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The present invention pertains to the art of electric
fuses and, more particularly to an electric fuse body and
metallic end cap therefor.

The invention is particularly applicable to the art of
electric fuses wherein one end of the fuse body is open
so that when the metallic fuse member inside the body
separates, the arc formed heats the air and the expansion
of this air blows the arc out of the lower end of the
body to extinguish it and will' be described with particular
reference thereto, although it will be understood that the
invention has broader applications. .

In such fuses, the expansion of the air develops extraor-
dinarily high values of pressure on the interior of the
fuse bedy. " If the fuse body is to be reused, its burst
strength must be high enough to successfully resist these
pressures.

Heretofore, it has been conventional to manufacture
the fuse body out of an inner core of a vulcanized fiber
tube reinforced by outer layers of conventional organic
cloth or paper impregnated by a phenolic resin. The
fiber core had the characteristic of retaining moisture,
which moisture was vaporized in the heat of the arc and
the pressures from this vaporization assisted in blowing
the arc out of the lower end of the fuse body. The outer
reinforcing layers provided resistance to weathering as
well as the required burst strength.

As these fuses were required to handle more and more
electrical power, the problem of increasing the burst
strength of the fuse body without increasing its outer di-
ameter, such as would result by employing more rein-
forcing layers, presented itself. :

Experiments were run with a glass cloth impregnated
with a polyester-type resin which, as known, must be
cured under pressure in a mold if its maximum strength
-characteristics are to be developed. Manufacturing dif-
ficulties arose which made the use of glass cloth im-
practical. One of such difficulties was the problem of
keeping the cloth held tight to the inner core while in-
serting it into the mold; another problem was that of
eliminating porosity in the final molded product. Such
porosity resulted in electrical failures of the fuse body.

The present invention contemplates a fuse body con-
struction which overcomes all of the above-referred to
difficulties and others and provides a maximum burst
sirength for a minimum outer diameter, . :

In accordance with the present invention, a fuse body
is provided comprised of a hollow core and an outer re-
inforcing for ‘said core comprised of at least two sets
of glass fiber strands helically surrounding the core and
impregnated with a hardened resin, each set of the glass

fibers extending in a helical direction opposite ‘to the

other and having a pitch of between one to ten times
the diameter of the core. Each of the sets may be com-
posed of several parallel strands and each strand extends
the entire length of the core. With such an arrangement,
‘a lengthwise tension on the strands pulls all of the strands
into close-fitting relationship with the core and the im-

-pregnating and molding operation is thus facilitated, -
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- With the above construction, a single layer of strands
may be employed, but this presented the difficulty of
fastening the metal cap to the fuse body. Thus, if the
fuse body were threaded as has heretofore been the
practice, then this threading operation would cut through
the glass fibers and nullify the increase in bursting
strength given by the glass fibers.

Various slip and tapered fits were tried with glue or’
cement to bond the surfaces together. Glues could be
found which would bond to the metal of the cap or to
the glass-reinforced polyester resin, but no glue could be
found which would bond sufficiently well to both so as to
develop a strength sufficient to resist the pressures de-
veloped within the fuse body under maximum current
interruption conditions.

The present invention further contemplates an -ar-
rangement for fastening the metallic end cap to a fuse

-body which overcomes all the above referred to difficul-

ties and others, which is strong, easily assembled and
does not weaken the fuse body.

In accordance with the present invention, a fuse car-
tridge is provided comprised of a hollow tubular body
having preferably an outer strength-providing surface of
glass-fiber-reinforced polyester resin, a metallic end cap
slip-fitted over one end of the tube and a cementitious-
type material having a high bond strength to the glass-
fiber-reinforced polyester resin and a high shear strength
between the cap and the outer surface of the body, the
arrangement of the body being such that forces tending
to remove the cap from the body place the cementitious
material under shear. Normally, the end cap will be
recessed at one or more points spaced from its end pro-
viding one or more shoulders facing the end. The
cementitious-type material will be in the space provided
by the recess and the shoulders will bear against the
material to place it in shear.

The cementitious material may, of course, be as de-
sired providing it has the above stated requirements, but
insofar as is known at the present time, the only material
meeting such requirements is an “epoxy” resin.

The principal object of the invention is the provision
of a new and improved fuse cartridge comprised of a
hollow fuse body and a metallic end cap which has a
minimum outer diameter and a maximum resistance
against destruction from internal pressures.

- Another object of the invention is the provision of a
new and improved fuse body having an outer reinforcing
layer of glass-fiber-reinforced polyester resin.

. Another object of the invention is the provision of a
new and improved arrangement of the glass fibers in

such layer whereby. the fuse body can be economically

- manufactured while holding the glass fibers in close
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proximity to the inner core.

Another object of the invention is the provision of a
new and improved layup for the glass fibers reinforcing
the core of a fuse body which provides a maximum

‘strength at a minimum cost.

Another object of the invention is the provision of a
new and improved arrangement whereby cementitious
material may be employed to fasten a metallic end cap
to a fuse body.

Another object of the invention is the provision of a
new and improved arrangement for fastening a metallic
cap onto a glass-fiber-reinforced polyester resin fuse body
wherein the cement employed may be selected for its
adhesion characteristics to the polyester resin only.

Another object of the invention is the provision of a
new and improved fuse cartridge including, in combina-
tion: a metal cap and a hollow fuse body having im-
proved means for preventing gases under pressure from
working between the fuse cap and the tube,

Another .object of the invention s the provision of a
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new and improved arrangement for securing a metal cap
on a hollow fuse body wherein an epoxy resin.adhesion
material adheres to the polyester resin and the cap is so
arranged that forces tending to remeve ‘same, place the
resin material in shear. s

The invention may take physical form in-a number of
different appearing parts and combinations of parts, a
preferred embodiment of which will be described in de-
tail in this specification and illustrated in the accompany-
ing drawing which is a part hereof and wherein:

Figure 1-is a side view partly in section and partly in
clevation of a fuse cartridge constructed in accordance
with the present invention, '

Figure 2 is a eross-ssctional view of Figure 1 taken ap-
proximately on the line 2-—2 thereof.

Referring now to the drawings wherein the showings
are for the purposes of illustrating one form which the

10

invention may take, and not for the purpose of limiting

same, .the figures show a fuss cartridge comprised of a
long cylindrical fuse body 10 having a continuous inferior
passage § extending from one end to the other and an
externally threaded matal cap 11 on one end thereof. A
fise wire 12 extends longitudinally through the passage 9
and is secured at one end to a washer 13 bearing against
the left end of the rap 11,  This washer is held in posi-
{ion by any suitable means such as the threaded can nut
14 fitted over and threaded onto the cap 1.

The bedy 18 is comprised of two concentric layers, an
inner layer 15 formed of vulcanized fiber and an outer
layer 16 of glass-fber-reinforced polyester resin arranged
in aceordance with the present inventien.

Thus, the outer layer 26 is comprised of sets 17, 18 of
glass fibers extending generally helically of the core 15,
the set 17 extending in ome direction and the set 18 ex-
tending in the opposite direction.  Each set 17 and 18
is -preferably comprised of a plurality of strands, each
strand extending parallel. to the other strands of the set
and being interwoven with the strands of the other set.
In effect, the core 15 is enclosed in a-braided sheath of
a plurality of strands of glass fibers. )

With this arrangement it will be noted that the cere 15
can be inserted inside of the braided sheath and tension
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“ The glass fibers bound together by the polyester resin
uniformly resist the forces on the fuse body exerted by
this: explosive pressure. With the arrangement shown,
maximum strengih in the lay 16 is obtained with a mini-
mum radial thickness. i

Normally, the fuse bedy will be made in long lengihs
and then cut to size.. Obviously, it could be made in
the exact desired length, After being cut to length, the
outer surface of-the end of the tube to which the cap
1% will be fitted may be ground or otherwise finished into
a smooth uninterrupted surface 17, the primary object
of this operation being to exactly size the end of the fuse
body 18, althcugh possibly such grinding operation also
exposes the glass fibers, roughens the surface of the poly-
ester resin and makes possible an improved bond between
the cuter surface of the body 18 and an epoxy resin to
be referred to hereinafter. :

This pressure within the fuse body also-tends to blow
the cap 11 from the end of the fuse body. In the em-
bodiment shown, and in accordance with the invention,
the afrangement is such that these pressures cam be suc-
cessfully resisted. o

The metal cap 11 is telescoped over the end of the body
i% and has a sleeve portion 28 which fits snugly over the
surface 17. The-interior of the portion 28 is recessed at
a distance spaced from its upper end as viewed in Figure
1 to provide an internal shoulder 19 facing towards the

upper end of the body 18. The space formed by the re-

cess is filled with a cementitious material 23 which in the
preferred embodimient is-a hardened epoxy resin.

it is to be understood that the pressures develeped on
the inside of the body 1§ when the fuse wire 12 parts or
separates rise to extremely high values and that these
pressures tend both to cause the body 16 to burst.and the
cap 11 .to be forced axially off of the body 10. If the
fuse cartridge is to be reused, it is imperative that these
pressures be resisted without damage to the fuse body or
to the fastening arrangement for the cap 11 on the body.

Thus, in experiments leading to the present invention,
the characteristics of the cementitious material were found
to be extremely important. - No material could be found

- which had both high adhesive characteristics for- both

“then placed on the ends of the strands which will pull -

all ‘of the strands into tight fitting relationship with the
outer surface of the core 15. This assembly may then
be impregnated with a liquid thermcsetting resin and the
entire assembly placed into a heated mold until the
polyester resin has completely cured.

With this arrangement, each strand of glass fibers con-
iributes to both the longitudinal strength of the fuse body
19 as well as its circumferential strength. In this re-
spect, it is to be noted that if the pitch of each strand is
too low, then the required longitudinal strength is not de-

veloped. If the pitch is too long, the required circumfer-

ential sirength is not developed. . In accordanee with the -

invention, the pitch of each strand should be at least
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- equal to the diameter of the outer surface of the core 15

and not greater than ten times'this diameter.. -
Preferably, each strand is composed of what has be-
come known in the art as roving, which is composed of
a large number of glass fibers generally not having any
twist imparted thereto. It is possible tothus place-in a
single strand the magimum number of glass fibers while
siill’ retaining the maximum flexibility of each strand so
that when the Tongitudinal forces are placed on the strands

prior to molding, they will be drawa in snugly to the

outer surface of the core 18.

With the arrangement shown, whenever-the fuse wire
12 breaks an arc is formed. The heat of this arc causes
ionization of the air in the tube and also vaporizatien of
moisture in the core 15. The combination of the heated
air and the vaporization of the moisture creates an explo-
sive pressure within the fuse body which blows the arc
outwardly through the lower or opposite end of the body
10 which, in the type of fuse shown, is open.
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the polyester- resin and metals.. Thus, a cementitious
material was selected which had extremely high adhesive
characteristics to the polyester resin without regard to
its adhesive characteristics for metal. 1In effect, the ma-
terial becomes an integral part of the end of the fuse
body.

The cap 11 is then constructed so that it depends upon
some other characteristic of the cementitious material
for resisting the pressures in the fuse body. "Any axial
forces on the eap 11 exert a shearing force on the cemen-
titious material and its bond with the polyester resin.
Thus, a cementitious material was selected which had neot
only the adhesive characteristics for the polyester resin
above referred to, but also a high shear strength.  Addi-
tionally; the axial length of the bond -line between the
material 23 and the outer surface of the body 16 should

e substantial, as is shown in the drawings. E

In the preferred embodiment,-the cementitious- mate-
rial 23 is a liquid epoxy resin such as that manufactured
by The Shell Chemical Corporation, Formula No. 828,
which Tliquid resin has been allowed to harden:

Another characteristic which is to be noted of epoxy
resins, which is very desirable, is that they have high
shear strengths where the material has a substantial thick-
ness as distinguished from other cementitious materials,
glues or cement which only have high shear strengths in
very thin thicknesses such as would result when the ma-
terial is placed between two surfaces in pressure relation-
ship. -
In the preferred embodiment, the shoulder 19 has
sharp corners and a surface perpendicular to the axis
of the tube 18. A shoulder 19 may taper inwardly and
toward the end of the tube 10 .although this construction
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is somewhat difficult to manufacture on conventional
machinery. With the shoulder 19 either perpendicular
or tapering inwardly as indicated, the amount of metal
to the right of the shoulder 39 and its radial thickness
may be held to a minimum. In this respect, it is to be
noted that with the axial forces on the shoulder 19 with
which the present invention deals, there is a tendency
for the sleeve portion 28 to bend outwardly and allow
the cap to be pulled off from the end of the body 10,
In any event, there must be sufficient metal here to pre-
vent this effect.

It is possible that if sufficient metal in the sleeve por-
tion Z8 is provided that the shoulder 19 conld taper in-
wardly away from the tube end. The construction above
described is preferable, however.

Only a single shoulder 19 has been shown as the means
for placing the cementitious material 23 in shear. Ob-
viously, more than one shoulder 19 could be provided
or a single shoulder in the form of a helix having a
circamferential extent of one or more turns might be
employed,

The cap 11 also has an end portion 31 adapted to
cover the end of the body 16 and a short tubular por-
tion 32 extending interaally of and concentrically within
the sleeve portion 28 for a short distance. This por-
tion 32 fits into a rabbet or recess formed on the inner
left-hand end of the immer core 15.  Ifs: inner surface
may or may not be flush as shown with the inner sur-
face of the core 5. The axial length of the portion 32
and its outer diameter are all so proportioned that a
snug interference fit preferably results between its sur-
faces and that of the recess in the end of the core 15.
With the arrangement shown, the left-hand end of the
body 10 may or may not butt against the surface of the
end portion 31 zithough a tight fit is desirable.

This construction prevents the gases within the fuse
body 19 from working between the inner surface of the
cap 11 and the outer surface of the material 23. In this
respect, it is to be noted that the pressures on the inside
of the body 16 will tend to expand the tubular portion
32 against the inner surface of the core 15; in effect,
providing a pressure seal.

The cementitious material 23 may be introduced into
the space indicated in any desired manner, but preferably
the portion 18 is provided with a small opening 20 close
to the shoulder 19. A needle not shown is inserted into
this opening 20 and the epoxy resin or other cementitious
material employed is injected into the space indicated.
The injection of this material is continued until the space
is filled. This may generally be indicated by an ex-
trusion of the resinous material between the right-hand
end of the cap 11 and the surface 17.

It is also to be understood that the cementitious ma-
terial may be introduced by other means such as po-
sitioning it on the inner surface of the portion 18 and
then sliding the end of the tube 10 into the cap 11. The
preferred arrangement discussed, however, has proven
quote satisfactory in practice.
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It will thus be seen that the embodiment of the in-
vention described accomplishes all of the objectives here-
tofore set forth and others, and provides a fuse cartridge
having a minimum external dimension and a maximum
ability to withstand the explosive forces developed on
the interior thereof whenever the fuse acts to relisve an
overload in an electrical circuit.

Obviously, modifications and alterations will oceur to
others upon a reading and understanding of this specifi-
cation and it is my intention to include 21l such modifica-
tions and alterations insofar as they come within the
scope of the amended claims.

Having thus described my invention, I claim:

1. A fuse body comprising an elongated inner tube of
electrical insulating material which, when heated, is ca-
pable of generating a high pressure vapor inside the tube,
and an outer reinforcing layer of glass-fiber-reinforced
polyester resin comprised of oppositely helically weund
sets of glass fiber strands which extend tightly around
the outside of said inner tube, said oppositely wound
sets of strands being interwoven with each other to con-
stitute a braided sheath capable of being tightened on
the tube, after being placed thereon, by the appiication
of lengthwise tension on the strands.

2. The fuse body of claim 1 wherein each of said sets
of helically wound strands has a pitch length of between
one and ten times the outside diameter of the inner tube
to insure adequate longitudinal and circumferential
strength of the fuse body.

3. A fuse body comprising an elongated inner tube
of electrical insulating material which, when heated, is
capable of generating a high pressure vapor inside the
tube, and an outer reinforcing layer of glass-fiber-rein-
forced polyester resin comprised of helically wound glass
fiber strands which extend tightly around the outside of
said inner tube, each strand being composed of substan-
tially untwisted glass fibers.

4. The fuse body of claim 3 wherein each helically
wound strand has a pitch Iength of between one and ten
times the outside diameter of the inner tube to provide
adequate strength of the fuse body, both longitudinally
and circumferentially.
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