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UNrrep STATES

PaTENT OFFICE.

JAMES J. ’WOOD, OF FORT WAYNE, INDIANA.

CONSTANT-CURRENT DYNAMO.

SPECIFICATION forming part of Letters Patent No. 531,821, dated January 1,1895.
Application filed July 3,1894, Serial No.516,412, (Nomodel.)

To all whom & may concerr:

Be it known that I, James J, Woob, a citi-

zen of the United States, residing at Fort
Wayne, Allen county, Indiana, have invented
certain new and useful Improvements in Con-
stant-Current Dynamos, of which the follow-
ing is a specification, ’

This invention relates to dynamo eleectric
machines designed to generate a constantcur-
rent againsta varying line resistance, or what
are commonly called are light dynamos, and
usually employed for feeding a eircuit of are
lamps. .

The machine produced by my present in-
vention is a development of the well known
Wood arc dynamo with automatic regulator
as disclosed in my Patents No. 418,302, dated
December 31, 1889, and No. 420,138, dated
January 28, 1890. The construction of ma-
chine shown in those patents has been em-
bodied in dynamos of varying sizes adapted
for feeding from one to eighty orone hundred
arc lamps of two thousand candle power.

My present invention is more particnlarly
designed for dynamos of larger capacity,such
as those feeding from one hundred and
twenty-five lamps upward, although appli-
cable to smaller sizes if desired.

My present econstruction retains in essen-
tial particulars the more important features
of the current regulator shown in my Patent
No. 418,302, but the particular construction®
of the regulating mechanism has been greatly
varied, with a view to rendering it more per-
fect and enduring in its operation.

My present invention also renders the reg-
ulator ““dead beat” in its action, without re-
course to any retarder or fan such as is
claimed in my said Patent No. 420,138.

My invention also relates in parts to other
features of dynamos, all as will be fully here-
inafter set forth. '

I will now proceed to describe the preferred
embodiment of my invention as illustrated
in the accompanying drawings, wherein—

Figurel is a side elevation of the dynamo.
TFig. 2 is an end elevation thereof looking
from the commutator end and showing part
of the regulator. Tig. 3 is a vertical mid-sec-
tion thereof cut on the line 3—3 in Fig. 2.
Fig. 4 is a vertical section on a larger scale

- cut through the bearing pedestal at the com-

mutator end, the plane of the section being
on theline 4—4 in Fig. 5. Fig. 5 is a vertical

section through the same pedestal and adja-

cent parts on nearly the same plane as Iig.
3, of which it is mainly an enlargement, the
section being on theline 5—5in Fig. 4. T'ig.
6 is a fragmentary horizontal section in the
plane of the line 6—6 in Fig. 5. TFig. 71is a
similar section to Fig. 5 and in substantially
the same plane but on a larger scale to show
the regulating mechanism more in detail.
Figs. 8 and 9 are vertical transverse sections
on a scale intermediate of Figs. 3 and 5, and

.on line 8—9 in Fig. 3, the commutator being

removed. Tig. 8 shows the machine ar-
ranged to be driven to the lert, and Fig. 9 to
the right. Tig. 10 shows the brush yokes
and their connections in Fig. § separated.
Fig. 11 is a fragmentary section on the line
11—11 in Fig. 5, being on the same scale as
Fig. 5. Figs. 12 and 13 are face views of the
two parts of one of the friction clutches. Fig.
14 is a face view of the cluteh operating lever
looking in the same direction as Fig. 4. Fig.
15 is a transverse section through part of the
pedestal on the line 15 in Fig. 4. Fig. 16 is
an elevation of the inner side of the pedestal
door or handle cover. Fig.17isafragmentary
section of the latter on the line 17—17 in

‘Fig. 16. Figs. 18 aud 19 are respectively ver-

tiecal transverse and longitudinal sections
through one of the shaft bearings showing
the shaft partly raised, both these being on
the same scale as Fig. 5, and Fig. 19 being a
section in the same plane as Kig. 5, while
Fig. 18 is a section on theline 18—18 in Iig.
19. Fig. 20 is an end elevation of the arma-
ture spidet and core. Fig.21isa diametrical
section of the two parts of the armaturespider
separated. Fig. 22 isa bottom view of one of
the lower field-magnet coils; and Fig. 23 is a
vertical section thereof on the line 23—23.

In Figs. 1, 2 and 3, A designates the main
frame or fixed metallic circuit of the field-
maguet, B B the field-magnet coils, and C C
the field-magnet pole-pieces. D is the arma-
ture mounted on the armature shaft K. K is
the commutator. F F arethemaincommuta-
tor brushes, and G G are the supplemental
brushes.

Asfor the general arrangement of the prin-
cipal parts of the machine, the field-magnet
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is a quadrangle with consequent poles as in
my previousarc machines, differing from them
only in being mounted on its end instead of
its side, the lower end being made integral
with a machine base A’, and the upper end
being a cross yoke. The shaft I instead of
extending in the same plane as the quadran-
gle, is turned so thatits axis is perpendicular
thereto, and to support it two bearing pedes-
tals are provided lettered O O, these pedes-
fals rising from the base A’. This base rests
upon a sub-base B’, which is fastened down
to the foundation. The main base A’ has a
sliding connection with the sub-base so that
it may be slid in either direction in order to
tighten or loosen the driving belt, as is usual
with dynamos, the means shown for this pur-
pose consisting of an operating lever & (Figs.
1 and 2) acting through a pawl upon a ratchet
wheel fixed upon a screw &’ turning in fixed
bearings on the sub-base B’ and engaging a
threaded hole in the main base A’ in a well
known manner.

In their general features the armature and
commutator are the same as heretofore con-
structed, and call for no deseription. The
armature has a Gramme ring winding upon
a wire wound core,

The main commutator brushes ' F are car-
ried as usual in insulated holders mounted
on opposite arms of the main brush carrying
yoke H. The supplemental brushes G G are
in like manner carried in opposite arms of a
supplemental earrier yoke H’. TheyokesII
II’, best shown in Fig. 10, turn on a bearing
ring « (Fig. 5) constituting an inward pro-
longation or Dboss fixed to the inner side of
the shaft bearing on the pedestal O. The
two brush yokes are confined on this bearing
ring between opposite flanges, and are loosely
mounted so that they can turn orslide around
on the bearing ring independently of each
other. Instead of these brusch yokes being
formed with toothed sectors engaged by dif-
ferential pinions revolved through a frietion
clutch by the regulating mechanism as in my
former construction, they are operated in dif-
ferent manner by the mechanism which I will
now proceed to deseribe,

Hach yoke has screwed or otherwise fas-
tened to it an arm lettered n for the yoke I,
and n’ for the yoke H’.- (See Fig. 10.) To
these arms are jointed rods 2 A’ which extend
downward (see Fig. 8) and are jointed at their
lower ends to opposite arms of a lever or tilt-
ingbeam Q. TFor areason hereinafter stated,
one of these rods is connected in a hole j in
the end of one arm of this lever, while the
other end is connected in a slot §” in the other
arm of the lever, so that the effective por-
tions of the lever arms are of unequal length,
and differential movements are imparted to
the-two rods and their connected yokes by
the osecillations of the lever, The lever Q) in
addition to its two opposite arms each with a
hole j in its end and a slot j’ nearer the cen-
ter, is formed with a toothed sector ¢ with

which meshes a pinion ¢’ fixed on the end of a
revolving shaft J having a suitable bearing
formed in the pedestal O. On the opposite
portion of this shaft within the hollow of the
pedestal, is fixed a disk or wheel b, and on
the end portion of the shaft so that it may
freely turn thereon, is mounted a wheel c.
The disk b and wheel ¢ are normally locked
together so as to necessarily turn as one.
The wheel ¢ has external gear teeth which
mesh with a pinion £’ which is fixed on a re-
volving shaft f; on which also are fixed two
iriction eluteh eones N N* which engage {ric-
tionally with interior coned flanges on clutch
wheels g and 7 respectively.
turns freely in bushings fixed in a small bear-
ing frameor pedestal R,and the clutch wheels
g ¢ turn freely on the outer surfaces of these
same bushings. The wheels g ¢ are revolved
constantly in opposite directions, the wheel
4 turning at a somewhat faster speed than
the wheel g. The wheel g has peripheral gear
teeth g’ with which mesh the teeth of a pinion
o’ (see Fig. 4) which pinion is fixed on a short
shaft p (see Figs. 5 and 6) which turnsin a
bearing formed on a bracket of the pedestal
R, and on which shaft is fixedly attached a
belt pulley p’ by means of which it is driven
by a belt from a smaller pulley p® fixed on
the armature shaft K. The shaft p is thus
driven preferably at a somewhat slower speed
than the armature shaft. The pinion ¢’ in
addition to driving the cluteh wheel ¢, also
meshes with and drives a pinion 7 (see Figs.
4 and 6) fixed on a short shaft+’, on the other
end of which shaft is fixed a pinion +* which
meshes (see Fig. 7) with gear teeths’ formed
on the periphery of the clutech wheel 7, by
which the latter wheel is driven. The shaft
7’ is with the proportions shown rotated at
the same speed as the shaft p, but by the pin-
ion 7* being larger than the pinion #’, the
wheel ¢ is driven at a slightly more rapid rate
than the wheel g.

The shaft f is capable of a short longitudi-
nal sliding movement in its bearings, being
controlled by a clutch lever I, pivoted at 42 to

an overhanging arm on the pedestal R, and.

extending thence upward within the pedestal
0. Atits end it is connected to a spring S,
which exerts a constant tensile stress in the
direetion of the arrow in Fig. 5, this tension
being adjustable by means of the nut 8.
The lever I is also connected by means of
the link [ (adjustable in length) to one arm
of an elbow-lever L, the opposite arm of
which projects through the pedestal and is
connected by a link to the armature or mov-
able member M’ of the regulating magnet
or solenoid M. This magnet is of the same
construction as in my previous machines,
and its coils are connected in the same
way in the outside or main cireuit or line,
so that its magnetization varies with the cur-
rent. Its attraction for its armature is re-
sisted by the tension of the spring 8 as for-
merly. Ior sustaining the weight of the ar-
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mature M’ and its eores, the horizontal arm
of the lever L and the intervening link, in-
dependently of the spring S, a separate leaf-
spring s is infroduced pressing upwardly
against the horizontal arm of the lever L.
TFor convenience in construction and mount-
ing, a bearing block ¢ is provided fastened
against the side of the pedestal O’, and hav-
ing bracket arms extended inwardly between
which the lever Lis fulerumed, its horizontal
arm projecting out through a hole in the bear-
ing block f, the opposite margins of which
serve as stops to limit the opposite move-
ments of the lever, and consequently of the
armature M’. Thespring s isattached to the
same bearing block. Foradjusting thespring
Sitisconnected to a sliding serew-rod s’ pass-
ing through a hole in the block ¢ and receiv-
ing on its threaded end an adjusting nut &’
which bears against the face of the block.

Before describing the operation of the reg-
ulator, I will remark that itis not essentially
changed from that in my aforesaid Patent
No. 418,302. Theregulation is effected by an
auntomatic adjustment of the brushes around
the commutator to move them toward or from
the position where they takeoff the maximum
current. This position with reference to the
main brushes F Fis indicated approximately
by the dotted line x—x in Figs. 4, 8§ and 9.
‘When the main brushes touch the commuta-
toron thisline with the supplemental brushes
G G touching at certain distances in advance
of them, the maximum current is delivered to
the line. To eutdown the current the brushes
are moved forward (that is, in the direction
of rotation of the commutator) until the main
brushes F' F touch the commutator at a posi-
tion of minimum current where the least cur-
rent is delivered to the line. As the main
brushes are thus advanced toward the mini-
mum position,itisessentialin ordertoprevent
sparking or arcing at the commutator, that
the supplemental brushes G G shall be ad-
vanced at a slower rate, so that in the position
of minimum current each supplemental brush
G shall be closer toits main brush ¥, orshall
bridge or short-circuit a less number of com-
mutator segments, than when in the position
of maximum current. To accomplish this a
differential motion is necessarily given to the
main and supplemental brushes respectively.
These essentials are fully set forth in my
aforesaid patents,as well as in my Patent No.
418,303, dated December 31, 1889.

The operation may now be understood.

I will start with the assumption that the
dynamo is running normally at the proper
speed and generating its normal current.
Under these circumstances the attraction of
the magnet M will be exactly balanced by
the retractive stress of the spring S, so that
the clutch-lever I will be in equilibrium and
will occupy substantially a mid position. In
this position thetwo clutch cones N and N?are
both out of contact with the friction surfaces
of the clutch wheels g and 7, and consequently

neither of themis driven, the shaft ftherefore
remaining stationary, and the lever Q aund
brush yokes being likewise at rest. The only
moving partsof the regulator under these cir-
cumstances are the shafts p and » with their
attached pulley and pinions, and the cluteh

70

wheels ¢ and 7, all of which parts revolve con- .

tinuously. If the current should decreasein
volume (caused either by increasing the re-
sistance of theline by turning in morelamps,
or by a lowering of the speed of rotation of
the dynamo) the attraction of the magnet M
would become less, and the tension of the
spring S would preponderate, thereby draw-
ing the clateh-lever I toward the left in TFigs.
5 or 7, so that its forked lower arm slides the
shaft f toward the right and forces the clutch
cone N into frictional engagement with the
cluteh wheel g. Instantly the shaft fis vo-
tated in the same direction as the wheel g,
that is, in the direction of the arrow z in Fig.
4, and this rotation is communicated to the
wheels cand D, which are turned in the direc-
tion of the arrow 2’ in Figs. 4 and 11, and
consequently the pinion ¢’ is turned in the
direction of the arrowin Fig. 9, thereby rock-
ing the lever Q, pushing up the rod 7/, and
pulling down the rod 2, thereby eausing both
the main commutator brushes F Fand the sup-
plemental commutator brushes G G to travel
backward over the commutator toward the
position of maximum current. This travel of
the brushes will continue until the increase
of the ecurrent restores it to the normal ampér-
age, or until the position of maximum eurrent
is reached. In the former case the magnet
M regains its normal power and thrusts back
the cluteh-lever sufficiently to disconnect the
cluteh N ¢ and stop the regulating mechan-
ism. In the latter case (which occurs only
when the machine is overloaded or under-
speeded) the regulator would strive to carry
the brushes beyond the position of maximum
current, and to prevent this the brush pro-
pelling mechanism is thrown out of engage-
ment in the manner shown in Fig. 11, that is
to say by precisely the same means as that
claimed in my said Patent No. 418,302, the
parts shownin IFig. 11 beinglettered the same
asin thatpatent. Briefly deseribed, theloose
wheel ¢ is connected to the wheel b by two op-
posite friction pawls d e pressed apart by a
spring, so that normally the wheel ¢ drives
the wheel b in either direction until either
limit of movement of the brushesis reached,
whereupon arm d’ (or e’) projecting from the
pawl d (or ¢) strikes a fixed stop m and tilts
the pawlsufficiently to throw it out of action
and stop the rotation of the wheel 0, and con-
sequently the movement of the brushes, while
permitting the wheel ¢ to continue to revolve
idly in obedience to the continued tendency
of the regulating mechanism. The pawl d is
thrown out of action in the manner described
when the brushes reach the position of maxi-
mum current, while on reaching the opposite
limit of movement or position of minimum
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current, the pawl e is thrown out of action.
If the current should increase in volume (ow-
ing to a decrease of the resistance in the cir-
cuit by eutting out one or more lamps, or to
the dynamo being driven at too high a speed)
the attraction of the magnet M will increase
and its stress will preponderate over the ten-
sion of the spring S, whereby it will exert a
thrust through the link I against the clutch
lever I, thereby moving this lever so that its
forked lower arm thrusts the shaft f toward
the leftin Fig. 5, thereby pressing the clutch
cone N? into frietional engagement with the
clutch wheel ¢. Iinmediately uponthisengage-
ment the shaft fisrevolved in the opposite di-
rection to that last described, but somewhat
faster, and through the pinion £’ it revolves
the wheelsc b in the direction of the dotted ar-
row in Fig. 11, consequently causing the lever
Q to tilt in the opposite direction so as to pull
down therod hand push up the rod 2/, thereby
cauging the brushes to advance along the
commutator toward the position of minimum
current. Thismovement will continneeither
until the current is reduced to the normal,
whereupon the equilibrium between the mag-
net M and spring S is restored, and the clutch
N? ¢ is thrown out of engagement, and the
brush propelling .nechanism stopped; or un-
tilthe position of minimum currentisreached,
whereupon the pawl e will be disconnected
on striking the stop m as already described,
s0 as to stop the further movement of the
brushes. Because of the risk attending an
excessive current the movement for thus re-
ducing the current is made more rapid than
that for increasing it.

It is at times desirable to throw the regu-
lator out of action temporarily, as for exam-
ple when the dynamo is running below its
normal speed, or when it is working against
a higher resistance on the line than consti-
tutes its normal load. Under these circum-
stances the magnet M being weak, the supe-
rior tension of the spring S would keep the
brush shifting mechanism in action after car-
rying the brushes to the maximum position,
and after the disconnection of the eluteh pawl
d (see Fig. 11), the regulating mechanism re-
volving thus continuously {as long as the ma-
chine is operating under such conditions) in
a fruitless effort to carry the brushes to a po-
sition where a larger current would be taken
off, To provide for throwing the regulator
out of action under such circumstances, I
adopt essentially the same movable stop as
the stop P claimed in my said Patent No.
490,158, This stop P I now construct as a
hook which is pivoted to a boss formed on
the bearing block 7, and the hooked end of
which is adapted upon turning the stop up

by hand to engage a pin ¢’ projecting from

the lever L. When the machine is under-
speeded or overloaded, the operator will turn
up the hook and engage it with the lever in
the manner shown in Fig. 5. Upon the ces-
sation of the abnormal condition, that is,upon

531,821

the restoration of the normal current, the
magnet M by reacquiring its normal strength,
pulls down the lever I, and thereby relieves
the hook P of the strain of holding this lever,
whereupon the hook falls down by ifs own
weight to the position shown in Fig. 7. Thus
the stop automatically removes itself, and
does not interfere with the necessary action
of the regulator in case it hecomes necessary
for it to act to reduce the current.

Toinsure the absolute sparklessness of the
commutator, it is essential that the brushes
shall be adjusted exactly to the correct posi-
tion, and that the main and supplemental
brushes shall be given exaectly the differential
movement necessary to maintain them prop-
erly spaced in all positions to which they may
beadjusted. Itiscustomarytosetthebrushes
in their brush holders by a gage with a cer-
tain uniform projection. This being done, it
isnecessary to bring the brush carrying yokes
to sueh positions as to cause the brushes to
bear at the proper places upon the commuta-
tor. To provide for this adjustment I make
the rods 7t i’ extensible in length in any suit-
able manner, preferably by constructing each
rod with a tubular or socket portion u into
which the screwthreaded end of the rod
screws, being fastened in place therein by a

'set-nut /, as shown in Figs. 8, 9 and 10,

This adjustment may be made by swinging
the lever Q to either limit of its movement,
and then elongating or shortening each of
the rods h 1/, as may be necessary to bring
the respective brush earrying yokes to the
proper positions to cause the brushes to bear
in the proper places upon the commutator.

The adjustment of the relative speeds of
the main and supplemental brushes, or their
velocity ratio, is effected by means of the
elongated slot j°. The main brush yoke II
being connected by the rod % to the holej in
the end of the lever Q, is moved with a cer-
tain invariable speed relatively to the brush
driving mechanism; but the supplemental
brush yoke H’, which is necessarily moved at
a slower speed, being connected- by the rod
I to the slot 5 in the lever Q, its velocity
ratio is adjustable by setting its connecting
stud to different positionsin the slot j’. If it
is found that for the conditions of any par-
ticular machine the supplemental brush yoke
requires to be moved at a slower velocity ra-
tio, the connecting stud is set nearer the axial
center of thelever; and vice versa. By means
of these adjustments theslightly varying eon-
ditions peculiar to each dynamo may be com-
pensated for, and each machine thereby ren-
dered entirely sparkless underall normal con-
ditions of regulation.

Another novel feature introduced by my
present invention, is the construction of the
machine so thatit may beadapted tobe driven
in either direction. The conditions as to lo-
cation and source of power under which the
dynamo is erected often dictate the direc-
tion of rotation which is most desirable or
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convenient, and it is therefore advantageous
to construct the machine so that by an easily
effected adjustment it may be set up so as to
revolve either to the right or to the left. To
thisend my inventionintroduces the features
of construetion shown best in Figs. 8, 9 and
10. Tig.8 showsthe machine mounted to re-
volve to the left, while Fig. 9 shows it revolv-
ing toward the right, as is shown also in Figs.
1 to 5.

Each yoke I and H’ is constructed with
two screw sockets, into either of which the
arm n or #’ may be screwed, the other socket
being closed by screwing in a tap-screw or
filier v or ¥’,as shown in Fig. 10. The lever
Q has the hole j and slot 5" duplicated upon
each of its horizontal arms, as shown. When
a machine is to revolve toward the right, the
parts are connected up in the manner shown
in Fig. 9,and as shown alsoin Fig.4. If the
machine is to be driven in the opposite direc-
tion, the maximum line x—x of course swings
to the opposite side of the center, and the
brushes and brush holders have to be turned
on their studs to the opposite side. These
changes necessitate that the yokes H H’ shall
be swuang to the position shown in Fig. 8. To
make this change the two arms n n’ are un-
screwed from the yokes, as also are the filling
serews v v’. The brush holders being re-
moved, the yoke II is swung around by car-
rying its right hand arm in Fig.9 downward
past the right-hand arm of the yoke H’, and
then swinging the two yokes together until

they are brought to the position shown in
Fig.8. Theconducting cablesww are given

ampleslack toadmif of this movement. The
yokes having been brought to this new posi-
tion, the arms n n' are serewed back into the
yokes, but in the opposite holes, that is to say,
in the holes which previously were oecupied
by the filling screws v v’; and the other holes
now left vacant are filled by screwing in the
screws v v’ in order to exclude dirt. The rods
h h' are then connected to the arms n n’ at
their upper ends,and at their lowerends they
are alternated in' position relatively to the
lever Q, that is to say, the arm which for-
merly was connected to the hole at the end
of the lever is now connected in the slot, and
vice versa, the new connections thus made
being as shown in Figs. 8 and 10. It will be
understood that the screw arm n” at the right
in Fig. 9, which before the change connects
with the yokeH’,is connected after the change
tc the yoke H, and consequently it thereby
becomes the arm 7, it being to compensate
for this reversal of its action that the right
hand rod which in Fig. 9 connects with the
slot 4/, is disconnected therefrom and con-
nected to the hole j,so that it becomes the
rod % as shown in Fig. 8. The effect is the
same as though the rods /» 7.’ and arms n n'
were wholly disconnected and reversed in po-
sition from right to left, or vice versa, and
again reconnected. These connections are
easily and quickly made in the original set-

ting up of the machine, it being ordinarily
then known in which direction the maehine
is to revolve; and the adjustments of length
of the rods 7 &’ to bring the brush yokes to
position, and the adjustment in the slot 7’ to
impart the proper veloecity ratio are aflter-
ward made.

Instead of constructing the lever Q with
duplicate holes j and slots 5/, it might be con-
structed so as to turn it around end for end
in effecting the change of direction of rota-
tion just deseribed.

In my presentconstruction the bearingring
or collar ¢ for the brush yokes, instead of
being applied against a solid frame, is fixed
against the inner end of the bearing box T
formed on the pedestal O (Fig. 5). As this
box has aremovable bearing cap "1V, the col-
lar o is fastened only to the lower half of the
bearing box, in order that the bearing cap
may be removed independently of the collar
a. The bearingcap 1" is fastened to the ped-
estal by four screws, by removing which the
cap may be slid outwardly away from the
commutator sufficiently to get its inner end
#? out from under the upper half of the collar
a, after which the eap may belifted off. This
removal of the cap doesnotdisturb the brush
yokes, which remnain guided and held in place
on the collar ¢ by the semicireular abutting
face of the lower half of the bearing box T\
To enable the cap T’ to be thusslid outward,
the outer collar+? (Fig. 5) on the upper half
U’ of the bearing brass or bushing U, is cut
away as shown in Fig. 4 at two points oppo-
site the inwardly projecting ribs % v on the
bearing cap, by which the bushingis eld in
place. After thus removingthe bearing cap
1Y, the upper half U’ of the bushing may be
taken off by removing theserews which unite
it to the lower half of the bushing, and lift-
ing it out. This may be necessary in order
to get at the bearing in case it be found that
any persistent heating occurs indicating a
want of smoothness in the bearing. If the
difficulty is not found iu the upper half U’
of the bushing, it is presumed to exist in the
lower half U, and for removing this the shaft
K may be lifted in the manner shown in Figs.
18 and 19. It is to provide for thus lifting
the shaft that the inner margin or opening of
the collar ¢ is made eccentric, as shown at a’
in Figs. 5,8 and 9. This eccentricity should
be such as to permit the shaft to be thus
lifted high enough so that by lifting up the
lower half of the bushing U against theshaft
journal, a tubular downward projection u*
from this half bushing which projects be-
tween the two supporting ribs »* v* may be
carried above these ribs, so that by then
turning the half bushing around against the
journal it may be carried out of the box.
The upper supporting arms may be notched,
if necessary, to more easily permit the pas-
sage of the projection . Kither end of the
shaft may be lifted in this manner, while the
other end remains journaled in its bearing,
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the mounting of the bearing bushings being
sufficiently flexible to permit of this slight
tilting movement of the shaft, and the clear-
ance around the armature being also suffi-
cient for this purpose. The armature may
be easily removed. To do this the pulley p?
isremoved from the armature shaft, the driv-
ing pulley being preferably also removed.
The pedestal O’ isthen detached from the base
and removed, whereupon the armature, com-
mutator and shaft can be drawn out on the
axial line without disturbing the field-mag-
net or the regulator.

The line cireunit is connected with positive
and negative binding posts fixed to the ped-
estal O, as shown in Fig, 2. Irom these posts
all the electrical connections of the machine
are made within the pedestal C and thebase
A’, except where the flexible cables w w pass
out of the pedestal to connect with the com-
mutator brushes, as shown in Figs. 1, 8 and
9. Theelectrical circuit connections arethus
so protected as to be safe from injury, while
reducing te a minimumn the risk incurred by
the attendant.

The armature is supported upon a two-part
spider V V/,asshown in Figs. 20 and 21. The
spider V is formed integrally with a hab w’
formed on opposite sides with sleeves w?and
w?®  This hub is mounted on the shaft K, be-
ing keyed thereto by a long key or spline.
The spider V7 is formed with a hub v* which
fits over thesleeve w® The twospidershave
their flattened spokes formed with seats b’
for carrying the wire wound core of the ar-
mature, these seats baing provided with over-
banging ends or hooks b* (I'ig. 21) as usual.
The two spiders V 'V’ are formed on their
abutting faces with webs 10! 1/ respectively,
and when drawn together are fastened by
passingserews thirough one web into the other,
as shown in Fig. 5. The seats )’ on each spi-
der are alternately constructed to project and
recede, the projections being indicated at b®
and the recesses at b, By this construction
the joints in the seats where the two spiders
come together are alternated so as to “ break
joints” instead of coming all in one plane as
heretofore. Thedisadvantage of the old con-
struction is that some of the wires of the core
are liable to be unsupported and to drop into
the space between the two spiders, an acei-
dent which is rendered impossible by my im-
proved construction.

The commutator E is self-contained, all its
parts being mounted on a shell ¢* formed with
an internal sleeve which sleeve slides over
and fits upon the sleeve 10?® of the armature
spider, as shown in dotted lines in IFig. 21.
The commutatoriskeyedte the armaturespi-
der so as to rotate therewith, by means of an
inserted key or block m’, and is held thereon
so as to prevent its slipping off longitudi-
nally by screws I’ serewing into the material
of the sleeve w? with their heads overlapping
the ends of the. commutator sleeve ¢°% By
means of this relative construction of the ar-
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mature spider and commutator base, the ar-
mature and commutator after being con-
nected together are practically self-contained,
so that they may be together removed from
the armature shaft and shipped away for re-
pairs. The circuit connections between the
commutator segments and the armature coils
are not affected by the act of either removing
the armature and commutator from the shaft,
or replacing them upon the shaft. The sog-
ments and coils may thus be connected up
before the armature is mounted upon the
shaft, which is an important advantage for
large and heavy armatares.

The improved regulator provided by my
present invention has proved itself in prac-
tical use to operate to great perfection, the
clutches N ¢ and N? ¢ being found to operate
more perfectly astheir frictional surfaces be-
come worn down by use, instead of being im-
paired by wear as has been the case with pre-
vious regulators employiag friction clutches
or gearing. A practically important detail of
these clutches consists in the formation of
radial slots or grooves ¢* in the frictional
surfaces of the cones N N?% as best shown in
Fig. 13, whereby any particles of grit or dust
that may find their way between the fric-
tional surfaces are caused to work out, escap-
ing through these slots. :

Almost the entire regulator mechanism is
inclosed within the pedestal, where it is pro-
tected against injury and tampering, only
those parts requiring examination or atten-
tion being arranged upon the outside of the
pedestal, such as the magnet M, the adjusting
nut 8/, the stop P, and the driving belt and
pulleys. In ease it becomes necessary to get
access tothe inclosed parts, itisonly necessary
to remove one or both of two hand-hole covers
W W which are applied on opposite sides of
the pedestal O. Oneof these coversis shown
in eross-section in Fig. 15, and an inside view
of the coverremoved is shown in FFig. 16. Jach
coveris formed with two bottom lugs 4” which
are adapted to engage and partly overhang
the margins of the hand-hole, as shown by
the obligue section IFig. 17. Theselugs serve
to properly position thie hand-hole covers in
applying them, and when putin place they
are locked fast by turning a knob W', the
spindle of which passes through the cover,
and has fixed upon its inner end a cross-bar
or bolt W? (Fig. 16) which is thus turned to
a transverse position;as shownin dotted lines
in that figure, so that its ends engage the
inner surfaces of the wall of the pedesdal at
the margin of the hand-hole, as shown in
Trig. 15.

My improved regulator is found in prac-
tice to be absolutely “ dead beat ”—-that is, it
brings the brushes each time to the exact
position on the commutator required to com-
pensate for any variation from the normal
current, without at any time carrying them
too far, or causing any see-saw back and forth
across the correct position. This desirable
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resulf is attained without any sacrificein the
rapidity of action of the regulator, which is
found to operate with thesame quickness as
the regnlators of my former arc machines.

In case it becomes necessary to take the
field-magnet apart, the side bars or cores may
be disconnected from the base A’ by remov-
ing the screws m? (Fig. 3) which enter the
threaded holes in the lower end of the core
shown in Figs. 22 and 23. The armature and
shaft having previously been removed, the
field-magnet cores and uppercross head may
now be lifted off. In sodoingthe lower coils
B B would remain resting on the base, were
not some special means provided for fasten-
ing them to the cores. This means consists
of the construction shown in Figs. 22 and 23.
Two (or more) screws k?are screwed into the
opposite sides of the core so that their pro-
jecting heads shall on the outer sides project
beyond the sides of the core, and in so doing
shall underlie the lower head or plate &° of
the spool supporting the lower coil.

It must not be inferred from the particu-
larity of detail with which I have described
the preferred form and construction in which
my present invention is embodied that my
invention is necessarily limited to such de-
tails,sinee in fact the construction may be con-
siderably varied without departing from the
essential features of my invention. Those
parts or features of my invention which I be-
lieve to be new and essential are hereinafter
defined in the claims.

It will be understood that my invention is
not confined to the use of an electro-mmagnet
or solenoid as the device for controlling the
current regulator, but that any electro-mo-
tive device responding to current changes
may be employed. It willalso be understood
that in lieu of the particular mechanism for
communicating motion from the clatches to
the brush yokes which I have shown and
described, any other suitable or equivalent
brush shifting mechanism may be substi-
tuted. It is not absolutely essential to my
present invention that this brush shifting
mechanism shall be divided by the discon-
necting device consisting of the wheels ¢ 0
and interposed pawls d and e (which consti-
tute the subject of one of my aforesaid pat-
ents) or by any other equivalent separating
device, snch separation forming no part of
my present invention. The brush shifting
mechanism is that portion of the mechanism
between the driven members of the clutches
and the brushes or brush yokes by which
movementiscommunicated from the elutches
to the brushes. As part of this mechanism
the rods A 2/ may be substituted by any other
equivalent connnectors. It will be under-
stood that as for the lever Q, its operation
and capabilities wounld be the same if theslot
7 in each arm were extended into the hole
or socket 4, as indicated in Fig. 10%, making
one longslot in each arm instead of a shorter
slot and separate hole. The lever Q might

be variously otherwise arranged, it not being
strietly essential that its arms shall project
in opposite directions as shown, provided
otherwise the same essential movements are
imparted to the brush yokes, and the same
essential capabilities of adjustment and in
some cases of reversal are attained. Other
purely structural or mechanical modifications
in great number might be suggested.

I claim as my invention the following-de-
fined novel features, substantially as herein-
before specified, namely:

1. The combination in a dynamo having
movable commutator brushes, of a current
regulator consisting of a clutch driven shaft
f, a brush shifting mechanism connecting
said shaft to the brushes to move the latter,
the driven members N N?of two clutches
fixed on said shaft, driving elutch-wheels g 7,
a eontinuously revolving shaft p having a
pinion o driving the cluteh-wheel g, a sec-
ondary shaft+’ having a pinion v driven from
the shaft p,and a pinion r*driving the other
cluteh-wheel ¢, said pinions being relatively
proportioned to drive the clutch-wheel «
more rapidly than the cluteh-wheel g.

2. The combination in a dynamo having
commutator brushes carried by a movable
yoke, of a current regulator consisting of an
electro-motive device responding to current
changes,and a brush-shifting mechanism con-
trolled by the electro-motive device, and com-
prising a driven shaft, a lever geared to said
shaft to be oscillated thereby, and a mechani-
cal connector between said lever and brush
yoke, by which the movement is communi-
cated to the latter, said connector constructed
to Dbe longitudinally adjustable, whereby to
vary the position of the brushes on the com-
mutator. .

8. The combination in a dynamo having
main and supplemental commutator brushes
carried by two movable yokes, of a current
regulator consisting of an electro-motive de-
viee responding to current changes, and a
brush-shifting mechanism, controlled by the
electro-motive device, and comprising a
driven shaft, a lever geared to said shaft to
be oscillated thereby, and mechanical con-
nectors between the opposite arms of said
lever and the respective brush yokes.

4. The eombination in a dynamo having
main and supplemental commutator brushes
carried Dby two movable yokes, of a current
regulator consisting of aun electro-motive de-
vice responding to current changes, and a
brush shifting mechanisn, controlled by the
electro-motive device, and comprising .a
driven shaft, a lever geared to said shaft tobe
oscillated thereby, and mechanical connec-
tors between the opposite arms of said lever
and the respective brush yokes, connected to
the respective arms at different distances
from the lever axisto communicate differen-
tial movements to the two yokes.

5, The combination in a dynamo having
main and supplemental commutator brushes
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carried by {wo movable yokes, of a current
regulator consisting of an electro-motive de-
vice responding to current changes, and a
brush-shifting mechanism, controlled by the
electro-motive device, and comprising a
driven shaft, alever geared to said shaftto be
oscillated thereby, and two rods jointed at
one end to the opposite arms of the lever, and
at their opposite ends to the respective brush
yokes. .

6. The combination in a dynamo having
main and supplemental commutator brushes
carried by two movable yokes, of a current
regulator consisting of an electro-motive de-
vice responding to current changes, and a
brush-shifting mechanism, controlled by the
electro-motive device, and comprising a
driven shaft, alever geared to said shaft to be
oscillated thereby, and two rods jointed at
one end to the opposite arms of the lever, and
at their opposite ends to the respective brush
yokes,and thelever constructed to admit one
of the rods to be adjusted relatively to the
other to varying distances from the lever axis,
whereby the speed ratio of the respective
yokes may be varied.

7. The combination in a dynamo having
main and supplemental commutator brushes
carriéd by two movable yokes, of a current
regulator consisting of an electro-motive de-
vice responding to current changes, and a
brash-shifting mechanism controlled by the
electro-motive device, and comprising a lever
Q, and two rods jointed to the opposite arms
of the lever and connected to the respective
brush yokes, the lever constructed with a
socket 7 in one arm for eonnection with the
rod leading to one brush yoke, and with a slot
J' in the opposite arm for adjustable connec-
tion with the rod leading to the other yoke.

8. The combination in a dynamo having
main and supplemental commutator brushes
carried by two movable yokes, of a current
regulator consisting of an electro-motive de-
vice responding to current changes, and a
brush-shifting mechanism controlled by the
electro-motive device, and comprising a lever
Q, and two rods jointed to the opposite arms
of the lever and connected to the respective
brush yokes, thelever constructed with dupli-
cate slots in its opposite arms adapted to ad-
mit the connection of the respective rods at
unequal distances from the lever axis to com-
municate differential movements to the yokes,
while permitting the adjustment of one con-
nection relatively to the other for varying the
speed ratio of the yokes, and to admit the re-
versal of the connection of the rods with the
respective arms, the one connected farthest
from the axis being adjusted inwardly and
the other outwardly to reverse the differential
movements.

9. The combination in a dynamo having
main and supplemental commutator brushes
carried by two movable yokes, and a current
regulator comprising an electro-motive device
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and brush - shifting meehanism for impart-
ing differential movements to the respective
yokes, of means for enabling the direction of
rotation of the armature to be reversed at will,
consisting of detachable and reversible con-
nectors forming part of the brush-shifting
mechanism, and constructed to permit the
brush yokes to be disconnected and swung to
opposite positions corresponding to the oppo-
site rotation of the armature, and to be then
reconnected with the brush-shifting mechan-
ism in inverse order so as to maintain after
reversal the same relative differential move-
ments of the respective yokes.

10. The combination in a dynamo having
main and supplemental commutator brushes
carried by two movable yokes, and a current
regulator comprising an electro-motive de-
vice and brush-shifting mechanism for im-
parting differential movements to the respect-
ive yokes, of meansfor enabling the direction
of rotation of the armature to be reversed at
will, consisting of detachable arms n ' con-
nected to the respective yokes, and rods h 1/
constituting part of the brush-shifting mech-
anism, and the yokes constructed to admit of
the attachmentof said arms to them in differ-
ent positions, whereby the arms may be de-
tached from the yokes, the yokes swung to op-
posite positions, and the arms reattached.

11. In a dynamo, having main and supple-
mental commutator brushes carried by two
movable yokes, and a current regulator com-
prising an electro-motive device and brush-
shifting mechanism for imparting differential
movements to the respective yokes, the com-
bination of the yokes I H’ each constructed
with two serew sockets, detachable arms n »n’
adapted to serew into either of said sockets,
and filling serews v v’ for closing the unoc-
cupied sockets.

12. Ina dynamo having a base and bearing
pedestals mounted thereon, having bearings
for the armature shaft, a current regulator
for shifting the commutator brushes compris-
ing opposite clutches and connecting gearing
housed within one of said pedestals, and me-
chanical connectionsbetweenthe driven mem-
bers of such clutches and the brush-yokes,
carried by said pedestal.

13. Ina dynamo having a base A’ and bear-
ing pedestals O O’ mounted thereon, a cur-
rent regulator for shifting the commutator
brushes comprising opposite clutches housed
within the pedestal O, and mechanical con-
nections between the driven members of such
clutches and the brush yokes eomprising gear-
ing and a shaft J having bearings in said ped-
estal, and a lever Q having a bearing upon
the exterior of said pedestal.

14. In a dynamo having a base A’ and bear-
ing pedestals O O’ mounted thereon, a cur-
rent regulator for shifting the commutator
brushes comprising opposite clutches housed
within the pedestal O, and mechanical con-
nections between the driven members of such
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clutches and the brush yokes carried by said
pedestal, and a separate pedestal R within the
pedestal O affording bearings for the clutches.

15. In a dynamo having a base A’ and bear-
ing pedestals O O’ mounted thereon, a cur-
rent regulator for shifting the commutator
brushes comprising shafts p and +’, two op-
posite clutches, a driven shaft f, housed in the
hollow pedestal O and mechanical connee-
tions between the latter shaft and the brush
yokes, and a pedestal R within the pedestal
O, and providing bearings for said shafts p 7’
and f.

16. Ina dynamo having a base A’ and bear-
ing pedestals O O’ mounted thereon, a cur-
rent regulator comprising opposite clutches
and connecting gearing housed within the
pedestal O, a clutch-lever I for operating said
clutches also housed within said pedestal, a
controlling magnet M outside the pedestal,
and mechanical connections between said
magnet and cluteh lever passing through the
pedestal.

17. Ina dynamo having a base A’ and bear-
ing pedestals O O’ mounted thereon, a cur-
rent regulator ecomprising opposite clutches
and connecting gearing housed within the
pedestal O, a cluteh lever I for operating said
clutches also housed within said pedestal, a
controlling magnet outside the pedestal, an
elbow-lever L. passing through said pedestal,
and a link [ for connecting with said clutch
lever.

18. In a dynamo having a base A’ and bear-
ing pedestals O O’ mounted thereon, a current
regulator comprising opposite clutches and
connecting gearing housed within the ped-
estal O, a clutch lever I for operating said
clutches also housed within said pedestal, a
controlling magnet M mechanically con-
nected tosaid clutchlever, a retracting spring
within the pedestal connected to said eluteh
lever, and an adjusting device for said spring
outside the pedestal. .

19. Ina dynamo having a base A’ and bear-
ing pedestals O O, a eurrent regulator com-
prising opposite eclutches and connecting
gearing housed within the pedestal O, a clutch
leverI within the pedestal, a controlling mag-
net M outside the pedestal, mechanical con-
nections between said magnet and lever, com-
prising a lever L passing through the pedes-
tal, and a bearing block { fastened to the
pedestal formed with opposite stops to limit
the movement of said lever I, and formed
with bearings to whichsaidlever L ispivoted.

20. In a dynamo, a current regulator com-
prising opposite clutches and brush-shifting
mechanism driven thereby, a clutch-lever I
for operating said clutches, an adjustable re-
tracting spring S controlling the magnet M
having an armature M’, mechanical connec-
tions between said armature and leverI, said
connections comprising alever L, and aspring
s pressing upwardly against said lever L to
counterbalance the weight of the lever and
armature,

21. In a dynamo, the combination with a
current regulator of the class wherein a shift-
ing mechanism is connected to a source of
power by the action of an electro-motive de-
vice against a retractile foree, of a movable
stop constructed as a hook P adapted to en-
gage a projection ¢ connected with the elec-
tro-motive device, and thereby to resist the
retractile forece to hold thedynamo out of ae-
tion, and unbalanced so as to fall out of en-
gagement when the electro-motive device
overcomes the retractile force.

22. In a dynamo, in combination with a
currentregulator for shifting the commutator
brushes wherein the brush-shifting mechan-
ism is controlled by an electro-magnet acting
against a retractile force, a lever L. connected
to said magnet having a projection #’, a bear-
ing block ¢, and a gravity hook P pivoted to
said bearing block, and adapted when turned
up to engage said projection.

23. In a dynamo, a current regulator com-
prising opposite clutches consisting each of
a drivingand driven part, theone constructed
as a wheel with an internal coned flange and
the other as a disk with an external cone fit-
ting in said flange, said externally coned disk
being formed with radial slots 2%

24. Inadynamo havinga current regulator
partly housed within one of the bearing ped-
estals, the pedestal O construected with oppo-
site hand holes combined with hand-hole cov-
ers W for closing said holes, and means for
fastening them to the pedestal.

25. Inadynamo having acurrent regulator
partly housed within one of the bearing ped-
estals, the pedestal O constructed with oppo-
site hand holes combined with hand-hole cov-
ers W for closing said holes, each constructed
with lugs ¢’ projecting into the hole,and with
a fastening device consisting of a bar W?
adapted to be turned to engage the margins
of the hole.

26. Ina dynamo having the armature shaft
K mounted on bearing pedestals O O, the
combination of the brush yokes, a concentric
bearing ring « on which sald yokes are
mounted, and the lower half T of the bearing
box on the pedestal O to which said ring is
attached independently of the bearing cap,
whereby the bearing cap T’ may be removed
without disturbing the brush yokes.

27. In a dynamo wherein the armature

shaft K is supported on bearing pedestals O

0/, the pedestal O formed with the lower half
T of the bearing box, the upper half or bear-
ingcap T/ thereof removably attached thereto
and formed with internal ribs 7, an inclosed
bearing bushing in two halves U U’supported
within the bearing box, and the upper half
U’ formed with its thrust collar u? cut away
in line with the ribs 4 on the bearing cap T’
to admit the removal of the latter by sliding
it endwise.

28. Ina dynamo having the armature shaft
K mounted on bearing pedestals O Q’, the
combination of the brush yokes, a concentric
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bearing ring ¢ on which said yokes are
mountied, and the lower half T of the bearing
box on the pedestal O to which said ring is
attached independently of the bearing cap,
whereby the bearing cap T may be removed
without disturbing the brush yokes, and the
said ring ¢ having the opening throughit up-
wardly enlarged at o’ to permit the lifting of
the shaft as described.

29. An armature comprising a wire wound
coreandsupporting spiders V V” having their
spokes formed with seats b’ forsupporting the
inner surface of the core, and the respective
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spiders formed on their spokes with alternate
projections b and recesses l?, the projections
of each fitting into the recesses of the other,
and thereby breaking joints to prevent the
wires of the core falling into the space or joint
between the spiders.

In witness whereof I have hercunto signed

my name in the presence of two subseribing
witnesses.

20

JAMES J. WOOD.

Witnesses:
ARTHUR C. FRASER,
GEORGE II. FRASER.




