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U NITED STATES

PATENT OFFICE.

CHARLES M GREEN OF LYNN, MASSACHUSETTS, ASSIGNOR TO THE GEN-
" ERAL ELECTRIC COMPANY A CORPORATION OF NEW YORK.

REGULATOR FOR DYNAMO

ELECTR!IC M.A‘CHIL_NES.

SPEL,IFIC&.TIOV formlng' part of Let’cers Patent No. 690 420, dated J anuary 7 1902

~ Application ﬁled May 21 1898, Berla,l No, 681 270

(No model.)

Mo all whom it My COnCcern: |
Be it known that I, CHARLES M. GRLEN

'c1t1zen of the United States, residing at Lvn n,
county of Essex, State of Massaehusetts have

invented eertaan new and useful Improve-
ments in Regulators for Dynamo - Electric
Machines (Case No. 667,) of which the follow-
ing is & speelﬁeatlon

| My invention relates to 1eﬂ*ula,t0rs for dy-
namo-electric machines, and has particular
reference to those maehmes designed for con-

stant current and nsed in 0pemtmﬂ' arc-lights

in series. Some of its features might be ap-

- plied to other forms of regulator, a,nd Ido not
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tacts to be made and broken.

mean by this statement Gt its utilities to limit
the scope of the present application; but it

is my present understanding, that 1t is best
radapted to arce-light maehmes

In old forms ot reﬂ*ulators there have been
various dlsa,dvantaﬂ'es which 1 ha,ve aimed
to overcome in thlS lﬂlpIOVed type. In the

regulator, for instance, which has gone into
-extenswe use with machines of the Brush

type the controlling device for the regulator

placed upon the machine itself, although it

may be placed there, if desired. The ad,]uat- "

ments are comphea,ted and have electric con-

must be made. adjustable to compensate for

wearduetoarcing and areapt toget dirty and

notmakegood (_,ontdct Acting, as'it does, by
a magnetic cluteh, there are dldeV&Hfﬂﬂ'F"S
from rebldual maﬂ*netlsm

Under some circumstances, as when
rocker-arm becomes loose and
moves too easily, as current passes at all times
in the clutch the regulator is apt to ¢ pump,”
as it is called, or reciprocate first to one side

and then to the other of ils proper point of
~adjustment.

It also has only a single rate
of movement. for different changes of Cur-
rent, so that if the current cha,nn*e 1S violent
and requires to be rapidly corrected there is

no way of accomplishing it, as it moves at
the same speed for great and small chanﬂ'eq |

| of eurrent.

of the rocker-arm and brushes.

These contacts

which causes Lhe-
regulator to be eanstantly ‘‘overset,” so that

1t 1s apt to pass the proper point for regula-
tion.

the brush:

“winding.

Some of these objections are also

.nherent in other types of regulator, as is

"well known to those skilled in. the art. Some

of these devices are of the friction type, with

rapidly-revolving wheels, pulled together or
separated by an eleetmmawnet

set of wheels is alwayq moving. The other
18 stationary. Where the ra,pldly revolving
wheel touches the stationary wheel hﬂ'htly, it

i1s apt to wear it, making flat spots and causing

the mechanism to WO]"k in a Jerkyand unsatis-
factory way. Inthewell-known gravity type
unless the dash-pot is m&de V@I‘} stlff there

1S a tendency to pump.

The ratchet-regulator involves the use of
rapidly- reelproeatmw parts, and thus gives
onlyan intermittent and uansteady movement

To make this
regulator act properly, it must be run at a

_fmrly high speed; butits action is practically

;eonsbant under all changes of current, great
-and small.
ting and closing of electric contacts, as do
which shifts the brushes and also shlfts the |
rheostat-arm to change the field magnetiza-
tion is separated from the machine, requiring
-8 Speclal support, and does not act so well if

All devices requiring the open-

‘many mﬂ'uldtms are objectionable.

~The greater pa:t of the objections above
noted I have been abletoavoidin theconstrue-

tion of the improved regulator shown and de-
In its preferred

seribed in- this apnhcatlon
form it embraces a rheostat in shunt to the
field-magnet circuit of the machine, the dy-

namo- bemtr a series machine, a rotaly pamp
driven from the shaft of the machine, mech-

anism for actuating the rheostat handle and

‘gshifting the brushes propmtwnately, the
| mechanism being driven by the pump, and a

eontrolhnfr- magnet in- the Seues circuit.

| When' normal current ig flowing in the con-
trolling-magnet, the pump has no effect on

the rheostat-arm. When the current rises,

‘resistance is cut out, thus shuntmﬂ' a larger

part of the current around the field- mafrﬂet
W hen it falls, the resistance is in-
crea&ed, and the field magnetization is thus
governed in accordance with changes of cur-
rent. Abrush-shifting mechanism, by which

the spark is adjusted and keptata minimum,
is also connected i m the usual way to the 1heo-
stat-arm,

‘The whole of the mechanism may be, and
prefer &b]y is,

_ The action
of this typeis not alwayvs eert.:un because one

‘mounted directly upon the
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frame of the machine. The pump is driven
by a straight belt from the shaft, and the ar-
rangement 1s such that by a simple change
in the channels through which the pump
drives the operating fluid its action may be
reversed to accord with the direction of ro-
tation, and thus the belt will be straight
whichever way the shaft rotates. The entire
operating mechanism 1s inclosed in a box,
which prevents the access of dust or any
change in the adjustment of the parts due to
wear. 1 prefer to use oil for the fAuid oper-
ated by the pump, as this makes the device
entirely self-lubricated, so that little atten-
tion 1s required.

The arrangement of the valve controlled
by the regulating-magnet is such that when

~agreat change of current takes place, as when

a large number of lamps are cut out at once,
the passages through which the oil flows be-
tween the pump and the operating mechan-
ism (connected to the rheostat-handle and

~brush rocker-arm) are wide open, and the
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handle is shifted with some rapidity, whereas
1f the carreunt variation be small the ports are
nearly closed and the motion is slight. No
dash-pot is requisite, as the regulator hasin
practice but little tendency to pass the proper
point to which 1t should be set to maintain
the eurrent constant. In the device thereis
but a single regulating-serew, by the opera-
tion of which its action may be adjusted
eithertoraise or lower the amperage at which
the regulator maintains the current constant.
It is also feasible to change the speed of op-
eration either forward or backward, or both,
so that, if desired, the machine may regulate
more quickly in one direction than in the
other. By it I also use only a rotary motion,

so that all parts having more than a hmlted
speed will rotate and not reciprocate. I also
so construct the controlling-magnet that it
wlll not change by usage or by time, and its
hysteresis will be a negligible quantity.

The accompanying drawings illustrate my
invention. Figure 1shows its application to
the well-known Brush arc-light dynamo and
18 an end elevation of the machine with my
improved regulater applied to it. Fig. 2 is
a diagram of the circuits. Fig. 3 is a plan
of the regulator with the lid of the contain-
ing-box removed, showing the mechanism.
Fln' 4 18 seetlon on the lme 4 4 of Fig. 3.
I‘lﬂ'. 5 is an enlarged detail of the ports and
va,lve of the pump shown in section on the
line 5 5 of Kig. 3. Fig. 6 is a section show-
ing the safety valve or ovelﬂow valve, takeu
on the line 6 6 of Kig. 4.

In Fig. 1, FM shows the field-maguet, and
AM the armabure-coilﬂ,' of the well-known
Brush machine. The brushes are shown at
S S. Qis the shaft, and P is the belt con-
necting the shaft to the wheel K% operating
the oil-pump. I3 is the casing of the regula-
tor-actuating mechanism. KE%is a pinion ac-
tuating the rack E°, shifting the brush-holder

tation is as shown by the arrows

690,420

of the brishes. The regulating mechanism

1s attached to the front of the box containing

the field-rheostat R, and the gear E¢is. mount-—
ed on the shaft of the lhBOStdt

In I'ig. 2 the parts of the machine are let-
tered as before., The lamps are marked La,
and a coil C. The series coil of the reg ula,-
tor 1s shown included in the circuit. The
carrent passes from the -+ brush S of the
machine to the positive terminal, through the
lamps, back to the negative terminal, then

through the coil C. After passing throun'h |

this coil it divides, one part going to the loft
through the ﬁeld-maﬂ*net F M and another
part thrmlfrh Lthe resmt&m,e R until it rejoins

the current flowing through the field-magnet,
from whenece the cirenit is eompleted to the —

brush S of the machine. By shifting the arm
of the rheostat a greater or less amount of
current passes thmnwh the field-magnet coils,
thus changing the Lnaﬁ'nebmatmn as 1s well
understood The mechamsm Whmh shifts the
arm of therheostatatthesame time moves the
brush-holders, so that the brushes are ad-

70

75

30

vanced or retracted to adjust t,hem to the

proper position.
1The mechanical portlons of the regulator
are shown on Sheet 2 of the drawings. In

- [Figs. 3 and 4, A A are the brackets erii,ch at-

tach the device to its support, and B is the
external case, which is ordinarily an iron .box
made tight eﬂouwh to contain the fluid to op-
erate the mechamsm 1 prefer oil for this

purpose, for the reasons already pointed out
and because of its well-known advantages,
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though air or any other suitable fluid or llq- |

uid mlﬂ*hb be substituted, if desired. |
Refenmn‘ Now more paltlculmly to Fig. 4,

the oil-pump K, as shown on the laft of the

figure, consists of a pair of gears rotating in
a mu*ht casing having ports K® K% The gear
K’ and the wheel K¢ are fixed to the same
shaft K° Assuming that the direction of ro-

Ee:s&t the port K¥andis driven outat the port
L
areseen bestin Figs. 5 and 6. ‘They are shown
in Fig. 4 in dotted lines. The oil toreach the
port K° enters at the bottom of the channel
L7 (see Fig. ) and passes up to the stop %
which for Lhe direction of rotation assumed
for the pump is fixed just above the port K3,
(indicated by the dotted circle.) A similar
stop { is shown in the channel L, to which
the oil passes from port K% This stop may
be located at any point below the port K¢, the

location of which is indicated by the dotted

circle. The oil passes from the channel L
through the channel I/, and so to the channel
1 and throngh the valve M, to be presently
described. bhould it Dbe demmd to reverse
the movement of the gears and still maintain
the proper direction “of flow, (as when the

regulator is applied to a ““Jeft- handed” ma-

chme,) this may be effected without crossing

, the o1l en-

Thechaunels thromn oh which theoil flows

1:55.
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the belt P (see Fig. 1) by removing the stops' -

arm BA, which is attached to the rocker-arm | ZZ*a and reversing thelr posﬁsmn—that 19,, by
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~ puiting the stop [ above the port K‘%,iso that

this port would be the entry or intake of the

pump, and placing the stop ? below the port

- K which would then form the outlet. The

an abutment E'.
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- the hysteresis is substantially negligible, and

45

- a regulating-screw H’
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‘movement by the screw {2

fluid after passing the valve M enters the

chamber F, Fig. 4. Within this chamber is
A piston E?is secured to a
central disk Ef by the screw E3, which also
acts as a set-screw to hold the disk K° apon
the shaft E. By the revolution of the piston

E? the shaft E is rotated to shift the rheostat-

switch and turns the gear E! to shift the
rocker-arm of the brushes. The piston E?is
actuated by the oil or other fluid flowing from
the pump K. In theabutment E’ is a valve
T, Fig. 5, having a channel ¢, which may be

brought into coincidence with the channel ¢
The valve is free

through the abutment E'.
to rotate, but is secured from longitudinal
t>. 1t is turned by
the shaft ¢ and the handle T. (See Fig. 3.)
When the channel through the abutment is
opened, there is communication between the
chambers on opposite sides of the piston E?,
8o that the oil no longer moves the piston.

Thisisaconvenient way of throwing the regu-

lator out of action when the machine is not
delivering current. When the machine, how-
ever, has its load thrown on, the regulating-
valve T' would be turned tothe position shown
to throw the regulator into action. |

On the right in Figs. 3 and 4 is shown the |

fregulating series magnet. Cisthe coil of the
magnet, of which D is the external armature,

D"being a core attached to the armature and

forming a part of it. The armature is bell-

shaped and shields the coil against external.

magnetic influences. The amount of iron is
SO proportioned as to be comparatively highly

saturated, and the magnetic circuit is de-

signed for reasonably high reluctance, so that

the magnet is not affected in practice by time
or by external influences of any kind. The

armature D is supported from one end of g

lever G, which is pivoted on a knife-edge at
g" and attached at its other end to a link' G,
connected to the valve M. Its attraction is
counterbalanced by a spring H, attached to
the other end of the lever and provided with
of common form. By
the proportioning and adjustment of this
spring the action of the device may be ad-
Justed to maintain the current constant at the
strength desired. If the spring be light, so

that under small current changes the lever’

will move over a considerable distance, the
regulator will be exceedingly sensitive, and

this may often be carried to such an extent

as to make it ““pump,” as it is called, or vi-
brate past the proper point in either direc-
tion.
stiff and strong, it will take considerable cur-
rent change to affect it. The reasons for this
will be apparent when the construction of the

valve M and the operation of the device in

If, on the contrary, the spring be made

r

{ ent speed.

'F

|

!

tent of play-of the lever G is determined by

two set-screws g g% By the adjustment of

these screws the play of the valve may be al-
tered and its position with reference to the
ports at either end of its stroke may be de-
termined. I may, if it be desirable, by this

means arrange the device so that in one di-

rection of movement it will have a certain
speed of operation and in the other a differ-
It may, for instance, in case of

75

sudden decrease of load (as by cutting out a ~

number of lamps at one time) be desirable to
have the regulator immediately respond, so

as to prevent undue rise of current, while it

8o

may not be desirable to have it respond so . :

quickly when the lamps are thrown in, as the

falling off of current would not be attended
Or-

fora time with any particularill results. (
dinarily, however, the device will be set to

be operated with the same speed in either di- .

rection. The spring H and the set-screws
g9 9° would be adjusted in installing the ma-
chine and in practice would require no fur-
ther attention. =~ =

- The proper working of the device is depend-

90 -

ent upon the valve.M. Thisis shown in sec- -

tion in Fig. 5, being only indicated in the
other figures. It consists of a balanced pis-
ton-valve made hollow and having packing-
rings 1m° m® m* and ports m m’, leading into
its interior. Toan intermediate point in the

valve-casing N, in which this valve moves,.

oil is fed from the channel 18 Other chan-
nels I F*lead to the piston-chamber F. Fur-
ther, one or more openings n communicate

‘with the supply of oil in the case B.

"The operation of the parts deseribed is as"fc-l'—
lows: When the current in the main circuit

As

nel F*and the channel f?, (which is formed
in the exterior surface of the valve-casing N
and communicates with F?). At the same
time the ring m* cuts off the channel F' and
1ts inlet /', corresponding to the channel f2
Oil then passes into the top side of the pis-
ton E° (see Fig. 4) and carries it toward the

95
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105
rises, the coil C attracts its armature D D’ and
pulls down the lever G, raising the valve M
‘against the pull of the spring H, the valve be-
1ng connected to the lever by the link &'. |
the valverises the ring m?opens wide the chan-

110

i

bottom of the chamber F, turning the rheo-
stat-arm, Figs. 1 and 2, to the right, cutting -

out resistance, shunting a greater proportion
of the current around the field-magnet coils,
thus weakening the field and at the same
time shifting the brushes to the position of
least spark. This movement continues until

‘the current falls sufficiently to weaken the

coll C, when the spring H overpowers the at-

traction of the armature D D’and pulls down

the valve M. When the latter reaches its

1llustrated position, the movement of the pis-
ton ceases, there being a free flow of oil
y the ports
and channelsmm',nn,and ' f2. 1Incasethe -

through and around the valve b

120

'125
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regulation has proceeded too far the spring

connection therewith are explained. The ex- | F depresses the valve until the ring m*opens .
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the channels f’ F' and ring m? closés the up- |

per channels, when the operation above de-
seribed is reversed until the valveis again in
its intermediate orillustrated positionand the
current is at its proper strength. When the
valveisdepressed, so as toopen the channel
for the flow of oil, the fluid above the piston
flows ount through the channel F< and then
through the ports m into the interior of the
valve,from which it will flow through the open-
ingsm’ of the valve and n of the valve-caseinto
the box B?, as before. Ifthe pistonbebrought
to the end of its stroke and still the regula-
tion should be ineffective, as where a large
number of the lamps were by any accident

short-circuited or when for any reason the

conditions wereabnormal, thesafety-valve O,
(see Fig. 6,) which is provided at the top of
the channel L?, would open against the force
of the spring o, and the oil driven by the
pump would then pass from the channel L
into the vent-channel L* (shown in dotted
lines in Fig. 4) and return to the box, pre-
venting any damage to the apparatus. The
adjustment of the position of the valve M will,
as will be readily perceived, depend on the
balance of effect between thespring Hand the
armature D, and the extent of its movement,
as already pointed out, can be determined by
the stops ¢ ¢ the stop g limiting its upward

play and the stop ¢* limiting its downward

movement, and thus determining, respec-
tively, the extent of opening of the channels
I* B | - | |
What I claim as new, and desire to secure
by Letters Patent of the United States, is—
1. In a regulating deviece for a dynamo-

- electric machine, a rheostat for controlling
‘the output of the machine, a revoluble piston

rigidly mounted on the rheostat-spindle, a
pump driven from the machine and driving
the piston, a valve between the piston and
the pump, and an electromagnet in the cir-
cuit, controlling the position of the valve.
2. In a regulating device for a dynamo-
electric machine, a rheostat in shunt to the
field, a revoluble piston mounted on the rheo-
stat-spindle to change the field - excitation,
a pump driven by the machine and driving
the piston in either direction aceording to the
position of a valve interposed between the

" pump and the piston, and an electromagnet

55
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responsive to changes of current in the main
circuit, controlling the position of the valve.

3. In a regulating device for a dynamo-
electric machine, a rheostat controlling the
field - excitation, a device for shifting the
brushes adapted to be actuated therewith, a
piston rigidly connected to the spindle of sald

rheostat, a pump driving the piston in either

direction according to the position of an in-
terposed valve, and an electromagnet in the
main ecircuit controlling the position of the
valve so that as the current rises, the piston
is foreced in one direction, and as it falls, in
the other. |

690,420

electric machiiie, niechanism for shifting the
brushes, means adapted to actuate said mech-
anism and to vary the resistance in shunt to
the field-coils, a piston operatively connected
to said means, a valve, a pump the effect of

which is regulated or reversed by the valve,
and an electromagnet in the main circuit con-

trolling the position of the valve.
5. Inaregulating mechanism foradynamo-

electric machine, the combination of a gear-

pump driven from the machine and deliver-

ing fluid to one side or the other of a revolu- .

ble piston, a valve for controlling the admis-
sion of the finid, a regulating electromagnet

in the main circuit, a mechanical connection

70

3(.;,' |

between the armature of the magnet and the

“valve, a spring opposing the pull of the mag-

net, and a rheostat-arm rigidly connected to
the piston. -_

6. Inaregulating mechanism foradynamo-
electric machine, the combination of a con-

stantly-running pump, foreing a desired fluid

through a suitable channel, a piston actuated
by the fluid, a valve controlling the delivery
of the fluid to the one side or the other of the

co

piston, a magnet in the main circuit, a rocker-

arm connected at one end to the magnet, and
at the other carrying the valve, and stops for
the rocker-arm by which its stroke in either
direction may be adjusted. -

7. Inaregulating mechanism foradynamo-
electric machine, the combination of a con-
stantly-running pump, a revoluble piston ac-
tuated by fluid delivered from the pump, a
valve controlling the delivery of the fluid to
one side or the other of the piston, resistance-

changing and brush-shifting means connect-

ed to the piston, a magnet in the main cireuit,
a rocker-arm connected at one end to the mag-
net -armature and at the other end to the
valve, a spring opposing the magnet-arma-

0%
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ture, and adjustable stops for the rocker-arm.

8. Inaregulating mechanism foradynamo-
electric machine, the combination of a con-

110

stantly-running pump, a rotary piston with a

fixed abutment having a by-pass valve there-
in, and regulating mechanism operated by
the piston and conirolled by a magnetin the

main circuit.

9. In a regulator for a dynamo-electric ma-
chine, the combination of a controlling-mag-
net, regulating mechanism, an operating-
shaft therefor, a revoluble piston rigidly

mounted on said shaft, and means controlling.
‘the direction and extent of the piston move-

ment, and itself controlled by the magnet.
10. The combination of a regulator, means

for operating it in either direction as desired,

and means for so controlling the operation
that the device acts at one rate in one direc-
tion of motion and at a different rate in the
other direction. |
'11. The combination of a rotary piston,
channels leading to the cylinder upon each

115
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side of a fixed abutment, a piston-valve open- '

ing or closing the channels, and a passage in

4. In a regulating device for a dynamo—l | the valve through which the contents of one
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‘upon which said piston is mounted,
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side or the other of the oylinder may escape,

aocm ding to the position of the valve.

The combinationinaregulating device,

w;{th a fluid-pressure pump, of a revoluble

piston actuated thereby, a rotatable shatt

: regulat-
ing means operated by the shaft, and means

actuated by the current in the electric ma-

chine which is to be regulated, to control the

operation of said piston.

13. Thecombinationina refrula,tm o device,

with a rotary fluid- -pressure pump, of means |

for mechanically operating said pump by a
dynamo-electric machine, mea,n's_ actuated by
sald pump for regulating the dynamo-electric
machine, means controlled by said machine

to econtrol said regulating means, and means.

for changing the. relatlon of the pump with
the refrula,tmﬂ* means to maintain a uniform
dlreotmn of movement of the regulating
means when the direction of motion of the
pump-operating means 1s reversed.

14, The combination in a regulating device
for an electric machine, with a fluid- -pressure
pump, of means for meohdmoelly operating
said pump from the machine, a regulating-

-~ piston, fluid channels and ports forming com-

30

munication from said pump to said piston,

and adjustable stops in said channels.

15. The combinationin aregulatingdevice,
with a rheostat in shunt to the field-coils of a
dynamo-electric machine, of a fluid-pressure
pump driven from the ma,chme and a revoiua-

ble piston actuated thereby, and mounted on’

the rheostat-spindle.

16. Thecombinationina lewuldtmﬂ'de\ ice,
with a rheostat in shunt to the field- oolls of a
dynamo-electric machine, of a fluid-pressure
pump, a revoluble piston actuated thereby,
and mounted on the rheostat-shaft, a

sald gear, end arocker-arm carrying said rack
and connected to the commutator- brushes

~ substantially as deseribed.

 field-resistance and the commutator-brushes

6o

17. The combination in a regulating device
with means for regulating sim ulteneously the

of a dynamo-electric machine, of a ﬂmd -pump
actuating said regulating means.
- 18. The oombmatlon in a regulating device

for electric machines with a fluid-pressure
pump driven by the machine, of a revoluble

piston actuated by the pump, a rotatable rheo-

stat-shaft upon which said piston is mounted,

and means controlled by the electric machine

to control the operatlon of said piston.
19. Thecombinationina current-regulator,
of a fluid-tight box, a fluid-pump therein, a

casing for said pum'p, ports forming commu-
nication between said casing and bO‘{ a pis-
ton-chamber also inclosed by said bO‘{ addi-

tional communications between sald pump-

and chamber, and a revoluble piston in said
chamber pr owded with a shaft eztendm o out-
side said box. | |

20. The combination in an electric- current
vegulator, with a fluid-pressure regulating

ble piston therein, |
sald chamber, a channel through said abut-
ment, and a valve in said channel. -

22. Thecombinationinacurrent-regulator,

a . gear on
said shaft, a rack adapted to cooperate with

-

| piston, of a pump therefor, means for render-
ing sald piston inoperative independently of

sald pump, and an electromagnet operated by

the ourrent to be regulated fm controlling said
means.

21, The combination in an electric-current
regulator, with a piston-chamber, of a revolu-
a radial abutment from

of means for controlling the speed of itsregu-
lating mechanism 1n elthel direction mde-

'penden tly.

23. 'Thecombinationin adevice for control-
lingaregulating-valvein a current-regulator,

with a controllin oelectromagnetanditsarma-

ture, of a pivoted lever secured to said arma-
ture, adjustable means connected to the lever

75

3o

for balancing the electromagnetic force, and -

adjustable stops adapted to coact with said

lever on each side of the fulerum, subetan-
tially as described.

24. Thecombmamonma,eurr'ent- eﬂ‘ulator
of a fluid- -pump, a revoluble piston drwen by

the flnid-pressure therefrom, a rheostat in

shunt to the field-coils of the machine to be
regulated, and a shaft for said piston rigidly
connected to said rheostat-handle.

- 25. Thecombinationinacurrent-regulator,
with a fluid-pump, of pressure-operated regu-
lating mechanism, a safety-valve ada,pted to

- permit the cireulation within the regulator

independent of said regulating mechanism,
and an electromagnet operated by the curr ent

to be regulated for controlling said valve.

26. The combinationin a curr ent-reﬂulatm
for electric machines with a fluid-tight bo:{, of
a pump-casing inside the box, a pump in the
casing and operated by the electric machine,

an inlet-passage from the interior of the box

to the interior of the pump-casing, a cylinder

‘in the box, a piston in the ¢ylinder, current-

regulating means controlled by the piston, a

sle

10O

105

{IO

passage from the pump-casing to the cylin- -
der, a valve in said passage and controlled by -

the electric machine, a vent-channel connect-

| ing said passage with the interior of the box,

- and asafety-valve operated by extra pressure
| of -

1uid to permlt the latter to return to the
box.

27. Thecombinationina eurrent regulator,
of a flnid-tight box, a pump and a reﬂ‘ulatmw
meohamsm in said box, a hollow pelfmated
valve between the two, a valve-casing there-
for, and means for esba,bhshlnw comimunica-
tion between said valve and box and between
sald valve and said casing, substentmlly as
described.

28. The comblnatlon in a 1eﬂ*ulat1nﬂ' device
for electric machines, of a pump driven from
the machine, a piston operated by the pumnp,
means operated by the piston for regulating
the productof the machine, a piston-chamber,

115

120

125
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a valve-casing communicating therewith, a

hollow valve adapted for 31mu1teneously in

| either direction admitting fluid under pres-
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sure to sald chamber and permitting the ex- |
haust to pass through itself, and an electro-
magnet operated by the current of the ma-
chine for controlling said valve.

5 29, Thecombination in a current-regulator
for an electric machine, with a pump driven
from the machine, a piston operated by said
pump, means operated by the piston for recu-
lating the current of the machine, of a valve-

ro casing having annular channels, an inlet in-
termediate thereof, the said channels being
normally in communication with said inlet, a
valve for alternately cutting off communica-
tion from each channel, and an electromag-

15 net operated by the current to be regulated
for controlling said valve.

50. The combination in a regulator for an
electric machine, with a pump driven from
the machine, a piston operated by the pump,

20 means operated by the piston for regulating
the current of the machine, a valve-casing
having annular channels, of an inlet inter-
mediate thereof, a piston-valve, rings on said

| valve, and an electromagnet operated by the

25 current to be regulated for controlling said
valve. |

31. The ecombination in a regulator for an
electric machine, with a pump driven from
the machine, a piston operated by the pump,

30 means operated by the piston for regulating
the current of the machine, of a valve-casing
having outletandinlet openings and a safety-
exhaust, a hollow perforated valve, and an

- electromagnet operated by the current to be

35 regulated for controlling said valve. :

52. T'he combination in a dynamo-regula-
tor, of a fluid-tight box, regulating mechan-
Ism in said box, a casing within said box, a
gear-pumpinsaidcasing, and communication

40 between said pump and regulating mechan-
ism and between said pump and the interior
of said box, substantially as described.

93. In a regulating device for an electric
| machine, the combination with a rheostat
45 adapted tocontrol the product of the machine,

- of a rotatable fluid-pump driven from the
shaft of the machine, a eylinder, a movable
piston mounted in said ¢ylinderon thespindle
of the rheostat, a valve between the pump

50 and cylinder, and means controlled by the
product of the machine for operating said
valve. 7

34. In a regulating device for an electrie

machine, the combination with a rheostat

55 adapted to control the product thereof, a cas-
ingadapted to contain fluid, a rotatable iuid-
pump in the casing and driven from the shaft
of the machine, a eylinder in the casing into
which extends the spindle of the rheostat, a

6o revoluble piston mounted in said eylinder on
said spindle, a valve between the pump and
cylinder, and means controlled by the produect
of the machine for operating said valve.

39. In a regulating device for an electric |

65 machine, the combination with a rheostat
adapted to control the product thereof, of a

casing having two ‘compartments, a rotary

fluid-pump in one compartment and driven
from the shaft of the machine, a cylinder in
the same compartment, into which ecylinder

between the pump and eylinder, a revoluble
piston in said ecylinder connected with the
spindle of the rheostat, and an electromagnet
in the othercompartment of the casing, which
magnet 19 electrically connected with the ma-
chine and adapted to operate said valve.

36. In a regulating device for an electric
machine,the combination with means for con-
trolling the product thereof, a fluid-pump
driven from the shaft of the machine, a cyl-

| 70
extends the spindle of the rheostat, a valve

75

30

inder, a valve between the eylinder and the

pump,a piston in the eylinder connected with

sald controlling means, a pivoted lever con-

nected with the valve, an electromagnet con-
nected to one end of the lever and electric-
ally connected with the machine, and an ad-
Justable spring connected to the other end of
the lever. | -

37. In a regulaling device for an electric
machine,the combination with means for con-
trolling the product thereof, of a fluid-pump
operated from the machine, a piston oper-
ated by said pump for operating said econtrol-
ling means, a valve between said pump and
piston, means controlled by the product of
the machine for operating said valve, and
means for varying the limits of movement of
the valve.

33. In a regulating device for an electric
machine, the combination with a rheostat
adapted to control the product thereof, of a
casing adapted to contain a liquid, a gear-
pump in the casing, a e¢ylinder in the casing
into which cylinder extends the spindle of
the rheostat, a valve between the pump and
cylinder, and an electromagnet controlled
by the product of the machine and adapted
to control said valve. |

59. The combination with a fluid-pump, of
a piston operated thereby, an intermediate
hollow piston-valve, a casing therefor; an

go
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opening midway of the casing and communi-

cating with the pump, openings to the inte-
rior of the valve on opposite sides of said
opening, and an opening in one end of the
casing and communicating with the pump.

11§

40. The combinationin a current-regulator

for an electric machine with a fluid-pressure
pump arranged to be vperated by the ma-
chine, of a piston-box and piston therein con-

structed and arranged to control the current

of the electric machine, a passage between
sald pump and piston,an independent valve
in said {passage, which is controlled by the
electric machine, a vent-channel branching
from said passage, and a safety-valve which
1s operated by extra pressure of the fluid to
permit the latter to pass through the vent-
channel. | | |

41. The combination in a current-regulator
for an electric machine with a fluid-pressure
pump arranged to be operated by the elec-
tric .machine, of a piston-box and piston

120

1245

130
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therein constructed and arranged to control
the ecurrent of the electric machme, a pas-
sage connecting the pump and piston-box, a
Valve in said passage, and an eleenomagnet
connected in the circuit of the electric ma-
chine and arranged to control said valve, a
vent-channel bra,nchmo* from said passage to
the electrleally-controlled valve,and a satety-

Valve operated by extra pressure of the fluid

to permit the ]attm to pass throucrh the vent- 10
channel.

In witness whereof I have hereunto set my
hand thls 13th day of May, 1895.

CIIARLES M. GREEN

Wi tnesses: .
DuGALD KCKILLOP,
J. A, DALZELL.
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