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(571 ABSTRACT

A current limiting fuse having electrical terminals at
each end of a tubular housing, a fusible assembly pro-
vided within said housing to interconnect the termi-
nals. The fusible assembly including a first fusible ele-
ment of high current clearing characteristic and a sec-
ond fusible element of low current clearing character-
istic, the first fusible element substantially surrounded
by a granular di¢lectric material, the second fusible
element being posmoned within an arc extinguishing
sleeve formed of a material which is deionizing under
the mﬂuence of an electrical arc.

13 Claims, 2 Drawing Figures
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» 1
CURRENT LIMITING SAND FUSE

BACKGROUND OF THE INVENTION

Current limiting fuses of the type shown in the Miku-
lecky U.S. Pat. No. 3,294,936 are designed to interrupt
currents of overload proportions as well as currents of
short circuit proportions. The difticulty encountered in
fuses of this type is the interruption of currents of rela-
tively small magnitude of long duration, i.e., a second
or more. The arc gap which forms in the small cross
sectional area portions of the fusible element of this
type is progressively enlarged by vaporization and the
fulgurite is generally continuous. If the arcing is pro-
longed in interrupting fault currents of relatively small
magnitude, excessive high arc energy is released and
intense heating of the filler adjacent to the arc region
occurs before completion of the interrupting process.
This intense heating and the excessive arc energy tend
to delay cooling of the fulgurite arid to allow flow of full
or leakage current through the fulgurite often resu]ting
in a restrike and rekindling of the arc after initial inter-
ruption of the fuse.

In the Mikulecky type current limiting fuse as de-
scribed in U.S. Pat. No. 3,294,936, lead-tin allow beads
are provided in intimate contact with each silver wire.
The lead-tin alloy beads reduce the melting tempera-
ture of the silver wire due to the formation of an alloy
on melting of the lead-tin bead on the silver. However,
it has béen found that even though the fusible element
fails, the fuse does not necessarily interrupt current be-
cause of the presence of an arc gap which is not long
enough to obtain arc interruption. If this condition oc-
curs for any period of time, the temperature of the fuse
can rise to temperatures higher than the destruction
temperatures of the surrounding environment.

SUMMARY OF THE INVENTION

The current limiting fuse of the present invention
provides for positive interruption of overload currents
either under overload or fault current conditions. The
fuse includes a fusible assembly including a silver wire
member and a tin wire member connected in series.
The fuse combines.the currént limiting characteristics
of the serially connected members in order to assure
that the fuse clears under prolonged overload condi-
tions at temperatures below the destruction tempera-
ture -of the surrounding environmient.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view in section showing -

the current limiting fuse of the invention; and
FIG. 2 is a log log time current curve of fusing ele-
ments.

DESCRIPTION OF THE INVENTION

The fuse of the present invention as seen in FIG. 1 in-
cludes a hollow insulating casing or housing 10 of a pre-
determined length having a conductive ferrule or cap
12 mounted on each end. A fuse assembly 14 is posi-
tioned within said casing 10 and interconnects said
caps.

. In accordance with the invention, the fuse assembly
14 includes a first means 16 of high current clearing
characteristic and a second means 18 having a low cur-
rent clearing characteristic. In regard to the former, the
first means includes an element having a high melting
point temperature, such as a silver wire which melts at
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980° C or copper wire which melts at 1,082°C. (Silver
oxidizes in air and when temperature rises to a prede-
termined temperature the silver oxide converts to sil-
ver.) The element 20 depending on the desired current
clearing characteristic, can be in the form of a perfo-
rated or notched strip or a plain wire. The element 20
is electrically connected to the cap 12 and to the plug
21. The element 20 is embedded i in a granular refrac-
tory material 15 such as sand.

The second means 18 includes a fusible element 20
and an arc extinguishing sleeve 22. The fusible element
20 is formed from a material having a low melting point
temperature such as tin wire which melts at 232°C. The
element 20 is electrically connected to the cap 12 and
to a conductive plug 21 at the other end of the sleeve
22,

The fusible element 20 is thermally insulated by
means of the arc extinguishing tube or sleeve 22 which
is made of a material such as silicone rubber. The inside
diameéter and length of the tube can be selected to pro-
vide a clearing ability for the fuse at voltages and cur-
rents compatible with the destruction temperatures of
the components of the surrounding electrical appara-
tus. The second means 18 can be embedded in the
granular refractory material in the sleeve 10. In either
case the caps 12 should be sealed to the sieeve 10 to en-
close said first means 16.

Referring to FIG. 2, the time current characteristic
for silver and tin is shown plotted on a logarithmic
scale. It will be noted that the characteristic for tin has
a greater slope than the characteristic for silver and in-
tersects the silver characteristic. It should be apparent
from the diagram that the low overload current time
characteristic of the tin is being used to limit or inter-
rupt the current in the fuse and thereby prevent the
temperature of the fuse from rising to destruction tem-
peratures. We are also using the high overload or fault
current short time characteristic of the silver to clear
the fuse under fault current conditions.

It is generally understood that the length of the wire
in sand determines the voltage restoration capability of
the fuse. In this regard, it is generally well known that
if the wire is too short, the recovery voltage will main-
tain the element conductive and not allow complete in-
terruption of the circuit. The phenomenon which en-
ables the fuse to clear is thé ability of the molten silver
to form a fulgurite in the sand when the silver reaches
the molten stage. During the formation of this fulgurite
heat is absorbed at a very fast rate thus causing a resis-
tance to current flow to build to-a point where the volt-
age across the fuse is not sufficient to maintain a con-
ductive circuit.

I claim:

1. A current limiting fuse comprising, a housing, an
electrical terminal at each end of said housing, a fusible
assembly having one end connected to one of said ter-
minals and the other end connected to the other of said

_ terminals and within said housing, said fusible assembly
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including a first fusible element of high current clearing
characteristic, a second fusible element of metallic ma-
terial of low current clearing characteristic, said first
and second elements being connected together to form
a series circuit, and an arc extinguishing member being
formed of material which is deionizing under the influ-
ence of an electrical arc and a granular dielectric mate-
rial completely filling said housing and surroundmg
said assembly.



3,840,836

3

2. The fuse according to claim 1 wherein said arc ex-
tinguishing member is in the form of a sleeve having a
length substantially. equal to the length of said second
element whereby said second fusible element is insu-
lated from said granular material so that its long time
minimum melting current characteristic is less than
said first element.

3. The fuse according to claim 2 wherein said sleeve
is formed of silicone rubber.

4. A fuse according to claim 1 wherein said second
fusible element comprises a metallic conductor having
a long time minimum melting current characteristic
less than said first fusible element.

5. The fuse according to claim 1 wherein said first fu-
sible element is formed from one of silver and copper
wire and said second fusible element is formed from
tin.

6. The fuse according to claim 1 wherein said arc ex-
tinguishing sleeve comprises a silicone rubber tube.
7. A current limiting sand fuse comprising: a hollow
casing, a conductive cap at each end of said casing, a
fuse assembly positioned in said casing and having one
end connected to one of said caps and the other end
connected to the other of said caps, said assembly in-
cluding first means for providing a high current clear-
ing charcteristic, second means for providing a low cur-
rent clearing characteristic, said first and second means
being conducted in series, a granular dielectric material
completely filling said casing, and an arc extinguishing
sleeve enclosing the full length of said second means
for thermally insulating said second means from said
granular dielectric material.

8. The fuse according to claim 7 wherein said first
means includes a fusible element formed from one of
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silver and copper wire and said second means includes
a tin element.

9. A high voltage fuse of the current limiting type,

a hollow insulating casing,

a conductive cap on each end of said casing,

a fusible assembly within said casing and connected
at each end to one of said caps, said assembly in-
cluding,

a main fusible element for providing high current
clearing characteristics,

and a secondary fusible element connected in series
with said first element for providing low current
clearing characteristics, said secondary element in-
cluding

a low melting point metal wire and a thermally insu-
lating sleeve enclosing the full length of said secon-
dary element,

and granular inert refractory arc quenching material
within said casing embedding said main fusible ele-
ment and said sleeve.

10. The fuse according to claim 9 wherein said secon-
dary fusible element limits the long time temperature
rise to a level of not more than 300° C. :

11. The fuse according to claim 10 wherein said
metal wire is tin and said insulating sleeve is a silicone
rubber tube.

12, The fuse according to claim 9 wherein said main
fusible element includes a silver wire, said secondary
fusible element includes a tin wire connected in series
with said silver wire and said thermally insulating mem-
ber comprises a silicone rubber tube.

13. The fuse according to claim 9 wherein sald main

fusible element is sealed within said casing.
* % ok k%
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CERTIFICATE OF CORRECTION
Patent No. 3,840,836 | pated October 8, 1974
‘Tnventor(S) Edwin A.v Link‘

- It is certified that error appears in the above-identified patent
and that sald Letters Patent are hereby corrected as shown below:

r' A

Col. 2, line 4, delete "20" and substitute -F4164--;
Cbl.VZ, line 6, delete "20" and subsfi;ute ---16---3
Col. 2, line 8, delete "20" and substitute ---16-f-§
Col. 2, liné 63, after "member" insert ---enclosing

- the full length of said second fusible element, said arc

extinguishing member---.

Signed and sealed this 4th day of February 1975,

(SEAL)
Att.est H
McCOY M. GIBSON JR. C. MARSHALL DANN
~ Attesting Officer o Commissioner of Patents
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