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57) ABSTRACT 

A current limiting fuse having a fusible element with a 
plurality of longitudinally spaced holes or slots or 
otherwise reduced cross section and utilizing in addi 
tion at least one point along the element a small quan 
tity of a low melting point material, such as tin. The 
low melting point material and at least a portion of the 
holes or reduced sections is shunted by a length of 
high resistance, highly reactive exothermic wire. Since 
the exothermic wire is close to the main piece of fuse 
material, the proximate force of the explosion blows 
out or melts other sections of the main fusible element 
in the weakened areas near the holes or reduced sec 
tions to quickly limit any overcurrent. 

6 Claims, 4 Drawing Figures 
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CURRENT LIMITING FUSE 
BACKGROUND OF THE INVENTION 

This invention relates to electrical fuses and it has 
particular relation to current limiting fuses for inter 
rupting relatively low overload currents. . 
Current limiting fuses typically include fusible ele 

ments formed from fusible ribbon material or wire of 
fusible material with axially spaced reduced cross-sec 
tional areas. When the overload current is relatively 
high, such as when the corresponding rated or normal 
current flowing through the fuse is relatively high, the 
fusible elements of the fuse melt or disintegrate in the 
regions of the reduced cross-sectional areas because 
this is where the current density is relatively highest. 
Consequently, multiple arcs are established between 
the various sections of fusible material which remain 
after the initial melting of the fusible elements. These 
arcs present a relatively high impedance to higher mag 
nitudes of current flow which may be available in the 
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circuit to be protected. This is especially true if the cir 
cuit to be protected has a relatively high inductive com 
ponent of reactance. Such being the case, the overload 
current is limited quickly to a value less than available 
in the circuit to be protected. - 

. However, in relatively low current applications 
where a current limiting fuse is connected in a circuit in 
which relatively low values of overload current flow, 
the amount of overload current necessary to melt or 
disintegrate one of the weakened areas is also relatively 
low. It is therefore not likely that all the weakened or 
reduced cross-sectional regions will melt or fuse simul 
taneously, but that one of them will melt first and as it 
melts, an arc results which has a tendency to reduce or 
limit the flow of overload current. But a single arc 
usually does not have the limiting effect on electrical 
current flow that a plurality of arcs has. Consequently, 
the available driving voltage of the protected circuit 
may force the current intended to be interrupted to, in 
fact, be sustained or even increase for a short period of 
time and possibly damage or destroy associated electri 
cal equipment. . . . 

In the past, it has been proposed, such as in U.S. Pat. 
No. 3,243,552 issued Mar. 29, 1966, to H. W. Miku 
lecky to provide adjacent to the main fusible element a 
section of fusible material which is formed from materi 
al similar to the fusible material of the main element. 
The adjacent section of fusible material is mounted 
proximate to the main fuse element, but is not attached 
or connected to it, Instead, electrically insulating gaps 
of appropriate length are provided between the ends of 
the adjacent section of fusible material and the main 
fuse element. When the main fuse element melts or 
fuses to create an arc voltage and a larger impedance to 
the flow of overload current, there is a tendency, 
because of the latter arc voltage, for the overload cur 
rent to flow through the gaps between the main fuse 
element and the adjacent section of fusible material at 
the respective ends thereof, thus creating additional 
arcs. These arcs have a tendency to further reduce cur 
rent flow, but only by a slightly larger amount, as 
usually only two more arcs are created and both of 
these are in parallel with the primary arc. 
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65 It would be advantageous to create a relatively larger 
number of gaps and thus a larger number of current 
limiting arcs in a low current fuse. 

2 
SUMMARY OF THE INVENTION 

In accordance with the invention, a main length or 
element of fusible material which may be in the form of 
either wire or a ribbon strip includes a plurality of lon 
gitudinally spaced restricted portions by forming 
notches in the wire or holes or notches in the strip of 
fusible material. 

In the case of a strip or ribbon of fusible material, a 
silver composition may be used to form the ribbon or 
strip. Holes may then be formed at longitudinally 
spaced intervals which may be substantially equidistant 
or otherwise spaced from one another along the length 
of fusible material. Consequently, reduced cross-sec 
tional areas result on either side of each hole or open 
ing. In one embodiment, one of the holes may then be 
filled with a low melting point material, such as a tin 
composition. In another embodiment, a similar tin 
composition may be deposited in the form of an adher 
ing bead to the main fuse material in a spaced relation 
ship between holes or notches. The fusible material will 
melt initially at the tin bead or tin filled hole when sub 
jected to a predetermined overload current. However, 
a portion of the fusible material, which may include the 
low melting point material, is paralleled or shunted by a 
strip of exothermic or high explosive fuse wire, such as 
that sold under the trademark “Pyrofuze." "Pyrofuze' 
material is of such a composition that when the current 
through it increases significantly, it will melt with ex 
plosive force. The strip of exothermic or explosive wire 
is disposed adjacent to the main fuse element and elec 
trically connected in parallel with at least a portion of 
said element. The resistance of the explosive wire is 
much higher than that of the main fuse element, and 
consequently when the main fuse element is conduct 
ing normal or less than a predetermined or rated cur 
rent, most of the current flows through the relatively 
lower resistance of the main fuse element. However, as 
the relatively low current increases to an overload 
value, the main fuse element will melt or fuse in a re 
gion of restricted area or of the low melting point 
material creating an arc and increasing the effective 
impedance or resistance of the main fuse element when 
compared with that of the auxiliary element. Con 
sequently, a significant amount of the overload current 
will then flow through the shunt or auxiliary element, 
causing it to explode and exert an exothermic explosive 
force though granular or pulverulent arc quenching 
material such as silica sand upon the adjacent or proxi 
mate portion of the main fuse element. When this hap 
pens, the restricted portions of the main fuse element 
near the remaining holes are blown away or melted by 
the hot explosive gases from the exothermic or explo 
sive wire. This has the effect of quickly creating a plu 
rality of substantially simultaneously produced arcs 
which quickly limit current flow in the protected cir 
cuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 
For a better understanding of the invention, 

reference may be had to the preferred embodiments 
exemplary of the invention shown in the accompanying 
drawings in which: 

FIG. 1 is a view of fuse element assembly including a 
shunting fuse wire; 

FIG. 2 is a view of a fuse element assembly including 
a shunting fuse wire made of two different materials; 
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FIG. 2a is a view similar to that shown in FIG. 2, but 
with a bead of low melting point material deposited on 
the fuse element; and 

FIG. 3 is a sectional view in elevation of the primary 
embodiment of the invention in a cartridge type of cur 
rent limiting fuse. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings and FIG. 1 in particu- O 
lar, a current limiting fuse element assembly 10 capable 
of interrupting and limiting electrical current by 
establishing voltage arcs is shown. Fuse element as 
sembly 10 is adapted to interrupt relatively low values 
of overload current, that is overload current where the 
normal rated current of the fuse element assembly is 
relatively low. Fuse element assembly 10 comprises a 
first or main fuse element or ribbon 12. Fuse element 
12 may be formed from silver or silver alloy suitable for 
fusing under predetermined overload current condi 
tions. First fuse element or ribbon 12 includes a plurali 
ty of spaced areas or regions of reduced cross-section. 
In one embodiment of the invention, the regions of 
reduced cross-section are formed by removing 
generally circular portions of material from within the 
periphery of the fuse ribbon 12 at a plurality of longitu 
dinally spaced intervals, thus forming a plurality of 
holes or openings as indicated at 14, 16, 18, 20, 22, and 
24 in FIG. 1. 

In addition, a second or auxiliary, adjacent or proxi 
mate fuse element formed from a fusible material 28, 
which is exothermic or explosive and which may be 
wire, is connected in parallel with or shunts at least a 
portion of the main fuse element 12. The ends of the 
auxiliary fuse element 28 are attached or connected to 
main fuse element 12 at attachment points or connec 
tions 30 and 32. 
Areas of weakened or reduced cross-section as in 

dicated at 34, 36, 38, 33, 42 and 44 are formed near 
holes 14, 16, 18, 20, 22 and 24, respectively. When 
normal or rated current 45 flows or less than normal 
rated current flows, most of it flows through main fuse 
element 12 since the auxiliary element 28 represents or 
forms a highly resistive shunt current path. 

It will be noted that hole 20 may be substantially 
filled with a low melting point material 26, such as a tin 
composition. This makes the main fuse element 12 
especially weak in the region of hole 20 in the sense 
that when an overcurrent 45 flows, the weakened re 
gion 33 which comprises a first current conducting 
path 13 of main fuse element 12 will be the first to dis 
integrate, and creates an arc between the remaining ad 
jacent sections 12A and 12B of main fuse section 12. It 
is also possible for the fusible material in the region of 
hole 20 to melt first because of heat build up in the 
restricted region around hole 20 even if no low melting 
point material 26 is present. When melting occurs, the 
generated arc creates a greater impedance to the flow 
of current 45 through main fuse element 12, and con 
sequently, there is a greater tendency for current com 
ponent 47 to flow in adjacent, proximately disposed 
shunt wire or second fuse element 28, which comprises 
a second current conducting path 29. The explosive 
wire 28 may be made with a single concentrated core of 
aluminum which has an outer layer orjacket of palladi 
um, forming an exothermic alloy. As the shunted over 
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4 
load current 47 begins to flow through exothermic wire 
28, wire 28 begins to heat. In one embodiment of the 
invention, when the temperature reaches 660°C., 
which is the melting point of aluminum, the inner con 
centric aluminum core melts causing a sudden exother 
mic alloying action which produces a great amount of 
heat. The heat may be released suddenly in the form of 
an explosion of hot gases which impacts upon the ad 
jacent fuse section 12 and blows away or disintegrates 
or melts the weakened sections 34, 36, 38, 42 and 44, 
for example. When this happens, additional arclets 
which are cumulative in nature form in the region of 
holes 14, 16, 18, 22 and 24 in addition to the original 
arc which initially occurred in the region of hole 20, 
thus creating a significant total arc voltage along the 
length of the main fuse element 12. This operation 
tends to quickly reduce the effect of electrical momen 
tum such as may be found in a highly inductive pro 
tected circuit and to limit the magnitude of the current 
flow 45 to a value which is typically much lower than 
that which would otherwise result. , 

Referring now to FIG. 2, a fuse element assembly 10' 
is shown in a second embodiment of the invention. 
Those parts of fuse element assembly 10' which are 
similar to those of fuse element assembly 10 as shown 
in FIG. 1 are indicated by the same numeral as used in 
FIG. 1, but with a prime added. In this embodiment of 
the invention, the auxiliary fuse element which com 
prises a section 50 of exothermic or explosive wire is 
connected or abutted at electrical junctions or connec 
tions 51 and 53 to sections 57 and 59 respectively of 
highly resistive electrically conducting material, such 
as nickel-chrome or copper-nickel wire. The explosive 
reaction caused in fuse element section 50 is similar to 
that caused in fuse section 28, as shown in FIG. 1. But 
less of the exothermic or explosive fuse wire, which 
may be expensive, is required because of the electri 
cally conducting end segments of the previously men 
tioned highly resistive sections 59 and 57 which are 
connected to the main fuse element 12" as indicated at 
32' and 30', respectively. 

Referring now to FIG. 2a, a fuse element assembly 
10' similar to the fuse element assembly 10' as shown 
in FIG. 2, is depicted. Here, a bead of highly fusible tin 
composition or similar material 27 is disposed upon the 
surface of fuse ribbon or material 12'. Material 27 
when heated burns away or fuses a portion of fuse 
material 12" at region 80, consequently causing a reac 
tion similar to those previously described with respect 
to FIGS. 1 and 2. 

Referring now to FIG. 3, an embodiment of the in 
vention is shown incorporated into a cartridge type fuse 
60. Cartridge type fuse 60 has oppositely disposed elec 
trically conducting end sections or terminals 61 and 62 
between which fuse element assembly 10 may be elec 
trically connected and disposed. Fuse element as 
sembly 10 may be enclosed by an electrically insulating 
or dielectric tube or housing 64 at the ends of which are 
placed or disposed end sections 61 and 62. Attached or 
secured to end sections 61 and 62 are electrically con 
ducting ferrules or end caps 66 and 68, respectively, 
which may be used to connect cartridge fuse 60 to an 
associated fuse holder (not shown). As a result, the 
current limiting properties discussed with respect to 
FIGS. 1, 2 and 2a may be adapted to a cartridge fuse. A 



S 
pulverulent arc quenching material 72, such as silica 
sand, may be disposed within chamber 64 and around 
fuse element 10. 

It is to be understood that fuse element assembly 10, 
although illustrated as including a ribbon type main 
fuse element with longitudinally spaced relatively cir 
cular holes, may include a generally cylindrical main 
fuse element of the wire type which may also be 
tapered. It is also to be understood that the low melting 
point material provided to initiate the melting of the 
main fuse element during overload conditions may be 
formed from any suitable material, such as a cadmium 
based material, which will electrically weaken one re 
gion of the fuse section more than other sections, and 
thus cause that section to break down or blow more 
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path increases, said at least partial melting forming at 
least one region of reduced cross-section in said first 
fusible element and consequently increasing electrical 
resistance therein, said second fusible element being 
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readily than any other sections. It should also be un 
derstood that any number of holes or notched sections 
may be provided and spaced between connecting 
points of the auxiliary fuse. It is also to be understood 
that fuse element 28 may be attached in more places 
than the two ends, as illustrated in FIG. 1, to main fuse 
element 12. It is also to be understood that fuse section 
10 need not be limited to a silver composition fuse 
material nor need the wire or fuse element 28 be 
limited to any particular exothermic fusible material. It 
is to be further understood that the fuse element assem 
blies 10' or 10' may alternately be employed in the 
current limiting fuse structure shown in FIG.3 instead 
of the fuse element assembly 10. It is to be understood 
that although FIG. 3 shows fuse element assembly 10 
incorporated in a cartridge type fuse, fuse element as 
sembly 10 may be incorporated in many types of fuse 
structures and is not limited to only low current appli 
cation, but may be used in a high current fuse applica 
tion if so desired. It is also to be understood that a fuse 
element assembly such as 10' may be formed in the 
shape of a spiral. It is also to be understood that the 
bead or deposition of highly fusible material 12 may be 
used on section 12 as shown in FIG. 1 in place of or in 
addition to the fuse material 26, which is formed in 
hole.20. . . . . . . . . . . . . . 
The apparatus embodying the teachings of this in 

vention has several advantages. For example, the appli 
cant's invention facilitates the construction of a current 
limiting fuse for effective clearing of low currents by 
using a smaller number of fuse elements of larger cross 
sectional area. It also provides a relatively simple way 
of creating a relatively large number of near simultane 
ous arclets in a low rated current limiting fuse. 

I claim as my invention: 
1. A current limiting fuse structure comprising a 

generally tubular, electrically insulating casing, a pair 
of terminals one disposed adjacent to each of the op 
posite ends of said casing, first and second fusible ele 
ments disposed within said casing proximate to one 
another with at least said first fusible element being 
electrically connected between said pair of terminals, 
said second fusible element being electrically intercon 
nected with said first fusible element at at least two 
spaced locations, so as to provide first and second 
parallel electrically conducting paths adapted to carry 
current between said terminals, said first fusible ele 
ment being adapted to at least partially melt between 
said spaced locations before said second fusible ele 
ment begins to melt as electrical current in said first 
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formed from a material having a relatively higher elec 
trical resistance than said first fusible element, said 
second fusible element being adapted to suddenly 
release a quantity of heat when heated to a predeter 
mined temperature, after said first fusible element par 
tially melts the current in said second path increasing 
substantially due to said increased electrical resistance 
in said first path to thereby heat said second fusible ele 
ment to said predetermined temperature and to 
thereby actuate said second fusible element to release 
said quantity of heat causing portions of said proximate 
first fusible element comprising said first current carry 
ing path to melt from exposure to said heat to thereby 
establish at least one region between unmelted portions 
of said first fusible element between which an electric 
arc is struck while said current continues to flow which 
arc further limits the current flow in said current limit 
ing fuse until said current is substantially zero. 

2. The combination as claimed in claim 1, wherein 
said first fusible element comprises one or more regions 
of relatively narrow cross-sectional area at least one of 
which is disposed between said spaced locations, said 
initial partial melting of said first fusible element 
beginning within at least one of said at least one or 
more regions between said spaced locations as the cur 
rent therethrough increases. 

3. The combination as claimed in claim 2, wherein 
said second fusible element is formed from a generally 
exothermic explosive fuse material, said one or more 
regions of relatively narrow cross-sectional area being 
disposed in said first fusible element between said two 
locations at which said second fusible element is con 
nected to said first fusible element. 

4. The combination as claimed in claim 3, wherein 
said first fusible element is formed from ribbon-like 
substantially silver fusible material, said one or more 
regions including a plurality of relatively narrow cross 
sectional areas longitudinally spaced from one another 
and being formed by a plurality of holes, a first of said 
regions including at least one of said holes having af. 
fixed thereto low melting point composition material, 
said composition being adapted to melt as said current 
flowing in said first current path increases, said first 
fusible element bent adapted to initially melt upon flow 
of overload current in the said first region containing 
said low melting point composition, melting of the 
latter composition resulting in a high impedance arc 
voltage in said first region, said second fusible element 
being formed from explosive fuse wire, the current in 
said explosive fuse wire of said second fusible element 
increasing when said first fusible element melts to 
cause said explosive fuse wire to explode and release 
said quantity of heat, said explosion causing the 
remainder of said first fusible element to further melt in 
the regions of at least some of said plurality of holes, 
thus establishing a plurality of arcs, said plurality of 
arcs being effective to limit the current flowing in said 
fuse. 

5. The combination as claimed in claim 4 wherein 
said low melting point composition material comprises 
substantially a tin base. 
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6. The combination as claimed in claim 4 wherein 
said low melting point composition material comprises 
substantially a tin base and is affixed within the as 
sociated hole within said first region in contact with 
said silver fusible material. 5 
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