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This invention relates to circuit interrupting devices and
more particularly to an arc quenching medium for circuit
interrupting devices.

In many respects the mechanics of an arc drawn be-
tween separated elements of a circuit interrupting device,
such as would exist between the parted ends of a fuse link,
are similar to those of a discharge device and such sepa-
rated elements can be considered as instantaneously form-
ing an anode and ‘a. cathode. = The arc itself can be
thought of as comprising three main portions. Near the
cathode a small region exists in which there is a voltage
drop in the order of ‘a few volts and which establishes an
intense electric field'at the cathode. In this region, the
current is carried by positive -ions from the surrounding
medium to the surface of the metallic cathode and by
electrons emitted from the cathode by thermal emission.
The voltage drop in this region is chiefly determined by
the space charge of the positive ions. At the anode there
is-a similar region, usually having a smaller voltage drop,
which is caused solely by the space charge of the elec-
trons flowing thereto. ‘Between these regions lies the
main arc stream or column, in which the density of ions
nearly equals the density of electrons so that it is almost
free of space charge. The arc column usually accounts
for the major portion of the total voltage drop in the arc
and its voltage gradient is substantially constant because
of substantially uniform conductivity along its length.
The voltage of an arc column varies with arc length,
current, and the nature of the atmosphere and of the
electrodes.

The positive ions play a large part in maintaining the
arc in that their energy helps maintain the temperature
of the cathode, and their space charge draws electrons
away from the cathode surface. These positive ions are
generated by collisions between emitted electrons and
molecules in the arc path by thermal ionization due to the
heat of the arc stream.

Arc quenching gaseous mediums for circuit interrupt-
ing devices such as fuses, circuit breakers, switches and
the like are well known. - Such gaseous mediums usually
comprise fluorine compounds having large molecular
cross-sections, high electron affinity and ‘high dielectric
strength.. ‘These gases accomplish arc extinction mainly
by capturing electrons to form negative ions of low mobil-
ity and velocity, whereby the number of electrons avail-
able to form positive ions through electron-molecule col-
lision is reduced. In order for such gases to extinguish
an arc efficiently, it is necessary that the mean free path
between gas molecules be small enough to insure a high
probability of electron collision. This is accomplished in
the use of prior art arc extinguishing mediums, by main-
taining them at a pressure of several atmospheres, thereby
providing a large number of gas molecules in the arc path
and, hence, a smaller mean free path than would exist at
atmospheric  pressure.
‘devices utilizing prior art arc extinguishing mediums re-
quire costly hermetic sealing means to prevent the leakage
of said gaseous arc extinguishing medium to the atmos-
phere

It is an object of the invention to provide circuit inter-
rupting devices with an effective gaseous arc extinguish-
ing medium.

It is another object of the invention to provide a circuit
interrupting - device with -an arc extinguishing medium
which quenches arcs effectively at relatively low pressures.
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It is another object of the invention to provide an arc
extinguishing gas for circuit interrupting devices wherein
high pressure sealing means to prevent the leakage of the
arc extinguishing medmm to the atmosphere is not re-
quired.

Other. objects and advantages of the invention will be-
come -apparent from the following detailed descnptlon of
the invention taken in view of the accompanying drawing
which shows a fuse in which a gaseous arc extingunishing
medium according to the invention may be utilized.

The objects of the invention are accomplished by pro-

" viding. a circuit interrupting device with a gaseous arc
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extinguishing ' medium containing trifluoromethylsulfur-
pentafluoride, which is chemically symbolized CSF.
The use of CSFg as an arc extinguishing medium elim-

- inates the necessity of elevated pressures because it pro-
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vides a smaller mean free path during arcinterruption
than is-possible with prior art gaseous mediums for two
reasons. . First, because of its atoms of carbon and sul-
phur, it has a larger molecular size than that of prior art
mediums which thereby shortens the distance between
molecules.. Secondly, ;when CSF; ‘is subject to an are, it
decomposes into CF, and SF,, which are, in themselves,
good arc extinguishers, each having a high electron affin-
ity so that the number of ¢lectron capturing fluoride mol-
ecules available in the arc path is substantially doubled
whereby the probability of electron collision and the re-
sulting electron capture is materially increased. It can be
seen, therefore, that although the CSFg may normally be
disposed in the circuit interrupter at a very low pressure,
such as atmospheric pressure for example, this decompo-
sition at the moment of arcing increases the instantaneous
pressure in the arc path to substantially two atmospheres.
Hence, because the device is normally at a very low pres-
sure, the necessity for providing expensive hermetic seals,
as would be the case if the medium were normally at
several atmospheres pressure, is eliminated while at the
same time the decomposition at the moment of arcing

 provides a degree of arc extinction heretofore only obtain- -
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As a result, circuit interrupting
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able at higher pressures. .The usefulness of CSFy as an
arc extinguishing medium is further enhanced by its sta-
bility at ordinary temperatures.

The drawing shows an interrupting device in which the
arc extinguishing medium according to the instant inven-
tion may be utilized. This circuit interrupting device
comprises a fuse 10 having a hollow casing 12 of any suit-
able gas impervious insulating material, such as glass or
the like and a pair of conductive end caps 14 and 16, one
being -disposed on-each end of casing 12 and secured
thereto by a suitable cementing compound 18 to define a
chamber 19, A fusible element 20 is disposed co-axially
within the casing 12 and is electrically connected to each
of the conductive end caps-14 and 16 to complete the
electrical circuit through the fuse. A tubulation 22 is
provided in casing 12 so that chamber 19 may be charged
with a gaseous medium containing CSFs.

In operation, when the fusible element 20 is traversed
by a current having a magnitude which it is designed to
interrupt, the link will begin to melt at some point along
its length and then separate due to gravity and surface ten-
sion. If the. circuit voltage is sufficiently high, an arc
will be struck at the break. .. This arc is apparently started
by heating and may be aided by field emission of electrons
from the negative side of the gap.” - As the arc lengthens,

-due to evaporation of ‘material from the ends of the link,

some of the molecules of CSFjy in the arc path decompose
to form CF, and SF, thereby substantially increasing the
number of molecules in the arc path available to capture
the emitted electrons. This capture of electrons substan-
tially limits the ionization which is necessary to sustain

_“the arc, so that as the voltage passes through zero, the

ionization between the parted ends of the fusible element
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is not sufficient to cause re-ignition and the arc is thereby
extinguished.

Because the gaseous medium is disposed within cham-
ber 19 at a very low pressure, it is not necessary for the
cementing compound 18 to sustain several atmospheres of
pressure, as in the case of prior art devices. As a result,
the necessity of providing an expensive hermetic seal
which can withstand several atmospheres of pressure is
eliminated. The fact that the cementing compound 19
may not be able to withstand the increased -pressure after
arcing, which results from the aforementioned decompo-
sition, is not critical, however, because after the fuse has
performed its function it is normally removed from the
system and discarded.

It can be seen, therefore, that the invention provides a
circuit interrupting device having a gaseous arc extinguish-
ing medium which, prior to operation, may be maintained
at relatively low pressures, thereby eliminating the neces-
sity for hermetic sealing means.

I claim:

1. XIn a circuit interrupting device for protecting an
electrical system, spaced apart terminals for connection
to said system, current carrying means in circuit between
said terminals, sealed container means surrounding said
current - carrying means, an arc extinguishing medium
within said container and including trifluoromethylsulfur-
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pentafluoride, said current carrying means being separable
whereby an arc is struck within said chamber, said medi-
um effecting extinction of said arc to interrupt the current
in said system, at least a portion of said trifluvoromethyl-
sulfurpentafluoride being broken down by the action of
said arc into carbon tetrafluoride and sulphur tetrafluoride
to substantially increase the pressure within said container
and thereby enhance said arc extinction.

2. An electric fuse having a pair of spaced apart fer-
minals for connection in an electric system, a fusible ele-
ment in circuit between said terminals, a sealed container
surrounding said fusible element, and an arc extinguish-
ing medium within said container and including trifluoro-
methylsulfurpentafluoride, said fusible element being con-
structed and arranged to part upon the flow of a predeter-
mined overload current between said terminals whereby
an arc will be struck between the parted ends thereof,
said medium effecting extinction of said arc.
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