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UNITED STATES

Patent OFFICE.

HARRY WARD LEONARD, OF EAST ORANGHE, NEW JERSEY.

RHEOSTAT AND CIRCUIT-CONTROLLER.

SPECIFICATION forming part of Letters Patent No. 585,444, dated J une 29, 1897.
Application filed November 24, 1396, Serial No. 613,242, (No model))

To all whom & may conceri:

Be it known that I, ITTARRY WARD LEOX-
ARD, a ecitizen of the United States, residing
at East Orange, in the county of Issex and
State of New Jersey, have invented certain
new and useful Improvements in Rheostats
and Cirenit-Controllers, of which the follow-
ing is a specification. )

My invention relates to rheostats, and par-
ticularly to motor-starting rheostats having
means for antomatically protecting the motor
against excessive current under certain con-
ditions. In such apparatus it has been cus-
tomary to employ a controlling-electromag-
net for locking the contact-lever of the theo-

stat in position when all of the resistance has |

Dbeen eut out of circuit, which magnet upon
a decrease or failure of the current on the
line would release the contact-lever and al-
low the same to return automatieally to its
starting position. Many devices of this gen-
eral character have been heretofore proposed
and put into use, and in most of these de-
vices it has been usual to place the control-
ling-electromagnet in series with the field-
winding of a shunt-wound motor; but there
are many objections to this arrangement, both
as regards manufacture and use.

It is well known that the amperes passing
through the field-magnet of a shunt-wound
motor vary greatly with motors of different
size and make. Even with motors of the
same make there is no definite relation be-
{ween the field-current and the armature-
current. It will be understood that the am-
pere-turns required for a certain field can
be obtained with comparatively few turns
and comparatively large amperes or with a
comparatively large number of turns and
small amperes. Hence itis frequently found
in practice that a motor of comparatively
emall horse-power will require a larger field-
current than that required for the field of a
motor of the same voltage but of many times
larger horse-power. Stating this in another
way, motors of the same horse-power and vol-
tage, but of different malke, will require field-
eurrents varying widely, even as much as six
toone. Furthermore, motors are frequently

wound with both a shunt and a series wind-
ing, in which case the shunt-winding will

have a different number of amperes from
that which it would require were there no se-
ries winding. It will be evident, therefore,
that if in the manufacture of rheostats pro-
vided with automatic controlling - magnets
only the horse-power and voltage of the mo-
tor be taken into consideration the action of
the controlling-magnet would be dependent
upon a field-current of indefinite amount.
Thus if such a rheostat—say one designed for
a five-horse-power two-hundred-and-twenty-
volt motor—Dbe employed with a motor of that
capacity, but requiring 1.5 amperes in its
shunt field-circuit, the action of the control-
ling-magnet in that case would be materially
Aifferent from the action of the same magnet
were it used with a similar motor requiring
bub .5 of an ampere. In the first case the
ampere-turns would be three times that of
the second case, and the watts developed in
the magnet of the first case wonld be nine
times as much as in the magnet of the second
case. If the controlling-magnet of the rheo-
stat be suitable for the motor requiring .5 of
an ampere, the result would be that the mag-
net would become excessively hot if used with
the motor requiring 1.5 amperes, and the com-
paratively high resistance of the magnet-
winding in series with the com paratively low
resistance-field of the motor requiring 1.5 am-
peres would weaken the field of that motor,
and hence the speed of its armature would
vary from its rated speed and the tendency
to spark at the motor-brushes would be in-
creased. If the magnet were designed for
the motor requiring 1.5 amperes and used
with the other motor, it would have insuffi-
cient ampere-turns, and hence would not re-
liably hold the rheostat-lever. Another ob-
jection to this style of rheostat is that it can-
‘10t be used with a series motor on a constant
electromotive-force cireunit, as such a motor
would have no shunt field-winding.

Ttis of the greatest importance to the manu-
facturer of rheostats and to the manufac-
turer of motors (as a general rule two differ-
ent and independent manufacturers) that any
rheostat designed for a continnous - current
motor of a given horse-power and voltage—
for instance, five-horse power and two hun-
dred and twenty volts—shall be suitable for
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use with any five-horse-power motoron a two-
hundred -and - twenty - volt circuit, whether
it be a shunt, compound, or series wound
motor and entirely regardless of its field-
winding.. When that is accomplished, rheo-
stats can be manufacturedin quantities and
carried in stock without the necessity of mak-
ing special parts to suit the varying condi-
tions. One feature of my invention accom-
plishes this object. I provide an electro-re-
sponsive controlling device, such as a mag-
net, which in practice is connected directly
across the terminals of the armature of a mo-
tor or other translating device to lock a cir-
cuit-controller, which may be either a switch
or a rheostat contact-lever. The magnet is
wound for a given voltage, and its action will
always be dependent upon the electromotive
force upon the terminals of the motor or other
translating device. In practice there are
three voltages commonly in use, the most
common being two hundred and twenty volts,
such as is met with upon the outside wires of
the Edison three-wire system, the second be-
ing about five hundred volts, which is fre-
quently used from railway-cireuits and spe-
cial circuits for power uses,and the third about
one hundred and ten volts, which is the vol-
tage of the ordinary two-wire continuous-cup-
rent incandescent-lighting plants. Thuas I
am enabled to greatly reduce the number of
kinds of magnets to be mannfactured for use
with rheostats of the character described, and
three standard sizes only need be manu-
factured in quantities for stock burposes for

the voltages above stated, thus greatly sim-

plifying the process and cost of manufacture
and also simplifying the handling and broad-
ening the field of use of such rheostats, By
placing the controlling-magnet across the ar-
mature-terminals of a motor the magnet is
not subject to the injurious effects which
would result from the discharge of the field-
magnet coils upon the opening of the arma-
ture-circuit, as would be the case were the
magnet connected across the line as a shunt
to the field of the motor.

A further feature of my invention is the
employment of a winding for the controllin g-
magnet made of a metal wire whose material
has a very high specific resistance Or resis-
tivity. Ieretofore in winding magnets for
uses similar to this it has been customary to
wind them with copper wire, 8o as to secure
the greatest number of am pere-turns possible
with a certain resistance; but to make a mag-
netwound with copper wireso as to go directly
across five hundred volts would be very ex-
pensive and the magnet would be very large
and cumbrous. It must be borne in mind
that to be commercially practicable the mag-
net must be quite small. This means that it
must have but a few watts to dissipate or it
will get so hot as to destroy itself. Also it
mustbecheap. IhavefoundthatTecan secure
an extremely economical result by winding

the magnet, not with copper, as heretofore
customary, but with a wire hayin ¢ the high-
est possible ohms per foot.

To secure the high ohms per foot, T use a
material of the highest commerciall y-obtain-
able specific resistance and use a wive of the
finest size consistent with cost and handling.
In practice I use a wire whose specific resist-
ance is more than fifty times that of copper
and have it drawn down to a size of four
mills—thatis, .004inch. This wire measures
more than thirty ohmsper foot. I take amag-
net-core about one-fourth inch in diameter
and about one and one-quarter inches long
and wind upon it about four thousand turns
of this wire to make a magnet suitable to use
upon two-hundred-and-twenty-volt cireuits.
The resistance of this winding is about ten
thousand ohms, the watts developed will he
about five, and the ampere - turns about
ninety. This magnet is very small and can
be conveniently placed upon a rheostat of
even the smallest size used in practice, and
thecost of manufactureis quite lowin view of
the features above pointed out.

A further feature of my invention is the
employment of separate means for opening
the shunt-circuit in which the controlling-
magnet is placed upon an abnormal increase
of energy in the motor-circuit. This object
may be accomplished by placing a switch in
the shunt-circuit of the controlling-magnet,
which is normally held closed and which may
be opened under abnormal conditions either
by a magnet or a thermostat or an equiva-
lent device placed in series with the arma-
ture. When a magnet is employed for this
purpose, it is wound with wire having the
highest possible conductivity.

A further feature of my invention is the
employment of a snap cut-out switeh for con-
trolling the armature-cireuit. A locking or
controlling magnetis provided forthis switeh,
which releases the switeh upon the develop-
ment of abnormal conditions in the cireuit
and allows the switch to automatically open
the armature-cirenit. With such an arrange-
ment the rheostat contact-lever is not prefer-
ably provided with a spring for restoring it
to starting position, as heretofore, and I can
therefore considerably increase the degree of
frictional engagement between the contact
lever and plates, thus producing better elec-
trical connectionsand preventing the heating
thereat. This arran gement results in an
efficient apparatus for large motors requiring
heavy currents. To further reduce heating
at contact-points, the cut-out switch has two
contact-plates bridged Dy the switeh-Dlade,
one of which plates is connected to the line
and the other to a rheostat-piate. With this
arrangement no current is carried through
the pivots of the switch and rheostat contact-
lever, thus avoiding heating at those points;

and to prevent heating at the final contact of
the rheostat I provide the rheostat contact-

70

8o

83

90

95

100

15

I10

120

125

130




10

5

20

25

30

~ 35

40

585,444 3

lever with a switch-blade which bridges two
sets of contact-plates to ghort-circuit the rheo-
stat-contacts. ‘

My invention is illustrated in the accom-
panying drawings, in which—

Figure 1 is a diagram illustrating a shunt-
wound motor operated from a constant elec-
tromotive-force circuit and provided with a
controlling-magnet connected across the ter-

minals of the motor, the main ¢ircuit to the

motor being controlled by a main-line switch.
Fig, 2 illustrates a similar arrangement with
the addition of a thermostatic cireuit-con-
troller in series with the motor-armature for
opening the circuit of the controlling-magnet
upon an abnormal increase in the current
through the motor-armature. TFig. 3is an ar-
rangement similar to Tig. 2, but illustrating
the use of a magnet in place of the thermo-
stat, and Fig. 4 shows the arrangement of
Tig. 2 embodied in a rheostat having a sepa-
rate switch-lever for controlling the arma-
ture-cireuit and a device for short-cireniting
the rheostat-contacts when the resistance is
entirely eut out of circuit.

Referring to Fig. 1 of the drawings, A in-
dicates the generator supplying curre nt to the
line 1 2, and S is a double-pole main-line
switch. From the main-line switeh extend
the conductors 3 4, across which the field-
magnet B of the motor is connected in shunt
relation to its armature C, which is connected
in series with the resistance R of the rheostat.
The controlling-magnet D for the contact-
lever of the rheostat is connected in a shunt
5 6 across the armature-terminals of the mo-
tor. From this illustration it will be seen
that any decrease in the electromotive force
upon the armature-terminals of the motor be-
low the normal electromotive force for which
the motor is designed and for which the eon-

~ trolling-magnet is wound will immediately
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decrease the magnetism of the controlling-
magnet, and any very great decrease below
its normal magnetism will cause the magnet-
ism to become insufficient to hold the contact-
lever R’ of the rheostat against the pull of its
spring 7, whereupon the spring will return the
contact-lever to the starting position. In
practice I construct the first contact-plate of
the rheostat with a lug 7/, against which the
contact-lever will strike, because I prefer not
to open the armature-cireuit, the resistance
inserted, however, being sufficient to protect
the armature from excessive current. Bythis
arrangement of connections I prevent any in-
jurious effects which would result upon the
opening of the armature-circeuit, although I
may, when desired, open the armature-cireuit
without detrimental results to the control-
ling-magnet, since it is protected by reason of
its being connected so as to be free from the
discharge of the field-coils, as before stated.
Furthermore, all sparking at the rheostat due
to opening the armature-cireuit is avoided.

In Fig. 2 the rheostat-contacts and contact-
lever with its controlling-magnet are mount-

ed upon arheostat-plate R?, which is provided
with a set of binding-posts a, b, ¢, d, and e.
The circuit-wires 3 4 from the main-line
switeh are connected to the binding-posts &
and e, respectively. The field of the motoris
connected between the binding-posts and c.
The resistance of the rheostat is connected
between the binding-posts a and b, and the
armature is connected between the binding-
posts b and ¢, the armabuare being connected
in series with the resistance of the rheostat
between the posts @ and ¢.  The controlling-
magnet D is connected in a shunt-circuit
across the terminals of the motor-armature at
binding-posts b and ¢, the connection being
from the post b by wire through the magnet
and wire 6 to contact 7, the thermostat T and
wire 8 to the post c. The field and armature
circuits arve connected with the main-line wire
4 from the binding-post ¢, through the wire
8, thermostat T, to binding-post e. .The op-
eration of the controlling-magnet D is the
game as with the arrangement indicated in

Tig. 1, except that its shunt-circuit is de-

signed to be opened by the thermostat T by
reason of an increase in temperature, dune
either to the heating of the conductors upon
an abnormal increase of energy in the arma-
ture-circuit or to the abnormal heating of the
rheostat-plate, or both.

In motor-starting rheostats the resistance is
not designed to be kept in circuit for any
length of time, as in the case of speed-regu-
lating rheostats, and henee it becomes desir-
able to provide some means which will pre-
vent injury to the starting-rheostat should
the contact-lever be held at intermediate po-
sitions, leaving resistance in circuit unneces-
sarily and an andesirable length of time.
This objection is obviated by the use of the
thermostatic controller T, which will auto-
matically open the circuit when the rheostat
becomes excessively heated from the cause
stated.

The arrangement and connections of Fig. 3
are identical with those of Tig. 2, with the
exceplion of the substitution of the magnet K
for the thermostat T. This magnet controls
a switeh E' in the shunt-circuit 5 6 7 8, and
which is normally held closed by the spring «.
Magnet E is connected between binding-posts
d-and e, thus placing it between the mobor-
circuit and the main-line conductor 4, This
magnet is wound with a wire of the highest
possible conductivity—sueh, for instance, as
copper—so as to obtain the cheapest and most
compact and economical form of magnet for
the purpose required, and this magnet is de-
signed to operate so as to open the switeh E'
only upon an abnormal increase of current
through the motor-armature.

In the ordinary form of rheostat the current
passes through the contact-lever, and where
an automatic device of the general character
herein deseribed is employed for restoring the
rheostat to starting position the contact-lever
must have alight frictional engagement with

70

75

8o

85

[e]¢]

95

100

105

110

115

120

125




IO

I35

20

25

30

35

40

45

.50

55

6o

65

4 585,444

the rheostat-contacts in order to avoid the
sticking of the contact-lever through friction
and insure its relurn when the automatic de-
vice operates. WWith heavy currents, such as
required for large motors, the contact-lever
must bein heavy frictional en gagement with
the rheostat-contacts, so as to prevent heat-
ing at the contacts, especially in the case of
speed-regulators, where the contact-lever is
kept at intermediate positions for long pe-
riods; but since the degree of friction neces-
sary to give proper contact will necessitate a
very strong spring-to throw the contact-lever
to starting position with any degree of cer-
tainty the apparatus becomes objectionable
on account of the force required to move the
contact-lever over the contacts, With large
motors a serious objection against moving the
contact-lever backward, so as to insert resist-
ance, is that this causes detrim ental sparking
between the contact-lever and the rheostat-
contacts. This sparking results in such an
increased friction that the spring will fre-
quently fail to move the lever to the starting
position against the increased friction, and
consequently the automatic controlling de-
vices will fail to perform their function. To
obviate these difficulties, I employ the ar-
rangement of Fig. 4. In that arrangement;
show a separate switch, preferably a knife-
switeh, for the motor - eireuit and another
knife-switch for short—circuiting the contact

between the rheostat-lever and the contact-.
all cut out of

plates when the resistance is
circuit. In this way I avoid the necessity of
conducting the current through the swifch-
Divot, and the frictional engagement between
the rheostat contact-lever and the contact-
plates may be of any desired degree, and by
short-cireuiting the contacts at the final posi-
tion of the contact-lever by means of a knife-
switch all undue heating is avoided.
Referring to Fig. 4, the vheostat contact-
lever R’ is designed in its movement to the
left o close the knife-switeh S', which bridges
the contact-plates s s’ and closes the cireuit
9 10 from the binding-post a to the contact-
plate 7% with which the contact-lever R’ makes
contact in moving over the contact-plates.
The closing of switeh S’ establishes a circuit
as follows: from line 3 and binding-post ¢ by
wire 9 to plate s, switch-blade S to plate s',
wire 10 to contact-plate 12, contact-arm R/ to
the rheostat contact-plates, and through the
resistance and wire 11 to binding-posth. The
armature C is connected between the bind-
ing-posts b and ¢, and the circuit from the
binding-post ¢ to binding-post ¢ and line-wire
4 is through the magnet E. Thus it will bhe
seen that no current passes through a switch-
pivot in reaching the armature. In this ar
rangement the controlling-magnet D is con-
nected between the pivot of switch 8’ and the
binding-post ¢, so that the magnet D becomes
energized as soon as the switch S’ is closed,
even thongh the armature-cirenit should be
openor contain a high resistance. VWhen the

contact-lever R’ reaches its final position, the
knife-switch S2, carried thereby, bridges the
contacts s® st which are connected witl the
contact - plates 72 and 73, respectively, and
hence the circuit to the armature C is from
wire 10 by way of plate #2 to plate s knife-
switeh S?to plate s, to contact 7%, and wire 11
to post 0. Thus it will be seen that when the
rheostat-lever reaches its final position and
the armature Cig receiving its full current the
circuit thereto will be throu ghdirect wire con-
nections and knife-switches‘ma‘king heavy
frictional contact, and thus all heating at con-
tact-pointsisavoided. Theactions of the con-
trolling-magnets D and E are the same as with
the arrangements already described and need
no further description. When the current to
magnet D fails, due to any cause, the spring
s* will pull the knife-switeh S’ with a quick
Snap against the stop s% and open the arma-
ture-circuit, which cannot be reéstablished
until the contact-lever R’ is brought back to
its starting position, which movement, as be-
fore explained, moves the switch 8’ to the po-

sitionindicated. With this arrangement the
Iever R’ does not require a spring, as hereto-

fore, and hence the degree of friction between
it-and the contacts may be considerably in-
creased, although a spring may be employed
with starting-rheostats, if desired, to guard
against leaving the contact-lever at interme-
diate positions,

While I have shown and deseribed my ar-
rangement of electroresponsive devices as
applied to rheostats, it will be understood
that such arrangement may be applied to au-
tomatic switches as vwell, Furthermore, it
will be understood that rheostats or switches
provided with my improved controlling de-
vices may be employed in handling all forms
of translating devices, both on continuous
and alternating current systems.

What I claim is—

1. The combination, in an automatic ecir-
cuit-controller, of an electroresponsive device
connected across the terminals of g, translat-
ing device so as to be su bjected to the same
electromotive force as the translating device,
a circuit-controller held by said device in a
definite position undernormal conditionsand
which device releases said controller when
the electromotive force at the terminals of
the translating deviee is abnormally low,
means for effecting the release of said con-
troller when the current through the trans-
lating device is abnormally large, and means
for operating said controller when soreleased
to prevent or reduce the flow of current
through the translating device, substantially
as set forth.

2. The combination, in an automatic cir-
cuit-controller, of an electroresponsive device
conneoted across the terminals of 4 translat-
ing device 50 as to be subjected to the same
electromotive force as the translating device,

a circuit-controller held by said device in a
definite position undernormal conditions and
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which device releases said controller when

the electromotive force at the terminals of
the translating device is abnormally low, a
device in series with the translating device
for effecting the release of said controller
when the current through the translating de-
vice is abnormally large, and means for op-
erating said controller when so released to
prevent or reduce the flow of current through
the translating device, substantially as set
forth.

3. The combination, in an automatic eir-
cuit-controller, of an eleetrorespousive de-
vice, a circuit-controller held by said device
in a definite position undér normal conditions
and which device releases said controller un-
der abnormal conditions, said device having
a high-resistance winding composed of a ma-
terial having high resistivity, an electrore-
sponsive device for effecting the release of
said controller when the current through a
translating device becomes abnormally large,
said latter device having a low-resistance
winding, and means for operating said con-
troller when so released to prevent or reduce
the flow of current through the translating
device, substantially as set forth.

4. The combination, in an automatic cir-
cuit - controller, of an electroresponsive de-
vice, a circuit-controller which in opening
the cireuit first inserts a resistance and then
opens the circuit, said controller being held
by said device in a definite position under
normal conditions and which device releases
said controller under abnormal conditions,
said device having a high-resistance winding
composed of a material having high resistiv-
ity, an electroresponsive device for causing
the release of the controller when the current
through a translating device becomes abnor-
mally large, said latter device having a low-
resistance winding, and means for operating
said controller when released toopen the eir-
cuit to a translating device, substantially as
set forth,

5. Ina rheostat, the combination with a cir-
cuit-controller, of an electroresponsive device
connected across the terminals of a translat-
ing device 80 as to be subjected to the same
electromotive force as the translating device
and which holds said controller in a definite
position under normal conditions and releases
it when the electromotive force at the termi-
nals of the translating device is abnormally
low, means for effecting the release of said
controller when the current throngh the trans-
lating device is abnormally large, and means
for automatically operating said controller
when so released to prevent or reduce the flow
of current through the translating device,
substantially as set forth.

6. In a rheostat, the combination with a cir-
cuit-controller, of an electromagnet connected
across the terminals of a translating device
g0 as to be subjected to the same electromo-
tive force as the translating deviceand whieh

holds said controller inadefinite position un-
der normal conditions and releases it when
the electromotive force at the terminals of
the translating device is abnormally low,
means for effecting the release of said con-
troller when the current through the trans-
lating device is abnormally large, and means
for automatically operating said controller
when so released to prevent or reduce the flow
of current through the translating device,
substantially as set forth.

7. In a rheostat, the combination withacir-
cuit-controller,of an electromagnet connected
across the terminals of a translating device
o0 as to be subjected to the same electromo-
tive force as the translating device and which
holds said controller in a definite position un-
der normal conditions and releases it when
the electromotive force at the terminals of
the translating device is abnormally low, an
electromagnet foreffecting the release of said
controller when the current through the trans-
lating device is abnormally large, and means
for automatically operating said controller
when so released to preventorreduce the flow
of current through the translating device,
substantially as set forth.

8. Tn a rheostat,the combination with a cir-
cuit-controller, of an electroresponsive device
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having a high-resistance winding composed .

of a material having high resistivity and con-
nected across the terminals of a translating
device so as to be subjected to the same elec-
tromotive force as the translating device and
which holds said controller in a definite posi-
tion under normal conditions and releases it
when the electromotive force at the terminals
of the translating device is abnormally low,
means for effecting the release of said con-
troller when the current through the trans-
lating device is abnormally large, and means
for automatically operating said controller
when so released to prevent or reduce the flow
of current through the translating device,
substantially as set forth. :
9. Inarheostat, the combination witha cir-
cuit-controller, of an electroresponsive device
having a high-resistance winding composed
of a material having high resistivity and con-
nected across the terminals of a translating
device so as to be subjected to the same elec-
tromotive force as the translating device and
which holds said controller in a definite posi-
tion under normal conditions and releases it
when the electromotive force at the terminals
of the translating device is abnormally low,
an electroresponsive device having a low-re-
sistance winding and connected soas to offect
the release of said controller when the cur-
rent through the translating device is abnor-
mally large, and means for automatically op-
erating said controller when so released to
prevent or reduce the flow of current through
the translating device, substantially as set
forth. .

10. In a rheostat, the combination of arheo-
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stat contact-lever for varying the resistance
in eireuit, a switch-lever for controlling the
circuit to the rheostat, an electroresponsive
device connected across the terminals of a
translating device for holdin g said switch in
its closed position under normal conditions
and which releases the switch under abnor-
mal conditions, and means for automatically
opening said switch when so released to pre-
vent the flow of current to the translating de-
vice, substantially as set forth.

11. In arheostat, the combination of a rheo-
stat contact-lever for varying the resistance
in eireuit, a knife-switch for controlling the
cireuit to a translating device, an electrore-
sponsive device connected across the termi-
nals of the translating device for holding said
switchinits closed position under normal con-
ditions and which releases the switeh under
abnormal conditions, and a spring for open-
ing said switech when so released to prevent
the flow of current to the translating device,
substantially as set forth.

12. Inarheostat, the combination with the
rheostat contact-lever and the resistance con-
tact-plates, of a switeh for controlling the cir-
cuit to a translating device, means for hold-
ing said switeh closed under normal condi-
tions and which releases said switeh under
abnormal conditions, means for opening said
switeh when so released, and means carried
by the rheostat contact-lever for short-cir-
cuiting the rheostat-contacts when all the re-
sistance is cut out of circuit, whereby the
heating of the contact-lever and contact-
plates is prevented, substantially as set forth.

13. In arheostat, the combination with the
rheostat contact-lever and the resistance con-
tact-plates, of a switeh for controlling the cip-
cuit to a translating device, means for hold-
ing said switch closed under normal condi-
tions and which releases said switch when the
electromotive force at the terminals of the
translating device becomes abnormally low,
separate means for causing the release of said
switeh when the current becomes abnormally
large, means for openin g said switch when so
released, and means carried by the rheostat
contact-lever for short-circuiting the rheo-
stat-contacts when all the resistance is cut out
of eircuit, whereby the heating of the contact-
lever and contact-plates is prevented, sub-
stantially as set forth.

14. The combination with a constant elec-
tromotive-force cireunit, of a motor connected
therewith through a line-switch, a rheostat
having a contact-lever for varying the resist-
ance in cirenit, a second contact-lever, an
electroresponsive device connected across the

armature-terminals of the motor so as to be
subjected to the same electromotive force as
the armature and adapted under normal con-
ditions to hold the last-named contact-lever
in a definite position, and means for operat-
ing said lever when released by said

deviece

under abnormal conditions, substantially as
set forth.

15. The combination with a constant elec-
tromotive-foree circuit, of a motor having a
shunt-field winding, a rheostat connected
therewithsoastoformaclosed circuit through
the field and armature windin gs, and having
a contact-lever for varying the resistance in
cireuit, a magnet connected across the arma-
ture-terminals of the motor and adapted un-
der normal conditions to hold the contact-
lever of the rheostat in a definite position,
means for returning the contact-lever to its
starting position when released by said mag-
net under abnormal conditions, and a device
for opening the magnet-cireuit when the cur-
rent through the motor-armature becomes ab-
normally large, substantially as set forth,

16. The combination with a cireuit-con-
troller, of means for holding said controller
in a definite position under normal conditions
and which releases said controller when the
electromotive force at the terminals of a trans-
lating device becomes abriorm ally low and in-
dependently of the current through the trans-
lating device, means for effecting the release
of said controller when the current through
the translating device becomes abnormally
large and independently of the electromotive
force at the terminals of the translating de-
vice, and means for operating the controller
when so released to prevent or reduce the
flow of current, substantially as set forth.

17. The combination in a cireuit-con troller,

of an electroresponsive device connected

across the circuit and arranged to hold the
cireuit-controller in its closed position, and
means for opening the cireuit of said device
to effect therelease of said circuit-controller,
substantially as set forth.

18. An clectromagnet in multiple are with
a translating device across a constant elec-
tromotive force and a second electromagnet
in series with the said translating device, the
said second magnet causing the demagnetiza-
tion of the first magnet whenever the current
through the translating device exceeds a pre-
determined maximum, substantially as set
forth.

19. An electroresponsive device in multi-
ple arc with a translatin g device across a con-
stant electromotive force and a second elec-
troresponsive device in series with the said
translating device, the said second electro-
responsive device causing the demagnetiza-
tion of the first electroresponsive device when-
ever the current through the translating de-
vice exceeds a predetermined maximu m, sub-
stantially as set forth.

Thisspecification signed and witnessed this
23d day of November, 1896.

HARRY WARD LEONARD.

Witnesses:

LEUGENE CONRAN,
. PELZER.
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