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To all whom it may concern.:

Be it known that I, Harry Warp LEron-
ARD, a citizen cf the United States, residing
at Bronxville, in the county of Westchester
and State of New York, have invented a cer-
tain new and useful Improvement in Elec-
trical Circuit - Controllers, of which the fol-
lowing is a specification.

My invention relates generally to control-
ling-switches, and has a particular application
to motor-starting rheostats or rheostats em-
ployed with electric motors or cther 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 terminals of the translating de-
vice to the full electromotive force. My in-
vention is also of impcrtance where regulat-
ing resistances are used and to prevent their
improper operation. I have found in prac-
tice that such rhesstats are frequently dam-
aged by hclding or permitting the contact-
lever to remain on the initial cr starting cen-
tact or contacts near the same with all the re-
sistance of the rhecstat or a ccnsiderable por-
ticn thereof in circuit. I have alsy found

" that operators frequently close the circuit at
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the initial or starting contact of the rhecstat
and then return the lever ¢o the idle pesiticn,
thus drawing an arc at the initial contact.
This also damages the rhesstat. Ihave also
found that operators sometimes close the
main ecircuit when the resistance-controlling
device, which might be used as a regulator,
is in an intermediate pcsitien. This of ccurse
allows an excessive and damaging flow of
current.

The main object of my inventicn is to de-
vise a starting rheostat” or contrsller or to
provide the present type of rheostats with a
centrolling device which will prevent this
improper handling of such rheostats. Ihave
devised many ways for carrying out this ob-
ject, both mechanically and electrically.

In order to prevent the burning at the ini-
tial contact of the rhecstat, due to the clos-
ing of the circuit upon insufficient surface or
dueto the backward movement of the contact-
lever after making the first contact, which re-
sults in the formation of an arc due to the full
electromotive force and one hundred and fifty
per cent. of the full torque current, (when the
motor has no counter electromotive force,)
the rheostat should be provided with an aux-
iliary switch by which the circuit is quickly

clesed upon an ample surface, and which
switch will open the circuit with a snap ac-
tion when the contact-lever is returned to the
initial positicn. This auxiliary switch should
be beyond direct hand control in opening
and may be mechanically or electrically con-
trclled by the rhecstat contact-lever or con-
trolling-switch.,

In one form the rheostat contact - lever
may be arranged to start a spring-actuated
auxiliary switch which clcses cr opens with a
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snap action when the rhecstat contact-lever -

is moved forward or backward at the starting
position. In some instances this switch may
be a small one which either opens or closes
ancther circuit, and thereby energizes a large
quick-acting circuit-breaker. In such an ar-
rangement the small switch need nost be
quick acting if it opens or closes the circuit to
the coil of an automatic circuit-breaker whose
current is very small—as, for instance, in the
case of a winding connected with the full elec-
tromotive force, with or withcut resistance,
in series therewith. In other arrangements
the auxiliary switch may be of various forms,
preferably a spring-actuated electrically-con-
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trolled switch of the automatic ecircuit-

breaker type, the action of which is con-
trolled by the variations in or the opening or
closure of a circuit controlled by the position
of the rheostat-lever.

In order to obtain quick action of the aux-
iliary switch at the time of making or break-
ing ccntact, it is important to suddenly ap-
ply a force or suddenly make a force effective
at its full value to contrcl its movement; and
in carrying my inventicn into practice this
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may be accomplished by using a mechanical -

hammer-blow device, a tripping device, so as
to cause a spring cr gravity to act suddenly
and at its full force, or by the energization or
deénergization of a magnet to give the result-
ing quick action to the switch moved thereby.

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

My invention is illustrated in the accompa-
nying drawings, in which— '

Figure 1 is a plan view of a rheostat pro-
vided with an auxiliary switch having a
spring-actuated hammer arranged to be start-
ed by direct engagement with the rheostat
contact-lever. Fig. 2 is a diagrammatic
illustration of a similar form of rheostat pro-
vided with an overload-switch, the closure
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of which 1s also controlled by the movement
of the rheostat-lever in one direction. Fig. 3
is a diagrammatic view of a modified form of
controller in which the auxiliary and over-

-load switches are mechanically independent

of the rheostat-lever. Figs. 4, 5, 6, and 7 are

‘modifications of the arrangement of Fig. 3.

Figs. 8, 9, and 10 are diagrammatic illustra-
tions of another form in which -the. initial
movement of the rheostat-lever controls a
loop-circuit containing a solenoid, which in
turn controls one coil of a cireuit-breaker
employed with the rheostat. Figs. 11 and

12 ‘are diagrammatic illustrations of an ar-
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rangement in which the auxiliary switch is
electromechanically operated. Figs. 13 to
18 are diagrammatic views of modifications,
and Figs. 19 and 20 are perspective views in-
dicating the construction of certain parts.

" Referring to Fig. 1, A is a suitable base pro-
vided with a series of contacts a, to which the
sections of the resistance ¢’ (shown in dotted
lines) are connected. This resistance, it will
be understood, is arranged in any suitable

manner beneath base A or within a case of

which A is the cover, and the sections of the
resistance will be insulated from each other
and in some instances provided with means
for absorbing the heat energy developed
therein. B is a switch in the form of a rheo-

stat contact-lever pivoted on base A and

whose short end is arranged to actuate the
auxiliary switch. The auxiliary switch com-

‘prises two stationary contacts ¢ and ¢/, a

switch C, and an operating-hammer D, said

"switch and hammer. being pivoted upon a

stud d. Switch C is provided with a short
arm having a pin ¢?, which projects into a
slot d' in hammer D. The hammer is pro-
vided with a second slot d?, through which
grojects a. stationary pin @, secured to the
ase-plate. To thelatter pin and pind*at the
lower end of the hammer is secured a coiled

-spring d?, the function of which is to throw

the hammer with a snap action to either side
of a central position when moved by the arm
b, and when thrown by the spring the ham-
mer delivers a blow upon pin ¢, which results
in the switch being rapidly moved in either
direction. In the position shown the auxil-

“iary switch is open and lever B is in the idle

or open-circuit position. To start motor M,
lever B is moved to the right, and in moving
to the first or initial resistance-contact ¢ arm
b, through its engagement with the left arm
of hammer D, swings the hammer on its

ivot. Pind®being stationary, spring d® will
Ee placed under increased tension during
this movement, and as pin d* passes the cen-
ter of equilibrium spring d® will throw the
hammer to the dotted-line position, and in
doing so a blow will be imparted to the
switch, as above stated, and effect its closure.
‘When the contact-lever B is returned to the
starting position, its arm b will engage the

1
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right arm of the hammer when the lever
moves from the initial contact ¢ and throw
the same in the opposite direction and effect
the opening of the switch. Thus it will be
seen that a slicht angular movement of lever
B in either direction at the starting-point
will close or open the circuit. - In practice
the auxiliary switch may be covered, so that
the operator cannot operate the same with-
out manipulating lever B. To prevent arc-
ing at the blade and stationary.contacts of the
auxiliary switeh, I provide spring-contacts
and pins on which the arc is broken. These
spring-contacts are preferably curved split
springs of phosphor-bronze, one being se-
cured edgewise to each contact ¢ and ¢/, and
the pins are of copper and project from switch
(. "The springs are curved so that they will
be normally out of contact with the pins
when the switch is closed. During the clos-
ing movement the pins engage the springs
before the blade C enters contacts ¢ and ¢,
and in the opening movement the pins engage
the spring just as the blade C is about to
leave its contacts. I find that phosphor
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springs and copper pins or plates make good -

arc- breaking contacts, and by arranging
these contacts so that they are in engagement
only during the interval stated the movement
of switch C'is not materially retarded thereby.

The rheostat shown in Fig. 1 may be em-
ployed both as a starting or a regulating rhe-
ostat, and for that reason contact-lever B is

95

not shown as provided with a retracting- -

spring as usual. I prefer, however, to pro-
vide starting - rheostats with a retracting-

“spring, so that should the operator attempt

to leave the contact-lever at the initial or
starting position or at any intermediate posi-
tion the spring will return it to the idle posi-
tion, and in doing so the arm b will operate
the auxiliary switch. ) '

In Fig. 2 the principle of Fig. 1 is applied to
a starting-rheostat, provided also with an un-
derload or no-voltage-release magnet and an
overload-switch. - fn this figure parts similar
to those of Fig. 1 are indicated gy the saine
reference - letters. The underload release-
magnet is of the usual construction and codp-
erates with an armature pivoted on lever B to
hold thesame in the final position, Theover-
load -switch E is arranged as a knife-switch
bridging two stationary contacts and is held
in-the closed position against spring tension
by a latch which is arranged to be tripped by
the movement of a core or plunger moving
within a coil, as is now well understood. The
overload-switch blade has an arm e, which
projects into the path of movement of arm %’
on contact-lever B and is arranged so that
switch E will be closed (if open) immediately
after switch C is opened {))y the backward
movement of lever B to the idle position.
The switch E can therefore be closed only
when the arm B is in a protective position.-
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As shown,. the controller is in the idle posi-
tion and the movement of lever B from the
blind contact to the first rheostat-contact a
will operate to close switch C by means of
arm b, as explained in connection with Fig. 1,
and the subsequent forward movement of le-
ver B will cut out the first contact @, and the
circuit through the resistance and to the mo-
tor or other translating device M will then be
by way of wire 1 and lever B. If an over-
load occurs during the operation of lever B,
switch E will open and lever B must be re-
turned to the starting position to close it
again by means of arm &’.  If an overload oc-
curs after lever B is in the final position,
switch I will open and the underload-magnet
will become deénergized and release lever B,
which by means of 1ts retracting-spring will
be driven back to its idle position, and n do-
ing so switch C will be opened and switch E
will be closed. In returning lever B to the
final position, arm bwill again close switch C.
If an abnormal drop in voltage exists when
lever B reaches the final position or occurs
after it reaches that position, magnet F will

.ot hold the lever against its spring, and
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hence that lever will return to itsidle position
and open switch C.  From this description of
Fig. 2 it will be seen that to maintain switch
C closed under normal conditipns lever B
must be in its final position and held by mag-
net F'; otherwise, unless held against the ten-
sion of its spring by the operator, the lever
will return to its idle position and cause the
opening of the circuit. It will also be seen
that, like the arrangement in Fig. 1, lever B
cannot be moved back and forth at the start-
ing-point without opening or closing the cir-
cuit at the auxiliary switch C. '

In Figs. 3 and 4 the movement of the rheo-
stat-lever B controls a coil which actuates a
plunger to trip a spring-actuated switch, and
which switch may be one element of a double-
pole- circuit - breaker: In these figures the
parts corresponding to those already de-
scribed in connection with Figs. 1 and 2 are
indicated by the same reference-letters.

The auxiliary switch of Figs. 3 and 4 is an
automatic circuit-breaker of the type shown
In the patent to Leonard and Ball, No.
705,102, dated July 22, 1902. In Fig. 3, G
and G are independently-inovable switches
codperating with stationary contacts be-
tween which is connected an overload-coil H,
sald switches and coil being connected in se-
ries between conductor P and the contact-
lever B. The contact-lever carries a switch
B’ of the leaf contact type which bridges two
stationary contacts z and =’ when the lever is
in the final position. Contact x is connected
by a wire with the upper contact of switch G,
and contact #’ is connected by a wire with
the final contact @ of the resistance, so that
while lever B is at the initial or any inter-
mediate point the circuit to the armature of

3

motor M from switch G will be through lever
B and resistance ¢’ to contact z’, the motor-
armature being connected between the latter
contact and conductor 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 relation. It will be seen that when le-
ver Bisin the final position the armature-cir-
cuit of the motor will be through switch B,
which makes very intimate contact at 2 and
x’, the resistance being shunted out of the
armature-circuit. With motor-starting rheo-
stats it has been customary to provide spring
contact-clips for the rheostat-lever at the
final position, as shown in Fig. 2, to afford
good contact and prevent heating which
would happen if a contact-button were em-
ployed for the final contact. With these
spring-clip contacts, however, I have found it
necessary to employ a hammer-blow device
for the contact-lever to start the same when
an automatic release is provided to control
the circuit. With a leal contact-switch, as
shown in Figs.3 and 4, a hammer-blow device
is not necessary. The spring-brush affords
good contact and no undue heating occurs,
and when the automatic release 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 po-
sition. Switch G in this form serves as the
auxiliary switch and its opening movement
in response to the backward movement of
the contact-lever at the initial position is con-
trolled by fine-wire coil H’, which is connect-
ed between conductor N and a stationary
spring-contact #?, which makes contact with
lever B while in the initial position. The ef-
fect of this connection is to cause coil I’ 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 the circuit to
the rheostat and motor. By reference to
Fig. 3 it will be seen that so long as contact-
lever B remains in the position shown or
whenever the lever is returned to that posi-
tion the high-resistance winding H’ will be
energized by the full electromotive force and
switch G’ will be opened. Inoperatingthecon-
troller, switch G 1s first closed and then (' is
closed immediately after theinitial movement
of lever B, which breaks the connection at con-
tact 2%, or switch G’ is closed before lever B is
moved and held until the latter is moved to
the first resistance-contact a, or switeh G is
first closed, then lever B is moved to the first
resistance -contact, breaking at 2, and then
switch G’ is closed. If the operator returns
lever B after the initial movement, the circuit
will immediately be opened at switch (" with
a quick snap action, thus preventing the draw
ing of an arc. In Figs. 3 and 4 the first re-
sistance-contact @ is connected by a wire

75

8o

85

Q0

95

100

105

I10




10

20

25

30

35

~switch ¢

4°

45

50

55

60

65

g

with the initial contact, so that the circuit is
never opened at the rheostat; but the re-
sistance can never remain in circuit while. the
lever is in its initial position. In this form
lever B is provided with the usual retracting-
spring for returning it to the starting or ini-
tial position. It will be noticed that in Fig.
3 switches G and G’ are located in the same
side of the circuit, while in Fig. 4 they are in
opposite sides of the circuit, thus providing
a double-pole switch. Thisis the only differ-
ence between Figs. 3 and 4. In each of these
figures when the plunger of coil H is raised
the latches holding switches G and G’ will

- both be tripped, as is customary in double-

pole circuit-breakers and as is the case in the
Leonard and Ball patent above referred to.

The construction of a suitable automatic
switch is indicated in Fig. 19. Here each
switch G G is shown as carried by the piv-
oted part ¢ and each part having a handle
for manual closing.- E%ch part g has a pro-=
jection ¢’, adapted to be engaged 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 Wﬂ%be tripped by rea-
son of the cross-piece h? engaging the exten-
sions ¢° ¢°, 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 h’ to be raised, its

cross-piece 7 will engage the extension ¢’
which latter is connected to the latch g* of
The switch G’ will therefore be
opened by the passing of current in coil H'.
Tnstead of connecting coil H' directly to
conductor N it might in some cases be con-
nected to an intermediate point in the cir-
cuit which would give sufficiently high voltage
to operate the plunger of coil H'. Fig. 13
illustrates one such modification, being simi-
lar to Fig. 4, except that one end of coil H' is
connected to a point in the series of resist-
ances. In this case the coil depends for its
operation upon the drop in electromotive
force on a portion of the resistance.
Referring now to Fig. 5, it will be seen that
switches G G/ and coil H are connected in
circuit in the same manner as in Fig. 4; 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 H’, so that when con-
tact is made at the platinum points coil H’
will be short-circuited and its core or plun-
ger will drop, tripping the latch which holds
switch G’ and permitting its spring to throw.
it open. To actuate thermal strip T, I pro-
vide a small electric heater T”, which may be
a pottery tube having a resistance wound

817,719

thereon, as shown in my Patent No. 691,949,
dated January 28, 1902: This heater is con-
nected 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, caus-
ing thermal switch T to short-circuit coil H’
and open the circuit between the rheostat-
lever B and conductor P.

In operating the controller of Fig. 5 the
operator first closes switches G and G’ and

‘will see that the core or plunger of fine-wire

coil H’ is 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 a’ causes heater T’ to -

heat up, and if lever B is allowed to rémain in
the initial 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 drops and trips the latch which holds
switch G closed. The movement of switch
G’ through its actuating-spring opens the cir-

70

75

8o

85

9o

cuit to the motorand rheostat. An overload-

current will cause coil H to raise its core and
trip the latches holding both switches. If an
abnormally low or no-voltage condition ex-
ists, coil H' will be too weak to hold its core
andswitch G’ willbeopened. Anarrangement
of the parts for such an operation of switches
G @ is indicated in Fig. 20, which is similar
to Fig. 19, 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 i/. Thecross-piece h?of core h'in falling
will engage the extension g%, connected to
latch ¢?, and cause the latch 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. In Fig. 14 I have shown switch-
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 time.
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In this figure the switch T is shown in series -

with coil H’ and is adapted to open the cir-
cuit of this coil when heated instead of shunt-
ing the same, as in the case of Fig. 5. An-
ot%er modification is shown in Fig. 15, in
which the thermostatic controlling-switch T
is connected in series with resistance o’ and
heated by the current passing through a’, and

if this resistance or 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 & to engage the con-
tacts &’ and short-circuit coil H'.  The coil
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H’ is thus demagnetized, and the dropping of
its core will cause the main circuit to be
opened at switch G’. When the resistance-
controlling arm is in final position, the ther-
mostatic switch is cut out of circuit.

Instead of a thermal strip T for controlling
the action of coil H' a resistance T%, of iron,
nickel, or other material having a high tem-
perature coefficient, might be connected in
series with coil H' across the line, as shown in
Fig. 6. Inthe arrangement of this figure the
circuit through coil H' is closed by the closing
of switch G’, and when the rheostat-lever B
is moved to engage the initial resistance-con-
tact the motor will start and begin to accel-
erate. After being held therea proper length
of time the lever will be moved along, the
starting-resistance contacts, thereby discon-
necting the initial resistance-contact from
the first contact which originally actuated
coil H’, and this coil is then placed in series
with the resistance T?. If the rheostat-arm
B is left for an improper length of time on the
starting-resistance contacts, the magnetism
due to the gradual increase in re-
sistance of T? on account of being heated
by resistance a’ in close proximity to it,
would gradually become less as the time in-
terval increased and in a predeterminable

- time the core or plunger of that coil would

drop and trip the catch which holds switch G/
closed, whereupon that switch would open.
Another modification of this idea is shown in
Fig. 7,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 carry- |

ing a resistance T?, of iron, nickel, or other
material having a high temperature coeffi-
cient. In thisarrangement coil H’ and resist-
ance T?are connected in series across the line,
and. heater T’ is connected in a shunt around
the resistance a’ of the rheotsat, as in Fig. 5,
and for thesame purpose. Instead of separat-
ing the resistances T" and T* they might be
arranged upon the same support and suit-
ably insulated. To predetermine the time
interval at which the condition of coils T and
T* would cause the coil H’ to release its plun-

ger, an adjustable resistance might be pro-

- vided for heater’T”, or when the windings of T’

and T* are on separate supports the distance

between them, or the relative positions of one .

within the other, micht be varied to vary.the
heating effect of T” upon T2 Various other
ways of regulating the action of T and T and

H’ in the arranfement of Figs. 3, 4, and 7

might be devised without departing from the
main feature of my invention.

In Figs. 8 and 9 the coil H’ is controlled by
an automatic switch. In Fig. 8 this coil is
connected across the circuit in series with the

fig. 9 the coil and automatic switch are con-

nected in series with the rheostat. The au-

‘tomatic switch is preferably a double-arm

-coil H', and which clip holds it in position

- opens switch G,
-be arranged as a

automatic switch and a resistance, while in

S

switch S and s, pivoted on a common pivot
and provided with a spring tending to throw
them toward each other. Switch S makes

contact with a spring-clip connected with

70
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 or plunger of coil §’. ~ Arm s is not
provided with an operating-handle and is ar-
ranged to be moved onto its contact by arm
S. The coil & for controlling this switch is-
connected across the first resistance-contact
of the rheostat and a blind initial theostat-
contact. Although no means is indicated in
Figs. 8 and 9 for holding the arm B in final
position, it will be understood that when the
arm is spring-actuated, as shown, some form
of retaining means may be employed which is
adapted to release the arm upon the occur-
rence of no voltage. Itwill be noted that the
starter of Figs. § and 9 has no open-circuit
point. To start the motor or other translat-
g device, the operator first closes switch G,
then switch-arms S and s are closed, and then
the operator holds down the plunger of coil
S’ ang closes switch G’. It will be seen that
when this is done the circuit connections will
be as indicated, that coil &' is energized, and
that if the operator permits lever B to re-
main on the mitial or blind contact and lets

75
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| go of the plunger of coil 8’ that lunzer will

release switch-arm s and open the circuit of.
coil H', which in turn will drop its plunger
and effect the opening of switch (¥ and the 1o
circuit to the rheostat and translating device.

If the operator moves lever B to its final posi-
tion, as he should do, it will.be seen that the
circuit to coil S’ is opened the instant lever B
leaves theinitial contact and thatswitch-arms 1o 5
will remain locked until lever B is returned to

its nitial position, whereupon coil S’ becom-

ing energized will act as above stated. After
lever B is moved from its initial position

the rheostat and translating device will be 110
protected against abnormal conditions in the
circuit by switches G and G'. Instead of
connecting the auxiliary switch of F igs. 8 and

9 as shown it mizhi be arranged to close a
normally open shunt around coil H’. This tr 5
is shown in Figz, 16. When current passes
through the coil ', its core is raised and the
switch carried thereby closes the- shunt
around coil H’. Its core then drops and
The switch and coil might 120
time-switch by placing an
iron or nickel resistance between the initial
and first resistance-contacts of the rheostat,

so that coil 8’ will be connected as a shunt to

an initial resistance step of variable resist- 12 5
ance, which in this case would act automatic-

ally to increase its resistance due to its high
temperature coefficient and send an inereas- .
ing current through coil 8. This is illus-
trated in Fig. 17, the resistance T? having a 130
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high _temf)erature coefficient. When prede-
terminable current passes through coil S’ and

" raises its core, the switch in the circuit of coil

H’ is opened. Instead of such a resistance 2
time-fuse might be employed, which when
fused would cause the current to flow through
S§’.  This modification is shown in Fig. 18, 1n
which the time-fuse is indicated at F’ be-
tween the first two contacts and is fused after
carrying the starting-current a predeter-
mined length of time. A still further modi-
fication is shown in Fig. 10, where coil S’ is
connected as a shunt on the entire or part of
rheostat resistance @’ in series with a carbon
resistance §* or other material of negative
temperate coefficient. In such an arrange-
ment when the carbon becomes heated cur-
rent will flow in the shunt and actuate coil S’
to release its switch and open or close a cir-
cuit, as above explained, to control coil H’,
which may be. connected in either of the
ways suggested.. :

In Fig. 11 L have shown an electromechan-

“ically-operated auxiliary switch, the action

of which is governed by the movements of
the rheostat-lever at its starting position. C
is a pivoted knife switch-blade; ¢ ¢/, contact-
jaws, asin Figs. 1 and 2. D is the actuating-
hammer, which in this instance is started by
solenoids O and O’, whose cores are connect-
ed to the arms of the hammer, and d° is the
spring for throwing the hammer after it
passes the center of equilibrium, although in
this arran%fment the spring might be dis-
pensed with, since the movement of the cores
will be very rapid and move with inc¢reasing
speed. The circuit connections are from
conductor Pto switch C,to lever B, resistance

./ and motor M to conductor N, the field M

40

45

being in a shunt from lever B around the re-
sistance and motor-armature. Coils O and
O’ are connected in shunt relation between
contacts o and o’ and conductors P and N.
Contacts o and o’ are located adjacent to the
first and second rheostat-contacts a, respec-

" tively, so that in the initial position lever B

50
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will bridge the first contact a and contact o’
and in the second position contact 0 and the
second contact o will be bridged. The effect
of this is to connect either coil O’ or Oin cir-
cuit, and, as'shown, coil O isin circuit and its
core is drawn down, and hammer D is tilted
to the right, closing switch C. If lever B is re-

“turned to its initial position, coil O will be cut

outand coil O’ cut in, thus actuating the core
of thelatter to throw the hammer to the left
and open switch C. When lever B is moved
to its final position, both coils will be cut out

_ of circuit and spring @ will hold switch C in

6o
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‘ment is shown in Fig. 12.

position. A modification of this arrange-
: S Here only one
coil O is employed, and this coil is connected
between conductor P and a contact 0% with
which the insulated short arm b* of lever B
makes contact when in contact with any of

'

_engagement of foot 0®

817,719

the rheostat-contacts a from the second. to
the final contacts, but 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 z’.
This switch is mounted on a vertically-slid-
ing rod #*, provided at its upper end with a
stirrup 2?, within which works a foot ¢°, se-
cured to the lower end of rod o*, projecting
from the core or plunger of coil O*.  The ver-
tically-sliding rods 2* and o* work in suitable
uides, and the lower end of rod z is rectangu-
ar and works in a correspondingly-shaped
bearing to-hold switch C in alinement with its

‘stationary contacts. As shown in Fig.12,the

rheostat-lever B is in its second position, and
the circuit to coil O? is closed and its core is
drawn up and switch Cis closed. If now the
operator returns lever B to the initial posi-
tion, coil O? will become demagnetized and
its plunger will drop, striking a blow to the
stirrup, the force of which and the tension of
the brush-switch will drive the switch down-
ward and open the circuit to the rheostat and
motor. When lever B is moved forward,
closing the circuit again at contact o? the
plunger of coil O?

and stirrup 2° switch C
will be closed. '

Tt will be noted that I have indicated a mo-
tor 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 circuit- is
opened the armature and field are closed on

8o
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will rise, and through the
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themselves, giving a closed circuit for the

field discharge:
Where I have referred to controlling means
in the claims, it will be understood that this

“includes indirect as well as direct control.

Tt is evident that my invention may be em-
bodied in various forms of construction and

that I am not limited in the scope thereof ex-.

cept as indicated in the claims.
What I claim is—

105
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1. The combination with a rheostat, of &

separate switch, a device for causing a force"

to be suddenly applied at its full strength and
thereby actuate said switch to either close or
open the ¢ircuit, said switch and its operating
device being capable of independent move-

ment, and an arm on the rheostat contact-le-

ver for operating said actuating device.

2. The combination of a rheostat, a sepa-
rate switch, a device for causing a force to be
suddenly applied at its full strength and
thereby actuate said switch to either close or
open the circuit, said switch and its operating
device being capable of independent move-

1715

120

12§

ment, and an arm on the rheostat contact-le- .
ver arranged to engage said device at a prede- .

termined point in the forward or bac ward
movement of the lever..
3. The combination with a rheostat and

132
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its contact-lever, of'a switch for controlling
the circuit to said rheostat, a device for caus

- ing a force to be suddenly applied at its full
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strength and thereby actuate said switch, and
means whereby the movement of said device
1s caused by the movement of said rheostat-
lever. .

4. The combination with a rheostat and its
contact-lever, of a switch for controlling the
circuit to said rheostat, means for controlling
sald switch comprising a hammer-blow de-
vice, and means cn said contact-lever for con-
trolling the movement of said hammer-blow
device. :

5. The combination with a rheostat and its
contact-lever, of a switch for controlling the
circuit to said rheostat comprising stationary
contacts and a pivoted switch-blade, an actu-
ating device for said switch-blade comprising
a pivoted hammer and a spring for moving
the same, said hammer having & movement
independent of the switch-blade, and means
whereby the movement of said actuating de-
vice is controlled by the rheostat-lever.

6. The combination with a rheostat and its
contact-lever, of a switch for controlling the
circuit to said rheostat comprising stationary
contacts and a pivoted switch-blade, an actu-
ating device for said switch-blade comprising
a pivoted hammer and a spring for moving
the same, said hammer having a movement

independent of the switch-blade, and means’

on said contact-lever for engaging said ham-
mer to start it in movement at a predeter-
mined position of the contact-lever.

7. The combination with a rheostat and its
contact-lever, of a switch for controlling the
circuit to said rheostat comprising stationary
contacts, a pivoted switch-blade, auxiliary
spring-metal contacts on each of the said sta-
tionary contacts and pins on said switeh-blade
for making-contact with said springs, an actu-
ating device for said switch-blade comprising
a pivoted hammer and a spring for moving
said hammer and having a movement inde-
pendent of the switch - blade, and means
whereby the movement of said actuating de-
vice is controlled by the rheostat-lever.

8. The combination with a rheostat, of a
switch, a spring-actuated hammer for operat-

ing same, and means engaged by the rheostat-

lever at the starting position to start said
hammerand effectthe closing or opening of the
switch as said lever is moved forward or back-
ward. :

9. The combination with a rheostat, of a
switeh, an actuating device therefor, means
whereby said switch is closed or opened by
the forward or backward movement of the
rheostat-lever ‘at the starting position, and
an automatic switch responsive to abnormal

conditions in the circuit, arranged to be moved

in one direction by said lever.
10. The combination with a rheostat, of a
switch, an actuating device therefor, means

whereby said switch is closed or opened by
the forward or backward movement of the
rheostat-lever at the starting position, and
an automatic switch responsive to abnormal
conditions in the circuit, said two switches
bein% arranged for successive operation by
said lever to close the circuit.

11. The combination with a rheostat and
its contact-lever, of a separate switch, a de-
vice for actuating said switch to either close
or open the circuit, said switch and its operat-
ing device being capable of independent
movement, an arm on the rheostat contact-
lever for operating said actuating device, and
an electroresponsive device responding to ab-
normal conditions in the circuit to open the
rheostat-circuit.

12. The combination with a rheostat and
its contact-lever, of a separate switch, a de-
vice for actuating said switch to either close
or open the circuit, said switch and its operat-
ing device being capable of independent
movement, an arm on the rheostat contact-
lever for operating said actuating device, an
automatic switch controlled by an electrore-
sponsive device responding to abnormal con-
dIi)tions in the circuit, and means whereby
said automatic switch is closed by the move-
ment of the rheostat-lever toward the start-
ing position.

13. The combination with a rheostat and a
spring-actuated contact-lever therefor, of an
independent switch, means whereby - said
switch is closed and opened respectively
through the forward and backward move-
ment of the contact-lever, an electromagnet
for holding said contact-lever in its final posi-
tion, an automatic switch, an electrorespon-
sive device controlling the opening move-
ment of said switch, and means whereby said
switch is closed by the backward movement
of the contact-lever. )

14. The combination with a rheostat and a
spring-actuated contact-lever therefor, of a
separate switch, an actuating device for said
switch capable of movement independent
thereof, means whereby said actuating device
is operated to close or open said switch re-
spectively by the forward or backward move-
ment of the contact-lever, and an electrore-
sponsive device for automatically releasing
the contact-lever and permitting its return to
the starting position under abnormal condi-
tions in the circuit. :

15. The combination of a hand-operated
electric switch, a switch in series therewith,
means for moving said second switch to the
closed position, and means controlled by the
movement of said hand-operated switch for
suddenly applying a force at its full strength
and thereby control the closing movement of
said second switch.

16. The combination of a hand-operated
electric switch, a switch in series therewith,
means for moving said second switch to the
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“closed or open position, and means controlled

by the movement of said hand - operated
switch for suddenly applying a force at its full
strength and thereby control the movement
of said second switch. '

17. The combination with a rheostat hav-
ing a contact-lever for controlling the resist-
ance, of a switch in series therewith, means
for moving said switch to the closed position,
and means controlled by the movement of
said contact-lever for suddenly applying a

. force at its full strength and thereby control

15

- 20

the closing movement of said switch.

18. The combination of a hand-operated
electric switch, a switch in series therewith,
and mechanical means caused to act by the
movement of said hand-operated switch for
suddenly applying a force at its full strength
and thereby cause the movement of said sec-
ond switch. 4

19. The combination with a rheostat hav-

'~ ing a contact-lever for controlling the resist-
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ance, of a switch in series therewith, and
means caused to act by the movement of said
contact-lever for causing a force to be sud-
denly applied at its full strength and thereby
cause the movement of said switch. _

20. The combination with a rheostat hav-
ing. a contact-lever for controlling the resist-
ance, of a switch in series therewith, means
for automatically moving said switch to the
closed position, means operated by the move-
nyent of the contact-lever for controlling the
closing movement of said switch, and an
electroresponsive device responding to over-
load to effect the opening of the circuit.

21. The combination with a rheostat hav-
ing a contact-lever for controlling the resist-
ance, of a switch in series therewith, means
for automatically moving said switch to the
closed position, means operated by the move-
ment of the contact-lever for controlling the
closing movement of said switch, an electro-
responsive device responding to overload, a
switch whose opening movement is con-

-trolled by said device, and means for closing

said switch through the movement .of the
rheostat contact-lever. o

22. The combination with a rheostat and
its contact-lever, of a switch for controlling
the circuit to said rheostat, means for con-
trolling said switch comprising a hammer-
blow device, and means whereby the move-

" ment of said device is controlled mechanic-

55

ally by said rheostat-lever. -.

23. The combination of a resistance hav-
ing’ a movable element adapted to control
said resistance, a switch for controlling the

" circuit to said resistance, means for control-

Qo
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ling said switch having & movement inde-
pendent of the switch, and means controlled

by said movable element for causing the

moveiment of said first-named means to there-
by cause a force to be suddenly made effective
at its full strength to move said switch.

817,719

924. The combination of a resistance hav-
ing a movable element adapted to control
said resistance, a switch for controlling the
circuit to said resistance, and means com-
prising a movable part caused to act by the
movement of said movable element for caus-

70

ing a force to be suddenly made effective at -

its full strength for quickly moving said

switch. . .

25. The combination of a hand-operated
electric switch, a switch in séries therewith,
and means caused to act by said hand-oper-
ated switch for causing a force to be sud-
denly made effective at its full strength for
quickly opening said second switch so that
the current through said hand - operated

switeh will be interrupted by said second

switch. ' .

26. The combination with a rheostat hav-
ing a movable element for controlling the re-
sistance, of a switch in series therewith, and

75

8o

85

means caused to act by the movement of said .

movable element for causing a force to be
suddenly applied at its full strength for con-
trolling the opening movement of said switch.

27. The combination with a rheostat hav-
ing a movable element for controlling the re-
sistance, of a switch in series therewith,
means for causing the automatic movement
of said switch to the open position, means op-
erated by the movement of said movable ele-
ment for controlling the opening movement
of said switch, and an electrorésponsive de-
vice responding to overload to protect the
circuit under all operating conditions.

28. The combination with a supply -cir-
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cuit, of a resistance having a movable ele- -

ment for varying said resistance, a switch in
series therewith, means for causing the open-
ing of said switch, said means %eing con-
trolled by said movable element, and means
for causing said circuit to be opened upon
the occurrence of overload, said overload

means comprising an additional electromag-
_netic switch. : ‘ '

29. The combination with a supply - cir-
cuit, of a Tesistance having a movable éle-

‘| ment for varying said resistance, a switch in

series therewith, means for causing the open-
ing of said switch, said means being con-
trolled by said movable element, and means
responding to overload and no voltage for
causing said circuit to be opened, said over-
load means being effective independently of
the position of said element.

cuit, of a resistance having a movable ele-
ment for varying said resistance, a switch in
series therewith, means for causing the open-
ing of said switch, said means being con-
trolled by said movable element, a.second
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30, The combination with a supply -eir-’

125

series switch, and means for opening said.sec- -

ond switch upon the occurrence of overload.

31. The combination with a supply-ecir-

| cuit, of a resistance having a movable ele-

130
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ment for varying said resistance, a switch in’

series therewith, means for causing the open-
ing of said switch, said means being con-
trolled by said movable element, a second
5 series switch, means for closing said second
switch by the movement of said movable ele-
ment, and means for opening ‘said second
switch upon the occurrence of abnormal con-
ditions in the circuit. .
to  32. The combination with a supply- cir-
cuit, of a resistance having a movabf; ele-
ment for varying said resistance, a switch in
series therewith, means for causing the open-
. ingof said switch, said meansbeing controlled
15 by said movidble element, a second series
switch, means for closing said second switch
by the movement of said movable element;
means for opening said second switch upon
the occurrence of overload, and means for
20 causing said circuit to be opened upon the oc-
- currence of no voltage.
~ '33. The combination of a resistance hav-
ing a movable element adapted to vary said

resistance, a switch for controlling the cir-

2§ cuit to said resistance, means for causing the
opening of said switch, said means compris-
ing a movable part controlled by said mov-

~able element and having a movement inde-
pendent of the movement of said switch ~and

30 means for causing said circuit to be opened
upon the occurrence of overload.

34. The combination of a resistance hav-
ing a movable element adapted to vary said
resistance, a switch for controlling the circuit

35 tosaidresistance, meansfor causing the open-

ing of said switch, said means comprising

movable part controlled by said movable ele-
ment and having a movement independent
of said switch, and means for causing said
circuit to be opened upon the occurrence of
no voltage. v \
35. The combination of a resistance hav-
ing & movable element adapted to vary said
resistance, a switch for controlling the cir-

45 cuit to said resistance, means for causing the
opening of said switch, said means compris-
ing a movable part controlled by said mov-

_able element and having a movement inde-
pendent of the movement of said switch, and
means responsive to overload and to no vol-
tage for causing said circuit to be opened.

36." The combination of a resistance hav-
ing & movable element adapted to vary said
resistance, a switch for controlling the cir-

55 cult to said resistance, means for causing the

40

50

opening of said switch, said means compris--

. ing a movable part controlled by said mov-
a,b%e element and having & movement inde-
pendent of said. switch, a second switch,

6o
movement of said movable element, and
means for opening said second switch upon
the occurrence of abnormal conditions in the
cireuit, o : '

65. 37. The combination of a supply-circuit, a

means for closing said second switch by the -

9‘

resistance having a movable element adapt-
ed to vary said resistance, a switch for con-
trolling the circuit to said resistance, means
for causing the opening of said switch, said
means comprising a movable part controlled 7o
by said movable element and having a move-
ment independent of the movement of said
switch, a second switch, means for causing
the closing of said second switch by the move-
ment of said movable element, means for 75
causing the opening of said second switch
upon the occurrence of overload, and means
for causing said circuit to be opened upon the
occurrence of no voltage.

38. The combination with a supply- cir- 8o
cuit, of a resistance, means for varying said
resistance, a switch in series with said resist-
ance, means for causing the opening of said
switch, said latter means being controlled by
said resistance-varying means so that said 8

| switch interrupts the current through said

resistance-varying means, and an electrore-
sponsive means for causing said circuit to be
opened upon the occurrence of overload.

39. The combination of a rheostat having go
a movable element for controlling the resist-
ance, an automatic switch in series with said
resistance, means for causing said switch to
be opened automatically when the resistance-
controlling element is in a certain position so g
as to.interrupt the current in said element,
and an electroresponsive device which effects
the opening of the circuit upon the occur-
rence of predetermined overload-current.

40. The combination of a rheostat having
& movableelement by the movement of which

100

the resistance in circuit can be varied from a

certain minimum to a certain maximum, a
circult-opening automatic switch in series

with said resistance, means for causing said 103

' switch to be opened automatically when the

movable element is moved to a certain posi-
tion and to cause said switch to interrupt the
current through said element, and means re-
sponsive to a predeterminable maximum en-
ergy in the circuit for effecting the opening of
the circuit. :

- 41. The combination of a resistance, an
élement for controlling said resistance but
which cannot open the circuit in which said 115
resistance is connected, a circuit-opening
switchin series with said resistance, means for
automatically opening said switch when the
said controlling element is in a certain posi- _
tion, and meansfor protecting the circuitupon 120
the occurrence of no voltage and upon the
occurrence of overload-current. :

. 42. The combination of a motor having a -
shunt field-winding, an automatic switch for
controlling the current to both the armature rzg
and field winding of said armature, a resist-
ance in the armature-circuit of said motor,
a_hand-operated device for controlling the
amount o¥ said resistance.in the armature-
circuit, means for causing the said automatic 130

110
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switch to open the circuit when the said de-

. viceis In a certain position so as to interrupt
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the current through said device; and means
for protecting the armature-circuit upon the
occurrence of no voltage and overload condi-
tions.

43. The combination with a rheostat hav-
ing a movable element for controlling the re-
sistance, of a switch in series -therewith,
means for causing the closing of said switceh,
said means comprising a device actuated by
the movement of said movable element, and
said device acting to control the closure of
said switeh, and an electroresponsive device
responding to overload to effect the opening
of the circuit independently of the position of
said movable element. v '

44. The combination of a supply-circuit, a
resistance having a movable element for va-
rying said resistance, a switch in series there-
with, means for causing the closing of said
switch, said means being controlled by said
movable element so that the current through
said movable element is interrupted by said
switch, and means for causing said circuit to
be opened upon the occurrence of overload.

45. The combination of a motor-rheostat
having a movable element for controlling the
resistance, an electromagnetic overload cir:
cuit-breaker in series with said rheostat, the
said circuit-breaker and movable element be-
ing mounted independently, means for nor:
mally restraining said movable element and
for releasing the same upon the occurrence of
an abnormal condition, and means function-
ally relating the said circuit-breaker and
movable element whereby the circuit-breaker
is closed only when there is a protective
amount of resistance in eircuit. , L

46. The combination of a motor-control-
ling resistance, a movable element for vary-
ing the amount of said resistance in circuit,
an automatic switch in series therewith, said
switch and movable element being function-
ally related, and a second automatic switch
in series therewith for automatically protect-
ing the circuit upon the occurrence of abnor-
mal conditions. '

47. The combination of a motor-control-
ling resistance, a movable element for vary-

. ing the amount of said resistance in circuit,

55
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an automatic switch in series therewith,said
switch and said movable element being func-
tionally related for opening and closing said
switch so that the said switch will establish

" and interrupt the current through said mov-

able element, means for protecting the cir-
¢uit upon the occurrence of no voltage and
means for protecting the circuit upon the oc-
currence of overload. :

48. The combination with a motor-rheo-
stat having a movable element for controlling
the resistance, two automatic switches in se-
ries with each other and with said rheostat,
and means for controlling the closing move-

817,719

ment of at least one of said switches whereby
the movable element must be in & protect-

ive position when said automatic switch or

switches are closed.

49. The combination of a resistance, a con-

70

tact device for varying said resistance, an -
auxiliary quick-acting switch for opening the -
circuit functionally related to said contact -

device, a magnetic circuit-breaker for open-

ing the cireuit upon the occurrence of an ab-

normal condition of the circuit comprising an,

additional electromagnetic switch, and means
whereby the closing of the circuit-breaker
when the resistance is in a non-protective
condition is avoided. _

50. The combination with a supply - cir-
cuit, of a resistance, means for varying said
resistance, a switch in series with said resist-
ance, means for causing said switch to be

opened, said latter means being controlled by

said resistance - varying means, and means
for causing said circuit to be opened upon the

75
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occurrence of overload, said overload means -

comprising an additional elégtromagnetic :

switch. .

51. The combination with a supply- cir-
cuit, of a resistance, means for varying said
resistance, 8 switch in series with said resist-

-ance, means for causing said switch to be

opened, said latter means being controlled
by said resistance-varying means so that said

90
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switch will interrupt the current through said

resistance - varying ‘means, and means for

causing said circuit to be opened upon occur-

rence of overload, said overload means com-
prising an additional electromagnetic switch.

- 52. The combination with a motor-con-
trolling rheostat having a movable element
for controlling the resistance, two automatic
switches electrically connected therewith,

100

108

the said switches being independently clos- -
able, and means for controlling the closing -

movement of at least one of said switches
whereby the movable element must be in &
proper position when said automatic switch
or switches are closed. . - ,

53. The combination with a motor-rheo-
stat having a movable element for control-
ling the resistance, two automatic switches

in circuit therewith, the said switches being 1

independently closable, and means for con-
trolling the closing movement of at least one
of sai

110

switches whereby the movable ele- - -

ment must be in a protective position when

said automatic switch or switches are ¢losed.

54. The combination with a motor-rheo-

stat having a movable element for control--

ling the resistance, two atitomatic switches
in series with each other and with said rheo-
stat, the said switches being closable in suc-
cession, and means for controlling the.closing
movement of at least. one of said switches
whereby the movable element must be in

a protective position when said automatic .
130

switch or switches are closed. -
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55. The combination of a resistance-con-
trolling arm, a switch moved thereby to a
certain position, means for restraining the
switch in said position, a second switch, and
means controlled by sa1d arm for moving said
second switch to its closed position when the
said resistance - controlling arm is moved
away from its initial position. .

56. The combination of a rheostat, two
switches in series with each other closable
successively, means for automatically open-
ing the switch first closed if an excessive
current flows in the circuit when the second
switch is closed, and means for insuring the
closure of said two switches only when the
rheostat isin a desired starting condition.

57. The combination of a resistance hav-
ing a movable contact device, two switches in
series with each other closable successively,
means for automatically opening one of said
switches upon the occurrence of predeter-

mined overload-current, means for retaining

said contact device normally in a certain po-
sition and for releasing said device upon the
occurrence of an abnormal condition in the
circuit, means for moving said device to a
protective position when released, and means
for insuring the closing of said overload-
switch only when said contact device is in a
protective position.

58. The combination of a motor, a rheo-
stat for said motor having amovable element,
a switch, means for causing the movement of
said element to control the movement of said
switeh in two directions, an electroresponsive
winding the current in which is controlled by
said switch, and a switch in series with the
motor-armature controlled by said electro-
responsive winding. ‘

59. The combination of a motor, a rheo-
stat for said motor having a movable element,
means for causing an auxiliary electrical con-
tact to be made when said element is moved
to a certain position and to be broken when
moved to another position, an electrorespon-
sive winding the current in which is affected
by the making and breaking of said contact,
and a switch in series with the motor-ar-
mature controlled by said electroresponsive
winding,

60. The combination of a circuit-control-
ling rheostat having' a movable element,
means for causing an auxiliary electrical con-
tact to be made when said element is moved
to a certain position and to be broken when
said element is moved to another position,
an electroresponsive winding the current in
which is affected by the making and breaking
of said contact, and an automatic switch con-
trolled by said winding.

61. The combination of a circuit-control-
ling rheostat having a movable element,
means for causing an auxiliary electrical con-
tact to be made when said element is moved
to a certain position and to be broken when

A4

said element is moved to another position,
an electroresponsive winding the current in
which is affected by the making and breaking
of said contact, an automatic switch con-
trolled by said winding, and means for pro-
tecting the circuit upon the occurence of no
voltage.

62. The combination of a motor, a theo-
stat in cireuit with the armature thereof, a
switch in series with the armature, electrore-
sponsive means which respond to effect the
movement of said switch to a protective po-
sition under abnormal conditions, a switch
which controls the current to said electrore-
sponsive means, and means for causing the
control of said latter switch only when said
rheostat is in a proper condition.

63. The combination of a resistance, a
movable element for varying the resistance,
two switches in series with each other, at
least one of said switchesbeing so functionally
related to said movable element that the cir-
cuit through said two switches can be closed
only when said movable element is ina proper
starting position.

64. The combination of two independently-
movable switches and a rheostat, a motor to
which said switches and rheostat are func-
tionally related, means for functionally re-
lating at least two of said devices so that
they cannot both be closed except when the
third device is in a proper starting position,
and means for causing at least two of said de-
vices to be moved automatically in response
to abnormal circuit conditions.

65. The combination of a hand-controlled
device, a switch in series therewith, and means
controiled by the movement of said device
for causing a force to be suddenly made ef-
fective at its full strength for quickly closing
said switch when said device has been moved
to a certain position independently.of the
rate of movement of said device.

66. The combination of a manually-con-
trolled device, a switch in series therewith,
and means controlled by said device for caus-
ing a force to be suddenly applied at its full
strength to quickly open and quickly close
said switchindependently of the rate of move-
ment of said device.

67. The combination of an electric motor,
a controlling-rheostat having a manually-
controlled element, a switch in series with
said rheostat, and means controlled by said
element for causing a force to be suddenly
made effective at its full strength for quickly
opening and quickly closing said switch in-
pendently of the rate of movement of said
element. ,

This specification signed and witnessed
this 26th day of November, 1901

H. WARD LEONARD.

Witnesses:

CaroLyn G. LEONARD,
W PELZER.
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