’. If, however,
the brush C be advanced along the commu-
tator away from the brush I3/, it will rest upon
comimutator-segments of different potential
from those with which the brush I3 malkes
contact. As the hrush C will in such case he
nearer the positive side of the commutator
than the negative brush B/, it will exhibit
relatively to the latter a positive potential,
and a current proportional to the difference
of potential will flow from the brush ¢
through the shunt-circuit to the brush 1.
The quantity of current thus flowing through
the shunt-circuit will vary according as the
brush Cis moved away from or toward the
brush B”. The position shown in dotted lines
at C*may be assumed to be the limit of move-
ment of the brush C away from the hrush 1Y,
so that when the Drush isin this position the
current in the coil D" will he at its maximum.

If now we imagine the shunt-coil D’ wound
upon the field-magnet along with the main
coil D, but connected inversely thereto, it
will be apparent that the current in the shunt-
coil will act to neutralize more or less the
current in the main coil, and consequently to
reduce the magnetization of the field; and the
magnetization will bhe more or less reduced
according as the current in the shunt-coil is
increased or diminished. |

We have here all the conditions for a poer-.

fect regulation of the dynamo. If an attend-
ant watehing an ammeter were to move the
yoke G from time to time whenever he ob-
served any variation in the indication of the
ammeter, he could regulate the output of
the machine so as to compensale for any
variations in the resistance on the external
circult. A more perfect control of the aux-
iliary brush C may, however, he effected by
providing an automatic regulator for shifting
this brush over the commutator in response
to changes in the current on the line. Sev-
eral different constructions of such automatic
regulators are known in the art. They are
of two classes—those in which the movable
member of an electro-motive device—such as
an cleetro-magnet or solenoid—is connected
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to the brush-carrvier or yoke, so that its move-
ment 18 transmitied to the latter, in whieh
case the brushes move simultaneously with
and to an extent proportional to the move-
ment of said moving member, and those ot
the other class, in which the movement of
such movable member serves to operate o
cluteh to connect a mechanical shifting mech-
anism with a source of powerto drive it either
1n one direction orthe other. Anexample of
the former type of.regulator will be described
heremafter. An example of the latter type
18 1Hustrated in my patent, No. 326,801, dated
September 22, 1888,

Referring now to Ifig. 3, I will deseribe the
operation of my improved dynamo in connee-
tron with an antomatie regulator of the class
first above referred to. A regulating electro-
magnet or solenoid M has its coil connected
In the main ecireuit in geries, with a shunt .
faround it, by which it may beshort-circuited.
A relay-magnet N is connected in the main
cireuit exterior to this shunt, and serves by
the attraction of its armature to bhreak the
shunt-civeuit f.  In the form shown the mag-
net N is a solenoid, the core of which carries
a contact e, which touches & contact-serew f,
both in the shunt-circuit/i. Toprevent spark-
g between the contacts e f, a resistance »ris
connected between these contacts aeross the
shunt /v and short-cireuiting the coil of the
solenoid M. The core m of this solenoid is
connected to the auxiliary brush C, so that
by 1ts movement thigs brush is correspond-
ingly moved, either at the same or at a faster
or slower speed, according to the nature of the
intervening connections. These connections
in the construction shown consist of a lever
I, one arm of which is connected by a rod or
link < to the core m, and the other arm of
which 1s connected by a link jto theauxiliary
brush-carrier G. A dash-pot J is employed
to preventtoosudden movements of the solen-
oud-core. |

When the machine is running under maxi-
mum load—that 1s, with all the lamps in the
circuit lighted—the hrush C standg almost or
quite in contact with the brush B/, sothat the
current through the main field-coil D is
not neutralized (or not to any appreciable
extent) by a counter-current in the coil D’;
hence the field-magnet is excited to the nor-
mal extent and the machine is generating the
normal current. If now one or more of the
arc lamps are extinguished, thereby reduc-
ing the resistance and proportionallv ang-
menting the volume of current, the relay N
18 excited sufficiently to attract its core and
thereby break theshunt-circuit /i, whereupon
nearly the entire current, which until this in-
stant has flowed in large part through the
shunt /i, thereby avoiding the solenoid M, is
directed through this solenoid, strongly ex-
citing it and causing it to draw up its arma-
ture m at as rapud & rate as the dash-pot J
will permit, and thereby moving the auxiliary

Dbrush € around the commutator away from
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the brush B’. There results from this an in-
creased current through the shunt-coil D',
which neutralizes pl”‘(}pOl‘thHcﬂly the mag net-
1zing effect of the main coil D and 1eduees
the magnetism of the field, thereby diminish-
1ng the current Oenerated and restoring an
ethbl ium in the external circuit.

The relay M and shunt % % are well-known
accessories of a regulator of the type where-
1in the moving member of the regulating
magmnet or solenoid is connected to and Com-
mume&tes motion to the shifting brush-car-
rier. The practical operation Of the relay is
to 1mpart increased sensitiveness to the
solenoid M, so that it is capable of respond-
ing to mmute changes in the current.

n practice the 1‘6?111&[701" effects an inter-
mittent rise and fall of the current, due to
the relay N shunting almost the entire cur-
rent through the Solenmd M wheneverits ex-
citation rises above the normal, and then,
when the regulator has wsponded to the 0011—
sequent imcreased excitation of the solenoid
M and reduced the current, to the relay N,
shunting the greater pmt of the eurrunt
around the solenoid M, and thereby dispro-
portionately reducing the excitation of the
latter, which gives rise to the contrary regu-
la, tmg action, so that these effects follow al-
ternately at momentary intervals.

Kigs. 1 and 2 show the well-known type of
‘Wood dynamo with its field-coils wound and
connected according to my present invention.
The electrical connections are the same as
those shown in Fig. 3. The regulating-solen-
oid M, relay N, and rheostat 7 are mounted
on one of the end frames of the machine.
The solenoid-core is connected by a link 4 to
a rock-lever II, against which a spring S
pulls to retract the core, and the plunger of
the dash-pot J is connected by a link % to
the lever. Thelever H is fixed on a rock-
shaft m, passing through the end frame, on
the inner end of which shaft 1s fixed a lever

arm H’, which connects through a link 7 with

the brush-carrier (.

The circuit diagram in Fig. 1 5h(ms a num-
ber of arc lamps L1 COlllleCted 1n series. Kig.
3 shows a circuit in which both are lamps are
connected 1n series and incandescent lamps
[ I are connected in multiple.

My invention may be modified in various
ways without departing from its essential
features. Iwill proceed todescribe some such
modifications with reference to the remaining
figures of the drawings. |

“Both terminals of the shunt-circuit may be
connected to auxiliary brushes, instead of one
terminal being connected to one of the main
brushes, and in such case either one or both
of the auuhary brushes may be adjustable
around the commutator. In such adjust-

ment the brushes may move Snnul‘[ﬂneou&ly
in opposite directions or they may move in
the same direction at differential speeds.
Fig. 5 shows the connection of the shunt-
cirenit to two auxiliary brushes C and (7,

T
Wl

L

which are simultaneously adjusted upon the
commutator at differential speeds and in the
same direction. The full lines show the po-
sition of these brushes when the machine is

running under maximum load, and the dot-

ted lines show the position of the brushes
when adjusted to draw a greater current
through the shunt-coil in order to reduce the
current-generation of the machine. In the
movement of the brushes from the maximum
to the minimum position they are not ouly
separated but shifted to a part of the com-
mutator wheré the difference of potential be-
tween successive segments 1s greater.
Instead of shifting the auxiliary brush,
(when only one auxiliary brush is used,) the
maln brushes B B/, or one or other of them,
may be shifted. In such case the shifting of
the rgain brush or brushes away from theneu-
tral line results in their taking off less current
from the commutator, which itself in part
compensates for the altered condition of the
external circuit, as in the case of shifting
commutator-current regulators heretofore ex-
1sting; and at the same time this movement
augments the inverse current in the shunt-
circult, which also compensates for such al-
tered condition. Fig. 6 shows such adjust-
ment of one of the commutator-brushes—
namely, the one which forms one terminal of
the shunt-cireuit. The auxiliary brush C is
mounted fixedly, as 18 also the positive brush
B. The negative brush B’ is mounted on a
movable arm or yoke ¥, in order that it may
be shifted around the eommutatm' When it
is moved toward the position shown in dotted
lines, it takes off less current for the line, but
by increasing the difference of potential be-
tween itself “and the brush C diverts more
current through the shunt; or the auxiliary
brush and one of the main-circuit brushes
may be adjustable together around the com-
mutator, while the other main-circult brush
remains fixed. This is shown in Fig. 7. In
this figure a double yoke I G carries both the
‘JOSltl‘Fe brush B and the auxiliary brush C.
The negative brush B’ is fixed in place. The
p081t10n of maximum output of current is
shown. In moving away from this position
the brush C recedes fromthe brush B/, thereby
Increasing the shunted inverse current, while
the movement of the brush B away from the
neutral line causes it to draw off less current
for the line. The movement of the brushes
B and C might be differential instead of equal.
I believe my present invention to provide
the first constant-current dynamo having its
field-magnet wound with both series and shunt
colls, inversely connected, the shunt-coil re-
celving a continuous eurrent, with means for
varying the current through the shunt-coil
inversely to and in proportion to variations
of resistance in the external circuit,in order
to compensate for such variations. The best
way of effecting such variations in the in-
verse shunted current is by the relative ad-
justment of the shunt terminal brushes. |
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My invention is also applicable in connec-
tion with separately-excited constant-current
dynamos. In such case the inversely-con-
neeted shunt-coil is applied to the ficld-mag-
net of the exeiter in such manner as to vary
the current generated by the exciter, and
which euuent traverses the field-coils of the
main-circuit dynamo in compensation for
variations in the resistance in the main or
external cirecuit. Thus the regunlator acts
primarily to cause the Lxuunn dylmmo to
generate an inconstant current, Whleh 1n {urn
causes the main or excited dynamo to gener-
ate a constant current.

Fig. 8 1s a diagram showing one suitable
arrangement for separate execitation accord-
ing to my invention. P.is the main dynamo
with 1ts field-magnet excited by a coil I, and
X 18 the separate exciter-dynamo with its
field-magnet excited by a series coil D and a
shunt-coil D’, the latter connected inversely
to the series coil and arranged in the shunt
@ d, terminating in the bmshe% Cand B’. The
arrangement is the same as with the self-ex-
cited dynamo illustrated in Fig. 3, with the
sole difference that the ecircuit from the
brushes B B’ traverses in addition to the coil
D only the field-coil IX of the main-circuit dy-
namo, and the coil of the regulating-solenoid
M 1s 1n the line-circeuit fed by the dynamo P.

The operation is as follows: A decrease of
resistance in the main or external circuit aug-
ments the current therein and ecanses the
solenoid M to shift the brush C away from
the brush B’, thereby increasing the inverse
current, decreasing the magnetization of the
field- maﬂnet of Lh(, e\cnel X and reducing
the cur 1*ent generated thereby, and conse-
quently ploportlonally reducing the excita-
tion of the field-magnet of the main dynamo

PP until the current generated thereby is re-

duced to the normal volume.

I claim as my invention the following de-
fined improvements in dynamo-electric ma-
chines for generating constant currents, suh-
stantially as hereinbefore specified, namely:

1. A dynamo for generating constant cur-
rents, combined with a shunt field-magnet coil
connected to receive normally a continuous
current and wound inversely, so that the cur-
rent in 1t acts to reduce the magnetization of
the field- -magnet, and with automatic means
for varying the electro-motive force of the
current 1n the shunt-coil inversely to and in
proportion to variations of the resistance in
the external circuit in order to maintain the
current 1in said circuit uniform.

2. A dynamo for generating constant cur-
1'011ts having its ht,ld magmnet Wound with an
{?1011111”-(,011 In series and with an 1111’015@15*

exter 11:;11 C1T emt connect

406,491

wound coil in a shunt of uniform registance,
and with automatic means for varying the
electro-motive force of the current in the
shunt-coil inversely to and in proportion to
variations of resistance in the external cir-
cuit in order to maintain the current in said
Cireuit uniform,

In a dynamo, the combination, with tlm
eommutwtm and main collecting- brushes 5, Of
the field-magnet wound with a series (,011 1
the main eireuxit and with an Inversely-con-
nected shunt-coil terminating in commutator-
brushes relatively adjustable around the com-
mutator to vary theirrelative potentials, and
consequently to vary the inverse current in
sald shunt-coil, and an automatic regulator
responsive to changes in the external circuit,
connected to said brushes to effect such ]em—-
tive adjustment thereof in the direetion to
vary the current in said shunt-coil propor-
tionally to and in compensation for the
changes in the external circult.

4. In a dynamo, the combination, with the
commutator and main COll(‘Ct’iIl”‘-blﬂc-a]leﬁj of
the field-magnet wound with a series coil in
the main circuit and with an inversely-con-
nected shunt-coil joined at one terminal to
one of the main collecting-brushes, an aux-
iliary brush to which its other terminal is con-
nected, said brushes adjustable relatively
around the commutator to vary theirrelative
potentials, and consequently to vary the in-
verse current in said shunt-coil, and an auto-
matic regulator responsive to c]mn oes in the
ed to said bm,s]mf; to
effect such lelmlve adjustment thereof in the
direction to vary the current in said shunt-
coll proportionally to and in compensation for
the changes in the external cirecuit.

5. In a dynamo, the combination, with the
commutator and main collecting-brushes, of

| the field-magnet wound with a series coil in the

main circull and with an inversely-connected
shunt-coil joined at one terminal to one of the
main collecting-brushes, and an adjustable
auxiliary brush to which its other terminal is
connected, and an automatic regulatorrespon-
sive to changes in the external cireuit, con-
nected to said auxiliary brush to adjust the
same around the commutator toward or from
sald main brush, to vary the current in said
shunt-coil propoitionally to and in compensa-
tion for the changes in the external circuit.
Tn witness whereof I have hereunto signed
my name in the presence of two subser 1lnnn
withesses.
JAMES J. WOOD.
Witnesses:
ARTHUR C. FRASER,
JNO. K. GAVIN,
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