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To all whonv it may concern:

BeitknownthatI, HARRY WARD LEONARD,
a citizen of the Umted States, residing in the
borough of Manhattan, city ‘and county of
New Y01L State of New York have invented
a certain new and useful Imp1 ovement 1n
HKlectrie-Circuit Controllers, of whlch the fol-
lowing is a description.

Mymventwn relates to the class of switches
or rheostats provided with means for auto-
matically opening or closing, regulating, or
otherwise affecting or ehanﬂ'mfr the cond1t10u
of a circuit upon the occurrence of an abnor-
mal Increase or decrease in current to pre-
vent injury to the translating devices in the
circuilt, said means being contlolled Or oper-
ated by electroresponsive devices.

The object of my invention is mainly to
provide a circuit-controller of the character
referred to with an electroresponsive device
responding to abnormal increasesin current,
~hereinafter referred to as ‘‘overload-cur-
rents,” which will be effective at all times—
thatis, both while the controller is being oper-
ated by hand toadjustittothe normal position
and after adjustment—the overload switch or
controller operated or controlled by said elec-
troresponsive device being operative to re-
spond to an overload-current even while the
switch-operating lever of the controlleris be-
1Ing moved by the operator.

A further object is to provide an overload
electroresponsive device which may be ad-
justed to operate whenever the current
reaches or exceeds a predetermined amperage
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and which will become more positive and re-

ltable as the amount of overload increases.

A further object is to provide a more reli-
able locking device for the overload switch or
controller and means for disengaging said
locking device to release said switch or con-
troller and also means for facilitating or in-
suring the operation of both the overload and
underload switch levers or controllers when
the electroresponsive devices act.

In carrying my invention into effect I em-
ploy two independently-movable switch-le-
vers, one designed to open or close, regulate,
or otherwise affect or alter the circuit upon
the ocecurrence of an underload-current and
the otherfor similarly ordifferently affecting

40

- . - ——— -

'F

‘& magnet or solenoid.
lever is held in its normal position by a me-

(No model) j
the circuit, but independently of the former,
upon the oceurrence of an overload-current.
The former is preferably held in its normal
position by any suitable form of electrore-
sponsive device, a magnet being preferred,
the armature for which is carried by the
switch-lever. This lever may, however, be
held mechanically by a latch, for instance,
and the latch released through the agency of
The second switch-

chanical latch, the release being effected
through the agency of a magnet or solenoid.
The release or disengagement of the mechan-
1cal latch for the overload switch-lever and
for the underload switch-lever when one is
employed is preferably effected by a hammer-
like blow produced by the action of the elec-
troresponsive devices upon their armatures.
In the preferred form of such devices I em-
ploy solenoids whose cores move vertically
and which when actuated by the current flow-
ing through the coils of the solenoid give a
sharp blow upon the lateh, which resultsin a
quick release. The switch-levers are prefer-
ably always under spring tension, tending to
move them when released. In controllers de-
signed for handling large currents I employ

knife-switchesenteringspring-clipsorstation-

ary contacts, and with such switches I prefer-

ably employ means for imparting a hammer-

like blow to start them from the spring-clips
when the electroresponsive devices respond to
abnormal conditionsin the circuit. The over-
load-switch is preferably provided with an
auxiliary break of carbon or other material
upon which the arcis broken., I alsoemploy
other features of construction, which will be
more fully hereinafter referred to in connec-
tion with the accompanying drawings.

In the foregoing statement I have referred
to a eombmed undel load and overload switch
or controller; but it will be understood that
the several features of my invention are not
limited to their combined use—that is to

say, the devices responding to overload-cur-
rentsmay be separately employed ina switch
or ¢controller responding only to overload-cur-
rents, and the devices responding to under-
load-currents may be likewise separately em-
| ployed in a switeh or controller responding
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only to underload-currents—and all features

of my invention are equally applicable -to
simple switches and rheostats, and particu-
larly to rheostats employed for starting and
The electro-
responsive devices may be connected in the
circuit 1n any suitable way.
connected in seriesor otherwise and arranged
1n the path of the entire current flowing to
the translating device or arranged to be af-
fected by only part of such current, or either

or both devices might be in a different eir-

cuait from that in which the translating de-
vice is connected. When the apparatus is
employed in the circuit of a motor, I connect
the underload responsive device in most in-
stances in series, with the shunt field-wind-

Ing of the motor and the overload responsive

device in series with the motor-armature.

Inthe accompanying drawings, whiech illus-
trate my invention, Figure 1 isaplan and dia-
‘grammatic view of arheostat embodying cer-
tain featuresof my invention, a hammer-blow.

arm for the underload or rheostat switch be-

ing shown. Iig. 2 illustrates a construction

like that of Fig 1, but showing the hammer-
blow arm applied tothe overload-switch. Fig.
3 illustrates a modified form of hammer-blow

arm for the underload or rheostat switch.
Kig. 4 illustrates a construction having the

hammer-blow arm of Fig. 3 applied to both
switches, and Fig. 5 illustrates another modi-
fied form of hammer-blow arm applicable to
both switches.

Referring to Fig. 1 of the drawings, 4 and
10 represent, respectively, the independently-
movable underload and overload switches,
the former being also the rheostat contact-

lever. These leversare pivoted on a common

stud having a spring 7 coiled around it under
tension and arranged so as to tend to move

the levers 4 and 10 to the dotted-line posi-

tions 1 and 2, respectively, when released.
To limit the movement of the switech-levers

when released and to reduce the effect of the.
blow, I provide rubber or spring buffers 29,

one mounted upon the base 26 and the other
mounted upon the under side of the switch-
lever 4, the lever 10 being provided with two
plates 88, adapted to engage with said buf-
fers. |
vided with a pin 14, which is engaged by a

lateh 11, pivoted upon the base - plate 26 at

15. This latch is provided with a finger 39,
which projects over a head 16, of insulating
material, carried by a shank 19, working

‘through anon-magnetic sleeve 18, fitted with-

in the iron casing 20 of the solenoid-coil 21.
Theinner end of shank 19 has a small head to
prevent displacement and against which the
core 24 strikes when drawn upward orinward
by the action of the solenoid. The head on
core 24 rests normally upon the upper end of
screw 23, which works through the bottom of
a frame 25, secured to the casing 20. Screw
28 is locked in ils adjusted position by a jam-
nut 27. The head on core 24 is beveled to

release may be set.

They may be

13.

The overload switeh-lever 10 is pro-

form a pointer or index, and the frame 25 is
provided with graduations, as shown, to in-
dicate the amperes for which the overload
The core 18 shown as
adjusted for forty amperes, and when the
current passing through coil 21 exceeds that
amount the core will be actuated, and the
rapid movement of the core will give a ham-
mer-like blow to rod 19 and trip the lateh 11,
whereupon spring 7 will move switch-lever
10 tothe dotted-line position 2. Switch-lever
10 at the left-hand side of its pivot makes
contact with spring-clips 3838, and at the right-

‘hand end the lever is provided with an auxil-

iary break for taking the arc away from the
switch -contact 33 when the swifteh-lever is
operated. The auxiliary break is preferably
made of carbon when the controller is in-

{ tended for circuits having small currents

and high electromotive forces; but when the
controller is intended for circuits having
large currents and low electromotive forces,
and hence low resistances to consider, the
carbon has so much resistance that it does
not take all the arc away from the switeh-
contacts, and therefore I prefer in such in-
stances to employ copper or other material of
lower resistance than carbon for the auxiliary
break. In the form shown in Fig. 1 lever 10
1s provided with a carbon block 34, carried
by a spring-socket 35, and this earbon block
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is arranged to make contact with a stationary

member formed of a copper block 36 and car-
bon block 387. Thus in breaking the circuit
with this switeh the current passes first
through carbon and copper and then carbon
and carbon. The underload switch-lever 4
in its final position enters stationary spring-

contacts 32, and in order to obtain a rapid
“break at this contact I employ an operating-

handle 40 for the switch-lever 4, which oper-
ates to 1mpart a blow to the switch, This
operating - handle is pivoted upon the stud
17 and 18 provided with a slot 41, into which
projects a pin 42, carried by lever 4. The
armature 6 is pivoted upon this operating-
handle and is held by the underload-magnet
From Fig. 1 it will be seen that when
the operating-arm is moved to the right by
means of its handle 5 the engagement with
pin 42 will carry the switch-lever 4 in the
same direction. It will also be seen that
when the arm 40 is released by the magnet
13 it will be moved to the left by means
of spring 43, which is also coiled around the
stud 17, until the pin 42 reaches the other end
of the slot 41, when a blow will be imparted
to the pin sufficient to start the lever 4 from
the spring-clip 32, whereupon the combined
tension of springs 7 and 43 will drive the

switch-lever 4 to the left to dotted-line posi-

tion 1, the movement being arrested by its
buffer striking the plate 38 on the left of
the pivot. The contact-buttons and resist-

ance are shown at 30 and 31, respectively.
It will be understood, however, that the re-
sistance will be carried upon the under side
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of the base-plate 26 and suitably protected | both electroresponsive devices when switeh 4

and insulated, or the resistance may be
mounted upon the under side of a base of
slate or equivalent insulating material and
covered by a metal box and insulated and
arranged as shown in my Patent No. 657,703,

issued September 11, 1900. The circuit con-

nections for a motor speed controlling or

starting rheostat will preferably be as shown

in Iig. 1, where A indicates a double-pole
line-switch, B the shunt fieid-winding of the
motor, and C the armature of the motor.
The field and armature are connected in two
shunt-circuits, one including the motor-ar-

‘mature, overload-magnet, and both switches

and the other including the motor field-wind-
ing, overload-magnet, both switches, resist-
ance, and underload-magnet. The armature-
shunt is from line-switch A to binding-post
22 through coils 21 of the overload release-

- solenold to contact 53, switch-levers 10 and 4

25

to contact 32 to binding-post 23, and from
binding-post 23 to motor-armature C to the

other side of the line-switch A, the auxiliary

break connection extending from contact 33
to copper block 36. T'he field-shunt extends

from the final contact 3 of the resistance

- through the resistance 51 to underload-mag-

30

35

“in full lines.

net 13, and from magnet 13 to binding-post
2o%, and from that binding-post through the
motor field-winding B to the other side of
the line-switch A. The normal operative
position of the controller of IFig. 1 is shown

curs, the release of switch-lever 10 is effected

~as above described, and spring 7 moves said
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lever to the dotted-line position 2, thus open-
ing the circuit at stationary contact 33 and
deCnergizing both electroresponsive devices,
whereupon operating-arm 40 1s also released,
which delivers a blow.to switch 4, as above
described, starting it from its spring-contact
2. 'The teundency of levers 4 and 10 is to
move toward each other under the influence
of spring V7 when released; but it will be seen
that when lever 10 is released it moves a
short distance before the circuit is broken,
and hence that lever is in full movement be-
fore switch-lever 4 starts away from contact
92. Therefore lever 10 will reach the dotted-
line position 2 and be there arrested by buf-
fers 29 before switech 4 begins to move, or
should lever 4 begin to move before lever 10
reaches position 2 the greater momentum of
lever 10 will drive lever 4 backward toward
i1ts normal position when its buffer is struck
by plate 38 on lever 10. To return lever 10
to 1ts normal position, lever 4 is moved to the

left by its operating-lever 40 to the dotted- |

line position 1, and switenh 4 through buffer
29 and plate 38 will move switch 10 before
1t from position 2 to the normal position in
engagement with spring-contact 33, when le-
ver 10 will be locked 1n position by latch 11.
Switch-lever 4 1s then returned to 1ts normal
position, the circuit being closed through

When an overload-current oc- |

males contact with the first resistance-con-
tact,and when this lever reachesits final posi-
tion armature 0 will strike the pole-pieces 12 of
magnet 13, magnetism holding the armature,
and hencethelever 40,in that position. When
an underload occurs, magnet 13 releases the
operating-lever 40, and its spring 43 drives it
forward and imparts a blow to switch 4, as
above described, the springs7 and 45 driving
the levers forward until lever 4 1s arrested at
position 1 by its buffer 29 striking the plate 58
onlever10,which remainslockedinitsnormal
position. Toclose the circuit again, 1tisSnow

only necessary toreturn lever 4 to its normal

position,where,if the current is-normal, it will
be held again, as above explained. If while

| the operator is moving the switch 4 after

|

the overload-switch 10 is closed the current
through coil 21 should exceed the amount
for which the conftroller is set, the overload-
switch will be released and open the circuitin-
stantaneously, or, in other words, the instant

‘thecurrentenergizing coil 21 issutlicienttoac-

tuate its armature 24. If for any reason the
current fails entirely or decreases abnormally
while switech 4 is being operated, magnet 13
will not hold lever 40, and hence switch 4, in
their final ornormal positions against the ten-
sion of springs 7 and 43, and these levers will
return to the starting position the instant the
operator removes his hand from the operat-
ing-handle. Thus it will be seen that by em-
ploying two independently-movable switch-
levers controlled by separate electrorespon-
sive devices the circuit cannot be maintained
aninstantunlessit isin its normal condition.
It will also be seen that the arrangement
which necessitates the closure of the over-
lecad-switch by means of the underload-switch,
so that the former can only be closed while
the latter is open, prevents all injury to the
translating devices in the circuit should an
overload-current occur while the controller 1s

being operated-—that is to say, by placing the

operating-handle upon or interlocking it with
the underload switch -lever the overload
switch -lever is always free to respond in-
stantly to an overload-current. Such would
not be the case if the overload-switch were

closed by hand after the underload-switeh 1s

closed,becausein that case should an overload
oceur while the controller is being operated
the damage which an overload-current would
cause would actually be done before the op-
erator could remove his hand from the oper-
ating-handle. Of courseit will be understood
that the switch-lever could be made to close
separately and independently instead of clos-
ing the overload first by means of the under-
load switeh or operating lever, and still ac-

“complish my results, if some means were pro-
vided whereby the underload-switeh could not

be closed until the overload-switch is closed,
andsuch an arrangement would be within the
scope of my invention. It will also be under-
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stood that the controller can be employed to
close a circuit instead of opening a circuit, as
deseribed. S

In Fig. 2 I have shown the hammer-blow
deviceof I'ig. 1 applied tothe overload switch-
lever, the stationary contact for this switch
in this arrangement being arranged to engage
the left-hand end of the switch. Switch-le-
ver 10 18 provided with a pin 47, which pro-
jects into a slot 48 in the arm 49, and which
arm 1is pivoted upon the stud-carrying levers
10 and 4. Spring 7 is secured to arm 49 and
lever 4 and performs the function of spring
7 of Fig. 1 in addition to causing the arm 49
to impart the hammer-blow tolever 10, The
locking-lateh 11 in this form engages a pin
14 on arm 49 and holds lever10in the normal
position through the engagement of pin 47
with arm 49. When arm 49 is released by
the action of the overload-solenoid, spring 7

will swing-arm 49 and cause it to strike pin
47, the blow starting lever 10 from spring-

clip 33, and then spring 7 forces both arm 49
and lever 10 toward lever4. The movement
18 arrested by the projection 38 on the right-
hand side of lever 10 striking buffer 29, as in
the arrangement of Fig.1. Toclosetheover-
load-switch, switeh-lever 4 is moved to the
left, the buffer 29 on the under side of the

latter engaging arm 49 and moving it toward

the left until pin 47 reaches the end of slot
43, when switch-lever 10 will be carried along
and forced into spring-clip 33 and pin 14 on
arm 49 into engagement with lateh 11.

In the modification shown in Fig. 3 the op-
erating -lever 40 is pivoted directly upon

switch-lever 4. The handle 5 for lever 40 is

mounted upon a cross-piece on the arm 40,
and which cross-piece is provided with fin-
gers 44 and 46, projecting downwardly on op-
posite sides of the switch-lever4. Armature
6 is pivoted upon the cross-piece,and aspring
43 1s coiled around the pivot of the lever 40,

one end being secured to the switch 4 and

the other end to the lever 40. In this con-
struction when armature 6 is released spring
45 swings arm 40 on its pivot, causing finger

46 to strike the switch 4, imparting a blow |

sufficient to start the switeh from the station-
ary contact.
this form increases the effect of the blow.

In Fig. 4 I have shown the hammer-blow

device of Ifig. 3applied to bothswitch-levers,

andinthisarrangement the pin 14, with which
the latch 11 engages, is carried by the cross-

arm of the hammer-blow device 40*, and it

- will be seen that when the overload-solenoid

6o

responds to an overload-current lateh 11 will
be tripped and the projection on the cross-
piece of arm 40* will strike a blow to switch
10 and drive it from its stationary contact 33,
which in this construction is preferably ar-
ranged at the left-hand end of the switch-
lever. |

In Fig. 5 I have shown a form of hammer-
blow arm 40 like that of Fig. 3, but pivoted

The weight of armature 6 in

681,716

| switch-lever. In this arrangement the ends

of spring 7 are secured, respectively,toswitch
10 and arm 40, thus serving to operate the
three levers, as will be evident.

The features of my improved controller
have been described and .illustrated only in
connection with single-pole controllers; but
it is obvious that such features may be ap-
plied to double-pole switches by simply pro-
viding the necessary number of contacts and
properly insulating the several switch mem-
bers or by altering the form of the switeh-le-
vers, and it is evident that such a modifica-
tion is within the scope of my invention. It
will also be evident that by the application of

‘well-known methodsand means my improved

controller may be employed on circuits of
alternating currents. While the wvarious
switches are shown with the arms moving in
a- plane parallel to the base-plate 26, it will
be understood that in many cases it will be

‘desirable to have the switch-levers so mount-

ed as to move at right angles to the plane of
the base-plate. | |

I do not elaim herein the broad feature of
two switch-levers movable independently in
responding to abnormal conditions in the cir-
cuit and arranged so that the overload switeh-

lever must be closed before the underload

switch-lever is moved to its final position, as
described herein, since that feature forms the
subject-matter of my application filed March
27, 1899, Serial No. 710,726, of which the pres-

| ent application is a division.

What I elaim is— o

1. In a circuit-controller, the combination
of two independently-movable switch-levers,
an electroresponsive device for controlling
one of said levers and responding to failure or
abnormal decrease of carrent to release said
lever, means for moving said lever when re-
leaged to affect the circuit, an electrorespon-
sive device for controlling the other lever
and responding to abnormal increases of
current to release said second lever, means
for moving said lever when released to affect
the circuit, and means for imparting blows
to said switch-levers to start them when re-
leased.

2. In a circuit-controller, the combination
of two independently-movable switch-levers,
an electroresponsive device for controlling
one of said levers and responding to failure or
abnormal decrease of current to release said
lever, means for moving said lever when re-
leased to affect the circuit, a mechanical latch
for holding the other lever in its normal po-
sition, an electroresponsive device respond-
ing to abnormal increases of current to re-
lease said lever, means for moving said lever
when so released to affect the cireuif, and
means for imparting blows to said switch-le-
vers to start them when released.

3. In a circuit-controller, the combination

of two independently-movable switch-levers, -

an electroresponsive device for controlling

upon the switch-pivot instead of upon the | one of said levers and responding to failure or

75

30

35

9o

109

105

IIQ

115

120

125

130




i0

- with a movable switech member,
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abnormal decrease of current to release said
lever, means for moving said lever when re-
leased to affect the circuit, a mechanical latch
for holding the other lever in its normal po-
sition, an electroresponsive device respond-
ing to abnormal increases of current to im-
part a blow to said latch to release said lever,
means for moving said lever when so released
to affect the circuit, and means for imparting
blows to said switch- levers to start them When
released.

4. In a circuit-controller, the combination
and a sta-
tionary member with which said movable

member is designed to make heavy rubbing |

contact, of means controlled by an electro-

- responsive device for imparting a blow to

20

sald movable switch member, said electro-
responsive meansresponding to failare or ab-
normal decrease of eurrent.

5. Inacircuit-controlling rheostat,the comn-
bination with a series of contact-pieces with
which the sections of the resistance are con-
nected, and a movable arm adapted to make
contact with said series of contact-pieces and

- heavy rubbing contact with a final contact-
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piece,of meanscontrolled by an electrorespon-
sive device forim partmq a blow to said mov-
able arm.

6. In a circait-controller, the combination
with stationary switch members, of two mov-

able members independently movable, an

electroresponsive device for controlling one
of said movable members and responding to
abnormal decreases in current to release said
member, means for imparting a blow to said
member to start it when released, and means
for moving said member when so released to
affect the circuit.

7. In a circuit-controller, the combination
with stationary switech members, of two mov-
able membersindependently movable, alatch
for holding one of said members In its nor-
mal position, an electroresponsive device re-
sponding to abnormal increases in current to
effect the release of said member, an electro-
responsive device responding to abnormal de-
creases in eurrent to release the second mov-
able member, means for imparting a blow to
said second movable member to start it when
released, and means for moving sald member
when so released to affect the circuit.

8. In a circuit-controller, the combination
with stationary switch members, of two mov-
able membersindependently movable, a latch
for holding one of said members in 1ts nor-

‘mal position, an electroresponsive device re-

sponding to abnormal increases in current to
impart a blow to said latch to release said
member, an electroresponsive device respond-
ing to abnormal decreases in current to re-
lease the second movable member, means for

“imparting a blow to said second movable

member to startit when released, and means
for moving said member when so released to
affect the cn*emt

9. In a circuit-controller, the combination

| with stationary switch members, of two mov-

able members independently movable, an

electroresponsive device for controlling one
of said movable members and responding to

abnormal increases in current to effect the
release of said member, an auxiliary break
for said member, an electroresponsive device
responding to abnormal decreases in current
to release the second movable member, means
for imparting a blow to said second movable
member to start it when released, and means
for moving said member when so released to
affect the circuit.

10. In a circuit-controller, the combination
with stationary switch members, of two mov-
able members independently movable, an

electroresponsive device for controlling one

of said movable members and responding to
abnormalincreasesin current to effect the re-
lease of said member, an auxiliary break for

75

80

said member, means for adjusting said elee-

troresponsive device for different currents,
an electroresponsive device responding to
abnormal decreases in current to release the
second movable member, means for impart-
ing a blow to said second movable member to
start it when released, and means for moving
said member when so released to affect the
circuit. |

11. In a circuit -controlling rheostat, the
combination with a series of contact-pleces
with which the sections of the resistance are
connected, a movable arm adapted to make
contact with said series of contact-pieces and
heavy rubbing contact with the final contact-

piece, means controlled by an electrorespon-

sive device responding to abnormal decreases
in current for imparting a blow to said arm
means for moving said arm to its initial or

starting position after the blow is st uck, and

& smtch controlled by an electroresponswe
device responding to abnormal increases in
current to affect the circuit.

12. In a cireuit-controller, the combination
with a pivoted knife-switch lever, of switch-
contacts codperating with one end of said le-
ver, an auxiliary break codperating with the
other end of said lever, an electroresponsive
device for controlling said lever and respond-
ing to abnormal variations in current to re-
lease said lever, and means for imparting a
blow to said lever when released.

13. In a circuit-controller, the combination
with a pivoted knife- switeh lever, of switch-
contacts codoperating with one end of said le-

ver, an auxiliary break codperating with the

other end of said lever, means for holding said
lever in its normal position, an electrorespon-
sivedevice for releasing said lever, and means

for imparting a blow to said lever when re-

leased. .

14. In a cireuit-controller,the combination
with a centrally-pivoted circuit-controlling
switch-arm, stationary switch-contacts upon
opposite sides of the pivot of said arm, and
with which said arm makes contact, means
for imparting a blow to said switeh-arm, and
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an electroresponsive device for controlling |

sald means.

15. In acircuit-controller, the combination
with stationary switch-contacts, a movable
contact-arm, a slotted operating-arm.for said
movable contact-arm, the latter having a pro-
Jection working in the slot of said operating-
arm, a spring placed under tension by said
operating - arm, and whereby said arm is
caused to 1mpart a blow to said contaet-arm,
and an electroresponsive device controlling
the action of said operating-arm.

16. In acircuit-controller, the combination |

with a centrally-pivoted cireuit-controlling
switch-arm, stationary switch-contacts upon
opposite sides of the pivot of said arm and
with which said arm makes contact, a slotted
operating-arm for said switch-arm, the latter
having a projection working in the slot of
sald operating-arm, a spring placed under
tension by said operating-arm, and whereby
sald arm is caused to impart a blow to said
switch-arm, and an electroresponsive' device
controlling the action of said operating-arm.

17. In a motor-controlling switch, the com-
bination with the switch elements, of an elec-
troresponsive device responding to overloads
and arranged for connection in the armature-
circuit of a motor, a second electroresponsive
deviceresponding tounderloadsand arranged
for connection in the field-cireuit of the mo-
tor, said electroresponsive devices respond-
ing independently of each other to abnormal

- conditions to eontrol the motor-cireuit.
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18. In a motor-controlling switch, the com-
bination with the switch elements, of an elec-
troresponsive device responding to overloads

and arranged for connection in the armature-

~circuit of a motor, a second electroresponsive
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deviceresponding tounderloadsand arranged
for connection in the field-circuit of the mo-
tor, sald electroresponsive devices respond-
ing independently of each other to abnormal
conditions to control the armature-circuit of
the motor.

19. In a motor-rheostat, the combination
with the resistance and switch elements, of
an electroresponsive device responding to
overloads and arranged for connection in the
armature-circuit of a motor, a second electro-

responsive device responding to underloads

and arranged forconnection in the field-circuit
of the motor,said electroresponsive devices re-

sponding independently of each other to ab-
normal conditions tocontrol the motor-circuit.

20. In a motor-rheostat, the combination

with the resistance and switch elements, of

an electroresponsive device responding to
overloads and arranged for connection in the
armature-cireuit of a motor, a second electro-
responsive device responding to underloads
and arranged for connection in the field-eir-
cuit of the motor, said electroresponsive de-
vices responding independently of each other
to abnormal conditions to control the arma-
ture-circuit of the motor.

21. In a motor-controller, the combination

| the motor-circuit.
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of an overload-switeh, an independently-mov-
able underload-switch, two electroresponsive
devices for controlling the automatic opera-
tion of said switches and responding respee-
tively to overloads and underloads, said over-
load device being arranged for connection in
the armature-circuit of a motor and said un-
derload device being arranged for connection
in the field-circuit of the motor, and said de-
vices responding independently of each other
to abnormal conditions and whereby either
switeh 18 caused to affect the motor-circuit.
22. In a motor-controller, the combination
of an overload-switch, an independently-mov-

| able underload-switeh, two electroresponsive

devices for controlling the automatic opera-
tion of said switches and responding respec-
tively to overloads and underloads, said over-
load device and both switches being arranged
for connection in series in the armature-cir-
cuit of a motor, and said underload device

being arranged for connection in series with

both switches and said overload device in the
field-circuit of the motor, and said devices re-
sponding independently of each other to ab-
normal conditions and whereby either switch
Is caused to affect the motor-circuit. -

23. In a motor-rheostat, the combination of
the resistance and its switeh, an independ-
ently-movable switch, an electroresponsive
device responding to underloads for control-
ling the automatic operation of said resist-
ance-switch, an electroresponsive device re-
sponding to overloads for controlling the au-
tomatic operation of the other switch, said
underload device being arranged for connec-
tion 1n the field-circeuit of a motor, and said
overload deviee being arranged for connec-
tion in the armature-circuit of the motor, and
sald devices responding independently of
each other to abnormal conditions and where-
by either switch is caused to affect the motor-
circuit. | |

24. In a motor-rheostat, the combination of
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the resistance and its switch, an independ-

ently-movable switch, an electroresponsive
device responding to underloads for control-
ling the automatic operation of said resist-
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ance-switeh, an electroresponsive device re-

sponding to overloads for controlling the au-

tomatic operation of the other switeh, said

underload device being arranged for connec-
tion in series with the overload device, both
switches and the resistance in the field-eir-
cuitof the motor, and said overload device be-
ing arranged for connection in series with

both switches in the armature-circuit of the

motor and said devices responding independ-
ently of each other to abnormal conditions
and whereby either switeh

Thisspecification signed and witnessed this
od day of April, 1901. |
II. WARD LEONARD.
Witnesses: |
WILLIAM PELZER,
JNO. R. TAYLOR.
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is caused to affect
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