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ELECTRIC FUSE OR CUT-QUT.

SPECIFICATION forming part of Letters Patent No. 640,371, dated January 2, 1900.

Application filed Apri1 12,1899, Serial No. 712,728,

(No model.)

To all whom it may concern:
Beitknownthatl,LoUis W. DOWNES,a citi-
zen of the United States, and a resident of the
city of Providence,State of Rhode Island, have
mvented a new and useful Improvement in
Klectric Fuses or Cut-Outs, whichinvention is
fully set forth in the following specification.
My present invention relates to improve-

ments in electric fuses, but more particularly

concerns the construction of what is known
in the art as the ““fuse-link,” this being the
short length of fusible metal which is adapted
to be heated and melted upon the passage
through the fuse of an overload or excessive
eulrent

A brief discussion of the conditions under
which fuses operate, of the factors affecting
such operation, and of the requirements to be
met will facilitate a clear and complete un-
derstanding of the invention and of the de-
scription thereof which is to follow. Asis
well known, the principle involved in all fuses
18 the raising to its melting-point of a short
length of metal by the passage of a current
therethrough. Under ordinary conditions it
may be said that for a certain cross-section
and length of this metal there will be a cer-
tain definite temperature rise for a certain
current strength. The temperature rise in a
fuse does not, however, in practice bear that
definite relationship to the current that might
at first be expected, for the reason that it is
very greatly affected by certain variable con-
dltmns or factors. The principal of these is
the ability of the fuse to throw off the heat,
which, so far as the fuse-link or wire itself is
eoncerned 18 largely governed by its super-
icial d1meu810ns the position of the fuse-
links, the condition of the surrounding at-
mosphere as to whether it is in motion or
quiel, which is a still more uncertain factor
than either of those before mentioned, and
whether or not the fuse-link itself is in con-
tact with any body whose ability to absorb
the heat developed is greater than that of air.
it will be seen that a condition may exist
where the rate of radiation or loss of heat by
the fuse equals the rate at which the heat is
developed. "T'here will then exist a state of
equilibrium, and should the temperature be
just below that at which the metal softens the

fuse will be carrying its maximum current.
If now the current is increased slightly, the
rate of development of the heat becomes more
rapld than the rate of dissipation, with the
resulit that the temperature increases gradu-
ally and in time the melting-point will be
reached. 'This increase in the current value
will constitute an overload, sinceitisin excess
of the maximum current that the fuse will
carry. With a furtherincreasein current the
balanceis furtherdisturbed, the rate of radia-
tion remaining the same, while the rate of de-
velopment of heat is more rapid than before,
with the result that the time required to bring
the mass to the melting-point is considerably
less, or, in other words, the time factor for any
givenoverload becomes rapidly less as the cur-
rent increases, the time factor being the time
required to bring the fuse to its melting-point
from the moment of the increase of current.
The two most important of the variable fac-
tors which affect the rate of radiation of the
fuse are probably the exposure to draft and
contact with adjacent bodies. Ina draft the
heat is far more rapidly taken up by the pass-
ing air than If it were quiet, while by contact
with a body, such as porcelain or metal, whose
rate of absorption of heat is greater than that
of air an equilibrium may be established for
the time being until the body itself becomes
heated. Uudel such conditions it will be
found that a fuse will require a much longer
time before it is brought to the meltmﬂ'-pomt

Another feature of uncertmnty of much the
same nature is the effect the fuse-terminals
have in changing this time factor. If the
fuse metal 1s connected to very massive ter-
minals which will rapidly absorb the heat,
the time factor will be materially increased.
If, however, the terminals are small and light,
so that they possess but small comparative
heat-conducting power, they can have but lit-
tle effect in changing this. 'T'o correct these
defects, then, it becomes necessary to fix all
the otherwise variable factors in order to se-
cure a device the melting-point of which for
any given overload 1s practically constant.
Its superficial area must be a fixed quantity.
It must be protected from air-drafts and so
placed that the amount of contact with any
adjacent material is a fixed value. In my
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Patent No. 569,373, dated October 13, 1896, 1
have shown and described a fuse which, as
has been practically demonstrated, success-
fully and satisfactorily meets all of the re-
quirements of ordinary usage. It has been
found, however, that in fuses above certain
sizes, particularly those adapted {o carry
heavy currents without blowing, trouble 1is
frequently caused when said fuses are sub-

jected toasevereovercharge of current, owing
to the fact that the volume of metal vol.:ml-
ized by the action of the current and requir-
ing dissipation was so great that there was
apt to be a severe explosion due to the sud-
den expansion of the comparatively large vol-
ume of metalliec vapor. Several w ays have

been tried with a view to overcoming this
difficulty, among them being the use Of an
alloy of high conduetwnm b} which means
the eross—seetion of the link would be materi-
ally reduced; but it has been found that all
alloysof high conductivity—such as alloys of
tin, copper, and the like—whatever the bulk

of the metal,vaporize with what may be called

*“explosive” action,whereas metals of less con-
duectivity, such as lead or lead alloys, can
within certain limits as to bulk be trans-
formed from metal to vapor instantly without
any great disturbance under suitable condi-
tions; butin fuses of large capacity a single
fuse-link of lead or lead alloy must necessa-

rily be of large cross-sectional area,and there-

fore of considerable bulk, and is therefore
apt to vaporize with an explosive action for
the reasons above set forth.

In accordance with my present invention I
obviate the difficulties above referred to by
employing instead of a single wire fuse-link
of large sectional area or bulk, a fuse-link
composed of a plurality of wires or metallic
bodies connected in parallel or multiple are.
By such construction several advantageous
results of major importance are secured, the
first being an actual reduction of the total
c¢ross-sectional area involved—that 1s to say,

‘the sum of the cross-sectional areas of, say,

two, three, or {ive small wires is less than the
cross-sectional area of one large wire neces-
sary to carrya given amount of current. This
is due to the fact that the total surface area
of five small wires is much greater than that

- of a single large wire, with the result that it
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possesses greater ability to radiate the heat
occasioned by the passage of the current. A
second result is that the metal being already
separated into smaller divisions there is
greater opportunity, when the metal is vola-
tilized by the passage of an excessive current,
for the gases thus evolved to expand and dif-
fuse themselves in the fillin osurrounding the
fuse-link. 1t thus becomes possible to han-
dle with fuses of comparatively small dimen-
sions, particularly as to diameter, but having
large current-carrying capacity, severe dis-
charges without trouble or disturbance of any
kind.

tively.

by reference to the accompanying ¢ h‘ELWlI]“‘%
wherein—

Figure1isa plan view, partly broken away,
showing a fuse embodying my invention
wherein the multiple fuse-link is composed
of two fusible sections of wire connected 1n
parallel. Fig. 2 is a view partly in section
and partly in elevation, the fuse-link in this
instance being composed of three rusible sec-
tions of wire. Fig. 3 is a view similar to If1g.
2 of a fuse wherein the link is composed of
five fusible sections. Fig. 4 is a sectlon on
line 4 of IMig. 1. Fig. 5 is a section on line H
of Fig. 2. Fig.(isasectiononline(of Ifig. .

Referring to the drawings, a ¢ are two bind-
ing-posts mounted on a suitable base and be-
tween which the fuse is removably connected.

B is an inclosing tube preferably made of
a non-conducting fibrous material and closed
at its ends by perforated brass caps U 0.

¢ is an air-space about the middle of the
fuse-link formed by a suitable drum c¢'.

l is a filling of a suitable material prefer-
ably in a finely-divided state, (such as slaked
lime,) the principal function of which is to
provide a multitude of minute paths orinter-
sticesforthe escape of the vapororgasevolved
upon the volatilization of the fuse-link by an
execessive current.

As thus far described the fuses shown In
the drawings do not differ materially from
that shown in the patent above referred to.

The fuse-links shown in the drawings may
be said to comprise three sections—viz., two
end sections each consisting of a single short
rod or wire ¢ e, projecting at their outer ex-
tremities, respectively, through openings in

caps 0 0 and also through openings in the
vertical arms of angle-pieces 0’ b’ wherein
they are soldered. Said an gleupieces form the
terminals of the fuse and are adapted for en-
cagement with the binding-posts a «, respec-
The central section of the fuse-link
consists of a plurality of wires f, preferably
of lead orlead alloy, passing through theends
of drum ¢', and hence penetrating air-space c.
At their opposite ends these wires are con-
nected to the inner ends of rods ¢ e, respec-
tively, in such manner that current enter-
ing on one rod e divides in proper proportion
over the wires f, but leaves the fuse by the
other rod In other words, the current
passes over the wires /' in multiple are.

The multiple fuse-link shown in Ifigs. Land
4 has two wires f f, connected at their ex-
tremities to the rods e ¢ by means of plates
g ¢, bent as shown in Fig. 4, to which said
parts are soldered.

In Figs. 2 and 5 the central section ot the
fuse-link consists of three wires 1, which are
connected to the rods e ¢ by means of three-
armed spider-plates /v /t. The extremities of
the rods are soldered in central perforations
through these plates, while the extremilies
of the wires f are soldered, respectively, in
perforations in the ends of the three arms of

My invention will be move f ully understood | said plates.
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In Figs. 3 and 6 I have shown five wires f~,
connected with the rods e by two five-armed
spider-plates ¢ .

In operation it will be understood that when
an excessive current passes through the fuse
the plurality of wires composing the central
section of the fuse-link will be melted simul-
taneously at a point within drum ¢’, at which
point the temperature is the highest, the air
confined within said drum belng a poorer con-
ductor of heat than the filling ¢ which sur-
rounds the wires outside of the drum.

While I have herein described and illus-
trated my multiple fuse-link in connection
with a fuse having other features—such asthe
central air-space, filling of finely-divided ma-
terial, &e.—my present invention isin no man-
ner limited in its application to fuses having
such other features. Furthermore,it will be
understood that modifications may be made
within wide limits without departing from
the principle of the invention. It is alsoap-
parent that the multiple fuse-link may con-
stitute an article of manufacture separate
fromthe other parts of the fuse. Asthe burn-
ing out of a fuse-link does not destroy the In-
closing sheath and other parts, they may ot
course be employed again with a new fuse-
link.

What I claim as new, and desire to secure
by Letters Patent, is—

1. In an electric fuse or cut-out, the com-
bination with an inclosing sheath, and ter-
minals on said sheath, of a fuse-link within
the sheath consisting of a plurality of fusible
wires or conduectors connected in parallel be-
tween said terminals, and a filling of suitable
porous or similar material within the sheath
about said fusible wires providing a multi-
tude of interstices or passages for disintegrat-
ing or breaking up and conducting away the
metallic vapor or gas evolved by the fusing
of the wires. |

2. In an electric fuse or cut-out, the com-
bination with an inclosing sheath, and ter-
minals on said sheath, of a fuse-link within
the sheath consisting of a plurality of fusible
wires or conductors connected in parallel be-
tween said terminals, an air-space within the

inclosing sheath traversed by said wires, and
a filling of suitable porous or similar mate-
rial within the sheath aboutsaid fusible wires
providing a multitude of interstices or pas-
sages for disintegrating or breaking up and
conducting away the metallic vapor or gas
evolved by the fusing of the wires.

5. In an electric fuse or cut-out, the com-
bination with an inclosing sheath, of two caps,
one for closing each end of said sheath, ter-
minal connections on said caps, a fuse-link
consisting of two end sections, each in the
form of a single metallic rod or wire project-
ing through the caps respectively and in elec-
trical contact with the terminals thereon, and
an intermediate section consisting of a plu-
rality of fusible wires or conductors connect-
ed in parallel between the inner ends of the
two end sections respectively, an air-space
within the sheath and through which said
fusible wires pass, and a filling of a suitable
material within the sheath.

4. In an electric fuse or cut-out, the com-
bination with an inclosing sheath, and ter-
minals on said sheath, of a fuse-link within
the sheath consisting of three or more fusible
wires or conductors connected in parallel be-
tween said terminals and disposed about an
imaginary axis at equal distances from each
other, an air-space within the sheath trav-
ersed by said fusible wires, and a filling of
suitable porous material within the sheath.

5. In an electric fuse or cut-out, the com-
bination with an inclosing sheath, and ter-
minals on said sheath of a fuse-link within
the sheath consisting of three or more fusible
wires or conductors connected in parallel be-
tween said terminals and disposed about an
imaginary axis at equal distances from eachi
other, an air-space within thesheath traversed
by said fusible wires, and a filling of suitable
porous material within the sheath.

In testimony whereof I have signed this
specification in the presence of two subscrib-
ing witnesses.

| LOUIS W. DOWNES.
Witnesses:

IrA L. K18H,

JAMES H. THURSTON.
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