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To all whom it may concern:

Be it known that I, HArry Warp LEox-
ARD, a citizen of the United States, residing
at Bronxville, in the county of Westchester
and State of New York, have invented cer-
tain new and useful Improvements in Elec-
tric-Circuit Controllers, of which the follow-
ing is a full, clear, and exact specification.

This application is a division of my pend-
ing application filed November 30, 1901, re-
newed December 20,1904, Serial No. 237,653,
granted April 10, 1906, No. 817,719, and re-
Tates generally to controlling-switches, and
has a particular application to motor-start-
ing rheostats or rheostats employed with
electric motors or other electrical translating
devices in which the resistance is employed
not for regulating the energy supplied to the
motor or other translating device, but mainly
for gradually raising the energy at the ter-
minals of the translating device to the full
electromotive force.

My invention is also of importance where
reglilating resistances are used and to pre-

.vent their improper operation.

+ I'have found in practice that such rheo-
stats are frequently. damaged by holding or
ermitting the contact-lever to remain cn the
mitial or starting contact or contacts near
the same with all the resistance o: the rheo-
stat or & considerable portion thereo. in cic-
cuit. I have also found that operators ire-
quently close the cirevit at the initial or
starting contact o; the rheostat and then re-
turn the lever to the idle position, thus draw-
ing an arc at the initial contact. / This also
damages the rheostat. I have also found
that operators sometimes close the main cii-
cuit when the resistance-controlling device,
which might be used as a regulator, is in an
intermediate position. This oi course allows
an excessive and damaging flow of current.

The main object of my invention is to de-
vise a starting rheostat or controller or to
provide the present type of starting-rheo-
stats with a controlline device which will
prevent this improper handling o such rheo-
stats. I have devised many ways {or carry-
ing out this object both mechanically and
electrically. :

The full-torque current is the current
which the motor takes when developing its
full-rated horse-power. In starting any mo-
tor it becomes necessary to produce a torque
larger than that due to the full-torque cur-

rent, because the motor and the load have to .

be accelerated and during the period of ac-
celeration a larger current will be required
than that necessary ater the motor has been
accelerated to full speed. In the manufac-
ture oi motor-starting rheostats it is common
practice to have such a resistance in the rheo-
stat that the current which will flow when
the motor is at rest and the first contact, is
made at the rheostat will be fi.ty per cent.
larger than the current taken by the motor
when producing its normal full torque. In
other words, this starting accelerating-cur-
vent is fiftty per cent. larger than the full-
torque current—that is, it is one hundred
and-fi.ty per cent. or the full-torque current.

In order to prevent the burning at the ini-
tial contact of the rheostat, due to the closing
of the circuit upen imsullicient surface or
due to the backward movement of the con-
tact-lever after making the first contact,
which results in the formation of an are, due
to the full electromotive foree ar.d one hun-
dred arnd fifuy per cent. of the full-torque cur-
rent, (when the motor has o counter eleciro-
motiveforee,)therheostat should be provided
with an auxiliary switeh by wkLich the cir-
cuit is quickly closed-upon an ample suiface,
a1.d which switeh will open the circuit with a
snap action when the contact-lever is re-
turied to theinitial position. TlLisauxiliary
switch should be beyord direct hai.d control
in opering ai.d may be mecharically or elec-
trically controlled by the rheostat contact-
lever or controlli.. g-switch.

In one form the rheostat contact-lever
may be arranged to start a sprirg-actuated
auxiliary switch wkich closes or opens with a
snap action when the rheostat contact-lever
is moved forward or backward at the start-
izg position. In some irstances this switch

may be a small one wkich either opens or-

closes another circuit ard thereby energizes
a large quick-acticg circuit-breaker. In
such an arrarngement the small switch need
10t be quick acting if it opens or closes the
circuit to the coil of an automatic circuit-
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breaker whose current is very small—as, for

izstance, in the case of a wirdirg connected
with the full electromotive force, with or
without resistance, in series therewith. . In

be of various forms, preferably a spring-ac-
tuated electrically-controlled switch of the
automatic circuit-breaker type, the action of
wkich is controlled by the variationsin or the

opening or closure of a circuit control!:d by-
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" other arrangements the auxiliary switch may
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the position of the rheostat-lever. In order
to obt:in quick action of the auxiliary
switch a* the time of making or breaking con-
tact, it is important to suddenly apply a
force or ~uddenly make a force effective at
its full va'ue to control its movement, and in
carrying Ty invention into practice this may
be accomplished by using a mechanical
hammer-blow device, a tripping device so as
to cause a spring or gravity to act suddenly

and at its full force, or by the energization’

or deénergization of a magnet to give the re-
sulting quick action to the switch moved
thereby. - .

In my original application I have disclosed

_ two forms-of my invention in which the aux-

iliary switch 1s mechanically controlled.
The present application relates more par-
ticularly to forms in which the control of the
auxiliary switch is by electrical means.

My invention includes various other im-
provements and advantages, which will be
understood from the following description
and accompanying drawings.

In the accompanying drawings, Figure 1 is
a diagrammatic view of one form of my in-
vention. Figs. 2, 3, 4, and 5 -are similar
views of a modified forms of Fig. 1. Figs. 6,
7, and 8 are diagrammatic views of a modi-
fied form in which the initial movement of
the rheostat-lever controls aloop-circuit con-
taining a solenoid which in turn controls one
coil of & circuit-breaker employed with the
rheostat. Figs. 9 and 10 are diagrammatic
illustrations of an arrangement in which the
auxiliary switch is electromechanically oper-
ated. Ifigs. 11 to 16 are diagrammatic views
of modifications, and Figs. 17 and 18 are per-
spective views indicating the construction of
ceriain parts. .

‘Referring to Figs. 1 and 2, there is mount-
ed on a suitable base (not shown) a series of
contacts ¢, to which the sections of the re-
sistance ¢ are connected. This resistance,

it will be understood, is arranged in any suit-

able manner beneath the base or within a

casing, and the sections of resistance will be

insulated from each other and in some in-
stances provided with means for absorbirg
the local enercy developed therein. Bisa
gwitch in the form of a rheostat contact-lever
pivoted on the base. In this form of my in-
vention the novement of the rheostat-lever
B controls a coil which actuates a plunger to
trip a spring-actuated switeh, ard which
switch may be one element of a double-pole
circuit-breaker. ‘

The auxiliary switch of Figs. 1.and 2 is an
automatic circuit-breaker of the type shown
in the patent to Leonard and Ball; No.
705,102, granted July 22, 1902. InFig.1,G
and G’ are independently-movable switches
codperating with stationary contacts, Le-

tweerl . which is connected an overload-coil

H, said switches and coil being connected

845,658

in series between conductor P and the con-

tact-lever B. 'The contact-lever carries a’
‘switch B’ of the leaf-contact type, which

bridges -two stationary contacts ¢ and a
when the lever is in the final position. Con-

tact @ is connected by a wire with the upper.

contact of switch G, and contact 2’ is con-
nected by a wire with the final contact @ of
the resistance, so that while lever B is at the
initial or any intermediate point the circuit
tp the armature of motor M from switch G
will be through lever B and resistance a’ to
contact 2’, the motor-armature heing con-
nected between the latter contact and con-
ductor N. The field of M is connected in
series with underload-magnet F between the
initial contact ¢ and conductor N, the field

and armature windings being in shunt rela-

tion.

Tt will be seen that when lever B is in the
final position the armature-circuit of the
motor will ke through switch B/, which makes
very intimate contact at x and 2’, the resist-
ance being shunted out of the armature-cir-
cuit. With motor-starting rheostats it has
Leen customary to provide spring-contact
clips for the rheostat-lever at the final posi-
tion, as shown in Fig. 2 of my original appli-
cation, to afford good contact and prevent
heating, which would happen if a contact-
button were employed for the final contact.
With those spring-clip contacts, however, 1
have found it necessary to eniploy a hammer-
blow device for the contact-lever to start the
same when an automatic release is provided
to control the circuit. With a leaf-contact
switch, as shown irf Figs. 1 and 2, a hammer-
blow device is not necessary. The spring-
brush affords good contact and no undue
heating oceurs, and when the automatic re-
lease responds to abnormal conditions in the
circuit the action of the leaf-contact assists
the spring of the contact-lever to return it to
the starting position. Switch G’.in this
form serves as the auxiliary switch, and its
opening movement in response to the back-
ward movement of the contact-lever at the
initial position is controlled by fine-wire coil
H’, which is connected Letween conductor N
and a stationary spring-contact 2?, which
makes contact with lever B while in the
initial position. The effect of this connection
is to cause coil H’ to become energized and
actuate its core or plunger, which when
raised trips the catch which holds switch G/
closed and allows that switch to open, thus
opening thé circuit to the rheostat and meo-
tor. By reference-to Fig. 1 it will be seen
that so long as contact-lever B remains in
the position shown, or whenever the lever is
returned to that position, the high-resistance
winding ' will be energized by the full electro-
motive force, and switch G’ will ke opened.
In operating the controller switch G is first
closed, and then G’ is closed immediately
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after the initial movement of lever B, which

.and then switch (¥’ is closed.

located in the same side of the circuit, while

845,656

breaks the connection at contact 2, or
switch G isclosed beforelever B is moved and
held until the latter is moved to the first
resistance-contaet @, or switch (& is first
closed, then lever B is moved to the first
resistance-contact, breaking contact at a2,
If the oper-
ator returns lever B after the initial move-
ment, the circuit will immediately be:
opened at switch G’ with a quick snap action,
thus preventing the drawing of an arc. In
Figs. 1 and 2 the first resistance-contact a is
connected by a wire with the initial contact,
so that the circuit is never opened at the
rheostat, but the resistance can never remain
in cireuit while the lever is in its initial posi-
tion. In this form lever B is provided with |
the usual retracting-spring for returning it to
the starting or imitial position. It will be
noticed that in Fig. 1 switches G and G’ are

in Fig. 2 they are in opposite sides of the cir-
cuit, thus providing a double-pole switch.
This is the only difference between Figs. 1
and 2. Ineach of the different ficures when
the plunger of coil I is raised the latches
holding swiiches G and G’ will both be
tripped, as is customary in double-pole cir-
cuit-breakers and as in the Leonard and Ball
patent above referred to. The construction
of a suitable automatic switch is indicated in
Fig. 17.  Here each switch G G’ is shown as
carried by the pivoted part ¢ and each part
having a handle for manual closing. Kach
part ¢ has a projection ¢’, adapted to be en-
gaged by a latch ¢ for holding the switch in
a closed position. The latches ¢* of both
switches are controlled by the coil H and its
core h. When the core is raised, due to.the
large current passing in coil H, both latches

engaging the extensions ¢* ¢%, connected to
the latches. The switches will then be
opened, as by the force of springs ¢* and the
rods ¢, since the latter are drawn outward by
the tension of the springs, and which rods
engage the surfaces ¢° on the switches, When
the current in coil H’ causes its core &’ to be
raised, its cross-piece h* will engage the ex-
tension ¢7, which latter is connected to the
lateh ¢* of switch G'. The switch G’ will
therefore be opened by the passing of current
in coil H”.

Instead of connecting coil F’ directly to
conductor N it might in some cases be con-
nected to an intermediate point in the circuit,
which would give sufficiently high voltage to
operate the plunger of coil /.  Fig. 11 illus-
trates one such modification, being similar to
Fig. 2, except that one end of coil I’ is con-
nected to a point in the series of resistances.
In this case the coil depends for its operation
upon the drop in electromotive force on a
portion of the resistance.

8

Referring now to Fig. 3, it will be seen that
switches G 4" and coil H are connected in cir-
cuit in the same manner as in Fig. 2; but
high-resistance coil H’ is connected across
circuit P N in series with a high resistance.
A thermostatic switch T is connected across
the terminals of coil F’, so that when contact
is made at the platinum points coil H’ will be
short-circuited and its core or plunger will
drop, tripping the latch which holds switch
G’ and permitting its spring to throw it open.
To actuate thermal steip T, I provide a small
electric heater T/, which may be a pottery
tube having a resistance wound thereon, as
shown in my Patent No. 691,949, granted
January 28, 1902. This heater is connected
around all or part of the resistance of the
rheostat, as shown, and it will be seen that
since the heater when lever B remains on the
initial rheostat contact will be in the arma-

‘ture-circuit of the motor M across the line

P N its temperature will rise rapidly, causing
thermal-switch T to short-circuit cotl H” and
open the circuit between the rheostat-lever B

tand conductor P.

In operating the controller of Fig. 3 the op-
erator first closes switches G and G’ and will
see that the core or plunger of fine-wire coil
s raised into the coil. The closure of
switches G and G gives a full field to motor
M and closes the armature-circuit through
the entire resistance of the rheostat. The
drop on the resistance ¢’ causes heater T to
heat up, and if lever B.is allowed to remain
in the 1nitial position the heat of T will in a
predeterminable time cause the thermostatic
switch T to close the shunt around coil H', thus
demagnetizing that coil, whereupon its core
dropsand trips thelatch which holds switch G/
closed. The movement of switeh (+ through
its actuating-spring opens the circuit to the
motor and rheostat. An overload-current
will cause the coil I] to raise its core and trip
the latches holding both switches. If an ab-
normally low or no voltage condition exists,
coil 1¥ will be too weak to hold its core, and
switeh (& will be opened.  An arrangement
of the parts for such an operation of switches
G (¥ is indicated in Fig. 18, which is similar
to Iig. 17, except that the parts are so ar-
ranged that the falling of core &’ causes the
opening of switch G’ instead of the raising of
core 1/. 'The cross-piece h* of core I’ in fall-
ing will engage the extension ¢*, connected to
latch 2, and cause the lateh to be moved, so
that the switch G’ will be opened.

Various arrangements might be devised
for heating the switch T when current flows
through the resistance, and the switch T
might cause the coil H' to be deénergized in
other ways.
T in proximity to-a part of the resistance o,
which resistance will serve to-heat the switch
if the arm B is held in position on the resist-
ance-contacts an objectionable length of

In Tig. 12 T have shown switch-
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time. In this figure the switch T is shown in

series with coil H and is adapted to open the

_girenit of this coil when heated instead of
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shunting the same, as in the case of Fig. 3.
Another modification is shown in Fig. 13,
in which the thermostatic controlling-switeh
T is connected in series with resistance o’ and
heated by the current passing through ¢/, and
if this resistance v any part thereof-is kept
in circuit an improper length of time it will
cause the thermostatic switch T to be heated
to such a degree that it will move and force
the insulated conductor k to engage the con-
tacts & and short-circuit coil H'." The coil
T’ is thus demagnetized, and the dropping
of its core will cause the main cireuit to be
opened at switch (. - When the resistance-
controlling arm is in final position, the ther-
mostatic switch is ent out of circuit.
Instead of a thermal strip T for control-
ling the action of coil H' a res’stance T*, of
iron, nickel, or other material having a high
temperature coeflicient, might be connected
in series with coil I’ across the line, as
shown in Fig. 4. In the arrangement of this

“figure the circuit through coil H' is closed by
_the closing of switch G, and when the rleo-

statJever B is moved to engage the initial re-
sistance contact the motor will start and be-
oin to accelerate. After being Leld there a
proper length of time the lever will be moved
along the starting resistance contacts, there-
by disconnecting the initial resistance con-

-tact from the first contact which originally

actuated coil H’,and this coil is then placed
in series with the resistance T If the rheo-

spat-arm B is left for an improper length of -

time on the starting resistance contacts, the
magnetism of coil H', due to the gradual in-
crease in res’stance of 'T? on account of being
heated by resistance a’ in close proximity to
it, would gradually become less as the time
interval increased, and in a predeterminable
time the core or plunger of that coil would
drop and trip the catch which. holds sw itch
G’ closed, whereupon that switch would open.

Another modification of this idea is shown
in Fig. 5, in which a resistance T’, which may
be mounted on a pottery-tube, as in Fig. 5,

is placed inside of a second pottery-tube car-

rying a resistance T? of iron, nickel, or other
material having a high temperature coefli-
cient. In this arrangement coil H” and re-
sistance T? are connected in series across the
line, and heater T’ is connected in a shunt
around the resistance ¢’ of the rheostat, asin
Fig. 3 and for the same purpose.
separating, the res'stance T and T? they
might be arranged upon the same support
and suitably insulated. To predetermine
the time interval at which the condition of
ooils TV and T? would cause the coil H' to re-
lease its plunger, an adjustable resistance
might be provided for heater T/, or w hen the
windings of T/ and T* are on separate sup-

Instead of-
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ports the distance between them or the rela-
tive positions of one within the other might
be varied to vary the heating effect of T’
upon T2, Various other ways of regulating

‘tte action of TV and T? and H’ in the arrange-

ment of Figs. 3, 4, and 5 might be devised
without departing from the main feature of
niy invention. C

In Figs. 6 and 7 the coil H' is controlled by
an automatic switch. In Fig. 6 this coil 1s
connected across the circuit in series with the
automatic switch and a resistance, while in
Fig. 7 the coil and automtic switch are con-
nected in series with therkeostat. Theauto-
matic switch is preferably a double-arm
switeh S and s, pivoted on a tommon pivot
and provided with a spring tending to throw
them toward each other. Switch S makes
contact with a spring-clip gonnected with
coil @’ and which clip holds it in position,
while arm s makes contact with a button
connected to conductor N. This arm is held
by alatch ¢/, which is tripped by the action of
the core orplunger of coill 8’." Arm s is not

‘provided with an sperating-handle and is ar-

ranged to be moved onto its contact by arm
S. The coil S’ for controlling this switch is
connected across the first resistance contact
of the rheostat and a blind initial rheostat-
contact. o

It will be noted that the starter of Figs. 6
and 7 has no open-circuit point. To start
the motor or-otl.er translating device, the op-
erator first closes the switeh G, thenswitch-
arms S and s are’closed, and then the oper-
ator holds down the plunger of coil ' and
closes switch G’. It will be seen that when
this is done the circuit connections will be as
indicated, that coil 8’ is energized, and that
if the operator permits lever B to remain on
the initial or blind contact and lets go of the
plunger or coil §' that plunger will release
switeh-arm s and open the circuit of coil H’,
which in turn will drop its plunger.and effect
the opening of switch G’ and the circuit to
the rheostat and translating device. If the

“operator moves lever B to its final position,

as he should do, it will be seen that the cir-
cuit to coil 8 is opened the instant lever B
leaves the initial contact and that switch-
arm ¢ will remain locked until lever B is re-
turned to its initial position, whereupon coil
S’ becoming energized will act as above
stated. After lever B is moved from its ini-
tial position the rheostat and translatin
device will be protected against abnorma
conditions in the circuit by switches G and G/

Instead of counecting the auxiliary switch
of bigs. 6 and 7 as shown it might be ar-
ranged to-close a normally open shunt around
coil H’. This is shown in kig. 14. When
current passes through the coil &', its core is
raised and the switch carried thereby closes
tle stunt around coil H’. Its core then
drops and opens G, '
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The switch and coil inight be arranged as a

time-switch by placing an iron or nickel re-

sistance between -the imitial and first resist-
ance contacts of the rheostat, so that coil S
will-be connected as a shunt to an initial re-
sistance step of variable resistance, which in
this case would act automatically to increase

its resistance due to its-high temperature co-
efficient and send an increasing current

through coil 8’;  Thisis illustrated in Fig. 15,
the resistance T? hav.ng a high temperature
When predeterminable current
passes through coil 8’ and raises its core, the
switch in ¢ircuit of H' is opened.

Instedd of such a resistance a time-fuse

1night be employed, wh.ch when fused would

cause the current to flow through 8. This

modification is shown in Fig. 16, m which the
time-fuse is indicated at F’ between the first:
two contacts and is fused after carrying the.

starting-current a predetermined length of
time. '

. A still further modification is shown in Fig.

8, where coil S’ is connected as ashunt on the

entire or part of rhecstat resistance ¢’ in series.

with a carbon resistance S or other material
In such

heated a greater current will flow in the shunt
and actuate coil §’ to release its switch and
open or'close a circuit, as above explained, to
control coil H’, which may be connected in
either of the ways suggested.

In Fig. 9 T have shown an electromechanic-
ally-operated auxiliary switch the-action of
which is governed by the movements of the
rheostat-lever at its starting positions. Cis
a pivoted knife-switch blaue; ¢ ¢/, contact~

_jaws, as in Figs. 1 and 2 of my crigiral appli~

cation. D is the actuating-hammer, which in
this instance is started by solenoids O and O,
whose cores are connected to the arms of the
hammer, and &’ is the spring for throwing the
hammer after it passes the center of equi-
Iibrium, although in this arrangement the
spring might be dispensed with, since the
movement of the cores will be very rapid and
move with increasing speed.
connections are from conauctor P to switch C,
to lever B, resistance ¢’ and motor M to con-
ductor N, the field of M being in a shunt from
lever B around the resistance and motor-
armature. Colls O and (O are connected in
shunt relation between contacts o and o’ and
conductors P and N.” Contacts o’ and o are
lecated adjacent to the first and secona
rheostat-contacts a, respectively, so that in
the initial position lever B will bridge the
first contact ¢ and contact o’ and in tle sec-
ond position contact o and the second con-
tact-a will be bricged. '1Le effect of this is to
connect either cuil O/ or O in eireuit, and, as
shown, coil O is in eircuit and its core is
drawn down and hammer D is tilted to the

'The circuit’

|

s

right, closing .switch C. If lever B is re—ic’s

turned to its mitial pcsition, coil O will be cut
out and coil O cut in, thus actuating tle core
of the latter to throw the hammer to the jeft
and open switch C. . When lever B is meved
to-its final position, both coils will be cut
out of circuit and spring ¢® will kcld switeh C
in pesition. A moaification of this arrange-
ment is shown in Fig. 10, Here only one
coil 0?is employed, and this coil is convected
between concuctor P and a contact o?, with
which the irsulated short arm b? of lever B
makes contact when in contact with any of

-| the rtecstat-contacts ¢ from the second to-

the final contacts, bu. not when in contact
with the initial contact. Switch C (shown
as a brush-switch) is provided with a rod z,
which breaks the arc on carbon contacts #/.
This switch is mounted.on-a vertically-sliding
rod 2% provided at its upper end with a stir-
rup 2%, within which works a foot 0%, secured -
to the lower end of rod o*, projecting from
the core or plunger of coil 02 The verti-
cally-sliding rods 2z* and o* work insuitable
guiues, and the lower end of rod 2% is rectangu-
lar and works in a correspondingly-shaped
bearing to hold switch C in alinement with
its stationary contacts.

As shown in Fig: 10, the rheostat-lever B is
in its second position, and the circuit to coil
0? is clcsed and its ccre is drawn up and
switch C is clecsed. If now the operator re-
turns lever B to the initial pcsition, coil O?
will become demagnetized and its plunger
will drop, striking a blow to the stirrup, the
foree of which and the tension of the brush-
switch will drive the switch downward and
open the circuit to the rhecstat and motor.
When the lever Bis moved forward, closing
the cirenit again at contact o?, the plunger of
coil O* will rise, and through the engagement
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of foot o* and stirrup z* switch C will be

clesed.

It will be noted that I have indicated a
motor M in the drawings having a shunt-
field-winding and that the supply-circuit to

both the armature and shunt-winding is

opened by means of the automatic switch in
the main circuit; also, that when the cir-
cuit is opened the armature and field are
closed on themselves, giving a closed cireuit
for the field discharge.

Where I have referred to ‘““controlling
means’’ in the claims, it will be understood
that this includes indirvect as well as dirvect
control. :

It is evident that my invention may be
embodied in various forms of construction
and that I am not limited in the scope thereof
except as indicated in the following claims.

Having thus cescribed my invention, I de-
clare that what I claim as new, and desire to
secure by Letters Patent, is— :

1. The combination of a rheostat having a
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movable element for varying the resistance,,
g switch in series therewith, rhechanical re-
straining means for holding said switch in
closed position, and electroresponsive means
for releasing said restraining means to auto-
matically control the opening of said switch.
by the movement of said element when sub-

“stantizlly all of the resistance is in circuit.

2. The combination of & rheostat having a
movable element for varying the resistance,
& switch in series therewith, méchanical re-
straining means for holding said switch in.
closed position, and electroresponsive means

' for releasing said restraining means to auto--

15

matically control the opening of said’ electro-
responsive switch, said' means being-operated
by the movement of said element at: the ini-

- tial position of said element.

25

3. The combination of‘s rheostat having-a:
movable element for varying the resistance,.
& switch, in series: therewith, mechanical re-
straining means for holding said switch im
closed” position, electroresponsive means for:
controlling- the release of said restraining

“‘means- to automatically control the opening

‘of:said switch, and means for closing: the cir-

-cuit of satd electroresponsive means. by the
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movement of said element and. thereby con~
trol' the opening of said switch.
_ 4. The combination of'a rheostat having-a

‘movable element for varying the resistance,

& switch in, series: therewitly, mechanical re-
straining means for holding said switch in
closed position,. electromagnetic- means for
controlling the- release of said restraining

“mesans to automatically control the opening:

oft said switch, and means for closing the cir--
cuit of said electromagnetic means carried
by seid: element.

movable element for varying the resistance;
@ switch in series therewith, mechanical re-
straining means for holding said switch im
closed: position, electromagnetic means for
controlling the release of said restraining:
means to automatically control the opening:
of said switch, and means operated by said:
efement at its initial position for closing the
eircuit of said electromagnetic ‘means and;
thereby control the opening of said switeh.

6. T{\e combination of & rheostat having a
movable element for varying the resistance,
& switeh in series therewith, mechanical re-
straining means for holding said switeh in:
closed position, and means comprising am

~ electromagnetic device for controlling the

60

release of said restraining means for effecting
the opentng of said switeh, ssid second-
named means being operated when sail ele-
ment is at the jnitial position to cause the
current-flow to be interrupted at said switch.

7. The combination of a rheostat having a

‘movable element for varying the resistance,

straining- means for holding said switch in
closed: position, and meaps comprising an
electromagnetic device for controlling the re-
lease of said: restraining means for effecting
the opening of said switch to interrupt the
current-flow, said device being actuated by
the movement of said element when sub-
stantially all of said resistance is in cireuit.

8. The combination of a rheostat having a

-movable element for varying the resistance,
‘said' efement having means whereby the ele-

ment may be moved manually, a switch in

‘series therewith, a no-voltage device for re-

taining said element at its final position after
being-manually moved to said positien, and

‘electeomagnetic means for controlling the

opening-of said switch, said means being con-
trolled by the movement of said element.
9. The combination of a resistance having

“a movable-element for varying the resistance,

said element having means whereby the ele-
ment may be moved manually, a no-voltage

-device for retaining said element in its final

position after being manually movedgto said

‘position, a switch 1n series with said resist-

ance, electromagnetic means for controlling
the opening of said switch, and means. en-
gaged by the movement of said element to
the initial position for closing the circuit of

'said’ electromagnetic means.

10: The com ination of a resistance hav-

‘ing-a movable element for varying the resist-

ance, two independently-closable switches in
series with-each other and with said resist-

“ance, means for controlling the opening of
"both of said switclies automatically when ex-

cessive current flows, and means operated by
the: movement of said element for controlling

, , “the opening of at least one of saidi switches.
5. The combination of a rheostat having a: |
-ing & movable element for varying the resist-

11. The combination of a resistance hav-

ance, twoindependently-movable switchesin

‘series with eaeh other and with said resist-

ance, means for opening said switches auto-
matically upon the oecurrenee of overload,
and means affected by the movement of said
element for controlling: the mevement of at
least one of said switches.

12. The combination of a ecircuit-breaker
comprising two- switches in series with each

“other, an electric motor, & controlling vari-

able resistance, said resistance being in series
with the armature of said metor and with
said switches, means for opening at least one
of said switeches upon the occurrence of over-
load-eurrent, and electroresponsive means
for protectively relating at least one of said
switehes and the movable element of said re-
sistance. _

13. The combination of an eleetric motor,
a starting-rheostat, means associated with

- the movable element of sdid rheostat for pro-

tecting the circuit from abnormally low vol-

& switch in series therewith, mechanical re- | tage, two independently-movable switches in

g
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series in the circuit of said motor, and meuns
for automatically opening said switches upon
the occurrence of abnormally large current.

14. The combination of an electric motor
having a field-winding energized by a current
independent of its armature-current, a switeh
in series with the armature and which switch
also controls the current in said field-wind-

'Ing, means comprising an electroresponsive

winding energized by a current independent
of said armature-cirrent and of said field-
current for controlling said switch, and a
motor-rheostat having a moevable element
for varying the resistance, the said element
being arranged to affect the current in said

“electroresponsive winding after the resisi-
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ance of said rheostat has been placed in cir-
cuit and thereby control the opening of said
switch, ' '

15. The combination of & constant electro-
motive-force-supply circuit, & branch cireuit
connected across said supply-cireuit, said
branch circuit containing in series & motor-
armature, a variable armature-controlling
resistance having a movsble element and
an automatic circuit-breaker, said circuit-
breaker comprising two independently-mov-
able switch elements in series with each other
in said branch circuit, and means for affect-
ing said circuit-breaker by the operation of
said element.

16. The combination of a constant electro-
motive-force-supply cirenit, & branch cireuit
connected across said supply-circuit, said
branch cireuit containing in series a motor-
armature, a variable armature-controlling ve-
sistance and an automatic circuit-breaker,
said_circuit-breaker comprising two inde-
penderitly-movable switch clements in series
with eacfl other in said branch circuit, and
means for protectively relating said variable
resistance and at least one of said switch ele-
ments of the circuit-brealker,

17. The combination of a rheostat having

2 movable element for varying the resistance,
a quick-acting switch, means for electri ally
controlling the opening of said switch by the
movement of said element, a no-voltage mag-
net for' holding said element in its restrained
{)osition, and automatic means for control-
ing the opening of said switeh upon a prede-
termined current-flow. -

-18. The combination with a resistance
having a movable clement for colitrolling
sald resistance, of an automatic circuit.
breaker in- the motor-eircuit, . a coutrol-coil
for the circuit-preaker, and a contact-at or
near the initial position of said clement for
energizing said coil. -

19. The combination with a moter-rheo-

- stat, of a cireuit-breaker, a civeuit-closer on

the movable element of said rheostat, and

- means whereby said circuit-closer controis

the operation of the circuit - breaker only
when said element is in its initial position.

20. The combination with a motor-rheo-
stat having & spring-pressed arm, a coil for
controlilng the circuit, a contact at or near
the initial position of said arm for affecting
the current in said coil, and restraining
means for ssid arm at. its resistance-all-out
position.

21. The combinstion of a motor-rheostat
having a movable element for varying the re-
sistance, two switches in series with each

other and with said rheostat, electrorespon-

sive méans for effecting the opening of one or
both of said switches upon predetermined
current-flow, a no-voltage protective device,
and a contact controlled by the movement of
said element for effecting the opening of one
of said switches.

22.. The combination of a constant elec-
tromotive-force-supply circuit, an elegtric
motor, an armature-rheostat, two mechanic-
ally-related switches, said rheostat, switches
and armature of said motor being all in series
with each other in & branch circuit across
said supply - circuit, means for controlling

-the opening of either of said switches upon

overload-current passing through the arma-
ture independently of the position of the

-other of said switches, means for protecting
“the armature sgainst conditions due to no

voltage, and means for affecting at least one
of said switches by said rheostat.

23. 'The combination of & motor having a
field-winding energized independently of its
armabure-current, two independently-mov-
eble mechanicaily-related switches in series
with each other and with the motor-arma-
ture, means responsive to overload-current
for sutomatically controlling the opening of
each of said switches, a starting resistance
in series with the motor-armature, means for
cutting out the resistance during the starting
period, and means for short-circuiting :@&‘13
latter means after said resistance has béen
cut out. . o

24. The combination of a motor having a
field-winding energized independently of its
armature-current, two independently-mov-
able mechanically-related switches in series
with each other and with the motor-arma-
ture, means responsive to overload-current
for automatically controlling the opening of
cach of snid switches, a starting resistance in
series with the motor-armature, means for
cutting out the resistance during the starting
period, means for short-cireuiting said latter
means ater said resistance has been cut out,
and means for protecting the motor-armac

Aure upon the occurrence of no voltage.

25. The combination of an clectric motor
having a field-winding energized by current
independent of its armature-current, s re-
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sistanee adapted for only temporary passage
of the full-load current for starting the mo-
tor, an, automatic protective switch in’series
therewith and which switch also controls

the field-circuit of spid motor, -electrical

means dependent upon the amount of said
resistance 1n circuit vor controlling the auto-
matic protective movement of said switch,
and an_electroresponsive winding for auto-
matically protecting the motor - armature
against abnormal current. .

26. The combination of a resistance-con-
trolling current-carrying movable element,
shid eiément being adapted to vary the
amonunt of resistance in circuit but not adapt-
ed to open said circuit, electroresponsive

means for retaining, said element in its nor- |-

mal, position against a constantly-acting

force, an electric motor having its armature -

in sexies with said element, a switch in series
with sajld element and motor-armature.
adapted to open and close the armature-cir-
cyit and which switeh also controls the field-
eircult, electromagnetic -means for opening
the. circyit of the armature when said switch
is.closed if excessive current then passes, and:
elpetrical ‘means for protectively relating

. seid switch and element.

. 30.

33,

27.. The.combination of an, electric motor,
8, qontrolling resistance having a hand-oper-
sted moxable. element for varying the resist-
ance, 8 switch in series with the armature of
said motor and which switch, also controls the
figld-cincuit of the motox, an electroresponsive
winding for controlling the opening of said:
switch, and means for controlling the current
in said; winding so as, to control the opening

- of said, switch only when said element is in
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such. position as to include said resistance in
the. armature-circuit; said element and said
switch being. mechanically independent dur-
ipg the closure of said switch.

- 28. The combination, of constant electro-
motive-force-supply mains, an electric motor
having a field-winding energized independ-
ently of the working armsture-current, a
controlling resistance. for the motor, connec-

tions Aorming 8 permanently-closed local |

loop including the motor-armature, saic re-
sistance and field-winding, an automatic pro-
tective switch, said local loop apd said
switch being connectéd, in series with each
other-across said mains, an electroresponsive
winding. for controlling the motor-armature
¢irquit, - under certain conditions, and a
branch circuit across said mains in parallel
with said loop. and passing through said
switch, said branch containing said electro-
resppnsive. winding. _ .

.. 29. The combiration of a resistance hav-
ing 8 movable element for varying the resist-
angee, a switch capable of independent mo: e-
ment, relatively to said movable element,

. 845,658

electrical means for controlling said switch,
said means being controlled by said element,

and an electromagnetic winding which inde-

pendently of said means controls the opening
of said switch upon the occurrence or over-
load. :
30. The combination of a switch havjn%, 2
movable element, a second switch 'electnpa, ly
connected. therewith and capable of inde-

pendent movement relatively to said first.
switch, clectrical means for controlling said

second switch and controlled by said mov-
able element only when said element is.in a

jQ

75

cireuit-protective position, and.independent

electrical means for controlling the protec-

tion of the cireuit upon overlpad. .

31. The-combination of an electric mdtor,
two switches in series with each: other and
with the “armature of said motor, said
switches being independently movable, elec-
troresponsive means for automatically con-
‘trolling the movement of said switches, a de-
" vice in series with the motor-armature for
controlling the electromotive force on the
terminals of the motor-armature, and elec-
trical means functionally related to said de-
vice for causing the automatic protective

under certain conditions. o
= 32. The combination of a, translating de-

vice in series therewith across a mormally
_constant electromotive-force circuit, said de-
vice being adapted to vary the electromotive
force upon said translating device, two pro-
tectively-related switches in series with each
other and with said transliting device, an
electroresponsive device responsiye to, ab-
"normal variations of -electromotive. force
upon said circuit, means for automaticelly
controlling the movement of at, least, one of
said switches when an excessive current
passes through the translating device, and
electrical means for protectively controlling
at least onc of said switches when, the. elec-
tromotive-force absorptive device is in.a cer-
tain condition,

33. The combination of an electric motor,
a resistance-controlling switch in. series with
the armature of said motor, a functionally-
related satomatic switch in series with-said
armature and said first-named switch, and
medns for automatically controlling the cir-
cilit when no voltage occurs, when overload-

current occurs and when the operator many-.

ally controls ons of said switches, said means
complising <three electromagnetic windings

| each of said ‘windings being adapted to per-

form its function independently of the other
" two windings.’
34. The combination of an electric motor,

a resistance-controlling switch in series with
_the armature of sdid motor, a functionally-
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viee, an clectromotive-force absorptive de- -
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related automatic switch in series with said ‘ netic windings functionally related to said
armature and said first-named switeh, and | device. E 1o
means for automatically controlling the cir- In testimony whereof I affix my signature
cuit when no voltage occurs, when overload- | in the presence of two witnesses.

current occurs and when the operator manu- H. WARD LEONARD.
ally controls one of said switches, said means Witnesses:
comprising a mechanical restraining device * L. K. Saceg,

for one of said switches and two electromag- | . GEo. A. HorrMAN.



