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SPECIFICATION forming part of Letters Patent No. 725,692, dated April £1, 1903,
Application filed July 23, 1901, Serial No.69,394,  (No model.)

located in this instance at right angles to the

To all whom it may concerm:.

Be it known that I, JAMES B. FOOTE, a citi- | winding 4, is connected in shunt to the mains
zon of the United States, residirig at Jackson, | 1 2. A flattened body 6 of magnetic material
county of Jackson, State of Michigan, have | is located within these coils or windings and 55

¢ invented certain new and useful Improve- | is mounted on bearings, so that it may be ro-
ments in Regulators, of which the following | tated. By changing the angular position of
is a specification. | | this body the mutual induction between the

My invention relates more particularly to | series and the potential coils may be varied,
electric regulators, and comprises various | thereby causing the: potential coil to exert a 6o

1o novel features set forth with particularity in | correspondingly varied boosting effect upon
the claims appended hereto. | the series coil, this boosting effect acting to
" The more especial aim of my invention Is to | regulate the voltage of the lines 1 and 2 as
secure ‘a regulating action which shall be | desired. | o
checked assoon as the proper regulating effect |  For the purpose of mechanically actuating 65
15 has been secured and not be permitted to pass | the regulator 3 I may connect the rotating
through a series of oscillations of decreasing | member thereof through gearing 5 of any
amplitude about the desired point. suitable construction to the piston-rod 6¢’, ex-

In carrying my invention into practice 1 | tending from a piston 7, to which motion 18
may make use of a mechanically-actuated communicated by fluid-pressure derived from 7o

2o regulating mechanism, the mechanical actu- | any suitable source. o
ator being governed in its motions by a con- | ~ The piston 7 of the actuating device is mov-
trolling device of novel construction. able within a cylinder 8, to which some suit-

The invention may perhaps be best under- | able fluid, as oil, may be admitted through
stood by first describing in general terms a ‘the operation of a controlling-valve—such, 75

25 system embodying my invention and then re- | for example, as 9. Theoil may be contained
ferring in detail to the construction of the | In a tank 10,in which it is maintained ander
controlling device for sald system. - . | pressure by means of some suitable pump.

Figuve 1 is a diagrammatic representation | In-the present instance I have by way of illus- |
of one embodiment of my regulating system ; tration indicated a pump 11, driven by an 3So

z0 taken as a whole, while Figs. 2 and 3 are de- | electric motor 12, the circuit of which 1s con-
tail views of the electric controlling device | trolled automatically by a switch 13, which
forming a part of the system. | | through the action of the fluid-pressure 1s

In Fig. 1 the lines 1 2 represent conductors caused to close when the pressure is too low
forming part of an electriec distribntion or and to open when the pressure is too high, 33

3¢ transmission system the voltage of which it | the opening and closing of the switch being
is desired to control. It is.obvious that the | governed by a piston 12', operated upon by
immediate means for controlling the voltage { the fluid-pressure and acting in opposition to
may be of widely-different character. 'f'hus, | a properly-adjusted spring 13'. "L'he oil after
for example, the field strength of the genera- | it has been admitted to the cylinder 8 and go
40 tor (in this case not shown) may be varied or | has moved the piston thereof in either direc-
the speed of the generator may be changed or | tion is then discharged through the exhaust-
various other means employed without de- pipe 14 into & receiving-tank 15, from which
parting from my invention. In the present | it 1s drawn by the pump 11 and again forced
instance, however, I have assumed that the | into the tank 10. - | R 05
45 system is to beregulated by a potential-regu- The valve 9, which controls the fluid-actu-
lator of well-known construction and such, for | ating device, 18 1s turn actuated magnetically
example, as is set forth more in detail in the through the operation of & controlling device,
patent to Steinmetz, No. 548,400, dated Octo- (indicated in diagram at 16.) The magnetic
ber 22, 1805. A winding 4 on this regulator | actuating means consists of an armature 17, 1co
co is in series with one of the mains—as, for ex- carried bya rod 18 and mounted in proximity

ample, the main 2—while a second winding 5,

to a pair of magnets 19 and 20, the circuits
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of which are opened and closed by the con-
trolling device 16. Centering-springs 21 and
22, acting on the valve-stem 18, serve to main-

tain the valve 9 in its closed or intermediate

position. When one of the magnets is ener-
gized, the valve 9 will be moved in onedirec-
tion, thereby causing a corresponding move-
ment of the piston 7, while when the other
magnet is energized an opposite resulting mo-

tilon of the piston 7 will take place.

The controlling device 16 consists of a main
contaet controlled by the quantity to be regu-
lated and codperating contacts acting in con-
junction therewith to close the eweult of
either of the magnets 19 and 20. These co-
operating contacts are arranged so as to re-
treat or be withdrawn mementarlly upon each
engagement between the same and the main
contact under control of the quantity to be
regulated, which in this case is the potential
upon the mains 1 and 2. A better under-
standing of the nature of this controlling de-
vice will be had by now referring to [‘10"5 2
and 3, which show the same in detall

A frame or bracket 23 serves to suppor t the
working parts of the controller. At 25 is in-
dicated a coil connected across the circuit to
be regulated and corresponds to the coil 25in
Fig. 1. A core 26, consisting of a bundle of
iron wires, 1s mounted loosely within the coil
25 and is supported at its upper end on a
knife-edge bearing at the end of a pivoted
lever 28, whleh level 18 in turn supported on
knife-e dc-"e bearings carried by standards 29

and 30, the last-n a,med standard being shown

in fr ont view only in Fig. 2.

The lower end of the core of iron wires 26
carries a downwmdly-pmgjeetmw rod 31, ar-
ranged to slide loosely 10, an opening in an
msuletmﬂ' bushing in the lower end of a
bracket 33 By means of this construction
the core 1s guided and prevented thereby
from engaging the walls of the solenoid 25.

A eontaet carrying arm 331s mounted upon
the rod 34, which carries the lever-arm 28.
The contact car ried by the arm 33 is indi-
cated at 39, and the position of this contact
is deter mmed.. as will readily be understood,
by the position of the parts assumed when
the pull of the solenoid 25, acting upon the
core 26, is counterbaldnced by Lhe movement
of the core 26 and its connected parts into a
position of equilibrium. To adjust this po-
sition of equilibrium, I prowde an arm 360,
connected with the rod 34 and, indeed, form-
ing a continuation of the arm 28 and upon
the outer end of this arm 361 prewdeahook

uponn which I may place a greater or less

number of small weights 37 in the form of

rings, the number ef these weights being’

ehanﬂ"ed to sult the conditions 1equ1red

The balanced mechanical parts above de-
scribed are from their manner of mounting
and arrangement necessarily sensitive to va-
riations in the current ﬂowmn* through the
solenoid 25, which in this case is mtended to
be connected across the mains of a distribu-

795,692

| tion system and responsive to the difference

of potential therecf. In order, therefore, to
steady the parts carrying the contact 35 and
prevent undue oscillation of the same, I pro-
vide a damping device of any suitable char-

acter, in this instance consisting of a down-
wardly-extending arm having its upper end
33 passed throngh a hole in the rod 34 and
secured thereto by a set-screw 39 and its
lower end through an opening 40 in the sup-
porting-bracket and carrying at its extrem-
1ty a paddle or vane 41, dipping into a body
of more or less dense fluid 42, held in a con-
taining vessel 43, the upper outline of which

| is indicated in dotfed lines in Fig. 3 and in

section 1n Fig. 2.

Cooperating with the main contact 35, the
position of which is determined by the maﬂ‘-
nitude of the quantity to be regulated, are
a pair of movable or V1bmt0ry retreatmg
contacts 44 and 45, each of which is mounted
upon a pivoted carrier and insulated there-
tfrom. 'The carrierfor the contact 44 consists
of an upwardly - projecting rod 46, secured
to a pivotally-mounted armature 47, which
cooperates with a mnagnet 48. This armature
47 is pivoted at its rlght hand end to the up-
per end of a projecting standard 49, of mag-
netic material, connected to a yoke 50 of the
magnet 4.8 and constituting a continuation of
the magnetic circuit thereof. A spring 51, ad-
justably attached to a standard 52 and to one
end of the armature 47, serves to urge the
armature 47 away from the magnet 48 and
against an adjustable stop 53, 3130 carried by
the standard. A dash-pot 54 1S connected,
as shown, to the armature 47 and serves tc-
prevent too violent or too rapid oscillation
thereof. The other retreating contact 45 is
mounted in a manner precisely similar to
thatalready desceribed in connection with con-
tact 44 and seems to require no further elu-
cidation. The magnet which actuates this
retreating contact 45 is indicated, however,
at 54 and in Fig. 2 is shown as parbly con-
cealed behind the controlling - solenoid 25,
while the armature 55, contr olled by this mag-
net, is in like manner partially eoncealed be-
hind the same solenoid.

T'he connection of the eontrollmw-solenmd
25 and of the magnets 48 and 54 Wlll now be
readily underaboed by referring back to Fig.
1, in which the winding 25 represents the con-
trollmﬂ'-eelenmd 25 in Flg 2, while the wind-
ings 48 and 54 represent, lespeetwely, the cor-
1esp0ndm gly-designated magnets in Fig. 2.

Fig. 2 shows the parts in the position they
occupy wnen the potential of the mains 1 2
is of normal value. When, however, the po-
tential varies from nor mal the main contact
35 1s shifted either to the rwh‘n or the left, as
the case may be, and engages one of the re-
treating contacts 44 45. Supposm for ex-

ample, the malin contact 35 is moved to the
right and engages the retreating contact 45,
1mmed1ately upon this engagement a circuit
18 closed from the main 1, thlouﬁ'h the mag-
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‘net 54, through the magnet 20, and back to
The valve 9 then commences to

the main 2.
open under the action of the magnet 20, while
at the same time the retreating contact 40
moves backward through the energizing of

the magnet 54. The retreating contact there-

by acts to open the circuit which it has pre-
viously helped to close and through the re-

sulting deénergizing of its controlling-magnet
54is immediately allowed to return toward its -

normal position, thereby again coming 1n con-
tact with the main contact 35, whereupon the

retreating action is repeated, the series of re- -

sulting advances and retreats of the refreat-
ing contact constituting a continued oscilla-
tion or vibration which serves to transmit to
the valve 9 of the mechanical controlling de-
vice a sort of series of taps, as it were, which

allows a just sufficient regulating effect to

take place and checks this regulating effect as
soon as it has attained the proper amount.
Without this series of impulses it would be
necessary for the regunlating effect to slightly

overstep the amount required to bring the

mains back to normal potential before the
maincontact wouldreturn,thereby necessitat-
ing a reversal of the regulating action, which
is apt to continue through a series of oscilla-

tions before the final regulation is secured. .

The arrangementshown is particularly effect-
ive in preventing this objectionable seesaw-
ing effect, and this is due to the fact that as
the regulating action proceeds the main con-
tact moves back toward its normal position,
thereby increasing the amplitude of move-
ment of the codperating contact, the oscilla-
tions of which thereby become longer and
longer and finally cease when the desired reg-
ulating effect has been secured.

In adjusting the regulators in praectice 1

prefer that the main contact 85 and the co-

operating contaets 44 45 should be so related

that a very small percentage variation of the
quantity to be regulated will be sufficient to
cause the main contact to move into engage-
ment with one of the codperating contacts.

A vibratory action of the last-mentioned con-

tact will then take place and aresulting regu-
lation follow,; as above described. In case,
however, of a comparatively large variation
of the quantity to be regulated the main con-
tact will follow the receding codperating con-

“taet to such an extent as to maintalin & con-

55

6o

tinuously-closed circuit between them, the

result being a quick and uninterrupted reg-

ulating action nearly sufficient to restore nor~

mal conditions, whereupon the contacts sep-
arate and the last stages of the regulating
action are completed without overstepping
the mark through the sensitive making and
breaking of the controlling-circuit already
described. |

Although I have illustrated but a single

arrangement for carrying out my invention,

it will of course be evident that many modi-

 fications thereof and variations therefrom

may be made without departing from the

spirit of my invention, for which reason I do
not wish to be limited to the particular de-

tailsshown. Moreover,althoughIhaveshown

my invention as arranged to regulate an elec-
tric system, it is obvious that it is applicable
as well to the regulation of steam or water

pressure,thespeed of enginesor water-wheels, -

and the like, pressure or speed indicators be-

ing in such cases employed to control one of

the contacts of the regulating device.

What I claim as new, and desire to secure
by Letters Patent of the United States, is—

1. In an electric regulating apparatus, the
combination of an electrically-actuated main
contact, and an electrically-controlied vibra-
tory contact codperating therewith.

2. Tn an electric regulating apparatus, the
combination of a main contact controlled by
the quantity to be regulated, and an electric-
ally-actuated and mechanically-retracted vi-
bratory contact cooperating therewith.

3. The combination of an electrically-actu-

ated main contact, and an electrically - vi--

brated codperating contact. z

4. In an electric regulator, the combination
of a main contact controlled by the quantity
to be regulated, and an electrically-vibrated
codperating contact. |

5. In an electric regulator, the combination

of & main contact controlled by the quantity
to be regulated, a codperating contact, and
means controlled by the engagement of said

contacts for electrically vibrating said coGp-

erating contact.

6. In an electric reculating apparatus, the

combination of a main contact controlled by
the quantity to be regulated, and a cooper-

| ating contact normally stationary but adapt-

od when engaged by the main contact to be
withdrawn electrically from engagement with

said main contact and returned mechanically

as soon as such engagement is broken.

7. In an electric regulating apparatus, the
combination of a circuit controlling a regu-
lating mechanism, two contacts for making
and breaking said circuit, one under the con-
trol of the quantity to be regulated and the
other actuated electromagnetically by cur-
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rent in said circuit, and means for restoring

the latter contact upon the interruption of
said current. | |

3. Inanelectrieregulator, the combination
of a eircuit to be regulated, a vibratory cir-
cuit-closing device cooperating therewith,and
means controlled by said device for regulat-

ing said circuit.

9. In an electric regulating apparatus, the
combination of a controlling-circuit, a con-
tact controlled by the quantity to be regu-
lated for closing said circuit, and a contact

| for opening said eircuit electrically actuated

in one direction and mechanically actuated in

the other.
10. In anelectric regnlating apparatus, the
combination of cobperating ecircuit-closing

contacts, one moved in response to variation
of the quantity to be regulated and the other

120
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in one direction by a spring and in the oppo- | ating with said magnetic actuating meats

site direction by a magnet energized in re-
sponse o engagement oi said contacts.

11. In a regulator, the combination of cir-
cuit-controlling contacts, means for causing
a vibratory engagement of said contacts when
the quantity to be regulated varies slightly
from normal, and means for causing an un-
interrupted engagement of said contacts
upon a greater variation from normal of the
quantity to be regulated.

12. The combination of a mechanically-ac-
tuated electric regulating mechanism, a mag-
netic actunating means for controlling said

and consgisting of a main contact controlled

by the quantity to be regulated, a codperat-
ing contact or contacts, and a magnet or
magnets energized through the engagement
of the main contact with the said codperat-
ing contact or contacts and controlling said
coOperating contact or contacts.

In witness whereof I have hereunto set my
hand this 20th day of July, 1901.

JAMIES B. FOOTE.

Witnesses:
CHARLES ZANG,
R. HE. SEARLS.
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