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*  'The present invention relates to electric pro-
tective devices, with reference more particularly
to fused circuit interrupting devices,

The invention has for one of its objects the
provision of improvements in fuses of the kind
sometimes referred to as current limiting fuses
because of their ability to limit a short-circuit
current to an initial peak magnitude well below
the peak magnitude of prospective or available
current which a circuit, in which such fuse is
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connected, otherwise is capable of developing. .

Fuses of this character normally employ a cur-
rent interrupting element comprised of one or
more long, thin fusible conductors embedded in
an inert, granular, arc-quenching material, and
which conductors are designed to fuse and dissi-
pate throughout substantially the whole of their
length under short-circuit or other severe over-
current conditions, Such fusion and dissipation
of the conductors, followed by dispersion of the

13

20

metallic vapors into the surrounding granular ]

material and rapid transfer of heat from the arc
to the granular material, has the effect of in-

serting a high resistance into the current path:

5o as to produce the desired current limiting ac-
tion and interruption of the current in a very
short period of time.

It has been found that some forms of current
limiting fuses, while being capable of highly
satisfactory interruption of large magnitude ex-
cess currents in the manner above outlined, have
difficulty in completely clearing excess currents,
such as low overload currents, which exceed the
minimum melting current by only a small
amount. This is due to the fact that such léw
currents may produce only partial fusion and
volatilization of the long fusible conductor, or
conductors, so that current conduction may con-
tinue due to leakage across a relatively short
gap. The present invention has for one of its
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more specific objects the provision of a current

limiting fuse having means for inserting an in-
sulating break in series with the interrupting
element upon rupture of the fusible section
thereof, 50 as to insure complete and satisfactory
current interruption through a wide range, from
slight overload currents to severe short-circuit
currents.

Another object of the invention is the provi-
sion, In an electric protective device including a
current interrupting element having a fusible
section, of improved mechanism for mechani-
cally inserting an insulating break in series with
the interrupting element upon rupture of the
fusible section thereof. In accordance with one
of the more detailed aspects of the invention, in-
sertion of the insulating break is effected as the
result of operation of gas pressure producing
means, which means is operative responsively to

of any pressure generation resulting directly
from arcing between the ruptured ends of the
fusible section itself,

A further object of the invention is the provi-
sion, in a fused electric protective device, of
mechanism operative responsively to rupture of
the fusible element of the device and capable of
being employed either for giving indication of
fuse operation or for effecting operation of other
devices or mechanisms,

Other objects and the details of that which I
consider to be novel and my present invention
will be understood from the following descrip-
tion and the appended claims, taken in conjunc-
tion with the accompanying drawing wherein

Fig. 1 shows, in longitudinal section, an ex-
emplary form of fuse device embodying the in-
vention, with the parts of the device in their
normal positions; : :

Fig. 2 shows the positions of certain of the
parts of the device following partial operation
thereof; :

Fig. 3 is a plan view of the upper end of the
device of Fig. 1, and

Fig. 4 is a cross-section along the line 4—4 of
Fig. 1. .

The ijllustrated fuse has a tubular enclosing
casing {0 which is constructed of fibrous insulat-
ing material, but which may be constructed of
glass, porcelain, or other suitable material hav-
ing the desired strength and electric insulating
properties. The upper and lower ends of the
casing are closed respectively by metallic ter-
minal caps 11 and 12 which are adapted for con-
nection of the fuse device in an electric circuit.
The interior of the casing is divided into an
upper and a lower compartment by partition
means comprising a relatively stiff plate 13 and
a relatively flexible sealing ring I14. Ring 4
extends around the periphery of plate 18 and is
secured on the upper side of the plate by means
of screws 14, In the upper compartment of
the casing are disposed the elements of a current

~ limiting fuse: a current interrupting element
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comprising & plurality of long fusible conductors
I8, a supporting core 16 extending longitudinally
in the casing and upon which conductors 15 are
spirally wound, and a body of arc-quenching
medium 17 which surrounds core {6 and embeds
conductors 18,

In the illustrated embodiment, three fusible
conductors 15 are employed and these conductorg
are in the form of fine silver wires. However,
less or more than three fusible conductors may
be employed, depending upon the current rating
of the fuse, and the conductors may be comprised

‘of any suitable metal other than silver, while the

conductors also may be in.the form of thin rib- .
bons or foils. Conductors {8 are connected in

rupture of the fusible section but independently go parallel between metallic terminal collars 20 ang
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21 disposed respectively at the upper and lower
ends of core 16, Collar 20 surrounds the upper
end of the core and is attached to the end of ter-
minal cap i! by means of bent-over tabs 22.
Collar 2} tightly surrounds the lower end of the
core and a portion of a terminal contact 23
mounted on the lower end of the core.

Core 16 is constructed of quarts, porcelain, or

_other suitable material having good refractory
and electrical insulating properties. An insulat-
ing tube 24, filled with arc-quenching medium 17,
extends through a central longitudinal bore in
core 16 and has metallic caps 25 and 268 screw-
threcaded respectively on the upper and lower
ends thereof. Terminal contact 23 also is screw-
threaded on the lower end of tube 24, and the
upper end of the tube extends through a central
opening in terminal cap (1. The tube, together
with cap 25 and contact 23, serves to clamp the
core to cap [f and maintain the core in proper
position in the casing. A washer 2T of soft
fibrous material is interposed between the lower
end of the core and contact 23 in order to relieve
the core of clamping strain. As will be seen best
from Fig. 4, the core is of generally star-shaped
cross-section in that it has a plurality of longi-
tudinally extending fins or ribs 30 which serve to
maintain conductors 15 in spaced relation to the
central body portion of the core so that the max-
imum length of the conductors is completely sur-
rounded and embedded by the quenching medium
17. This quenching medium is of granular form,
and is comprised of sand, pulverized quartz, or
other material which is highly -insulating and
which is substantially inert, or non-gas-produc-
ing, at the temperatures likely to be encountered
in fuse operation.

The previously mentioned partition means,
comprising plate {3 and ring 14, forms part of a
structure arranged for movement longitudinally
in casing {0, and which structure also includes a
metallic contact 31 and a metallic connection
block 32. Contact 3! is secured on the upper
side of plate {3 by means of & screw 33 which
serves also to secure block 32 on the lower side
of plate 3. A coil spring 34, disposed in the
lower compartment of casing 10, biases the mov-
able structure for movement toward the lower
end of the casing. This spring is connected be-
tween block 32 and a second connection block 3§,
which latter is secured to lower terminal cap 12
by means of screws 36. A flexible conductor 31,
connected between blocks 32 and 38, is provided
for electrically bypassing the spring.

Normally the movable structure is restrained
in the position shown in Fig. 1, wherein contact
31 engages contact 23 so as to effect electric con-
nection of the lower fuse terminal means, com-
prising parts 21 and 23, with the lower terminal
cap §2. Under these circumstances, the circuit
through the fuse device extends from upper ter-
minal cap 1i through collar 28, conductors 1§,
collar 21, contacts 23 and 31, plate 13, connec-
tion block 32, flexible conductor 37, and connec-
tion block 35 to the lower terminal cap 12.

Since conductors 15 are spirally wound on their
supporting core, it is impractical to employ these
conductors themselves for restraining the mov-
able structure, including contact 31, in the posi-
tion indicated in Fig. 1. Hence, small bodies of
solder, indicated at 38, are employed for releas-
ably joining plate 13 to contact 23. As will be
seen from the drawing, contacts 23 and 31 are
cup-shaped and interfit, when the movable struc-
ture is restrained as above described, so as to pro-
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vide a relatively tight enclosure. Cap 28 is ar-
ranged in spaced relation to the head of screw 33
so as to form a gap in this enclosure. A suitable
material 40, capable of producing gas upon being
subjected to the heat of an arc, is disposed with-
in the enclosure so as to be exposed to arcing
between cap 26 and screw 33. Normally, screw 33
is electrically connected with the lower ends of
conductors 1§ through contacts 3! and 23 and
terminal collar 2i. Cap 26 is electrically con-
nected with cap 25 and the upper fuse terminal
collar 20, by means of a wire 41 which extends
through tube 24 and which preferably is con-
structed of a high resistance material such as,
for example, the material known as Nichrome.
Thus the gap, formed between cap 26 and screw
33, is connected in -shunt with the conductors of
the main current interrupting element.

Upon subjection of the fuse device to excess
current of large magnitude, such as under se-
vere short-circuit conditions, conductors 15 fuse
and volatilize throughout substantially the whole
of their length and arcing is initiated along the
paths formerly occupied by these conductors. As
a result of the dispersal of the metallic vapors
through the granular material IT and the rapid
transfer of heat from the arc paths to this ma-
terial, a pronounced current limiting action is
produced in the manner previously indicated. At
the same time, voltage is impressed across the
gap between cap 26 and screw 33 and this gap
breaks down. With breakdown of the gap and
arcing thereacross, current flows in conductor 41
which due to its higher resistance, produces some
further current limitation so as to aid in the final
current interruption. Upon subjection of mate-
rial 40 to arcing across the gap, gas is produced
in the enclosure formed by contacts 23 and 3
and the resultant pressure ruptures the restrain-
ing solder joint 38. Thereupon contact 31 is
forced out of contact 23 and spring 34 collapses
so as to produce a rapid separation of the con-
tacts. As the contacts separate, an arc is drawn
therebetween but this arc is quickly extinguished
by flow of the granular material {1 between the
contacts, as indicated in Fig. 2. Thus the high
resistance conductor 41 and the insulating break
between contacts 23 and 3f materially aid in the
final interruption of large magnitude excess cur-
rents.

Upon subjection of the fuse device to excess
current of relatively small magnitude, such as a
low overload current, conductors 15 may not fuse
and volatilize throughout the whole of their
length, and current leakage may exist across short
gaps between the ends of the ruptured conduc-
tors in spite of the action of the quenching ma-
terial 11. However, in any case, sufficient volt-
age is established across the gap between.cap
26 and screw 33 to cause arcing across this. gap.
Then, in the manner previously described, gas
pressure is produced in the enclosure formed by
contacts 23 and 31, solder joint 38 is ruptured,
and spring 34 effects separation of the contacts
so as to provide an insulating break in series
with the current interrupting element and there-
by completely interrupt the current flow.

The functioning of the various elements of the
described fuse device and the relative impor-
tance of the elements with respect to the final
current interruption, may vary for different cur-
rent values within the interrupting capacity of
the fuse device. However, in each case an insu-
lating break is produced in series with the inter-
rupting element, so that complete and final cir-
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cuit interruption is insured for a wide range of
excess currents, from low overloads to severe
short circuits.

It is desirable to provide some means for giv-
ing indication of fuse operation. In the illus-
trated embodiment such means is provided in the
form of a rod 42 which is screw-threaded at one
end into connection block 32. The other end
of this rod is arranged to extend through an
opening 43 in connection block 35 and the end
of terminal cap. 12. Upon operation of the fuse
device in the manner previously described, and
collapse of spring 34, the rod is caused to project
out of the end of the casing to provide the de-
sired indication. This rod alsb may be employed
as g plunger for effecting operation of other de-
vices ‘'or mechanisms in response to operation
of the fuse device,

The present invention: is not limited in all its
aspects to particular detalls of the illustrated
embodiment, and it is contemplated that modi-
fications and other embodiments of the inven-
tion may suggest themselves to those skilled in
the art. It is to be understood therefore that
I desire to cover by the appended claims such
other modifications and embodiments as do not
depart from the true spirit and scope of my in-
vention.

What I claim as new and desire to secure by
Letters Patent of the United States, is:

1. An electric protective device comprising a
casing, inert granular arc-quenching material
therein, a current interrupting element having
a long fusible section embedded in said material,
spaced terminals for connecting said element in
an electric circuit, one of which terminals is elec-
trically connected with one end of said element,

the other end of said element having terminal.

means relatively fixedly supported in said casing,
means for electrically connecting sald terminal
means with the other of said casing terminals in-
cluding a conductive part arranged for move-
ment in said casing and normally restrained in
a position conductively connected with said ter-
minal means, and means operative dependently
upon rupture of said fusible section for effect-
ing release of said part and displacement of the
part relative to said terminal means in a manner
to provide an insulating break in series with said
interrupting element. .

2. In an electric protective device including a
casing having spaced terminals, an insulating
support disposed in said casing, & current inter-
rupting element spirally wound on saild support
and including a long fusible section, and an inert
granular arc-quenching material surrounding
said support and embedding said fusible section;
means for electrically connecting said interrupt-
ing element between said terminals including a
movable conductive part normally restrained in
& position conductively connected with one end
of said element, and means including a spring
operative dependently upon rupture of said fusi-
ble section for effecting release of said part and
displacement of the part from its sald normal
position in & manner to produce an insulating
break in series with said interrupting element.

3. In an electric protective device, a casing
having inert granular arc-quenching material
therein, a current interrupting element having
a long fusible section embedded In said mate-
rial, spaced terminals for connecting said ele-
ment in an electric circuit, means for electrically
connecting said element between sald terminals
including a movable conductive part normally
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restrained in s position conductively connected
with one end of said element, and means opera-
tive dependently upon rupture of said fusible sec-
tion for effecting displacement of said conduc-
tive part from its said normal position in a man-
ner to provide an insulating break in series with
sald interrupting element, a portion of said gran-
ular material being arranged to flow into such
break upon displacement of said part as afore-
said. - ' .
4. In an electric protective device, a casing,
two compartments therein separated by partition
means, at least a portion of said partition means
comprising part of a structure arranged for
movement in said casing, granular arc-quench-
ing material in one of said compartments, a cur-
rent interrupting element in said one compart-
ment and including a fusible section embedded
in sald material, spaced terminals for connecting
said element in an electric circuit, means for
electrically connecting said element between said
terminals including a conductive part of said
movable structure, said structure normally oc-
cupying a position wherein said conductive part
is conductively connected with one end of said
interrupting element, and means operative de-
pendently upon rupture of said fusible section
for effecting displacement of said structure in a
manner to disconnect said conductive part from
said one of said elements and thereby provide
an insulating break in series with said element,
a portion of said granular material being ar-
ranged to flow into said break upon displacement
of said structure as aforesaid.

5. An electric protective device comprising a
tubular casing having spaced terminals, parti-
tion means separating one portion of said casing
from another portion thereof, at least part of
said partition means comprising part of a struc-’
ture which is movable longitudinally in said cas-
ing, an insulating support and a body of granu-
lar arc-quenching material in said one portion of
the casing, a current interrupting element wound
on said support and having a fusible section em-
bedded in said material, said element normally
being electrically connected between said termi-
nals, a contact carried by said movable structure,
said structure normally being restrained in a
position wherein said contact is conductively
connected in series between one of said terminals
and one end of said interrupting element, a spring
in said other portion of said casing and con-
nected with said movable structure, and means

including said spring operative dependently upon

rupture of said fusible section for effecting move-
ment of said structure in a manner to disconnect
sald contact from said one end of said element
and thereby insert an insulating break in series
with said element, a portion of said granular
material being arranged to flow into such break,
upon movement of said structure as aforesaid.

6. In an electric protective device, a casing, a
current interrupting element supported therein
and having a fusible section, inert granular arc-
quenching material embedding said fusible sec-
tion, spaced terminals for c¢onnecting said ele-
ment in an electric circuit, means for connecting
said element between said terminals including a
conductive part normally occupying a position
electrically connected in series with said element,
which said part is displaceable from its normal
position to provide an insulating break in series
with said element, means operative. dependently
upon rupture of said fusible section for develop-
ing gas under pressure, and means including said




4

gas pressure producing means for effecting dis-
placement of said part from its said normal posi-
tion. ; '

7. In an electric protective device, a current
interrupting element having a fusible section,
spaced terminals for connecting said element in
an electric circuit, means for connecting sald
element between said terminals including a con-
ductive part normally occupying a postion elec-
trically connected in series with said element,
which said part is displaceable trom its said nor-
mal position to provide an insulating break in
series with said element, means providing a gap
in shunt with said element and arranged to arc
over upon rupture of said fusible section, means
operative responsively to arcing across said gap
for developing gas under pressure, and means in-
cluding said gas pressure producing means for
effecting displacement of said conductive part
from its said normal position.

8. In an electric protective device, a current
interrupting element having a fusible section,
means for connecting said element in an electric
circuit including a conductive part normally re-
strained in & position conductively connected
with said element, means providing a gap in shunt
with said element and arranged to arc over upon
rupture of said fusible section, means operative
responsively to arcing across said gap for pro-
ducing gas under pressure, said conductive part
being releasable from its said normal position
by such pressure, and a spring operative upon
release of said part for effecting movement of the
part in a manner to provide an insulating break
in series with said interrupting element.

9. In an electric protective device, a current
interrupting element having a fusible section,
spaced terminals for connecting said element in
an electric circuit, means providing a relatively
tight enclosure, a movable structure including a

conductive part, means releasably restraining-

said structure in a position wherein said part is
connected in series with said interrupting ele-
ment, said restraining means being operative to
release said structure in response to pressure in
said enclosure, means providing a gap in shunt
with said interrupting element and arranged to
arc over in said enclosure upon rupture of said
fusible section, a material in said enclosure
capable of developing gas upon subjection thereof
to arcing across said gap, a spring for effecting
movement of said structure, and means including
said spring operative upon release of said struc-
ture for effecting movement of said structure
from its said position in & manner to disconnect
said conductive part from said interrupting ele-
ment and thereby insert an insulating break
in series with said element.

10. An electric protective device comprising an
enclosing casing having spaced terminals, an in-
sulating support disposed in said casing and hav-
ing a current interrupting element wound there-
on, said element having a fusible section, inert
granular arc-quenching material embedding said
fusible section, means electrically connecting
said interrupting element between said termi-
nals, said means including a first conductive
member on said support and a second conductive
member movable relative to said first member,
frangible means restraining said members in
conductive relationship, sald members when so

. restrained having means cooperating to form a
relatively tight enclosure and said frangible
means being rupturable by development of pres-
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sure in said enclosure, means in shunt with said
interrupting element and operative to produce
arcing in said enclosure upon rupture of sald
fusible section, material In said enclosure opera-
tive to produce gas in response to such arcing,
and a spring for effecting rapid separation of
sald second member from said first member upon
rupture of said frangible restraining means.

11. In an electric protective device, a casing, a
body of inert granular arc-quenching material
in sald casing, a current interrupting element
having a fusible section comprised of one or more
long thin fusible conductors, and which said fusi-
ble section is embedded in said granular mate-
rial, spaced terminals for connecting said inter-
rupting element in an electric circuit, a pair of
conductive elements arranged in spaced rela-
tionship both electrically and mechanically so
as to provide a gap, and means for connecting
said gap electrically in shunt with sald inter-
rupting element including a conductor com-
prised of high resistance material and designed
to effect a substantial reduction in current flow
upon breakdown of said gap due to rupture of
said fusible section.

12, In an electric protective device, an enclos-
Ing casing, a current interrupting element dis-
posed therein and including a fusible section,
spaced terminals for connecting said element in
an electric circuit means providing a gap con-
nected in shunt with said element and arranged
to arc over upon rupture of said fusible section,
means operative responsively to arcing across
said gap for producing gas under pressure, a
plunger-like member normally disposed in a re-
tracted position, and means including said gas
pressure producing means for effecting move-
ment of said member to a position wherein the
member projects substantially from said casing.

13. In an electric protective device, a current
interrupting element having a fusible section, an
enclosing casing therefor, spaced terminal means
for connecting said element in an electric circuit,
means providing a relatively tight enclosure in
said casing, means providing a gap connected in
shunt with said element and arranged to arc
over upon rupture of said fusible section, gas
producing material operative responsively to such
arcing for developing pressure in said enclosure,
& member spring biased for movement to a posi-
tion wherein the member projects substantially
from said casing, and means normally restrain-
ing said member in a retracted position, said re-
straining means being releasable responsively to
development of pressure in said enclosure.

14. In an electric protective device, an enclos-
ing casing, a current interrupting element dis-
posed therein and having a fusible section,
means for connecting said element in an electric
circuit, said means including a conductive part
arranged for movement in said casing and nor-
mally disposed in conductive relation with one
end of said element, means operative depend-
ently upon rupture of said fusible section for ef-
fecting displacement of said part in a manner to
provide an insulating break in series with said
element, and a member supported for movement
with said part and arranged to extend out of said
casing, saild member normally occupying a re-
tracted position and being moved to a position
projecting substantially from said casing upon
displacement of said conductive part as afore-

said.
EDWIN A. WILLIAMS, Jg.



