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[57} " ABSTRACT

An electric fuse having a spring-biased blown fuse in-
dicator normally held in position by a fusible restrain-
ing means formed by a series arrangement of a ribbon
of a low resistivity metal and a wire of a high resistiv-
ity, high tensile strength metal. A local enclosure of a
gas evolving material is mounted on said wire, prefera-
bly immediately adjacent the point of junction of said
ribbon. and said wire. .

11 Claims, 9 Drawing F igures
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ELECTRIC CARTRIDGE FUSE WITH BLOWN
FUSE INDICATOR

BACKGROUND OF THE INVENTION

Blown fuse indicators are generally provided with a
fusible restraining means for their spring-biased indica-
tor pin. Normally the fusible restraining means is
formed by a wire of a high resistivity, high tensile
strength metal, e.g., stainless steel. A relatively high
voltage, e.g., 10 volts, is required to cause fusion of a
high resistivity, high tensile strength restraining wire
within a reasonably short time. A reduction of the volt-
age required to cause fusion of the indicator-pin-
restraining means, e.g., to 3 volts, can be achieved by
using as restraining means a series arrangement of a
ribbon of a low resistivity metal such as silver and of a
wire of a high resistivity high tensile strength metal.

It is the prime object of this invention to provide
fuses having restraining means for the blown fuse indi-
cators thereof wherein the required fusion voltage is
relatively low, but the arc voltage generated upon fu-
sion of the restraining means is relatively high. Another
object of this invention is to provide means for mini-
mizing the tensile stresses to which the low resistivity
metal ribbon of the pin-restraining means is subjected.

SUMMARY OF THE INVENTION

Fuses embodying this invention include a tubular cas-
ing of electric insulating material and a pair of electro-
conductive terminal elements closing the ends of the
casing. A spring-biased pin responsive to blowing of the
fuse is mounted on one of said pair of terminal ele-
ments. There is a pulverulent arc-quenching filler in-
side said casing. A first fusible element means in the
form of a ribbon of a relatively low resistivity metal and
having serially arranged points of reduced cross-
sectional area interconnects said pair of terminal ele-
ments. Said pair of terminal elements is further inter-
connected by a second fusible element means normally
restraining said pin against the spring-bias thereof. Said
second fusible element means is in the form of a series
arrangement of a ribbon of a low resistivity metal and
a wire of a high resistivity, high tensile strength metal.
Fuses embodying this invention further include a local
enclosure of a gas evolving material mounted on and
closely surrounding a limited portion of the length of
said wire to reduce the heat flow from said limited por-
tion of the length of said wire into said arc-quenching
filler and exposing other portions of said wire to unre-
stricted heat flow into said arc-quenching filler.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic illustration of a conven-
tional or prior art fuse having a spring biased blown
fuse indicator;

FIG. 2 shows in the same fashion as FIG. 1 a modifi-
cation of the structure of FIG. 1 requiring a smaller
voltage than the structure of FIG. 1 for causing fusion
of the restraining wire of the blown fuse indicator;

FIG. 3 shows a fuse embodying this invention in the
same diagrammatic fashion as FIGS. 1 and 2;

FIGS. 4a to 4e show diagrammatically several con-
secutive steps in assembling the fuse structure of FIG.
3; and .

FIG. 5 is a longitudinal more detailed section of a
fuse embodying the present invention.
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DESCRIPTION OF PREFERRED EMBODIMENTS

Referring now to FIG. 1, numeral 1 has been applied
to indicate a pair of spaced electro-conductive terminal
elements of an electric fuse. The parts have been shown
but diagrammatically in FIG. 1. They may actually be
formed by ferrules, or by plugs, closing the ends of a tu-
bular casing of electric insulating material. One of ter-
minal elements 1 is provided with a blown fuse indica-
tor including a pin 2 and a pin-biasing spring 3. Nor-
mally pin 2 is restrained from moving from left to right
under the action of spring 3 by a restraining wire 4
made of a high resistivity, high tensile strength metal,
e.g., stainless steel. Wire 4 conductively interconnects
terminal elements 1. Terminal elements 1 are also con-
ductively interconnected by fusible element means in
the form of a multiperforated ribbon § of a metal hav-
ing a relatively low resistivity, e.g., silver. As long as the
current path established by ribbon 5 is intact, high re-
sistivity wire 4 is shunted out by ribbon 5. When the
current path formed by ribbon § is interrupted, resis-
tance wire 4 becomes current carrying. A certain volt-
age drop, e.g., 10 volts, is required to cause melting of
wire 4 within a predetermined time A ¢. Since the tem-
perature peak occurs near the center of wire 4, fusion
will be initiated at this point. When a break is formed
in wire 4 it cannot restrain pin 2 any longer, and the lat-
ter will be moved from left to right under the action of
helical spring 3, thus indicating blowing of the fuse.

The structure of FIG. 1 has two serious limitations.
A relatively high voltage between terminals 1, i.e., be-
tween the ends of restraining wire 4 is required to cause
rapid fusion thereof, i.e., fusion within the predeter-
mined time A ¢. One portion of wire 4 which is not va-
porized by the arc kindled upon formation of a break
in wire 4 must be pulled through the pulverulent arc-
quenching filler, e.g., quartz sand, which normally sur-
rounds ribbon 5§ and wire 4 (and which has not been
shown in FIG. 1). The undesirable friction between the
aforementioned portion of wire 4 and the arc-
quenching filler by which it is surrounded calls for a
strong pin-biasing spring 3 which, in turn, calis for a re-
straining wire 4 capable of withstanding high stresses.

In FIG. 2 the same reference characters as in FIG. 1
have been applied to indicate like parts. Therefore the
structure shown in FIG. 2 calls for description only in-
asmuch as it differs from the structure of FIG. 1. In the
structure of FIG. 2 the restraining wire 4 of FIG. 1 has
been substituted by a series arrangement of a ribbon 4’
having substantially equal cross-sectional along its en-
tire length made of a low resistivity metal, e.g., silver,
and a wire 4’ of a high resistivity, high tensile strength
metal. The line T in FIG. 2 indicates diagrammatically
the temperature distribution and the line V indicates
diagrammatically the voltage drop along series conduc-
tors 4',4'' required to establish a current which causes
fusion of wire 4'' within a predetermined time A 1.

In FIG. 2 reference character L, has been applied to
indicate the length of ribbon 4' and reference character
L, has been applied to indicate the length of wire 4''.
The operation of the arrangement of FIG. 2 depends
largely upon the ratio L,/L,. The larger this ratio, the
smaller the voltage required to cause fusion of wire 4"’
within a predetermined time A t. On the other hand, the
larger the ratio of L,/L,, the smaller the arc voltage
tending to force the current through series conductors
4', 4" and the arc gap formed therein down to zero.
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This is an undesirable performance characteristic of
the structure of FIG. 2.

Another important aspect of the structure of FIG. 2
is this: The tensile force exerted by spring 3 upon the
wire 4'' of a high tensile stress material is transmitted
from wire 4'’ to ribbon 4’ which must be of a low resis-
tivity material which has inherently a relatively low ten-
sile strength. Hence the cross-sectional area of ribbon
4’ must be determined by both low resistivity and high
tensile strength requirements which cannot be met si-
multaneously in a perfect or very satisfactory way.

The structure of FIG.'3 embodying the present inven-
tion is not subject to the limitations of the structure of
FIG. 2. In FIG. 3 the same reference characters as in
FIGS. 1 and 2 have been applied to indicate like parts.
Therefore the structure shown in FIG. 3 calls for de-
scription only inasmuch as it differs from the structures
of FIGS. 1 and 2.

. The structure of FIG. 3 differs from that of FIG. 2 by
the addition of a part 6 of gas-evolving insulating mate-
rial whose structural features will be described below
in more detail. Part 6 is made of a gas evolving material
having a smaller thermal conductivity than the pulveru-
lent arc-quenching filler surrounding fusible elemets 5
and 4',4"". As a result, the temperature distribution of
the series connected fusible elements 4',4’’ when car-
rying current has the shape of line T’ whose peak is im-
mediately adjacent the point of junction of elements 4’
and 4", Initial fusion will occur at the point where the
temperature peak is situated. Since the presence of part
6 reduces heat losses, it reduces the current required to
cause fusion of wire 4’ within the predetermined time
A 1, and to reduce the voltage drop along wire 4'' re-
quired to produce that current.

In other words, for a given ratio L,/L,, all other con-
ditions remaining unchanged, wire 4'' fuses faster in
the structure of FIG. 3 than in that of FIG. 2. Thus the
structure of FIG. 3 allows an increase of the ratio L,/L,,
or a reduction of the voltage drop across wire 4'', if
equal fusing times A ¢ of wire 4'' are considered for
both the structures of FIGS. 3 and 2.

. Considering the structure of FIG. 2, any increase of
the ratio L,/L, results in a reduction of the arc voltage
. generated upon fusion of wire 4'’.

The structure of FIG. 3 allows to compensate within
wide limits for any reduction of arc voltage resulting
from an increase of the ratio L,/L,. To be more spe-
cific, reductions of the arc-voltage resulting from re-
ductions of the length of wire 4'' may be compensated
by increases of arc voltage resulting from the evolution
of arc-quenching gases from part 6 when the latter is
subjected to the action of an arc kindled inside of, or
immediately adjacent to it.

Part 6 may further be designed to transmit a signifi-
cant portion of the tensile forces to which wire 4’ is
subjected by spring 3 to the surrounding arc-quenching
filler, thus greatly reducing the stress to which ribbon
4' is subjected. The forces transmitted by part 6 to the
surrounding arc-quenching filler have been indicated in
FIG. 3 by a pair of arrows R. How this is achieved will
be shown below in detail.

It may be added that the structure of FIG. 2 is a point
of departure for arriving at the structure of FIG. 3.

In the structure of FIG. 1 the voltage drop required
to cause fusion of restraining wire 4 cannot be reduced
because wire 4 must be made of a material combining
high tensile strength and high resistivity, and metals

—_—

0

4 .
having a smaller resistivity than conventional restrain-
ing wire materials have not sufficient tensile strength.
Nor can the voltage drop along wire 4 of FIG. 1 be re-
duced by increasing the cross-sectional area: thereof,
one of the limitations precluding this way of reducing
the voltage required to cause fusion of wire 4 within a
predetermined interval of time A ¢ being the low ioniz-
ing potential of vapors resulting from its vaporization.
Referring now to FIGS. da to 4e, FIG. 4a is an isomet-
ric view of the end of ribbon 4’ also shown in FIG. 3 ad-
jacent its junction with wire 4''. The latter is also shown
in FIG. 4a. Ribbon 4’ is bent 90° and wire 4"’ is

. threaded through a perforation p in ribbon 4’ adjacent
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an edge e formed by bending ribbon 4', This is the first
step in arriving at the restraining means embodying this
invention. : v _ :

Thereafter, as shown in FIG. 4b, the end of wire 4"’
threaded through perforation p is clamped between the
portions of ribbon 4’ situated to opposite sides of edge
e. To increase the clamping pressure upon the clamped
end of wire 4, wire 4’ is wound repeatedly around the
longitudinal edges of ribbon 4’, as shown in FIG. 4c.
The next step consists in forming a'bend ¢’ of 90°in rib-
bon 4 as shown in FIG. 4d. Then the free end of wire
4" is threaded through a perforated disk or pellet 6 of
gas evolving material, i.e., of a material evolving arc-
quenching gases under the action of electric arcs. Disk
or pellet 6 is preferably of a mixture of a melamine
resin and inorganic substances. Pellet or disk 6 has a
surface which abuts against a portion of ribbon 4’ bent
transversely to -the longitudinal direction thereof and
thus fixedly positioned relative to ribbon 4'. The diam-
eter of disk or pellet 6 is relatively large, at least equal
to the length thereof. A knot k formed in wire 4'' im-
mediately adjacent to disk or pellet 6 precludes move-
ments of disk or pellet 6 relative to ribbon 4" in a direc-
tion away from ribbon 4'. The free or upper end of wire
4’' shown in FIG. 4e is intended to be affixed to the
spring-biased pin 2 of FIG. 3 and conductively con-
nected to terminal element 1 immediately adjacent to
pin 2, and the free or lower end of ribbon 4' shown in
FIG. 4e is intended to be affixed to and conductively
connected with the other terminal element 1 of the fuse
structure shown to the left of FIG. 3. _

It may be added that ribbon 4’ is not perforated ex-
cept for its wire-receiving perforation p, i.e., the cross-
sectional area of ribbon 4’ is uniform between the point
of junction with wire 4’' and the point of connection
with one of the terminal elements 1 of FIG: 3.

Referring now to FIG. 5, numeral 10 has been ap-
plied to indicate a tubular casing of electric insulating
material closed at the ends thereof by a pair of electro-
conductive terminal elements 11 in the form of plugs.
Steel pins 19 projecting transversely through casing 10
into terminal plugs 11 firmly affix the latter to casing
10. Blown fuse indicator pin 12 is biased by heljcal
spring 13 in the direction from left to right. Casing 1 is
filled with a pulverulent arc-quenching filler 14, prefer-
ably quartz sand. Terminal plugs 11 are conductively
interconnected by first fusible element means in the
form of multiperforated low resistivity ribbons 185, sil-
ver being the preferred low resistivity metal for ribbons
15. The fuse structure further includes second fusible
element means 16°,16'' in the form of a series arrange-
ment of a ribbon 16’ of a low resistivity metal, prefera-
bly silver of uniform cross-section throughout its effec-
tive length and a wire 16'’ of a high resistivity, high ten-
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sile strength metal. Fusible element means 16',16"
conductively interconnect terminal plugs 11. Ribbon
16 enters recess 11a in left plug 11 and is clamped by
a flexible metal cap 20 to left plug 11, Wire 16"’ is af-
fixed with one end to ribbon 16’ and with the other end
to pin 12. To this end pin 12 is provided with an axial
passageway 12a forming a shoulder at the left end
thereof and wire 16’ forms a knot 16a’’ which rests
against said shoulder. Wire 16’ supports a disk or pel-
let 18 of a gas-evolving low thermal conductivity mate-
rial close to its junction with ribbon 16’. Ribbon 16’
and wire 16’' are joined together in the way explained
in regard to parts 4' and 4'’ in connection with FIGS.
4a-4e. Disk or pellet 18 transmits a significant portion
of the force exerted by spring 13 upon wire 16"’ to pul-
verulent arc-quenching filler 14, thus minimizing the
tensile stress to which silver ribbon 16’ is subjected.
The pellet or disk 18 of gas evolving material mounted
on and closely surrounding a limited portion of wire
16’ reduces heat flow from said limited portion of wire
16"’ into the surrounding pulverulent arc-quenching
filler 14, but exposes other portions of wire 16’’ to un-
restricted heat flow into filler 14.

I claim as my invention:

1. An electric fuse including

a. a tubular casing of electric insulating material;

b. a pair of electroconductive terminal elements clos-
ing the ends of said casing;

c. a spring-biased pin responsive to blowing of the
fuse mounted on one of said pair of terminal ele-
ments;

d. a pulverulent arc-quenching filler inside said cas-
mg;

e. first fusible element means in ribbon form of a rela-
tively low resistivity metal and having serially ar-
ranged points of reduced cross-sectional area inter-
connecting said pair of terminal elements;

f. second fusible element means normally restraining
said pin against the spring bias thereof, said second
fusible element means being in the form of a series
arrangement of a ribbon of a low resistivity metal
and of a wire of a high resistivity, high tensile
strength metal interconnecting said pair of terminal
elements; and

g. a local enclosure of a gas-evolving material
mounted on and closely surrounding a limited por-
tion of the length of said wire to reduce heat flow
from said limited portion of the length of said wire
into said arc-quenching filler and exposing other
portions of said wire to unrestricted heat flow into
said arc-quenching filler.

2. An electric fuse as specified in claim 1 wherein
said enclosure is mounted on said wire immediately ad-
jacent to the point of junction of said ribbon of said sec-
ond fusible element means and said wire thereof.

3. An electric fuse as specified in claim 2 wherein
said ribbon of said second fusible element means in-
cludes a portion bent substantially transversely relative
~ to the longitudinal direction thereof, wherein said por-
tion is arranged immediately adjacent to said point of
junction of said ribbon of said second fusible element
means and of said wire thereof, and wherein said local
enclosure of a gas-evolving material is arranged in

abutting relation to said bent portion of said ribbon of

said second fusible element means. _
4, An electric fuse as specified in claim 3 wherein
said enclosure is in the form of a pellet of a mixture of
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a melamine resin and inorganic substances having a
central bore for the passage of said wire and having a
surface in abutting relation with said portion of said rib-
bon of said second fusible element means being bent
transversely relative to the longitudinal dircction
thereof.

5. An electric fuse as specified in claim 4 wherein the
diameter of said pellet is at least equal to the length
thereof.

6. An electric fuse including

a. a tubular casing of electric insulating material;

b. a pair of electroconductive terminal elements clos-

ing the ends of said casing;

¢. a pin responsive to blowing of the fuse and a pin-

biasing-spring mounted on one of said terminal ele-
ments;
d. a pulverulent arc-quenching filler inside said cas-
ing; ,

¢. fusible element means inside said casing normally
restraining said pin against the action of said pin-
biasing spring, said fusible element means being in
the form of a series arrangement of a ribbon of a
low resistivity metal and of a wire of a high resistiv-
ity, high tensile strength metal interconnecting said
pair of terminal elements; and

f. means of electric insulating material arranged im-

mediately adjacent the point of junction of said rib-
bon and said wire of said fusible element means
and extending substantially transversely to the lon-
gitudinal direction of said fusible element means
and transferring a portion of the force exerted by
said pin-biasing spring upon said wire from said
wire to said arc- quenching filler and thus reducing
the tensile force transmitted from said wire to said
ribbon of said fusible element means to a substan-
tially smaller tensile force than the tensile force to
which said wire is subjected by said pin-biasing
spring. :

7. An electric fuse as specified in claim 6 wherein
said means of electric insulating material is of an insu-
lating material evolving arc-quenching gases under the
action of electric arcs.and defines a passageway, and
wherein said wire of said fusible element means is
threaded through said passageway.

8. An electric fuse as specified in claim 6 wherein
said ribbon of said fusible element means includes a
portion bent substantially transversely relative to the
longitudinal direction thereof, wherein said wire of said
fusible element means is provided with a knot arranged
in spaced relation from said bent portion, and wherein
said bent portion and said knot are arranged immedi-
ately adjacent the ends of said passageway to limit
movement of said means of electric insulating material
relative to said second fusible element means.

9. An electric fuse as specified in claim 8 wherein
said means of electric insulating material is substan-
tially in the shape of a disk having a predetermined di-
ameter and a predetermined length and wherein said
predetermined diameter exceeds said predetermined
length.

10. An electric fuse including

a. a tubular casing of electric insulating material;

b. a pair of electroconductive terminal elements clos-

ing the ends of said casing;

c. a spring-biased pin responsive to blowing of the

fuse mounted on one of said pair of terminal ele-
ments;
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d. a pulverulent arc-quenching filler inside said cas-
Ing,

e. fusible element means embedded in said filler nor-
mally restraining said pin against the spring bias
thereof, said fusible element means being in the
form of a series arrangement of low resistivity
metal ribbon and a high resistivity high tensile
strength wire interconnecting said pair of terminal
elements, said wire having one end affixed to said
pin; and ,

f. a local enclosure of gas evolving material mounted
on and closely surrounding a limited portion of the
length of said wire to reduce heat flow from said
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8
limited portion of the length of said wire into said
arc-quenching filler and.exposing substantially all
of the rest of the length of said wire to unrestricted
heat flow into said arc-quenching filler.

11. An electric fuse as specified in claim 1 wherein
said enclosure is mounted on said wire immediately ad-
jacent the point of junction of said ribbon and said wire
and wherein said enclosure is adapted to transmit. a
substantial portion of said spring bias from said wire to
said pulverulent arc-quenching filler so as to substan-

tially relieve said metal ribbon from said spring bias. -
* * * * *



