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Our invention relates to fuses and more par 
ticularly to fuses of the current limiting type. 
Current limiting fuses consist in the main of 

a fusible element in the form of one or more con 
ductors of suitable metal, such as silver or zinc, 
embedded in a granular inert or refractory arc 
extinguishing material of high dielectric 
strength, such as sand or relatively finely divided 
quartz, the conductor or conductors in some in 
stances being wound on a supporting core of high 
temperature resistance ceramic material. To 
these parts are added an enclosing housing and 
terminals for the conductors, 
Upon subjection of such fuse to currents of 

large magnitude, such as upon short circuit, the 
fusible element attains fusing temperature and 
Vaporizes, Whereupon arcing occurs and the 
metal vapors rapidly expand to many times the 
volume originally occupied by the fusible element 
itself. The force of this expansion throws the 
metal vapors out of the arc path and into the 
Spaces between the granules of inert filler mate 
rial. These vapors condense upon the surfaces of 
the relatively cool granules and no longer are 
available for current conduction so that arcing 
is confined to the small space previously occu 
pied by the fusible element. The intimate physi 
cal contact between the hot arc column and the 
relatively cool granules causes an exceedingly 
rapid transfer of heat from the arc to the gran 
ules resulting in a high voltage drop per unit 
length of arc column. The arc energy is dissi 
pated in this heat transfer with practically neg 
ligible net pressure within the fuse enclosure. 
During the arcing period, the granules in the 
vicinity of the arc melt and upon cooling form a 
hollow shell or fulgurite consisting of fused 
quartz, if the arc extinguishing materialis granu 
lar quartz, and a small percentage of the metal 
from which the fusible conductor is made. This 
fused shell has the properties of an insulator and 
in the normal operation of the fuse does not con 
stitute a current conducting element in the cur rent path. 
As a result of the actions referred to in the pre 

ceding paragraph, there is in effect suddently in 
Serted into the path of the current at the instant 
of melting of the fusible element the high resist 
ance formed by the arc column which initially 
limits the current to a magnitude which is only 
a Small fraction of that which the system is ca 
pable of producing. The inserted resistance 
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discharge of vapors or particles and practically no 
noise. 
As noted above in highly inductive circuits, the 

sudden insertion of resistance and rapid decay 
of current results in voltage surges which under 
Some conditions may attain magnitudes sufficient 
ly high to damage other apparatus in the System. 
It is both desirable and necessary to limit these 
Voltage Surges to Safe magnitudes. 

It is an object of Our invention to provide a 
new and improved means for limiting the surge 
voltages which occur upon operation of a current limiting fuse. 

It is another object of our invention to provide 
new and improved means for effectively retarding 
the insertion of resistance into the current path 
without detracting from the final current inter 
rupting action of a current limiting fuse. 
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causes rapid current decay and subsequent inter 
ruption of the current flow with negligible me 
chanical disturbance, there being no gassing or 55 

Further objects and advantages of our inven 
tion will become apparent as the following de 
Scription proceeds and the features of novelty 
which characterize our invention will be pointed 
out with particularity in the claims annexed to 
and forming a part of this specification. 

Referring now to the drawing, Fig. 1 is a cross 
Sectional view of a current limiting fuse embody 
ing our invention; Fig. 2 is a sectional view 
taken on line 2-2 of Fig. 1 assuming that Fig. 1 
is not in section, and Fig. 3 is a cross-sectional 
view similar to Fig. 1 illustrating a modification of our invention. 
AS was mentioned above the fused shell which 

forms upon operation of a current limiting fuse 
of the type referred to above is a relatively good 
insulator and although it is shunted across the 
terminals of the circuit to be interrupted, it 
does not under Ordinary conditions limit the in 
terrupting ability seriously. However, near the 
maximum voltage condition under which the fuse 
will operate and when relatively minor impuri 
ties are found in the otherwise pure inert granu 
lar material such as quartz sand, the current 
conduction in this fused column does lead to in 
terruption failures. We have found, however, 
that when a very fine grain crystalline quartz 
powder is used instead of quartz sand, the full 
gurite formation is avoided, the fusion of the 
powder forming globules or beads instead of a 
continuously fused tube as described above. 
This result increases the interrupting limit of 

the fuse and avoids failures to interrupt that may 
be caused by impurities in the filling material. 
Since the cooling of the arc column provided by 
the quartz powder is greater than that found for 
relatively coarse-grained sand and since this 





9,888,871 ing material so that successive portions of aid 
fusible element are embedded in material of dif. 
ferent grain size to limit the surge voltage on 
an associated system due to the current limiting 
action of said fuse. 

2. In a fuse of the current limiting type com 
prising a casing, an inert arc-quenching material 
filling said Casing, a pair of spaced terminals 
mounted on the said casing and a fusible ele 
ment designed to dissipate throughout substan 
tially the whole of its length embedded in said 
arc-quenching material interconnecting said ter 
minals, said arc-quenching material comprising 
a layer of fine grain inert nonconducting mate 
rial and a layer of coarse grain inert nonconduct 
ing material so that said fusible element is em 
bedded in both said fine grain and coarse grain 
material to limit the surge voltage on an asso 
cated system due to the current limiting action 
of said fuse. 

3. An enclosed high voltage fuse of the type 
having a fusible conductor designed to dissipate 
throughout substantially the whole of its length 
embedded in an inert arc-extinguishing medium, 
said fuse being provided with means for pre 
cluding the occurrence of Overvoltages during 
circuit interruption characterized by the fact that 
in order to reduce the Overvoltages successive 
portions of the fusible conductor are embedded 
in inert nonconducting arc-extinguishing me 
diums of the same material but of considerably different grain size. 

4. A high voltage circuit-interrupting device 
including an insulating Casing, an insulating 
support arranged in said casing, a circuit inter 
rupting element having a long fusible section 
designed to dissipate ultimately throughout sub 
stantially the whole of its length, means for di 
viding said casing into a plurality of compart 
ments, an inert nonconducting finely divided arc 
extinguishing material in certain of said con 
partments, and a coarse granular inert noncon 
ducting arc-extinguishing material in other of 
said compartments, whereby effective limitation 
of the surge voltage encountered upon operation 
of the circuit-interrupting device is provided. 
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5. A high voltage circuit-interrupting device 

including an insulating casing, an insulating 
support arranged in said casing, a circuit inter. 
rupting element having a long fusible section 
designed to dissipate ultimately throughout sub 
stantially the whole of its length, means for ion 
gitudinally dividing said casing into a plurality 
Of compartments, an inert nonconducting finely 
divided arc-extinguishing material in certain of 
said compartments, and a coarse granular inert 
nonconducting arc-extinguishing material in 
other of said compartments, whereby effective 
limitation of the surge voltage encountered upon 
Operation of the circuit-interrupting device is provided. 

6. A high voltage circuit-interrupting device 
including a tubular insulating casing, an insulat 
ing support arranged in said casing, a circuit in 
terrupting element having a long fusible section 
designed to dissipate ultimately throughout sub 
stantially the whole of its length, means for di 
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widing said casing into a plurality of compart 
ments longitudinally spaced from one another 
along the axis of said tubular casing, an inert 
nonconducting finely divided arc-extinguishing 
material in certain of said compartments, and a 
coarse granular inert nonconducting arc-extin 
guishing material in other of said compartments 
whereby effective limitation of the surge voltage 
encountered upon operation of the circuit-inter rupting device is provided. 

7. An enclosed high voltage fuse of the type 
having a fusible conductor-designed to dissipate 
throughout substantially the whole of its length 
embedded in an inert arc-extinguishing me 
dium, said fuse being provided with means for 
precluding the occurrence of Overvoltages during 
circuit interruption characterized by the fact that 
in order to reduce the overvoltages successive por 
tions of the fusible conductor are embedded in . inert noncOnducting granular arc-extingudshing 
mediums having a considerably diferent grain 
sse. 
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