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This invention relates to fuses and more par-
ticularly to fuses of the current-limiting type.
The term current-limiting fuse is generally ap-
plied to any fuse which limits the flow of current
in a gircuit t6 a substantially smallér value than
the available short-circuit curvent of the cir¢uit.
The highest current which a éiirrent-limiting
fuse permits to pass is referred to as the let-
through current.

The current-limiting éffect of most currert-
limiting fuses is due to the intéraction of the
metal vapors resulting froem vaporization of the
link of the fuse and an inert pulverulent filler
by which the link i§ surrounded. The link con-
sists not necéssarily but generally of silver be-
cause silver has a relatively high conductivity in
its solid state, while its vapors have g relatively
low ¢onductivity uhless their temperature is par-
tieularly high. In other words, at a given tem-
perature slightly dbove the Yoiling point of silver
the percéntage of ionized silver is relatively low,
resulting in a relatively small conductivity of sil-
ver vapors at this temperature range. If a fuse
link made of silver is vaporized in an inert pul-
verulent filler such as quartz sand, which praecti-
cally does niot evolve any gases under the heat
of the arg¢, the silver vapors resulting from vapor-
izationi of the link are rapidly reduced to a low
temperature where they will not suppoit a flow
of current. Though the duration of arcing
throughi the labyrinth path formed by the inter-
stices between the particles of granules of the
filler may be, or actually is, extremely short, a
portion of the particles melt or fuse and form
a fulgurite or semi-condictor. The seini-con-
ductor or fulgurite resulting from fusion and sin=
tering of quartz particles is in the nature of a
glass body, and as it cools down to ambient tem-
perature it loses its conduectivity dand turns into
an insulator. Metal vapors which diffuse in the
pulverulent filler beyond the immediate arcing
zone condense on the large surfacés of the quartz
particles and form a silver-quartz conglomerate
which has an extremely high réesistance and
which, for any practical purpese, may be consid-
ered as an insulator. ‘

Sometimes current-limiting fuses are used to
interrupt only fault currents of short-cir¢uit cui-
rent proportions and the interruption of rela-
tively small overloads of inadmissible diration
is referred to some other serially réelated dévice
such a$, for instariée, an avtomatié ciréiiit break-
er. If it is oXly reqiiited of a durrent-limiting
fuse to control fatilt currents of large niagni-
tude, then the ability of the fuse to intetfupt the
cireuit in which it is insérted rieéds to bé tested
only for the range of high current§ Whieh it is
required to interrupt. If, however, the fisé is re-
quired to control currents of lodd proportiohs
as well as currents of short=circuit cutrent pro-
portions, then it iiist be tésted for the entire
large cuitent range af Whieh it is required to
‘opérate.
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I have discovered that current-limiting fuses
of the silver-link quartz-sahd-filler type and sim-
ilar¥ current-limiting fuses which had consistently
periormed their interrupting duty when tested in
the power laboratory have in some way failed in
the field. This behavicr appeared strangé since
the interrupting duties to which the fuses wete
subjected in the power laboratory were even more
severe than the interrupting duties to which they
were subjected in the field. A careful investi-
gation of the above fact revesled that thé fail-
ures in the field occurred a considerable time
after successful interruption of the circuit by the
fuse. The fuse casing would sradually be heated
after successful interruption, become charred and
finally burst. The tendency of post interrupticn
failure appeated to be relatively high at load
currents of relatively small magnitude and ex-
cessive duration. T concluded that post interrup-
tion failure of fuses was, at least in part, due
to a follow=current that would flow through the
fulgurite or semi-conductor by which the fuse
link had been substituted; which follow-current
would result in the dissipation of additional
amounts of heat that would exceed the heat ab-
sothing capacity of the fuse structure and weuld
cause a destruction thereof. Thé correctness of
this hypothesis was later verified by tests.

I ascertained that there was a rélation between
post interruption failure and the amount of arc
energy dissipated during the interrupting proe-
ess. When an interruption of small curreéiit are-
ing would last during a plurality ¢f half cyeles,
the are energy would ftend to be largé. More~
over; on the occurrence of small protracted over=
loads; the arc extinguishing filler would tend to
be intensely preheated before melting of the link.
The combination of intense preheating before
initiation of the interrupting proecess snd of rela-
tively large are energy tends to raise the temper=
ature of the are-quenching filler and that of the
casing to such an extent that the fuse may be
caused to fall cn account of a relatively small
follow-current through the fulgurite oF fused
quartz semi-conductor formed during the inter=-
rupting process proper.

It is, therefore, onie object of this inventiocni to
provide a current-limiting fuse which is not sub-
jéct to post interruption failure:

Since post interruption failire of currenit-
limiting fuses is, at least in pait, due to heating
of the arc-quenching filler and of the casing
of the fuse by the follow-curtent flowing through
the fulgurite or semi-conductoir resulting from
the operation of the fuse; post interruption
failure can be avoided by producing one or more
gas jets alorig the seémi-conductor, i. e, in a
direction longitudinally thereof, whereby the
semi-conductor is cooled by héat convection and
a more rapid conversion of the semi-conductor
into ah insulator is effécted.

It is, therefore, another object of this invention

to provide a current-limiting fuse which ificludes
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means for producing one or miore suitable gas
flows for cooling the fulgurite or semi-conductor
resulting from the operation of the fuse.

Another object of the invention is to provide
a current-limiting fuse which is particularly
suitable for the voltage range of 1000 volts and
higher voltages and which is more compact than
prior-art current-limiting fuses for that voltage
range.

In carrying out my invention I prefer to use
fuse links of which substantially the -entire
length consists of a variable cross-sectional area
section having a relativly large number of se-
rially related portions of relatively small cross-
sectional area and intermediate portions of rel-
atively large cross-sectional area. Links having
a geometrical configuration of this type are be-
ing used in high voltage current-limiting fuses
to produce series arcs and for other reasons.
The application of fuse links having a geomet-
rical configuration of this type to fuses having a
voltage rating in the neighborhood of 1000 volts
makes it possible to distribute the thermal duty
of the arc quenching filler relatively evenly over
the entire filler body which is a factor tending
to permit a reduction of the overall size of the
fuse and more particularly of the internal space
of the fuse ecasing. If a current-limiting fuse
having a variable cross-sectional area section 2s

above described is subjected to fault currents in g

the nature of short-circuit currents, all of the
portions of relatively small cross-sectional area
fuse and vaporize almost simultaneously, result-
ing in the formation of arclets in series. Fre-
quently only a part of each intermediate rela-
tively large cross-section portion of the link is
completely vaporized during the interrupting
process. The fulgurite or semi-conductor formed
under such conditions consists actually of a
string of small spaced fulgurites or semi-con-
ductors and intermediate -portions of more or
less solid metal. The interrupting process in a
current-limiting fuse having a variable cross-
sectional area section, as above described, is
quite different if the fuse is subjected to rela-
tively small protracted fault currents. In this
case there are appreciable intervals of time be-
tween initiation of arcing at various relatively
small cross-sectional area portions. Generally

the arc gap first formed is being progressively 5

enlarged by vaporization of the link until the
gap is of sufficient length to effect final inter-
ruption of the circuit. Because of these facts
the fulgurite or semi-conductor formed in cur-
rent-limiting fuses of the silver-link quartz-
- sand-filler type which are provided with links
having a variable cross-sectional area section, as
above described, is generally continuous when
such fuses are subjected to small protracted
overload currents.

Where a current-limiting fuse is required to
interrupt both large and small fault currents at
a predeftermined voltage rating, this require-
‘ment may be met in various ways by resorting
to various fuse links having different geomet-
rical configurations, including different lengths
and different cross-sectional areas. It is desir-
able to select among the variety of possible link
configurations and link sizes the link configura-
tion and size for which substantially the same
length is required both for interruption of rel-
atively high and interruption of relatively low
currents. The shortest length required for in-
terruption of both relatively low and relatively
high fault currents depends, as I have found,
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also upon the grain size of the pulverulent ful-
gurite-forming arc-quenching filler.

Post interruption failures of fuses oceur or be-
come more seiious when the size of the casing
of the fuse and consequently the volume of the
fulgurite-forming arc-quenching filler and the
heat absorbing capacity of the entire fuse struc-
ture are greatly reduced. It is only then that it
becomes necessary or desirable to provide fuses
with means for producing g flow of gas for cool-
ing the fulgurite or semi-conductor resuliing
from the interrupting process.

The establishment of a fulgurite cooling flow
of gas in the fuse requires the provision of vent-
ing means permitting the escape of gaseous
products out of the link-receiving casing into
an enclosed space where the hot gaseous prod-
ucts are trapped to prevent them from causing
any harm, and in particular to prevent them
from causing any electric breakdown. Except
for appropriately positioned venting means the
link-receiving casing ought to be completely, or
at least substantially, gas tight.

Current-limiting fuses of the silver-link quartz-
sand-filler type are generzally not provided with
venting means. Designers of such fuses make it
a point to dispense with venting means since the
arc-quenching filler in such fuses is inert or non-
gas evolving, In fact, the maximum pressures
observed in conventional current-limiting fuses
of the silver-link quartz-sand-filler type are rel-
atively low which enables the use of fuse casings
which have but relatively Ilittle mechanical
strength as, for instance, glass or ceramic ma-
terials.

Utmost simplification and compactness require
that the fuse link be arranged in substantially
coaxial relation in the link-receiving casing and
extends straight between the ends thereof. I
have found that it is possible to reduce the di-
ameter of the casing of current-limiting fuses
of this type to about twice or three times the
width of a link consisfing of a metal strip having
a plurality of serially related relatively smail
cross-sectional area portions and relatively large
cross-sectional area portions, as above described.
Though it is possible to preduce current-limiting
fuses which operate successfully in spite of a
reduction in size of the above order, the proper-
ties of such fuses differ significantly from the
properties of comparable relatively larger prior-
art current-limiting fuses., While relatively low
internal pressure is a typical feature of prior-art
current-limiting fuses of the silver-link quartz-
sand-filler type, the internal pressure in min-
imum fuses of the contemplated type is extreme-
1y high. I have found it necessary or desirable
to provide the minimum size fuses according to
this invention with triple caps on each end there-
of to withstand the pressure generated within the
link-receiving casing. The large amount of pres-

sure in these fuses results primarily from metal ~

vapors and from the heat generated by the fol-
low-current rather than from the evolution of
gaseous produets from gas evolving substances,
and such substances may be entirely dispensed
with. If not entirely dispensed with, they must
bhe arranged in a certain way, as will be more
fully set forth below.

In fuses according to this invention the me-
chanical strength of the link-receiving casing is
less than required to withstand the total pressure
resulting from the partial vapor pressure due to
the vaporization of a preponderant portion of the
length of the above referred-to variable cross=-
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$éctional srea section of the fuse link, and the
partial pressure due to the follow=current
through the fulgurite formed upon fusion of a
portion of the arc-quenching filler. The partial
vapor pressure can be determined from a meas-
urement of the internal volume of the link-re-
¢elving  casing and the amount of link metal
vaporized during the arcing period. The partial
préssure due to the flow of a follow-current
through the fulgurite may ke determined by an
oscillographic investigation of the post interrup-
tion period of the fuse. If the link-receiving cas-
ing were designed to withstand the high pressure
which develops in the fuse, this would require
such thickness of the walls of the link-receiving
casing as to off=set the reduction cf space re-
guirements’ due to the decrease of the internal
link-receiving space within the fuse casing. Pro-
vision of & judiciously selected venting means
énables the use of link-receiving casings of more
limited mechanical stréngth. It is, however, de-
sirable to use tubular materials of considerable
mechanical strength for manufacturing the
link-<receiving casing such as laminated materials
. ineluding layers of spun and woven glass fibers
impregnated with a heat resisting plastic sub-
stanee.

For a bettér understanding of my inveation
referénce may be had to the accompanying draw-
ing in which:

Fig. 1 is a substantially central longitudinal
section through a fuse constructed in accordance
with my:inivention with certain of its parts shown
in elevation;

Fig, 2 is 4 transverse cross-sectional view of the
fise shown in PFig. 1 taken along the line II—II
thereof;

Fig. 3 is a substantially central longitudinal
section through a modified form of fuse con-
structed in accordance with my invention with
certain parts thereof shown in elevation;

Fig, 4 is. a transverse cross-sectional view of
the fuse shown in Fig. 2 taken along line IIT—TiI
thereof; and

Fig. 5'is a seciion similar to those in Figs. 1
and 3 showing another fuse structure embody-
ing iy invention.

Like reference signs have been applied in all
figures to designate corresponding parts.

Referring now to Figs. 1 and 2, reference nu-
meral { has been applied to a casing in which
the silver link 2 is mounted. The link 2 might
be of a metal other than silver such as, for in-
stance, zine, but for the reasons stated above
silver is preferable. Link 2 is provided with a
plurality of circular equi-distant perforations or
holes 2¢ which determine the points where fusion
of the link is initiateqd, at least when the fault
current and its rate of rise are high. Link 2 is
in.intimate contact substantially along its entire
length with the quartz filler 3. The perforations
or holes 2¢ form portions of reduced cross~sec-
tional area of which each comprises two barallel
currént paths, one on either side of each hole
of perforation. Since each portion of reduced
cross-sectional area comprises two fusible eur-
rent paths, two arcs or arclets in parallel will
be. initiated at each point of reduced cross-sec-
tional area. Because of the formation of pairs of
ares in parallel, the ratio of active quartz surface
to arc diameter will be large, resulting in most
effective cooling of the arc. Ares in parallel are
unstable and, therefore, there will be a tendency
for one of the two arcs or arclets in parallel to
extinguish almost instantly upon its initiation.
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6
The other of each pair of arcs or arclets in
parallel extinguishes soon thereafter. Upon
extinetion of the serially related pairs of paral-
lel arclets the space which was originally occu~-
ried by the fuse link and thereafter occupied by
the arc is finally cccupied by a glass-like body
resulting from the fusion of the quartz filler
immediately adjacent the arcing zone. As men=
tiohed before, that body may consist of a
plurality of spaced fulgurite elements with re-
sidual metal particles in the gaps therebe-
tween. As long as that body is relatively hot it
is a fairly good conductor of electricity. It turns
into an insulator of high dielectric strength and

5 ohmic resistance as it cools down to ambient

temperature.

Immediately upon interruption of the circuit
by vaporization of the link 2 and fusion of the
surrounding quartz filler 3 the full line poten-
tial prevails across the glass-like semi-conductor
resulting from the fusion of the quartz filler.
The full line potential tends to cause continued
fiow of current through the semi-conductor and
though the rate of current flow is generally very
small and may appear to be insignificant, yet
the resulting I%r losses may be sufficiently large
to critically delay the cooling of the semi-con-
duector. In such instances a post interruption
failure is likely to cccur.

As mentioned above, interruption of low cur-
rents differs in certain respects from interruption
of high currents. In the first instance there is
a tendency that but one single arc gap will be
formed resulting in the formation of one single
continuous fulgurite rather than of a string of
spaced fulgurites. This is probably a factor tend-
ing to make the successful interruption of small
load currents, particularly of the minimum fus-
ing current, more onérous than the interruption
of relatively high current.

The means for avoidance of post interruption
failures will now he more fuily described.

The casing | of the fuse is provided with a pair
of external spaced radial flanges l¢ and 1b which
support an outer casing or tubular member 3 in
coaxial relation with casing {. Flanges lg, Ib
and the cuter casing & define jointly a substan-
tially closed toroidal chamber 5.. Both casings
I and 4 consist preferably of a suitable lami-
nated material, e. g., spun and woven glass fibers
which are impregnated with a suitable plastic.
Casing | is provided with a plurality of radial
bores ¢ which are angularly related snd ar-
ranged in & common transverse plane, as can
best be seen in Fig. 1. The bores lc¢ are situated
about midway between the axially outer ends of
casing 1 and fuse link 2 and they interconnect
the center region of casing | with the chamber
5. Because of this particular configuration there
is a tendency for the gases formed by vaporiza-
tion of the fuse link 2 and by heating the air in
the interstices between the quartz zranules to
produce a pair of opposite gas flows enveloping
and cooling the fulgurite or semi-conductor
formed upon fusion of the link 2 and of the ad-
jacent mass of quartz filler 3. These two oppo-
site gas flows have been clearly indicated by ar-
rows in Fig. 1. Both gas flows meet in the center
region of the fuse, turn about 90 degrees and es-
cape through the passages {c¢ into the chamber
5. In order to preclude the quartz sand within
casing 2 to leak into the chamber 5, the openings
orf passages lc are normally obstructed by ad-
hLesive cellulosic tape 8. Upon blowing of the fuse
under overload conditions the tape ig rapidly de-
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stroyed -by heat and pressure within casing i,
thus permitting the formation of the two above
referred-to opposite gas flows in a direction lon-
gitudinally of the fulgurite or semi-conductor
formed by fusion of a portion of the guartz filler.
If the fuse is subjected to fault currents of short-
circuit current proportions, the tape seal 6 re-
mains unaffected, i. e., it is not being destroyed.

A pair of caps 1a, Tb is provided on the ends of
casing or outer shell 4. Another pair of caps §a,
80 is provided on the ends of the casing f, which
casing is longer than the casing or outer shell 4
-and projects beyond the ends thereof. The ends
of casing | are provided with an additional or
outer pair of caps 9«, 9b. Each end of link 2 is
secured, as by welding or soldering, to one of
caps 8a, 8b and each of caps 8a, 8b has a circular
indentation 18a, {8b engaging one of a pair of
circular grooves {ia, {{b in casing i. Each of the
pair of caps 9¢, §b covers one of the pair of caps
8a, 8b and is in metallic contact therewith. Each
of the pairs of caps ia, Tb has on the lateral sur-
face thereof a circular indentation {2¢, {20 en-
gaging one of a pair of circular grooves i2a, 13D
in casing or outer shell 4. The caps i¢, ib are
each provided with a central aperture léa, 146
on their top portion {5z and [5b, respectively.
Caps % and 9 project through the apertures
14 and 14b in the top portions {8c, (8D of caps
Ta, Tb, The top portions of caps 7o, b engage
a shoulder portion {6, [6b on each of caps 9a,
8b to prevent removal of said caps from casing
I. The axially inner ends of caps 8¢, 90 enter
toroidal spaces defined by casing | and shell 4,
The above described triple cap arrangement pro-
vides for a great amount of mechanical strength
required in spite of the complete absence of gas
evolving substances mainly because of the rela-
tive large ratio between the amount of metal
vaporized by the heat of the arc to the internal
volume of the link-receiving casing f.

The amount of metal vaporized by the heat of
the arc is proportional to the arc energy dissipat-
ed during the interrupting process. It is possible
to decrease progressively the ratio of arc energy
dissipated during the interrupting process to in-
ternal volume of the fuse-link and quartz-sand-

-filler-receiving casing. The smaller that ratio,
the more compact the design of the fuse, the

higher mechanical strength requirements, which :

is-in accordance with the laws of thermodynamics.
The triple cap feature combined with the dual
casing feature described above in connection with
‘Figs. 1 and 2 permit a reduction of the size of
the fuse structure and more particularly of the
filler volume to an extent such as, to my knowl-
-edge, has never been achieved herstofore in fuses
capable to perform a similar interrupting duty.
Figs. 1 and 2 of the drawing represent in about
natural size a current-limiting fuse capable of
.controlling D.-C. circuits having an available
short~circuit current above 80,000 amperes at a
rated voltage of 1000 volts. The let-through
current of the fuse is in the order of 3,500 amperes
and its current rating 30 amperes. When inter-
rupting short-circuits the clearing time is in the
order of g0 seconds. The fuse is capable of in-
terrupting both short-circuit currents and rela-
tively small overload currents of inadmissible du-
ration and is not subject to post interruption fail-
ures even at the eritical minimum fusing current
range.

I have found that when making a drastic re-
_duction of fuse size, strength requirements tend to
he more stringent when there are impurities in
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the quartz-sand-filler. When the quantity of
impurities in the filler sand becomes appreciable
and when the fuse is called upon to interrupt very
small overloads of inadmissible duration, for in-
stance, if it is required to carry 1109 of the rated
current permanently and to interrupt protracted
overloads as low as 130% of the rated currens,
then I prefer to use the structure shown in Figs.
3 and 4 of the drawing. This structure includes
means for evolving g limited amount of gas when
interrupting small protracted overloads used for
scavenging out of the link and filler-receiving
casing of the fuse the vapocrs resulting from
vaporization of the fuse link. )
It is well known in the art to provide fuse links
of silver with a metal element having a lower
fusing point than silver and adapted to form an
alloy with silver having a lower fusing point than
gilver. If a silver link of a current-limiting
quartz-sand-filler fuse is provided with such a
metal element, the interrupting process will gen-
erally be initiated at smalil protracted overloads
at the point where the metal element is located.
The arc gap formed upon arc initiation will grow
progressively due to continued arcing and the arc
will be extinguished upon having reached a pre-

~ determined lengih, provided that the cooling ac~
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tion of the surrounding quartz filler is sufficiently
intense. The gap length formed will depend upen
the amount of arc energy which is being dissi-
pated during the interrupting process and the
arc gap is being bridged by a fulgurite or semi-
conductor which is in the nature of glass since
it is produced by the fusion of quartz sand. Per-
haps the interrupting process is actually more
complex on account of chemical reactions which
may take place in addition to the more obvious
thermal processes, and I do not wish to limit my
invention by referring merely to the thermal as-
pects of the interrupting process. However, the
effectiveness of my invention may be fully ex-
plained by reference to thermal aspects only.

If a silver link is provided with an alloy-form-
ing element which reduces the fusing tempera-
ture of the link at the point where it is located,
then initial gap formation at low current inter-
ruptions is generally limited to the neighborhood
of the fusing-temperature-reducting element. In
a fuse having an alloy-forming fusing-point-re-
ducing element it may be sufficient to produce a
single gas fiow for cooling the semi-conductor
resuiting from the fusion of quartz sand rather
than a pair of semi-conductor cocling gas cur-
rents which flow in opposite directions. The
double flow feature may, however, be retained
where it is desired or necessary to establish more
effective cooling conditions, and in that particu-
lar instance the fuse link ought to be provided
with two alloy-forming elements, one adjacent
each end of the link. Figs. 3 and 4 show an em-~
bkodiment of a preferred structure which involves
one single alloy-forming element. .

The fuse link 2 shown in Fig. 3 has a plurality
of portions of reduced cross-sectional area and
a plurality of portions of relatively larger eross-
sectional area intermediate said reduced cross-
sectional area portions. Each reduced cross-
sectional area portion has a hole 2a laterally
bounded by a pair of metallic current paths in
parallel. The link 2 is provided with an insert
{1 in one of said holes 2a remote from the cen-
ter of the link. The insert 17 may be in the gen-
eral shape of a rivet and it consists of a metal
having & lower fusing point than the metal of
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which the fuse link 2 is made and adapted to
form an alloy with the metal of which the fuse
link is made having a lower fusing point than the
metal of which the fuse link is made. If the
fuse link is made of silver the insert {7 may con-
sist of tin. An inert semi-conductor-forming
pulverulent filler §q, such as quartz sand, is ar-
ranged in intimate contact with the portions of
the link remote from insert {1, and a pulverulent
filler 3b evolving gaseous products under the heat
of the arc as, for instance, chemically pure chalk,
is arranged in intimate contact with the portion
of the link 2 adjacent the lower fusing point in-
sert 17. The quartz filler 3¢ and the chalk filler
3b are preferably separated by a disc 18 equal in
diameter to the internal diameter of casing I.

The fuse shown in Figs. 3 and 4 operates in the
same way as the fuse shown in Figs. 1 and 2 inas-
much as interruption of currents of large magni-
tude is concerned. Its operation is different from
the operation of the fuse shown in Figs. 1 and 2
inasmuch as the interruption of relatively small
protracted overloads is concerned. On the occur-
rence of such overloads fusion and arcing are ini-
tiated at the point where the insert i7 is located.
The vapors resulting from vaporization of the
alloy formed by the silver of link 2 and the metal
of element 17 are highly ionized. These vapors
diffuse from the right of the fuse to the left and,
in so doing, are effectively cooled and deicnized
by the large total surface of the quartz-sand-
filler over which they travel. A certain amount
of metal vapor may escape through the bores ¢
upon having broken the bore-controlling tape
seal 6. A good deal of the metal vapors will con-
dense on the relatively cool surfaces of the quartz
particles and thus be rendered harmless. Gases
evolved from the chalk filler 3b and flowing to-
ward the passage means l¢ will dilute and cool

the ionized metal vapors and tend to scavenge 4

these vapors out of the casing into the cooling
and deionizing chamber 5. There is no danger
of electric breakdown across the cooling and de-
ionizing chamber § becauge the gaseous products
which flow into it have a relatively large dielec-
tric strength which exceeds the potential across
the terminals of the fuse. The evolution of gas
by the chalk filler continues as the width of the
arc gap grows and a fulgurite is formed and after
the arc has been extinguished and substituted by
the fulgurite. The fulgurite or semi-conductor is
then cooled by the post arcing flow of gaseous
products emanating from the chalk filler 3b and
flowing to the passage means le. Thus rate of
cooling of the fulgurite or semi-conductor is suf-
ficiently accelerated to prevent any post inter-
ruption failure of the fuse.

It is of considerable importance to properly
choose the average grain size of the quartz filler
and the size of the passage means or bores ¢ to
achieve interruption of small protracted overloads
without signs of post interruption distress. The
interstices between the filler particles and the
vent openings Ic of the casing { must be of suffi-
cient size to permit development of sufficiently
rapid flow conditions. The flow of hot gasss
through the interstices of the quartz filler is ob-
viously highly turbulent which tends to increase
the rate of deionization of the arc preduects but
tends also to increase the flow resistance. Tokeep
the flow resistance sufficiently low the grain size
of the quartz filler should be relatively coarse as,
for instance, 30/40 mesh size. Considerably finer
grain size of the filler, as used in many modern

current-limiting fuses of the silver-link quartz *
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sand type, may have its advantages, but it is
adverse to effective interruption of small cur-
rents and more particularly to formation of an
effective flow of gas in a direction longitudinally
of the fulgurite. I have found that for the pur-
pose of effectively controlling small currents, the
grain size of the filler should ke coarser than 60
mesh and this is particularly important if the
filler contains some impurities. The flow re-
sistance through the passage means or bores le
must be kept sufficiently low by judicious selec-
tion of their cross-sectional area. The cross-
sectional area of each of the bores fc should by
far exceed the average grain size, and this re-
quires the provision of a means, such as the ad-
hesive tape seal 8, which normally prevents the
leakage of filler out of the casing into the de-
ionizing chamber §, but is easily destroyed by
heat and pressure to permit the outflow of gase~
ous products of arcing. As mentioned before,
the adhesive tape seal remains generally intact
at the interruption of large currents, but is de-

"stroyed at the interruption of small currents.

The strength of the seal 6 i3 deliberately so se-
lected that the seal remains unimpaired by the
relatively small pressures resulting from the in-
terruption of currents of short-circuit current
proportions. The fuse structure shown in Figs.
3 and 4 is provided with three venting bores or
passages lc which are angularly related, or dis-
placed, 120 degrees, and have a diameter of .04
inch. The number and diameter of the venting
passages ¢ may vary but must always lie within
the limifs required for producing an effective
scavenging flow from the point of gas generation
in a direction substantially longitudinally of the
link 2 toward the center of the fuse. 'The con~
figuration of the venting passages ought to be
circular in order to produce a gas flow which en-
velops the entire substantially ecylindrical sur-
face of the fulgurite.

While the friple cap, dual casing structures
shown in Figs. 1 to 4 are primarily intended for
current-limiting fuses wherein there is a scav-
enging gas flow, or a plurality of such gas flows,
in a direction longitudinally of the fulgurite, such
triple cap, dual casing structures may be applied
also in cases where no scavenging flow action
is required for cooling a fulgurite, but where it
is desired to impart a relatively high degree of
mechanical strength to a fuse of one kind or
another. Fig. 5 shows a fuse which has the triple
cap, dual casing feature without having any
means for producing an internal gas flow in a
direction longitudinally of the fuse and without
having any gas receiving and gas cooling cham-~
her arranged between the outer and the inner
fuse casing. Like reference signs are applied in
Fig. 5 and in Figs. 1 to 4 to indicate similar parts
and, therefore, the structure of Fig. 5 will be
reacily understoed without a separate deserip-
tion thereof.

In each of the illustrated embodiments of the
invention, the described flow of gases in the di~-
rections of the arrows may involve some pulsa-
tion, with some flow of gases in the opposite di-
rections.

Having disclosed three preferred embodiments
of my invention, it is desired that the same be not
limited to any particular structures disclosed. It
will be obvious to any person skilled in the art
that many modifications and changes may be
made without departing from the broad spirit
and scope of my invention. Therefore it is de-
sired that the invention be interpreted as broadly
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as possible and that it be limited only as required
by the prior state of the art.

I claim as my invention:

1. A current-limiting fuse comprising a first
tubular casing, a second tubular casing arranged
in spaced coaxial relation in said first casing,
means for closing the toroidal spaced formed be-
tween said first casing and said second casing at
the axial ends thereof, a fuse link arranged in
substantially coaxial relation in said second cas-
ing and extending straight between the ends
thereof, a non-gas evolving granular fulgurite-
forming filler in said second casing in immediate
contact with said link, passage means arranged
substantially at the center of said second casing
and the center of said link for the passage of
gases from said second casing info said first cas-
ing, the cross-sectional area of said passage
means exceeding the average grain size of said
filler, and pressure responsive sealing means
for controlling said passage means, said passage
means being the only way of escape of gaseous
products from said second casing.

2. A current-limiting fuse comprising a tubular
casing, a fuse link arranged in substantially co-
axial relation with regard to said casing and ex-
tending straight between the ends thereof, the
preponderance of the length of said link con-
sisting of a variable cross-sectional area section
having a relatively large number of serially re-
lated portions of relatively small cross-sectional
areg and intermediate portions of relatively large
cross-sectional area, an inert arc-quenching filler
of the fulgurite-forming type in intimate contact
with said link, and means tending to produce a
pair of opposite gas flows enveloping the fulgurite
formed upon vaporization of a substantial por-
tion of said link and fusion of a substantial por-
tion of said filler, said means tending to produce
said pairs of gas flows including a plurality of
angularly related passage means arranged in said
casing substantially adjacent the center of said
-variable cross-sectional area section of said link,
and means defining an outwardly closed chamber
in communication with said passage means, said
chamber being of shortsr length than said casing
and in coaxial relation thereto.

3. A current-limiting fuse comprising a tubular
casing, a fuse link arranged in substantially co-
axial relation with regard to said casing and ex-
tending straight between the ends thereof, the
preponderance of the length of said link consist-
ing of a variable cross-sectional area section hav~
ing a relatively large number of seriaily related
portions of relatively small cross-sectional area
and intermediate portions of relatively large
cross-sectional area, an inert arc-extinguishing
filler of the fulgurite-forming type in intimate
contact with said link and means tending to pro-
duce & pair of opposite gas flows in a direction
substantially longitudinally of the fulgurite
formed upon vaporization of a portion of said link
and fusion of a portion of said filler, said means
“tending to produce said pair of gas flows includ-
ing a plurality of angularly related passage means
provided in said casing substantially adjacent
the center of said variable cross-sectional area
section of said link, and means defining an out-
wardly closed chamber in communication with
said passage means, said chamber being of shorter
length than said casing and in coaxial relation
thereto, said chamber defining means including
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a pair of external radial axially spaced flanges .

on said casing and a tubular member having an

12

internal diameter substantially equal to the di-
ameter of said flanges. .

4, A current-limiting fuse comprising a first
relatively short and relatively wide tubular cas-
ing, a second relatively long and relatively narrow
tubular casing arranged in spaced coaxial rela-
tion in said first casing and extending beyond
both ends thersof, said second casing having a
pair of spaced external radial flanges for closing
said first casing, a fuse link arranged in sub-
stantially coaxial relation in said sscond casing
and extending straight between the ends thereof,
an inert granular fulgurite~-forming filler in said
second casing in intimate contact with said link,
passage means arranged substantially at the
center of said second casing and the center of
said link for the passage of gaseous products
from said second casing into said first casing,
the cross-secticnal area of said passage means
exceeding the average grain size of said filler,
and pressure responsive sealing means for nor-
mally closing said passage means, said passage
means being the only way of escape of gaseous
products from said second casing.

5. A current-limiting fuse comprising a first
tubular casing, a second tubular casing arranged
in spaced coaxial relation in said first casing,
means for axially closing said first casing, sep-
arate means for axially closing said second cas-
ing, a fuse link arranged in substantially coaxial
relation with regard to said second casing and
extending straight between the closed ends there-
of, substantially the entire length of said link
consisting of a variable cross-sectional area sec-
tion having a relatively large number of serially
related equi-distant portions of relatively small
cross-sectional area and intermediate portions of
relatively large cross-sectional area, and inert
fulgurite-forming are extinguishing filler in said
second casing in immediate contact with said
link, the dimensions of said link and the are
extinguishing capacity of said filler being so re-
lated as to result in vaporization of a pre-
ponderant portion of the length of said variable
cross-sectional ares section of said link on the
occurrence of relatively small protracted fauli
currents, the volume of said second casing being
relatively small and the mechanical strength
thereof less than required to withstand on inter-
ruption of relatively small protracted fault cur-
rents the total pressure inciuding the partial
vapor pressure due to the vaporization of said
preponderant portion of the length of said
variable cross-sectional area section of said link
and the partial pressure due to the flow of a
follow-current through the fulgurite formed upon
fusion of a portion of said filler, means for the
passage of gaseous products from said second
casing into said first casing arranged close to
the center of said variable cross-sectional area
section of said link, said passage means being the
only way of escape of gaseous products from said
second casing.

6. A current-limiting fuse comprising s first
relatively short and relatively wide casing, a sec-
ond relatively long and relatively narrow casing
arranged in spaced coaxial relation in said first
casing and projecting beyond both ends thereof,
said second casing having a pair of spaced exter-
nal flanges for closing said first casing, a first
pair of caps one on each end of said first casing, a
second pair of caps one on each end of said
second casing, each of said first pair of caps hav-
ing a central aperture through which one of said
second pair of caps projects and each of said
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second pair of caps having a shoulder portion in
engagement with one of said first pair of caps,
g fuse link arranged in substantially coaxial re-
lation in said second casing and extending
straight between said second pair of caps, an in-
ert fulgurite-forming filler in said second casing
in intimate contact with said link, passage means
arranged substantially at the center of said sec-
ond casing and substantially adjacent the center
of said link for permitting the escape of gasecus
products from sald second caging into said first
casing, and pressure responsive sealing means for
controlling the flow of gaseous products through
said passage means.

7. A current-limiting fuse comprising a first
tubular casing, a second tubular casing arranged
in spaced relation in said first casing, means ar-
ranged substantially at the center of said sec-
ond casing for venting said second casing into the
spaced formed between said first casing and said
second casing, a fuse link arranged in said sec-
ond casing and comprising a low melting point
means for initiating circuit interruption at rela-
tively small protracted overloads, said low melt-
ing point means bheing arranged adjacent an
axially cuter end of said link, a pulverulent inert
semi-conductor-forming-filler in said second cas-
ing in intimate contact with a substantial por-
tion of said link remote from said low melting
point means, and & pulverulent filler evolving gas
under the heat of the arc arranged in intimate
contact with the pertion of said link immediately
adjacent said low melting point means.

8. A current-limiting fuse comprising a first

tubular casing, a second tubular casing arranged !

in coaxial spaced relation in said first casing, said
second casing having a pair of radial flanges
jointly defining with said first casing a substan-
tially closed deicnizing chamber, passage means
arranged remote from the ends of said second
caging permitiing the escape of gasecus products
from said csecond casing into said deionizing
chamber, a fuse link arranged in said second cas-~
ing, said link having a plurality of portions of

reduced cross-section and a plurality of portions

of relatively larger cross-section intermediate
said reduced cross-section portions, each said re-
duced cross-section portion having a hole lat-
erally bounded by a pair of current paths in
parailel, an insert in one of said holes remoic
irom the center of said link, said insert consist-
ing of a metal having a lower fusing point than
the metal of which said link is made and adapted
to form an alioy with the metal of which said
link is made having a lower fusing point than
the metal of which said iink is made, an inert
semi-conductor-forming pulverulent filler in said
second casing in intimate contact with the por-
tion of said link remote from said insert, and a
pulverulent filler evolving gas under the heat of
the are arranged in intimate contact with the
portion of said link adjacent said low fusing point
insert.

9. A fuse comnprising a fiat relatively short and
relatively wide casing, a second relatively long
and relatively narrow casing arranged in spaced
coaxial relation in said first casing and preject-
ing beyond both ends thereof, external radial
axially spaced fSange means on said second cas-
ing engaging the innsr surface of said first cas-
ing, passage means in said sscond casing for
permitting the escape of gassous products from
said second casing into said first casing, a fuse
link arranged in said second casing, a pulverulent
arc-quenching filler in said second casing in im-
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mediate contact with said link, a first palr of
caps one on each end of said first casing, a sec-
ond pair of caps cne on each end of said second
casing and in conductive relation with said link,
each of said first pair of caps having a cen-
tral aperture for the passage of one of said second
pair of caps and each of said second pair of caps
having a shoulder portion in abutting relation
with one of said first pair of caps.

10. A fuse comprising a first relatively short
and relatively wide casing, a second relatively
long and relatively narrow casing arranged in
spaced coaxial relation in said first casing and
projecting beyond hoth ends thereof, external
radial axially spaced flange means on said sec-
ond casing substentially equal in diameter to
the internal diameter of said frst casing, passage
means in said second casing for permitting the
escape of gaseous products from sald second
casing into said first casing, a fuse link arranged
in substantially cogxial relation in said second
caging and extending straight between the end
portions thereoi, a pulverulent are-quenching fill-
er in said second casing in immediate contact
with said link, a first pair of caps one on each
end of said first casing, a second pair of caps one
on each end of said second casing, a third pair
of caps one on each end of said second casing,
each end of said link being secured to one of
said third pair of caps and each of said third pair
of caps having a circular lateral indentation en-
gaging one of 2 pair of circular greooves in said
second casing, each of said second pair of caps
covering and surrounding one of said third pair
of caps and being in metallic contact therewith,
and each of said first pair of caps having on the
lateral.surface thereof a circular indentation en-
gaging oune of a pair of circular grooves in said
first casing and on the top portion thereof a cir-

v cular aperture for the passage of one of said sec-

onid pair of caps, said top portion of each of
said first pair of caps also engaging a shoulder
portion cn each of said second pair of caps.

11. A current-limiting fuse comprising casing
means defining o radially cuter substantially
closed chamber and a radially inner substantial-
ly closed chainber, a fuse link arranged within
and in substantially coazial relation with regard
to said radially inner chamber and extending
straight between the ends thereof, the preponder-
ance of the length of said link consisting of a
variable cross-sectional area section having a
relatively large number of serially related por-
tions of relatively small cross-sectional area and
intermediate portions of relatively large cross-
sectional area, an inert arc-quenching filler of
the fulgurite-forming type in intimate contact
with the major portion cf said variable cross-
sectional ares section, said variable cross-sec-
tional area section being adapted to vaporize in
said filler on the occurrence of small protracted
overloads along a substantial portion thereof, a
plurality of angularly related passages arranged
in a common transverse plane for interconnect-
ing said radially inner chamber and said radially
cuter chamber, means for initiating fusion of
said link at a ternperature below the fusing point
of the metal of which said link is made, said
fusion initiating means being arranged in axially
spaced relation from said common transverse
plane, and a pulverulent gas evolving arc-quench-
ing filler in intimate contact with the portion of
said link where said fusion initiating means is
located.

12. A current-limiting fuse comprising a first
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relatively short and relatively wide tubular cas-
ing, a second relatively long and relatively nar-
row tubular casing arranged in spaced coaxial re-
lation in said first casing and projecting beyond
both ends thereof, external radial axially spaced
flanges on and forming an integral part of said
second casing, said flanges being substantially
equal in diameter to the internal diameter of
said first casing, passage means in said second
casing for releasing gaseous products from said
second casing into said first casing, pressure re-
sponsive sealing means for controlling said pas-
sage means, said passage means including a plu-
rality of angularly related passages arranged sub-
stantially in a common transverse plane, a fuse
link arranged within and in substantially coaxial
relation with. regard to said second casing and
extending straight between the ends thereof, the
preponderance of the length of said link consist-
ing of a variable cross-sectional area section hav-
ing a relatively large number of serially related
portions of relatively small cross-sectional area
and intermediate portions of relatively large
cross-sectional area, each said relatively large
cross-sectional area portions having a hole lat-
erally bounded by a pair of current paths in
parallel, a pulverulent quartz filler in intimate
contact with the major portion of said variable
cross-sectional area section, means for initiating
fusion of said link at a temperature below the
fusing point of the metal of which said link is
made, said fusion initiating means being arranged
in axially spaced relation from said passage means
in said second casing, and a pulverulent arc-
quenching filler evolving gas under the heat of
the arc arranged in intimate contact with the
portion of said link where said fusion initiating
means is located to produce upon initiation of
fusion of said link a flow of relatively cool gas in
a direction substantiallly longitudinally of said
second casing toward said passage means in said
second casing.

13. A current-limiting fuse comprising a first
relatively short and relatively wide casing, a sec-
ond relatively long and relatively narrow casing
arranged in coaxial relation with respect to and
within said first casing, said second casing com-
prising an axially inner section equal in diameter
to the internal diameter of said flrst casing and
axially outer sections of smaller diameter pro-
jecting beyond both ends of said first casing, a
fuse link arranged in substantialiy coaxial rela-
tion in said second casing and extending straight
between the ends thereof, a pulverulent filler in
said second casing in immediate contact with
said link, a first pair of caps one on each end of
said first casing, a second pair of caps one on
each end of said second casing, a third pair of
caps one on each end of said second casing, each
end of said link being secured to one of said third
pair of caps and each of said third pair of caps
having substantially the same configuration as
said axially outer sections of said second casing,
each of said second pair of caps covering one of
said third pair of caps and extending into one
of a pair of toroidal spaces formed between the
axially outer ends of said first casing and the
axially outer ends of said second casing, each
of said third pair of caps having g circular aper-
ture on the top portion thereof for the passage
of one of said second pair of caps and engaging
a shoulder portion on each of said second pair
of caps to prevent removal thereof from said
second casing.
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14. A current-limiting fuse comprising a first
relatively short and relatively wide casing, a sec-
ond relatively long and relatively narrow casing
arranged in coaxial relation with respect to-and
within said first casing, said second casing com-
prising an axially inner section equal in diameter
to the internal diameter of said first casing and
axially outer sections of smaller diameter pro-
jecting beyond both ends of said first casing, a
fuse link arranged in substantially coaxial rela-
tion to and within said second casing and ex-
tending straight between the ends thereof, the
preponderance of the length of said link consist-
ing of a variable cross-sectional area section hav-
ing a relatively large number of serially related
portions of relatively small cross-sectional area
and intermediate portions of relatively large
cross-sectional area, a pulverulent quartz-filler
in intimate contact with the major portion of
said variable cross-sectional area section, a first
pair of caps one on each end of said first casing,
a second pair of caps one on each end of said
second ecasing, a third pair of caps one on each
end of said second casing, each end of said link
being secured to one of said third pair of caps
and each of said third pair of caps having sub-
stantially the same configuration as said axially
outer secticns of said second casing, each of said

econd pair of caps covering one of said third
pair of caps and extending into one of a pair of
toroidal spaces formed between the axially outer
ends of said first casing and the axially outer
ends of said second casing, each of said first pair
of caps having a circular aperture on the top
portion thereof for the passage of one of said
second pair of caps.

15. A current-limiting fuse for the 1000 volt
rating range comprising a straight fuse link of
sheet metal, the preponderance of the length of
said link consisting of a variable cross-sectional
area section having a relatively large number of
serialiy related portions of relatively small cross-
sectional area and intermediate portions of rela-
tively large cross-sectional area, a cylindrical
casing of laminated material wherein said link
is mounted in coaxial relation, the internal diam-
eter of said casing being less than three times
the width of said link, said link being surrounded
by a granular quartz-filler the average grain size
of which is coarser than 60 mesh, and means
tending to produce at least one flow of gas in &
direction longitudinally of the fulgurite formed
upon vaporization of said link due to a fault cur-
rent of relatively small magnitude and inadmis-
sible duration, said means including passage
means in said casing, sealing means for con-
trolling said passage means, said sealing means
being adapted to be unaffected by the relatively
small pressures generated in said casing during
the interruption of currents of short-circuit cur-
rent proportions and to be destroyed by pressure
during the interruption of fault currents of rela-
tively small magnitude and inadmissible dura-
tion, and means defining an outwardly closed
chambper in communication with said passage
means permitting the escape of gaseous products
from said casing upon destruction of said sealing
means.
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