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Applica,ti.on filed November 22, 1888, Renewed September 3, 1889, Serial No. 322,858, (No model.)

To all whom it may concermn:

Be it known that I, JAMES J. Woo0D, a eiti-
zen of -the United States, residing at Brook-
lyn, Kings county, New York, have invented
certain new and useful Improvements in Cur-
rent- Regulators for Dynamo - Electric Ma-
chines, of which the following is a specifica-
tion.

Thisinvention relates to that class of regu-
lators in which the strength of the current is
regulated by the shifting of the collecting-
brushes of the commutator toward or from
the position of maximum difference of po-
tential, the movement of the brushes being
effected by electrically-controlled mechanism
corresponding to changes in the current and
imparting a movement to the brushes in such
direction as to compensate for such changes
in the current, thereby keeping the curlent
as nearly constant as is practically possible.

My present invention is in part an improve-
ment upon the current-regulator disclosed in
my Patent No. 326,894, da‘ued September 22
1885,and itis in part an improvement apphea—
ble to automatic regulators generally of the
class wherein the brushes are shifted toward
and from the positions of maximum current.
It also involves an improvement in electro-
magnets or solenoids foroperating automatic
current-levulatms My said patent discloses
a current-regulator consisting of adjustable
commutator-brushes and mechanism for shift-
ing the same toward or. from the position of
maximam current, with a clutching device
for connecting saxd mechanisn to a source of
power in elther of two directions, in order to
shift the brushes backward or forward, the

" clutehing deviee being operated by an elee-
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tro - mzwnet arranged w1th its coils in the

-WOlklIlO‘—ClI‘Clllt and by a retracting spring or

device dctmo in opposition to sald magnet.
In case of an incréase of current the attl ac-

tion of the electro-magnet increases and over-

comes the retraction of the spring, thereby
throwing the cluteh into engagement in such
dlrec’mon as to cause the shifting mechanism

‘to carry the brushes away from the position

of maximum current until by such movement
of the brushes the current is thereby reduced
to the normal. In case of a-decrease in the

current the electro-magnet relaxes and per-
mitsthe retracting-spring to throw the clutch-

|ing device into action in the contrary direc-

tion, so thatthe shifting mechanism is caused
to move the brushes toward the position of

maximum current, and consequently to in-
crease the current given out by the machine
until the normal culrent is again restored.
In my said patent the clutching device con-
sists of a friction-clutch operating by the
bearing of a frietion-wheel against a contin-
uously-revolvingroller,the friction-wheelhav-
ing two flanges on opposite sides of the roller,
one of which is brought into contact there-
with to drive it in one direction and the other
of which is brought into contact therewith to
drive it in the opposite direction. The fric-
tional contactbeing due solely to the pressure
with which the friction-wheel was pressed
against the periphery of the driving-roller,

and this pressure being due to the variation -

in the attractive effect of the regulating elec-
tro-magnet, the apparatus was not as sensi-
tive to sligflt changes in the current as is de-
sirable, since the inertia of the parts at start-
ing retarded the compensating action of the
apparatus. My presentinvention aims toim-

prove upon the former mechanism in this re- .

spect. Tothis end the flangeon thefriction-
wheel, instead of being merely thrust againsta
single friction-roller, is gripped between two
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friction-rollers, both acting upon it in the

same direction after the manner of a pair of

drawing-rolls, whereby the tractive effect of .

the fllctlonal contact is Oledﬂy increased
without necessarily increising the pressure
derived from the vax-htions in the magnetic

‘attraction.

My invention also provides an improved
construction whereby.: the perfect and con-
venient adjustment of the working parts is
effected, all the adjustments required in the
initial position of the parts or to compensate
for wear being made by a single operation.

In dynamo-machines wherein the current-
regulation is effected by the movement of the
collecting-brushes toward or from the neutral
line or position of maximum difference of
potential on the commutator it is practically
necessary whenever the machine is con-
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stiructed to generate currents of high electro- .

motive force that the positive a,nd negative
brushes be construected in pairs in order to
bridge over or short-cireuit a’ portion of the
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commutator, as otherwise there is an exces-
sive sparking and burning at the commuta-
tor.

In addition to the ordinary main brushes
employed with machines of low electro-mo-
tiveforcesupplemental brushes are provided,
arranged in advance of the main brushesand
adjusted to a greater or less distance there-
from, in order to bridge over a greater or less
number of intermediate commutator - seg-
ments. When the main brushes are in the
position of maximum ecurrent, the supple-
mental brushes should be at the farthest dis-
tance from them, and as the main brushes
are moved toward the position of minimum
current the supplemental brushes should be
drawn toward them in order to shorten the
portions of the commutator which are hridged
over or short-cireuited. In practice thesead-
justments of the supplemental brushes have
heretofore been effected by hand, although it
has been proposed to apply an automatic ad-
justment for similar brushes, but in connec-
tion ‘with machines of a different class—
namely, those having armatures of the “ open-
coil” type—svherein in order to avoid spark-
ing:it:is essential to shift the main and sup-
plemental brushes simultaneously in opposite
directions, instead of at differential speeds in
the-same direetion, as is required in the case
ofrarmatures of the Gramme or “closed-coil ”
type, to which my invention applies.

To avoid the necessity for the adjustment
of these brushes from time to time by the at-
tendant, my present invention provides an
improved means for effecting their adjust-
ment automatically and in corre¢t propor-
tion:to the adjustment of the main brushes.

Jt-1s . preferable with automatic regulators
to'motunt the regulating magnet or solenoid
upon the main frame of the machine; but as
this:frame forms a portion of the magnetic
cireunit the cores of the magnet arestrongly
polarized therefrom by magnetic induction,
and the sensitiveness of the magnet is corre-
spondingly reduced. My present invention
compensates for this polarization and re-
stores the sensitiveness of the magnet by re-
dueing the mass of the pole of the iron core
which is of preponderating polarity relatively
to the mass of the opposite pole, which is-of
diminished polarity.

In the accompanying drawings, Figure 1 is
an:end-elevation of a Wood dynamo-electric
machine provided with a regulator con-
structed according to my present invention.
Fig. 2'is a fragmentary side elevation of the
same, showing only the end of the machine
to which the regulator is applied, the view
being partly sectional. TFig. 3 is a vertical
section looking in the same direction as Fig.
1 and cut in the plane of the line 5 3 in Fig.
2. Tig. 4 is a front elevation of the regulat-
ing mechanism, partly broken away in order
better to show the construetion. Fig. 5is a
horizontal seetion cut in the plane of the line
5 5in Fig. 4. TFig. 6 is a nearly-vertical sec-
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tion cut in the plane of the line 6 6 in Fig. 4.
Fig. 7 is'a nearly-vertical section cut in the
plane of the line 7 7 in Fig. 4. Figs.§,9,and
10 are front views of the parts of the oper-
ating-lever detached. Fig.11 is a frontview
of the projeeting boss on which the operating-
lever turns, the moving parts being removed.
Iig. 12is a sectional view of the solenoid by
which the regulating mechanism is controlled.
Fig. 13 is a section answering to Fig. 3; and
showing a modification.

In the drawings, A designates the frame of
the machine; B B, the fleld-magnet coils; C
C, the fleld-magnet pole-pieces; D, the arma-
ture; E, the commutator; F F, the main com-
mutator-brushes, and G G supplemental com-
mutator - brushes. The main commutator-
brushes I F are carried in holders mounted
on opposite arms of the brush-carrying yoke
or lever I, which is mounted to turn on an
inward prolongation or boss formed on the
inner side of the end frame A, Fig. 6, and as
usual. The supplemental brushes G G are
carried by holders mounted on the opposite
arms of a supplemental carrier-yoke I,
mounted in the same way asthe yoke I, and
inside thereof, as shownin Fig. 6. The brush-
carriers II and H’ are formed, respectively,
with gear-teeth and 7/, which mesh, respect-
ively, with pinions j and 7', fixed on a shaft J,
which :passes through the main frame A, as
shown in IFig. 6, and has fixed onits front end a
gear-wheel d. By imparting motjon to the
shaft J through the gear-wheel d the brush-
carriers IT and I1’ are moved around the axial
center, so as to advance or retract the re-
spective brushes -relatively to the neutral
line or line of maximum difference of po-
tential of the commutator, which line is indi-
cated by x x in Fig. 3.

The armature-shaft L carries on one end,
as usual, a pulléy, (not shown,) through which

it is driven, and on the other end a friction- -

roller @. This friction-roller may be formed
integrally with the shaft, but is preferably a
separate piece fastened thereto in the man-
ner shown in TFig. 5. On opposite sides of
the roller ¢ and on axes parallel therewith
are two other friction-rollers b and e. The
roller @ carries a small gear-wheel e, which
meshes with two other like gear-wheels f f7,
fixed, respectively, to the rollers b and c. The
roller ¢, which partakes of the continuous
rotary motion of the shaft I, thus communi-
cates like rotary motion to the rollers b and
¢, butin the opposite direction. Therollers a,
b,and ¢ are all of the same size, or very nearly
S0, so that their adjoining peripheral portions
travel in the same vertical direction and at
the same or substantially the same surface
speed. A friction-wheel I, having two con-

centric annular flanges & ', is arranged with
these flanges entering the spaces between the
friction-rollers a b ¢, the flange & entering be-
tween the rollers ¢ and b and the flange &’
entering between the rollers ¢ and ¢, as shown
The friction-wheel K is geared to

in Fig. 5.
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the brush-carriers H 1’ through the medium

‘of the shaft J and its pinions and any suit-

able intermediate train. The train shown
consists of a pinion » on the sleeve or hub
of the wheel K, meshing with a gear N, carry-
ing a pinion o, which meshes with the gear.d
on the shaft J. The friction-rollers & and ¢
are carried by an operating-lever P, which is

connected to the armature g of a solenoid or

clectro-magnet’ Q, by which the regulating
mechanism is controlled. A retraecting-spring
S is arranged to pull against the lever P in
the opposite direction to the attraction of the
magnet Q. The free end of thelever P works
between adjustable stop-screws s s, mounted
on the fixed frame to limit its motion. The
lever P is mounted on an eccentric boss 1./,
(shown best in Fig. 11,) the center of which
is somewhat below the axial center of.the
shaft L and roller ¢. The lever thus turns
around this eccentric center, so that as its
free end is raised or lowered by the varia-
tions in the attraction of the magnet Q it
moves the rollers-b and ¢ around this center,
and consequently toward the left or right, by
reason of the fact that their pivotal axes are
above the center on which the lever P turns.
When the attraction of the magnet increases
and the lever P is pulled down, the vollers b
¢ are moved toward the right, Lhus bringing
the roller b closer to the 1011@1 a, and conse-
quently nipping between them the flange of
the wheel K. On the contrary, when the mag-
netic attraction relaxes and the ret.arding~
spring S pulls up the free end of thelever P the

‘rollers b ¢ are moved toward theleft,so that the

roller ¢, approaching the roller @, nips be-
tween them the flange &’ of the friction-wheel
K. | A verysmall movement of the lever Pis
sufficient fo cause either of the rollers b ¢ to
pinch the corresponding flange between itself
and the intermediate roller ¢, and the trac-
tive force thus exerted against the flange of
the frietion-wheel is very considerable and
far greater than would result from the mere
bodily pressing of the wheel K itself against
the roller ¢ in one direction or the other by
the equally energetic action of the magnet or
retracting-spring on the lever P. By noting
the arrows on the rollers a b ¢ in Figs. 1 and
4 it will be seen that when the flange % is
nipped between the rollers b and « their ac-
tion will be to propel it downwardly from be-
tween them, thus rotating the wheel K toward
the right, while when the outer flange is
nipped between the rollers ¢ and « their ef-
fect will be to propel it upwardly, thereby
revolving the wheel K ftoward the left. In
the former case the rotation of the wheel K
will impart a motion to the commutator-
brushes toward the position of minimum load
or away from the neutral line, while in the
latter case they will be moved toward the neu-
tral line or position of maximum load.

In order to enable the friction-wheel K to
be freely engaged between either of the frie-
tion-rollers b w or ¢ @, it should beso mounted

as to be free to move in horizontal direction
for a short distance. To this end I mount it
on a crank M, (best shown in Figs. 4 and 7,)
which crank is huno to the frame of the ma-
chine by a stud m’ and carries a wrist-pinm,

on which the hub or sleeve I of the friction-

wheel K turns freely.

Thelever P is built up of three parts (shown
in Figs. 8, 9,'and 10)—viz,, the lever proper p
and two rings R and R/, the former of which
fits inside the annular hub portion p’ of the
lever P, and the latter of which fits inside
the former. The ring R has a socket u, into
which is driven the pin t, on which the frie-
tion-roller b tulns, and the ring R’ is formed
with a socket «/, into which is duven the pin
#, on which the friction-roller ¢ turns. The
11110 R’ fits on the eccentric bearing-face r of

the projecting boss L/, Fig. 11, which boss is -

formed on the outer side of the main Trame

A, and through wbich boss the shaft L passes.
The ring R’ is an easy-working fit on the ec-.

centrie beal ing-face . Over 1t is placed the
ring R, which is open or slitted at one side,
as shown inFig.9,and over this ring is placed
the annular hub p of the lever P, Whlch also
is slitted. This hub portion is then drawn
together at its slitted part by a serew v, Fig.
4, so that it is closed tightly upon the Tever
R and the latter is compressed and closed
tightly upon the ring R/, thus clamping to-
gether firmly the thlee pmts or members of
the lever P.
The proper mumhnent of 111(, working
parts is effected in the following manner:
After the several parts of the leve1 queput

together and applied on the eccentric hub 1./,

and before the serew v is tightened, the frie-
tion-wheel K is applied in place and pieces of
some thin material, as paper, are placed on
opposite sides of its flanges & &’ where these
flanges come in contact \Vlth the frietion-roll-
ers @ b ¢,in order to insure proper separation
of the rollers from one another relatively to
the flanges. The lever P is then held in its
mid- posmon equally distant from two stop-
serews s s, which in operation is its normal
position of rest, and while so held the rollers
b and ¢ are moved toward each other until
they come into close contact with the flanges
kI’ where the latter are thickened by over-
laying with paper. This adjustment of the
1ollels b ¢ is effected by 1mpmt1ng a rotary
movement to the rings R R/, which carry
these rollers. To famhtate this operation,
these rings are, provided with thickening-
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flanges w “and 0’ , respectively, projecting to- :

wald the front and extending around the re-
spective rings in theform of «‘ucular arces for
somewhat 1685 than half a 1evolution By
preference the two flanges w w’ project both
to the same vertical plane and are equally
distant from the center, so that they consti-
tute segments of a mutilated ring. They ap-
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proach “each other closely at the bottom, as . ,

shown in Tig. 4, leaving, however, a narrow
gap between ‘chem A serew- dllve1 or other
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flat instrument is inserted in this gap and

twisted, in order to open the gap and press
the flanges 1w w’ apart, whereby a rotary dis-
placement of the rings R R’ is effected. As
the sockets u 4’ are considerably above ,the
center of the ring, this displacement results
by reason of moving the two sockets farther
upward in bringing them closer together,and
consequently bringing the rollers b and ¢ to-
ward each otlier. This movementiscontinued
until the rollers D and ¢ are pressed into firm
contact with the paper overlays on the
flanges k& %’. ~The screw v is then tightened,

thereby maintaining the adjustment thathas:

thus been secured. On removing the paper
overlays, if the latter have been of the proper
thickness, the adjustment is thén to be accu-
rately made. This adjustment is thus ef-

fected with great ease and accuracy and very

quickly. '
Whenever it is found that the rollers a b

¢ or flanges k &’ have worn away, so that a-
new adjustinent is necessary, the screw v is

loosened and the rings R R’ are again dis-
placed rotatively to bring the rollers b ¢ again
to the correct position, paper overlays having
previously been inserted against the flanges
to determine the proper clearance. Thus as
the machine continues in nse and is adjusted
from time to time to take up wear the rings
R R’ are gradually rotated upon one another

until the bared ends of their flanges w w” ap-’

proach each other and render further adjust-
ment impossible. At this time the wear has
become so great that the rollers a b ¢ or frie-
tion-wheel IS, or both, require to be renewed.
If it is desired to remove the rollers b ¢ far-

ther-apart instead of closer together, this is.
done by inserting any suitable tool between’

the upper ends of the flanges w w’, in order
to spread them apart and rotate the rings R
R’ in the contrary direction.

In order to compensate for the slight ine-
qualities in workmanship, it is desirable to be
able to adjust the lever P toward or from the
frame A, in order to bring it properly in line
with the solenoid and stop-screws s's. To
this end I make the hub portion P’ of less
width than the rings- R R/, so that the lever
may be adjusted toward the front or rear
relatively to the rings R R’. This adjust-
ment is effected at the same time as the
other adjustments referred to, so that the
tightening of the screw v clamps the parts to-
gether and preserves this adjustment. Thus
the rings R R’ constitute together a hub for
the lever P, on which the latter is adjustable
in direction longitudinally of the axis. The
displacement of the lever P as a whole in
direction front or back is prevented by the
abutment of the rear side of the rings R R’
against a turned shoulder at the base of the
boss L’ and by an arc-shaped strip or seg-
mental ring y, (shown in section in Fig. 6 and
in dotted lines.in Fig. 4,) which is fastened
by screws to the under side of the boss 1.,
being applied after the ring R’ is applied

418,303

and before applying the ring R. The adjust-
ment of the retracting-spring S to proportion
its tension properly to the attractive action
of the magnet or solenoid Q is effected by ad-
justing-nuts in the usual manner, as shown.
The adjustments of the screws s s are also
obvious. The proportions of the solenoid Q
should be such that when the current is nor-
mal the core of the solenoid will be balanced
against the retracting-spring in any position
that the lever P may assume between the ad-
justing-screws s s; but upon the perceptible
strengthening or weakening of the current
the core shall be instantly strongly attracted
or strongly relaxed, so as to move the lever
P instantly to either limit of its stroke and
hold it there with maximum pressure in or-
der to throw the elutching mechanism into
positive action in one direction or the other.

It will be understood that the clutehing
mechanism in my present construction differs
from that shown in my said patent in this re-
spect, that the operating-lever P is wholly
independent of the friction-wheel K, instead
of the friction-wheel being carried by the le-
var, ag formerly. The action of the lever P
is'merely to close together one or the other
pair of friction-rollers upon one or the other
flanges of the friction-wheel K, the latter be-
ing mounted quite independently of the le-
ver .

A regulating mechanism of this kind acts
to maintain an approximately-uniform cur-
rent in compensation both for variations of
the current caused by varying resistances on
the ecircuit and for variations of current
caused by variations in the speed of the
dynamo. In the latter case if the speed in-
creases the regulator perfectly compensates
for the new condition; but if the speed de-
creases below that which will furnish the nor-
mal current after the brushes have been
shifted to the maximum position it-is impos-
sible to compensate for this decrease. The
action of the retracting-spring S is, however,
to hold the clutch in engagement in a con-
tinual effort to earry the brushes farther in
the same direction in which it has moved
them—an action whieh if not corrected would
result in tearing off the teeth from the gear-
wheels of the train or in otherwise breaking
or injuring the regulator. This result is
avoided by the provision of a stop-pin 2 on
one of the wheels of the train, preferably the
terminal wheel d, which pin, when the brushes
reach the position of maximum current and
attempt to move beyond that position, en-
counters the stop-tooth 2’ on an upwardly-
projecting arm P’ of the lever P, which tooth
is shown in full lines in Fig. 6 and in dotted
lines in Figs. 4 and 8, and thereby displaces
the lever P in such direction as to throw the
clutch out of engagement. Thus the regu-
lator is thrown out of action when the condi-

tions become such that regulation is impos-

sible.
In the regulator shown in my former pat-
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ent only one pair of commutator-brushes is
shifted.

In all machines generating a high electro-
motive force it is necessary to employ sup-
plemental brushes in order to short-circuit a
portion of the armature-coils, as otherwise
sparking or burning will oceur. The number
of coils to be thus short-circuited varies as
the position of the main collecting-brushes
is varied, the number being greatest in the
position of maximum currentand least in the
position of minimum current; hence the sup-
plemental brushes must recede from the main
brushes as the latter are moved toward the
point of maximum current, and vice versa.

In practice heretofore in machines of the
closed-coil type the supplemental brushes
have been carried by the same carrier as the
main brushes, but adjustable thereon inde-
pendently of the main brushes, and the at-
tendant has had to slide them forward or
back by hand from time to time to correct
any undue sparking observable at the com-
mutator. Iprovide for the autowatic adjust-
ment of these supplemental brushes and in
correct ratio to that of the main brushes by
meang of differential gearing, as best shown
in Figs. 3.and 6. The pinion j, gearing with
the sector h, is of larger diameter than the
pinion j’, gearing with the sector ’; hence a
given rotativeé movement of the shaft J im-
parts a more rapid angular movement to the
main brush-carrier than to the supplemental
brush-carrier H’. The speeds are so propor-
tioned as fo give the correct proportionate
movements to the main and.supplemental
brushes. ' . .

Tn the Wood dynamo shown in the draw-
ings, and in most other dynamos, the frame
of the machine forms a part of the magnetic
circuit, and consequently.is polarized.. The
electro-magnet or solenoid Q should be ar-
ranged as near as it conveniently can to the
neutral portion of the field-magnet frame in
order that its core may be as little polarized
by induction therefrom as possible. In prac-
tice, however, it is impossible to entirely
avoid this induetive polarization. Its effect

is disadvantageous in that it reducesthe sen-’

sitiveness of the magnet or solenoid, and con-
sequently renders the regulating mechanism
sluggish in correcting variations in the cur-
rent. My present, invention eliminates this
disturbing influence by compensating for the
induective polarization of the core of the reg-
ulating magnet or solenoid. The two poles
of this core should be capable of responding
equally to the inductive action of the inclos-
ing-coil, so that they shall be of equally op-
posite polarity. If, however, the adjoining

field-magnet has a.preponderating north po-
larity, it induces in the core a preponder-
ance of south polarity. This preponderance
I correct by reducing the mass of the limb of
the core in which the preponderating polarity
manifests itself, this reduction of mass being
proportional to the preponderation, so that

the attractive effect of the two poles of the core
relatively to the inclosing-coil is restored to
equality. - The preferred method of accom-
plishing this result is shown in Fig. 12, where
one limb of the core is hored out tubularly,
while the other limb is left solid. The pre-
cise extent of reduction of mass by which to
accomplish the proper result must be deter-
mined experimentally in each instance, more

or less metal being removed by boring out:

until the two poles become properly balanced
and the solenoid is given the requisite sen-
sitiveness. This part of my invention is
equally applicable to solenoids, wherein the
core is movable within the coils, and to the
ordinary type of electro-magnets, in which the
core is fixed in place within the coils.

It must not be inferred from the particular
description of the details of construction
which I have adopted in the practical em-
bodiment of my invention that my invention
is necessarily limited to such details. On the
contrary, the principle of my invention may
be utilized through the medium-of very dif-
ferent mechanism, which, however, may be
readily devised by any mechanic-or electrical

“engineer, since the principle of my invention

has been communicated to the public.
It should be anderstood that the train of

gears intervening between the friction-wheel -

K and the brush-carrier is employed for the
purposeof reducing the speed in order to gain
mechanical advantage, and thereby render
the instrument sensitive to slight current
changes. Thewheel Kisdriven at high speed
by reason of the fact that the rollersa b ¢ are
revolved at the same speed as the armature-
shaft. Theserollersmight, however, be driven
at a speed so much slower that no gearing
down between the wheel K and the brush-
carrier would be necessary, (as I will pres-
ently show with referenceto Fig.13.) Insuch
case the wheel K (or its equivalent, as will
preseuntly be shown) might be directly con-
nected to the brush-carrier or even made in-
tegral with it. Furthermore, it is to be ob-
served that the tractively-driven part upon
which the rollers ¢ b ¢ act need not be in the
form of a wheel having flanges, but may be
a reciprocating part or an oscillating part, or
be constructed in any shape, provided that it
has a traction flange or flanges or equivalent
traction -surfaces entering between the re-
spective pairs of friction-rollers to be driven
in one or the other direction thereby.

While it is highly preferable that the fric-
tion-rollers be geared together, so thatall shall
revolve positively at the same speed, yet it is
sufficient if only the intermediate roller be
driven positively, the two outer rollers serv-
ing to press the traction flange or surface into
tractive contact withthe middle rollerand de-
riving rotation therefrom, or the two outer
rollers might be positively driven and thein-
termediate roller be merely an idler.

Instead of the intermediate roller being
mounted on a fixed axis and the two outer
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rollers being moved simultaneously to bring
one or the other toward it, the two outer roll-
ers might be mounted on fixed axes and the
intermediate roller be connected with the
electro-magnet to be moved toward one or the
other of the outer rollers.

As an illustration of these modifications I
have introduced Fig. 13. In this view the
supplementary brushes G G are omitted and
the brush-carrier I has an upwardly-project-
ing arm, which is pivoted to a reciprocatory
bar K, which takes the place of the friction-
wheel K in the previous figures. This bar KX
constitutes a tractively-driven moving part,
since it has two arms or plates k &/, which
enter between the friction-rollers b a ¢. The
intermediate roller ¢ is driven at a slow rate
of speed Ly being geared from the armature-
The rollers bcareon fixed
axes, while the roller @ is pivoted on a lever
P, which carries the armature of the electro-
magnet Q and- is engaged by the retracting-
spring S, so that as the magnetic attraction
varies the roller ¢ is moved up or down.
When the current strength exceeds the nor-
mal, the armature is drawn down and the
roller ¢ pinches the arm X between itself and
the roller D, so that this arm isdriven toward
the left and the commutator- brushes are
moved toward the point of minimum current.
‘When the current diminishes, the magnet re-
laxes and the retracting-spring S pulls up the
lever, producing the contrary effect.

Instead of an electro-magnet or solenoil
acting against a retracting-spring, any other
known kind of electro-motive device respond-
ing to changes in the current may be used.

T'elaim as my invention the following-de-
fined improvements in carrent-regulators for
dynamo-electric machines, substantially as
hereinbefore specified, viz:

1. In a current-regulator operating by the

- shifting of the collecting-brushes on the com-

45

50

55

6o

65

mutator, the combination, with the brushes,
of a pair of friction-rollers revolved in oppo-
site directions from a source of power, a
tractively-driven inoving part entering be-
tween said rollers and connected to the shift-
ing brushes, so that its movement shall shift
them, and an electro-motive device respond-
ing to changes in the current and connected
tosaid rollers, whereby by its movement in

-one direction said rollers are closed together

in tractive engagement with said moving
part and by its movement in the opposite
direetion said rollers arereleased therefrom.
2. In.a.current-regulator operating by the
shifting of the collecting-brusheson the com-
mutator, the combination, with the brushes,
of a tractively-driven moving part connected
to the shifting brushes, so that its movement
shall shitt them, and oppositely-revolving
frietion-rollers arranged to act in pairs, the
two rollers of one pair arranged to engage
said moving part between them and revolv-
ing in such direction as to tend tomove it in
the direction to shift the brushes toward the
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maximum position, and the two rollers of the
other pair also arranged to engage said mov-
ing part between them and revolving in such
direction as to tend to move it in the direc-
tion to shiftthebrushes toward the minimum
position, and an electro-motive device re-

sponding to changes in the current and con-
nected to said rollers, so .that by its move-
.ment in one direction or the other the rollers
‘of one or the other pair are closed together
in tractive engagement with said moving
part.

3. The combination, with a dynamo-commu-

‘tator and its shifting brushes, of a tractively-
driven moving part connected to the brushes,
so that its movement shall shift them, three

friction-rollers arranged to act in pairs, the

intermediate one revolving in cne direction
and the outer ones revolving in the opposite

direction and the two rollers for each pair ar-
ranged to engage said moving part between
them, and an eleetro-motive device respond-
ing to changes in the current and connected
to said rollers, so that by its movement in
one direction or the other the rollers of -one
or the other pair are closed together in tract-
ive engagement with said moving part.

-4. The combination, with a dynamo-commau-
tator and its shifting brushes, of a tractively-
driven moving part or friction-wheel having
two traction-flanges, three friction-rollers ar-
ranged to act in pairs and geared together,
so that they revolve in successively-opposite
directions at approximately equal surface
speeds and receiving said flanges between the
respective pairs of rollers,and an electro-mo-
tive deviee responding to changes in the cur-
rent and connected to said rollers, so that by
its movement in .one direction or the other
the rollers of one or the other pair are closed
together in tractive engagement with the in-
tervening flange.

5. The combination, with a dynamo-commu-
tator and its shifting brushes, of a tractively-
driven moving part connected to the shifting
brushes, so that its movement shall shift
them, three friction-rollers arranged to actin
pairs and revolving in alternately-opposite
directions and the two rollers of each pairar-
ranged to engage said moving part between
them, the intermediate roller mounted on a
fixed axis and the two outer rollers mounted
so as to be capable of movement toward and
from the intermediate roller, and an electro-
motive device responding to changes in'the
current and connected to the two outer roll-
ers, so that by its movement in one direction
or the other one or the other of said rollersis
pressed toward the intermediate roller, where-
by the two rollers of one or the other pair are
closed together in fractive.engagement with
said moving part.

6. The combination, with a dynamo-commu-
tator and its shifting brushes, of a tractively-
driven moving part connected to the shift-
ing brushes, so that its-movement shall shift
them, three friction-rollers arranged to act in
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pairs driven successively in opposite direc- '

tions and the ‘wo rollers of either pair ar-
ranged to engage said moving part between
them, an oscillating . lever connected to said
rollers and constructed by its vibratory move-
ment to reciprocally approach or recede the
rollers of either pair toward or from one an-
other, and an electro-inotive device respond-
ing to changes in the current and connected
to said lever,so that its movement is imparted
through the lever to the rollers.

7. The eombination, with a dynamo-com-
mutator and its shifting brushes, of a tract-
ively-driven friction-wheel having two trac-
tion-flanges and gearing connecting it to the
brushes, so that its rotary movement shall
shift them, three friction-rollers arranged to
act in pairs upon the respective flanges of
said friction-wheel and revolving in succes-
sively-opposite - directions, an electro-motive
device responding to changes in the current
and .connected to said rollers, so that by its
movement in either direction the rollers of
one or the other pairare closed together upon
the intervening flange, and a yielding sup-
port upon which said friction-wheel is hung,
constructed to allow the friction-wheel to

_move toward or from said rollers to admit of,

their engaging and releasing movements.

8. The combination, with a dynamo hav-
ing shifting brushes, of a friction-roller fixed
on the end of the armature-shaft, two fric-
tion-rollers arranged on opposite sides thereof
and revolving in the opposite direction there-
to, a lever on which said two friction-rollers
are mounted, arranged by its vibration to
move either of said rollers toward or from
the intermediate roller, an electro-motive de-
vice responding to changes in the current
and connected to said lever, and a friction-
wheel having traction-flanges projecting be-
tween the pairs of rollers, and gearing con-
necting said friction-wheel to the shifting
brushes, so that its rotary movement shall
shift them.

9. The combination, with a dynamo, of a
friction-roller and gear-wheel fixed to the end
of the armature-shaft, two other friction-roll-
ers on opposite sides thereof, and gear-wheels
fixed thereto and meshing with said gear,
whereby the two outer rollers are driven in
the opposite. direction -to the intermediate

roller, a lever upon which said outer rollers.

are mounted, an electro-motive device con-
nected to said lever, and a friction - wheel
having traction-flanges entering between the
pairs of rollers and connected to the shifting
brushes, so that its rotary movement shall
shift them, ,

10. The combination, with a dynamo, of a
friction-roller fixed to the end of its arma-
ture-shaft, two other friction-rollers on oppo-
site sides thereof, an eccentric fixed Dboss
through which the armature-shaft projects,a
lever having an annular hub turning on said
eccentric boss and carrying said two outer
friction-rollers, an electro-motive device con-

1

nected to -sald lever, and a friction - wheel
having traction-flanges entering betweenthe
respective pairs of friction-rollers and, con-
nected to the shifting brushes, so that its ro-
tary movement shall shift them.

11. Ina current-regulator, the combination,
with a frietion-roller having a fixed axis and
abearing-bosseccentricthereto, of aleverhav-

ing an annular hub turning on said eccentric

boss, and friction-rollers arranged on opposite
sidesof said roller, mounted on saidlever, and
construeted to be adjustable relatively there-.
to in such direction as to bring them closer to
or farther from the intermediate roller.

12, In a current-regulator, the combination,
with a friction-roller revolving on afixed axis
and a bearing-boss eccentric thereto, of two
friction-rollers arranged on opposite sides of
said roller, a lever carrying said two rollers
and turning on said eccentric boss, and inter-
mediate parts on which said rollers are mount-
ed, fastened to said lever,and adjustable rela-
tively thereto in an angular direction around
the center of said eccentric boss. .

13. Ina current-regulator, the combination,
with a friction-roller turning on a fixed axis
and a bearing-boss eccentric thereto, o a le-
ver mounted on said boss, and comprising a
ring fitting oversaid bossand an annular hub
embracing said ring and adjustably fastened
thereto, and a friction-roller mounted on said
ring, whereby by the adjustment of said ring
the position of said roller may be adjusted
relatively to the lever in order to move it
nearer to or farther from said first-named
roller.

14. Ina current-regulator, the combination,
with revolving friction-rollers, of an operat-
ing-lever connected thereto and constructed
with a wide ring fitting over its bearing-boss
and a narrower annular hul, fitting over said
ring and fastened thereto, whereby said hub
may be adjusted forward orback on said ring
to bring the lever-arm to the correct position.

15. Inacurrent-regulator,the combination,
with a friction-roller turning on a fixed axis
with a bearing-boss eccentric thereto, of two
friction-rollers arranged on opposite sides
thereof, and an operating-lever carrying said
outer rollers and consisting of an inner ring
fitting over said eccentric boss and on which
one of said outer rollers is mounted, a sec-
ond ring fitting over the first and on which
the other of said outer rollers is mounted,
and an annular hub fitting over said second
ring and fastened adjustably thereto.

16. The combination, with friction-roller a
and eccentric boss L', of the frietion-rollers
b and ¢ and operating-lever P, constructed
with an inner ring R, fitting over said boss, a
slitted ring R/, fitting over said ring R, a
slitted annular hub p’, fitting over said ring
R/, and a clamping - screw v, for closing to-
gether said slitted hub and slitted ring upon
the ring R to elamp the parts of the lever to-
gether.

17. Ina current-regulator, the combination,
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with frietion-roller a and eccentric boss L,
of friction-rollers b and ¢ and the operating-
lever P, carrying said rollers and constructed
of two concentric rings R R/, formed, respect-
ively, with segmental flanges w w’, and said
rings carrying the rollers b ¢,and an annular
hub portion p, conctructed to be clamped ad-
justably on said -rings, whereby said rings
may be adjusted by prying apart their flanges
w ',

18. In & current-regulator operating by the
shifting of the collecting-brusheson the com-
mutator, the combination, with the brushes,
of positively - revolving friction-rollers ar-
ranged to act in pairs, a friction-wheel hav-
ing traction-flanges entering between the re-
spective pairs of rollers, a train of gearing
connecting said friction-wheel with the shift-
ing brushes, an electro-motive device respond-
ing to changes in the current, a lever for
transmitting the movements of said electro-
motive device to said friction-rollers, and re-
ciprocal stops on said lever and on some part
of said train, respectively, arranged to abut
when the collecting-brushes have reached the
limit of their movement and by such abut-
ment to displace the lever and throw the
regulator out of operation.

19. In a current-regulator operating by the
shifting of the collecting-brushes on the com-
mutator, the combination, with an automatic
current-regulator comprising a shifting mech-
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anism having differential driving-pinions, of
the main commutator-brushes and their car-
rier connected to and driven by the larger of
said pinions, and supplemental brushes and a
carrier therefor connected to and driven by
the smaller of said pinions, whereby the move-
ment of the shifting mechanism communi-
cates differential movements to the respective
pairs of brushes, causing the main and sup-
plemental brushes torelatively approach each
other when moving from and separate from
each other in moving toward the position of
maximam current. :

20. The combination, with a dynamo, of an
automatic current-regulator and an electro-
magnet connected operatively to and control-
lingsaid regulator, arranged with its iron core
in induetive proximity to the field-magnet of
the dynamo, whereby its core is polarized by
induction and one pole thereof is given a pre-
ponderating polarity, and construected with
the pole of preponderating polarity reduced
in mass to compensate for such preponder-
ance and restore the normal balance of at-
traction between the opposite poles.

In witness whereof I have hereunto signed
my name in the presence of two subseribing
witnesses.

JAMES J. WOOD.

Witnesses:

ARTHUR C. FRASER,
JNO. E. GAVIN,
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