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To all whom It may concern.:

Be it knownthat I, DAvID J. CARTWRIGHT,
of Boston, in the county of Suffolk and State
of Massachusetts, have invented a new and
s useful Improvement in Electrical Protectors,
of which the following, taken in connection
with the accompanying drawings, 1s a speci-
flcation. A -
- This invention relates to that class of elec-
ro tromagnetic cut-outs in which there are two
armatures, one of which is attracted by the

offect of any increase of current beyond that

which the protected device or devices can
bear without injury and acts when attracted

rg to shunt the eurrent through the core of an

operating-electromagnet, and the other arma-
ture is attracted by a stronger current and
acts when attracted to establish connection
with a shuntcontaining a resistance, thus ob-

20 taining a protecting device which will be suf-

ficiently sengitive to take care of compara-
tively feeble abnormal currents—as, for ex-
ample, those known as ‘‘sneak-currents”—
and which will also be able to earry much
ury and with-
out opening the normal circuit. |

- The object of this invention is an increase
of the efficiency and durability of this class
of electromagnetic cut-outs and to obtain sim-

30 plicity of construction with diminished cost,

and also the production of an instrument

which will be an efficient protector against al-

ternating as well as continuous currents.
These results are accomplished by the device

3¢ illustrated in the accompanying drawings,

in which— -

Figare 1 is a front view of the protector.

I'ig. 2 is & side view of the same. Iig. 3 isa
diagrammatic view of the protector, showing
IFig. 4 is a sectional view of
the core of the electromagnet. Fig. 5 1S a
sectional view of the tubular metallic resist-
ance. IMig. 61is a sectional view of another
- form of resistance in which a metallie tube 18

45 filled with compacted hard carbon. Fig. 71s

~another view of this device, a part of the

metal being broken away. Fig. 3 1s a per-

spective view of the pole-piece. |
Referring to the drawings, 1 is the base-

co plate, made of some suitable insulating ma-

when the protector is fixed in position for use,
stands in a vertical position. |

2 is the electromagnet fixed to the base-
plate and parallel to the same, and for the in-

struments which are intended to be used for

protecting fire-alarms or police-telegraph cir-
cuits is preferably wound with No. 13 insu-
lated copper wire; but the size of the magnet,
the size of the wire, and the number of layers
and turns on the helix can be varied accord-
ing to the purpose for which the protector is
used. |

3 is a standard of metal secured to the base-
plate, and 4 is an armature attached to the
end of a lever 5, pivoted to this standard.
The other arm of the lever carries an adjust-
able weight 6 and balances the armature 4,
the position of this weight determining the
sensitiveness of the armature to the current
passing through the electromagnet 2. Asuit-
able check-nut 7 secures the weight in posi-
tion at any adjustment.

One terminal of the instrument to be pro-
tected is electrically connected to the stand-
ard 3 by the binding-post 8 or in any other

suitable manner, and to the binding-post or

to any other part of the standard 8 is con-
nected one of the terminals of the helix of
the electromagnet 2. The other terminal of
this helix is electrically connected to a me-
tallic plate 9, secured to the base-plate near
the standard 3, but separated therefrom, and
this plate is connected to the line. Suitable

binding-posts are preferably used for making

these connections, the connection with the
line being preferably made by the binding-
post. - |

To prevent the current from breaking
through the coil and passing to the core be-
fore passing through the helix, the terminal
of the outer layer of the helix is connected to
the line and the terminal of the inner layer
of the helix is connected to the standard, thus
interposing the resistance of the several lay-
ers and enabling the counter electromotive
force produced in the helix by the alternations
of the current to act as a force counteracting
any tendency of the increased current to
break through the insulation of the coils to
the core. Opposite to the other end of the

terial, preferably slate, and which base-plate, | electromagnet 2 1s another metallic standard
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10, to which is pivoted the lever 11, one arm
of which carries the armature 12 and the other
arm the adjustable weight 13 and its suitable
check-nut. The armature 12 is heavier than
the armature 4, and for that reason and by
the adjustment of the weight 13 the currents
which will magnetize the electromagnet suf-
ficiently to attract the armature 12 must be
stronger than those which produce sufficient
magnetism in the electromagnet to attract
thearmature4. A metallic plate on the base-
plate is attached to the standard at right an-
gles thereto. The ratio between the respec-
tive weights and adjustments of the two ar-
matures will be dependent upon the strength
of the currents which the protected devices
can bear, the power of the electromagnet, the
resistance of the shunt, and the strength of
the current which the electromagnet of the
protector is intended to bear without undue
heating, but it must be such that the arma-
ture 4 will respond to any current of greater
strength than the protected device will bear
and that the armature 12 will not respond to
any currentwhich is not strong enough when
divided between the resistance in the shunt
and the helix of the electromagnet to main-
taln the armatures in contact with the poles
of the electromagnet.

A suitable set-screw 14 and 15 or other
sultable device is placed in each standard for
the purpose of determining the extent of the
movement of the armature-lever pivoted on
cach standard, and these set-screws may he
provided with check-nuts.

In the instrument as constructed for fire-
alarm circuits the lighter armature is at-
tracted by currents of one-fifth of one ampere
over thenormalcurrent, and when the heavier
armature 1s attracted by a current of greater

strength the protector will carry a current of

twenty-five amperes for any length of time
without unduly heating the magnet or the
resistance in the shunt. These limits are
amply sufficient for practical purposes, as ab-
normal currents entering the line rarely ex-
ceed fifteen amperes, and a safety-fuse will
be placed inthe circuit for protection against
abnormal currents of greater strength than
twenty-five amperes.

Should the safety-fuse be inoperative at
the strenght of current for which it is in-
tended, the shunting out of the resistance of
he protected deviee by the operation of the
protector will Increase the strength of the cur-
rent through the safety-fuse, so that the lat-
ter will be more likely to become operative,
and thus protect the building to which the
core 1s connected from overheated wires, the
fuse being always placed at the entrance of
the line to the building.

The resistance that is interposed between
the metallic plate 9 and the metallic exten-
ston 16 of the standard 10in electromagnetic
cut-outs ol this class has been a rod of hard
carbon, and this material has Deen used for
the reason that the resistance of carbon di-

—

minishes as its temperature increases, and
consequently the amount of current which
will pass to the ground through the shunt
formed by this carbon rod and the larger ar-
mature when this armature is attracted will

1mcrease as the current increases, and there-

fore even with a very strong abnormal cur-
rent there will be butlittle possibility of such
an amount of cwrrent passing through the
colls of the electromagnet as will unduly heat
them; but this diminution of the resistance
of the carbon rod caused by its inecreased
temperature may cause the diversion from
the coils of the electromaenect of such an
amount of current that both armatures will
fall back with the consequent reéstablish-
ment of the cireuit through the instruments
whiech 1t 1s desived to protect or that the ar-
matures will vibrate or ““chatter,” and, more-
over, unless the heavier armature and the op-
posite end of the core or pole-picce arve pro-
vided with contacts of a hardly-fusible con-
ducting material, preferably havd carbon,
these parts may become welded together hy
the heat produced by the increased cuarrent
and which the diminished resistance of the
carbon rod permits to pass through the parts
to the ground. In addition the use of a rod
of hard carbon is objectionable,for the reason
that this material is brittle, and therefore the
carbon rod is liable to accidental fracture
and also to fracture due to the rapid contrac-
tion and expansion of the carbon rod caused
by the heating effect of a strong abnormal
current, and as this fracture may take place
within the sockets in which the ends of the
carbon rod are inserted it may escape notice,
so that an instrument though valucless as a
protector will be placed In position for use
or will become valueless in service.

For the reason that the value of an elec-
trical protector depends upon its reliability
and absolute certainty of efficient operation

when subjected to the action of a current

dangerous to the instruments to be protected
a protecting deviece 1s of little value, which
though apparently perfectis liable to contain
a defeet which renders it useless.

Most metals inerease in resistance in pro-
portion to their temperature. They are in
general not easily frangible, and therefore in
order to avoid the possibility of the diversion
from the electromagnet as the current in-
creases of an undue proportion of the current,
with a consequent wealkening of the attract-
ing power of the electromagnet, to prevent
the undue production of heat at the contact
of the heavier armature with the core or pole-
piece, and to insure the production of an in-
strument which, having been found perfect
after manufacture, can be so furnished with
absolute certainty and can bhe depended upon
when placed in position for use I place a re-
sistance of copper or any other metal whose
resistance increases as its temperature in-
creases between the extension 16 and the

| plate 9, and for the purpose of increasing the
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radiating-surface of this resistance and pre- |

venting it from becoming so much heated by
the current that owing to its increased re-
sistance such an amount of the current will
pass through the coils as to heat them to such
an extent as to impair their insulation or oth-
erwise injure them I prefer that this resist-
ance should be a tube, and in order that the
tube may be further cooled by currents of air
passing through the same I also prefer that
the tube should be open at both ends. This
tube is preferably made of copper as a suit-
able material and is shown at 17. 1t 1s suit-
ably secured between the plate 9 and the ex-
tension 16—as, for example, by insertion of
its ends in suitable sockets in the plate and
extension, respectively. B
In electrical protectors of this class the cir-

eniit is never broken between the terminals

of the same; but the protected instrument is
shunted and the cirenit grounded by the ab-
normal current is divided between the resist-
ance and the electromagnet, for the parpose
before stated. o | |

Static discharges, such as lightning, may
produce sufficient heat between the arma-

~tures and the core or pole-piece of the mag-
" net to fuse these parts together, or sufficient

30

heat may be produced by other currents, and
if dust or dirt between the armatures and the
core or pole-piece prevents perfect contact

“alternating currents meeting this resistance
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may produce arcs.and fusion of the parts.
Moreover, alternating currents, owing to their
high electromotive forece, may have a tend-
eney to pass to the ground through the core

by the formation of an arc at the end of the

core. Inordertoprevent the fusing together
of the core or pole-piece and armature by the
heat produced by the static discharges or
other currents and by the formation of arcs
and also to prevent other injury caused by
arcing or sparking, a block of some non-mag-
netic hardly-fusible material is inserted on
the face of the opposite end of the core and
similar blocks of similar mmaterial are inserted
in the opposite face of each armature, and in
order to prevent the formation of a connect-
ing-ball of fused metal and for reasons here-
inafter stated one of these blocks must be
carbon; but it is preferable that both should
be carbon. These contact-blocks are 1n a
magnetic field at the poles of the electromag-
net, and conscequently the formation of an
arc is prevented or the are is dissipated by
the well-known cffect of maguetic foreces upon
an arc.

The maintenance within certain limits of a

resistance of substantially constant strength,
independent of the heat produced in the re-
sisting materials by the current, can be se-

~cured by making the resistance of carbonand

metal, for the reason that the opposite prop--

erties of the metal and carbon will compen-
sate for one another in the effect of the in-
creased heat of these materials or the resist-
ance. The contact-block 18 on the pole-piece

and the block 20 on the armature opposite
this pole-piece form a part of the circuif
throngh the metallic resistance to the ground
when the current on the electromagnet be-
comes strong enough to attract the heavier
armature, and one or both of these blocks be-
ing made of carbon the diminished resistance
of the carbon as it becomes heated by the in-
creased current compensates for the increased
resistance of the metallic resistance as it also
becomes heated by the increased current. A
similar compensation will be produced if the
metal tube is filled with carbon orif a carbon
rod coated with copper or other suitable metal
is used. The use of these two materials—
carbon and metal—in the shunt through
which a part of the increased current passes,
whether separated or united, increases the
reliability of the protector and renders it less
liable to injury than if the entire circuit in
the shunt were metallic. The resistance ot
the shunt is preferably less than the resist-
ance of the electromagnetor electromagnets.

The tendency of the blocks 18and 20 to be-
come heated by the current diminishes as
their size increases, and it is desirable, there-
fore, that these blocks should have consider-
able size, and they may be of the same diame-
ter as the core, and in order to insure better
contact they may be subdivided. Being situ-
ated where the lines of force are most closely
together, and consequently where the mag-
netic field is the strongest, these non-magnetic
blocks weaken the field to such an extent
that in order to obtain the necessary prompt

attraction of the heavy and coarsely-adjusted
armature it is necessary to provide this core

with a pole-piece, and in order to provide
suitable means for securing the electromag-
net to the base-plate and also to provide a
path for the current divided between the elec-
tromagnet and the shunt to the ground the
pole-piece is provided with a metallic plate
at right angles thereto,which pole-piece rests
upon the base-plate and is secured thereon.
The means for securing it may be the bind-
ing-post 23. By means of this binding-post
or any other suitable means a path is afforded
for the current through the pole-piece,which
path may be either direct to the ground or to
the continuation of the line.

A suitable ratio between the resistance of
the carbon blocks and that of the metallic
resistance is eleven to one. A suitable ratio
between the resistance of the helix of the
electromagnet and lower contacts and core
and that of the shunt containing the upper
contacts and metallic resistance is five to one.

The carbon contact-bloeks have a tendency
to wear away, and inasmuch as the armatures
are pivoted on an arm these armatures are
nreferably rounded or beveled oft from the
contact in order that when the contacts are
worn down the edge of the armatures shall
not make contact with the pole-piece or core

when attracted. |
" The operation of the instrument is as fol-

75

S0

Q0

95

100

105

IT1Q

I15

120

130




IO

15

20

30

40

50

55

6o

4 618,812

lows: When the current on the line is not of
sufficient strength to attract the armature 4,
the current passes from the plate or connec-
tion 9 and the binding-post S or other suitable
means to one of the terminals of the helix of
the electromagnet 2, through the helix to the
standard 3, and thence by the binding-post 8
or other connection to one of the terminals
of the device to be protected, the other ter-
minal being connected to the ground or line;
but when for any reason—as, for example, the
accidental entrance upon the line of a sneak-
current from an electrie-light or power eir-
cult or of any other abnormal current—the
currenton theline becomessufficiently strong
to attract thearmature 4 this armature malkes
contact with the core of the clectromagnet,
and owing to the low resistance of this core
the greater part of the current is shunted
from the device to be protected, but with-
out breaking the circuit through said de-
vice, and passes through the standard 3, ar-

mature 4, core of the electromagnet 2, pole-

plece and extension 22, and then through
binding-post 23 or other armature to ground
or line.  When a stronger current comes on
the line and one which is sufficient Lo attract
the other armature 12, the standard 10 is thus
electrically connected to the core and pole-
piece and to the binding-post 24 or other
connection on the pole-piece, and the current
entering at the binding-post 8 on the plate 9
or other connection divides between the in-
terposed resistance in the shunt in inverse
proportion to the resistance of the electro-
magnet 2 and the resistance in the shunt, and
while sufficient current will pass through the
helix of the electromagnet 2 to maintain its
armatures 4 and 12 in contact with the core
not enough will pass to unduly heat this
helix, for the reason that a large part of the
current will pass through the resistance in
the shunt. |

As this device is intended to be used with
alternate currents, the core of the magnet is
laminated. The form of laminated core
which I prefer to use in my device is made
up ot a bundle of soft-iron wires, as shown in
section In Fig. 4, and in order to prevent the
current in the helix from breaking through to
the core I surround this core with a sheath-
g 25 of some suitable insulating material,
preferably fiber.

I am aware that it is not new to use lami-
nated cores in electromagnets which are ex-
cited by alternating currents.

Having thus described my invention, what
I claim, and desire to secure by Letters Pat-
ent of the United States, is—

1. In an automatic electromagnetic strong-
current protector for electrical devices the
combination, substantially as deseribed, of an
electromagnet included in the cirenit through
the protected device or devices, an armature
forsaid electromagnet adapted to be attracted
only when the current in the above - named

circuit becomes stronger than the protected

device, or devices, can bear, means hecoming
operative when the armature is attracted
whereby without breaking the circuit a path
for the current is established in a shunt De-
tween the terminals of the device or devices,
to be protected, a tube of hard copper orother
sultable metal open at both ends and of a re-
sistance less than the resistance of the elec-
tromagnet or electromagnets of the protector
and connected by one end to the line outside
of the said electromagnet or electromagnets,
an armature adapted to be attracted only
when currents enter the line stronger than
those which determine the attraction of tho
first-named armature and a conducting-path
from the other end of the conducting-tube on
the attraction of the second armature where-
by the current is divided between the electro-
magnet or electromagnets of the protector
and the said tube and the electrical connee-
tions therewith.

2. Inan automatic electromagnetic strong-

current protector for electrical devices, the

combination, substantially as deseribed, of an
electromagnetincluded in the circuit through
the protected device or deviees, an armature
forsaid electromagnet adapted to be attracted
only when the current in the above -named
circuit becomes stronger than the protected
device or deviees can bear, means bhecoming
operative when the armature is attracted
whereby, without breaking the circuit, a path
for the current is established in a shunt be-
tween the terminals of the device or devices
to be protected, a resistance of metal and
carbon connected by one terminal to the line
outside of the said electromagnet or electro-
magmnets, an armature adapted to be attract-
ed only when currents enter the line stronger
than those which determine the attraction of
the first-named armature and a conducting-
path established from the other terminal of
the metal and carbon resistance on the at-
traction of the second armature whereby the
currentis divided between the electromagnet
or electromagnets of the protector and the
sald resistance.

5. In an automatic electromagnetic strong-
current protector for electrical devices, the
combination, substantially as deseribed, of an
electromagnet, a block of hard carbon on the
end of the same and connected to and form-
ing part of a circuit when the armature of the
magnet 18 attracted, an armature attracted
by said electromagnet, a block of hard carbon
on the armature and opposite tothe other car-
bon block and a resistance of copper or other
metal whose resistance increases as its tem-
perature increases electrically connected to
sald armature and forming part of a cireuit
through a shunt established when the said ar-
mature 1s attracted.

4. In an automatic electromagnetic strong-
current protector for electrical devices, the
combination, substantially as desceribed, of an
electromagnet, a base-plate supporting the
same, a laminated core for the same, a pole-
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piece of magnetic metal on the core, a block

of hardly-fusible electric conducting non-
magnetic material secured on the pole-plece
and a metallic piece extended atright angles

from the pole-piece and attached to the base-

plate and forming part of a cireuit through
the magnetic pole-piece and contact-block se-
cured therein. | |

5. In an automatic electromagnetic strong-
current protector for electrical devices the
combination, substantially as described, of an
electromagnet included in the circuit through
the protected deviceor devices and having 1ts
core electrically econnected to the ground or to
the continuation of the circuit, an armature
which is attracted only when the current ap-
proachesa strength greater than the protected
device or devices can bear and thereby with-

S =

' out breaking the current connecting the ter-

minals of the protected device or devices in a 20
shunt, an electrical connection between the
terminal of the outer coil of the helix of the
electromagnet and the circuit outside of the
protected device or devices and an electrical
connection between the terminal of the Inner
coil of said helix and a terminal of the pro-
tected device. | | - |

In testimony whereof I have signed my
name to this specification, in the presence of
two subseribing witnesses, on this 8th day of 30
January, A. D. 1897.

DAVID J. CARTWRIGHT.

VWitnesses:
CHAS. A. KELLOGG,
ArLrx. 1.. HAYES.
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