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It is the object of this invention to provide

‘The prin-

ciples herein will apply broadly to any class

(f)f fuse, but more particularly to high tension
uses. :

The particular application is to fuses of
the expulsion type wherein the circuit is in-
terrupted. by the expulsion of the gases or
arc from the container in which the circuit is
interrupted. )

The fuses in high tension work are gen-

erally made in tubular form, either filled or

with a non-arcing compound, or left open,
the power developed by the heat of the fuse
when the circuit is interrupted generating
sufficient blow out action to extinguish the
arc. The pressures generated are often great

‘under severe short circuits requiring tubes of

- considerable mechanical strength to with-

Rl

stand the impact and yet rendering material,
such as glass or porcelain, inadvisable for this
duty, since the heat generated is sufficient to
erack such tubes for fuses of large capacity.

To obtain the best results, the fuse tube is

‘hence made of material of sufficient strength

* to withstand both the blow out and the tem-

a0

1)

porary heat caused by the rupture of the cir- -

cuit. Materials suitable for tubes of this
type, will under some circumstances be de-
fective in surface leakage after long exposure
to the weather. . To overcome this difficulty
box type housings are sometimes provided for
fuses of moderate voltages, but for high volt-
ages this is impracticable.

One feature of my invention includes the
provision of a double tube of material com-
prising an inner casing, capable of withstand-
ing shock and an exterior casing of preferably
a vitreous material like glass or porcelain

integral with the fuse structure. In other

words, an interior and exterior tube substan-
tially concentric, constituting a single fuse

. element having suitablé terminals thereon

50

for engaging the clips, - :

The filled fuse is much superior in blow
out action to the open fuse, since the scouring
effect of the filler is of great importance in
oxtinguishing the arc. On the other hand,
a filled fuse has a radically different thermal
condition from the unfilled, the heat:being

carried away much more qui‘ckly than with
the unfilled type, and when fuses are of a
larger size limiting problems occur in the

heating of 'the fuse element causing undue

heating of the casing. It is one of the ob-
jects of this invention to overcome such lim-
itations and to allow the use of fuses of a
capacity which would otherwise be prohibi-
tive, and also of materials which could other-
wise not be employed. By further extension
of the principles of this invention, fuses of
any desired capacity may be employed suc-
cessively. ) ’

The interruption of high tension circuits is
greatly limited by the capacity of the fuse
element. For example, fuses of moderate
size work successfully, whereas fuses of larger
size, owing to the heat of the fuse element

‘under continuous.load will often fail, and

it is one of the objects of this invention to
overcome these inherent difficulties.

Among the general types of fusible ele-
ments are included the lead, zinc tin alloy
type of fuse commonly used which melts at
a_comparatively low temperature, fuses of
zine ‘which melt at a much higher tempera-
ture, and fuses of aluminum which melts at
2 still higher temperature. Except for small
capacities, the latter two types are imprac-
ticable, if the fuse element is run for any
period of time near the blowing point, as the
continuous temperature would result in the
destruction of the envelope, unless made of
porcelain or glass. By means of my inven-
tion this difficulty is also overcome.

Figure 1 sliows a longitudinal cross sec-
tion of a fuse with an inner casing enclos-

‘ing the fuse wire and a concentric outer

casing adapted to withstand weather condi-
tions.

Figure 2 shows an end view of the same.

Figure 8 shows a longitudinal, section of
a fuse with a chamber in the center which
may be used for forming an are.

Figure 4 shows an end view of the same.

Figure 5 shows a partial longitudinal sec-
tion of a modified fuse of the type shown in
Figure 3.

Figure 6 shows an end view of same.

‘Figure 7 shows a longitudinal z.ction of
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a fuse with a central -chamber filled with
powder -or similar material for increasing
the blow out action. :
Figure 8 shows an end view of the same in
section. :
Figure 9 shows a longitudinal section of
the preferred type of construction of the
central fuse chamber shown in Figure 3.

Figure 10 shows an end view of the same.

Figure 11 shows a longitudinal elevation
of a fuse link reinforeced on the outer ends
by metal plated thereon. '

Figure 12 shows a longitudinal elevation
ofda fuse link with bifurcated reinforced
ends. '

Figure 18 shows a cross section of the fuse
tube and fuse with fillers of two different
kinds of material with different thermal con-
ductivities. ,

In Figure 1, “1” is a fuse tube; 2, 2, are
ferrules; 3, 8, are pressed-in end caps adapt-
ed-to be expelled on blowing of the fuse, to
which caps. the fuse 4, is soldered; 5, is a

holder mounted securely on ferrule “2,” and.

“6,” is a corresponding holder mounted so
that it will slip under pressure on the fer-
rule “2” on the other end. '

As shown in Figs. 1, 8, 5 and 6, the cir-
cumferential edges of the caps 3 are sealed
by frictional contact against the inside sur-
faces of the ferrules, thereby normally pre-
venting the escape of gases or air at points

. between the caps and ferrules.

36

40

45

Holders 5, 6, have rigidly connected there-
in a weatherproof cylindrical casing “77”.
The interior space within casing “1” and the
space between the casings 1 and 7, are pref-
erably filled with powdered filler of the gran-
ular type, marked respectively “12” and “23.”
The function of the filler around the fuse
has previously been described, namely, to

-provide a better blow out of the arc, and also-

to insulate the sides of the container, not

only from the heat of blowout, but from the

normal heating of the fuse. '
The space between the tubes 1 and 7, con-

" tains filler, “23” to convey the heat generat-
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ed by the fuse, directly to the air.outside,
-which would not be the case were an air
space left between the two tubes.. Owing

“to the difference of expansion of tubes 1 and

7, which are made of different materials, the
joint between 6 and 2, is a slip type which
will prevent undue temperature stresses.
This joint, however, is tight under atmos-
pheric conditions and excludes dirt and mois-
ture. : R SR
The material of casing 1, is strong, and
preferably non-absorbtive of- water and a
good insulator such as bakelite, whereas the
casing 7, is of material like porcelain or glass,
providing a permanent surface, not affect-
ed by weather conditions." _ :
While, as heretofore mentioned, box type
housings have been provided in -which the

. smallest
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fuses are housed for voltages of moderate
value, the construction herein is novel, in
that the housings and fuses are combined in
the single element giving a combination of
the high breakage strength, freedom from
instantaneous heat and good exterior surface
leakage conditions.

In Figure 3, “8” is a cylindrical arcing

chamber provided with end plugs 9, 9, which.

preferably fit snugly in same and yet allow
ready expulsion under pressure within the
chamber. 10, 10, are electrical connections,
preferably soldered to the fuse element 4,
which is of relatively short length. 11,11, are
the joints between connections 10, 10 and fuse
4, and may be made of solder or other ma-
terial; the connections 10, 10, are soldered
directly to the end caps 8, 8, from which con-
tact is made to the metallic ferrules 2, 2,
adapted to be inserted in suitable clips. The
chamber 8, is preferably left unfilled for
fuses of large capacity, and the balance of
the tube is preferably filled with the granu-
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lar filler, 12, 12. - Around chamber 8, is the '

filler 18, made of different material from

filler 12,12. . = v '

There are two points .to be considered in
fuse design, first the condition obtaining un-
der heavy loads not sufficient to blow the fuse,
wherein the fuse element will necessarily heat,
part of it approaching the melting point of
the material, and second, the condition affect-
ing the blowing of the fuse.

95

n large fuses the amount of heat which

may be generated in the fuse element is so
great that a fuse tube of large and often

impractical size must be provided to carry

off safely the heat of the fuse without danger
of destruction of the tube. This is particu-
larly the case with the filled tube for high
voltages where the heat must be disposed of
thru the walls of the tube and cannot be
taken thru the end ferrules, owing to the

‘length of the fuse tube. To overcome this

difficulty I made the connections 10, 10, of
very much larger electrical capacity than the
fuse 4, so that the heat generated. by these
connections is well within the capacity of the
tube. If the fuse 4, however, in Figure 3
had no inner casing 8, and were surrounded
with filler 12, the heat generated thereby
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‘would be liable to damage the adjacent tube, -
‘unless special precautions are taken.

< The first requirement then of a fuse, with-

out resorting to an excessive amount of metal
which would be objectionable, is that the

generate

the walls of the tube 1." It is desirable to
dissipate thru the walls of the tube as rapid-
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ossible amount of heat should be
in 10, 10, and that the heat in '
fuse 4, should be protected from damaging
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ly as possible, the heat from connections 10, -

10. This I accomplish by the use of a granu-
lar filler 12, of high thermal conductivity, at

the same time around the central portion of
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the fuse, I use a filler 18, of low thermal con-
ductivity, preventing the heat from fuse 4,
affecting the walls of the tube and forcing

the heat generated therein to dissipate itself

by traveling along the connections 10, 10.
To effect the corresponding result, from
this standpoint only, the chamber 8, with
ends 9, 9, may be omitted entirely, the cen-
tral portion of the tube being filled with the
granular filler 13, of low thermal conductivi-
ty, which is hence directly in contact with the

- fuse element 4, or else the granular filler 13,
- may be made of the same material as the bal-
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ance of the filler 12, the thermal insulation
of element 4, being obtained thru the cham-
ber 8. In either event the invention in this
phase lies in the provision of different ther-
mal insulation between the fuse element 4,
and the tube 1, than obtains between the con-
nections 10, 10, and the tube 1.

The connections 10, 10, may be of the same
material as the fuse 4, a larger section giv-

‘ing the increased conductivity, but it is pref-

erable to make them of a different material
and this is a novel feature in fuse construc-
tion. Connections 10, 10, may be of such na-
ture as would be consumed by the current, in
the event of a very high current, but the pref-
erable form of operation is the expulsion
thereof from the ends of the tube. When the
fuse 4, blows heat will be generated in the
center therefrom, and when this is broken it

_will volatilize the material therein and cause
- sufficient pressure to expel the caps 3, 8, and
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connections 10, 10, from opposite ends of the
tube, the expulsion extinguishing the arc
and opening the circuit, since the end caps
3, 3, are designed for such purpose, namely,
to provide both a safety valve and to allow
a sufficient pressure to extinguish the arc
when the fuse operates. -

The extinguishing of the arc depends upon

the rapidity of action, and heice for this’

reason it is desirable to make the connections

10, 10, as light as possible. - Also it is desir-

able to make them as high a conductor of heat

-as possible, in order to dissipate the normal

heat from the fuse element 4. For this rea-
son I preferably made connections 10, 10, of
copper, which is made especially flexible,
since copper is'a very high conductor of both
electricity and heat. .

The construction in Figures 1 and 8, shows
the fuse soldered to the end caps 3,8. How-
ever, this is not necessary since any other

means of connection msy be given, as shown

in Figure 5, wherein the fuses are fastened
to contact cap 14 preferably thru strip 15,
made of low melting material. 'Where lead
or zinc type of fuse is used, in larger capaci-
ties in a filled chamber, there is a tendency
for the fuse to remain as a column of liquid
and to conduct current in this condition,
hence generating an undue amount of heat.
This difficulty I overcome thru the arcing

3

chamber 8, which being unfilled also allows

the fuse to pull apart and start an arc, and

the arc generating heat with extreme rapidity
causes instantaneous action. _
It is desirable to have a limited amount of
air in the arcing chamber to aid in the blow
out of the fuse ends. In the construction in
Figure 3, the arcing chamber 8, may he made
of strong, preferably fireproof rigid mate-
rial such as ebony asbestos which will pre-
vent the extreme instantaneous pressure com-
ing on the tube 1, which may be of porcelain,
and which will also insulate this tube from
the extreme heat generated. In this event
the construction in Figure 3, is in effect a
modification of the principle shown in Fig-
ure 1, namely, a combination of two tubes,

the inner tube however, not extending the

full length.

In the construction shown in Figure 5, ad-
vantage is taken of the fact that the lead type
of fuse and the connection 15 if made of sim-
ilar material and of approximately the same
area will melt at the same time from short
circuits. The result of this will be that under
normal conditions the heat from connection
15, will be carried away by connections 10,
10, and ferrules 2, 2, but in event of a short
circuit, the connections 15, and fuse 4, would
melt at approximately the same time, 15 re-
maining as a liquid, whereas 4 would open
the circuit and generate an arc, allowing the
ready expulsion of connections 10, 10, with-
out the blowing out of contact cap 14.

The ‘principle of operation of fuses by
means of a direct arcing chamber is of value,
in the prompt action of the fuse. The gas
generated for the expulsion is derived from
the volatilization of the fuse link 4. Where
the other material therein is insufficient to
give the desired action, it may be reinforced
by the use of buttons 11, 11, of solder or
corresponding material of sufficient size to
generate the desired amount of gas. The ad-
vantages are obvious in that it is preferable
to volatilize material which melts at a low
temperature rather than one which melts at
a higher temperature, such. as are connec-
tions 10, .10, which are preferably made of
copper.

To increase the blow out action of the fuse,

the construction shown in Figure 7 may be
used, 20 being an envelope similar to the cas-
ing 8, and 21, being the filling material, which
may partially or completely fill the casing,

consisting, for example, of gunpowder, which

will safely stand the temperatures of low
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melting fuses, but will be ignited by blowing .

of the fuse and will generate sufficient gas
to expel the end caps and connections.
Where fuses of large capacity are em-
ployed, the resulting pressure from blowing
the fuse within chamber 8, is liable to be very
high, due to the great heat suddenly gen-
erated. To overcome this difficulty Figures
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9 and 10 show the preferred type of construc-
tion wherein the casing 8, is of insulating
material such as mica, which will stand high
momentary temperatures. This is reinforced
8 by a.casing 22, of high strength material
‘which may consist of metal. Theé end plugs
9, 9, for closing this casing may be made as
shown in cup form of material such as pressed
lead, which will be readily expelled under
10 pressure. _ : ’
For fuses as at present constructed, when
blown under light loads, or where the fuse
wire is light the fuse itself often disintegrates
without blowing out the end caps, thus leav-
18 ing no indication that the circuit has been
opened. The use in a fuse tube of powder
or corresponding material readily volatilized
on blowing of the fuse which will act with
certainty and blow out the end caps, thus
20 serves the doubly useful purpose of providing
a definite indication ata glance that the fuse

has blown, as well as extinguishing the re--

sulting are.
The term fuse, as is commonly applied to

- 28 apparatus of this nature constitutes an inte-

" gral fuse element comprising the fuse link,
holder for same and suitable terminals there-
for, and in the claims, the term is used with

. this understanding and does not means fuse

30 Jinks alone. :
In the construction of the fuse element the

‘material used in link 4, may be extended to

the end cap conncctions, the conductors 10,
10, being reinforced by either a larger sec-

© 35 tion of the same material or by the addition
.of a reinforcing piece of another material .

connected thereto and running from the ends
of 4, to or nearly to the end caps or corre-
sponding connection 3. An excellent type
of reinforcement consists of plating the end
connections 10, of the main fuse by such ma-
terial as copper, to provide the necessary re-
inforcing. -
> Figure 11-shows the fuse element only,
45 with plating 23 on the connection 10, -
Figure 12 shows an alternative type of re-
inforcement, 10 consisting of two branches
for each half, affording a large radiating sur-
face for the heat: When the fuse blows,
0 especially if of the zinc tin type, if the end
cap does not blow off instantly the connection
of the branches will melt and carry current,
~which will automatically follow one of the
branches, which it will promptly melt off and
5 blow. . o ‘
If desired, wires 10, 10 may be made stiff,
causing the blow out in the center to give di-
‘rect pressure thereto on the end caps. .
The filled fuse has an advantage over the
% unfilled in that the entrained air is very
much less requiring a correspondingly small-
___er ‘amount of heated vapor to cause proper
expulsion.” A limited quantity of air in cas-
_ ing 8 is of advantage in forming the nec-
G" essary blow out pressure reserve capacity for

1,852,104

putting out the arc. A very suddenly ap-
plied pressure in the central part of the tube,
as in Fig. 3, particularly with the fuse tube
filled with a granular filler, is apt to blow
up the tube before it has time to expel the
end caps 3. If conductors 10—10 are rigid,
the internal pressure acting thereon will be
transmitted by direct compression thereon
to the end caps, which will be mechanical-
ly expelled without damaging the tube.

What I claim is: v

1. A fuse comprising a fuse link, terminal
connections for same, an inner imperforate
casing composed of material of high strength,
in combination with an outer imperforate cas-
ing composed of material of high resistance
to surface leakage, and granular filling mate-
rial between said inner and outer casings. -

2. A fuse comprising a fuse link, terminal
connections for said fuse, an inner imperfo-
rate casing composed of material of high
strength, in combination with an outer im-
perforate casing comprising a vitreous mate-
rial, and granular filling material between
said inner and outer casings.

3. A fuse comprising a casing normally
closed to the atmosphere, terminal connec-

tions for said fuse, a fuse link within said.

casing, conductors within said casing con-
necting said fuse link and said terminal con-
nections, thermal insulating means between
said fuse link and said casing, said conduc-
tors and said thermal insulating mesns be-
ing adapted to be ejected from said casing
upon the blowing of said fuse. :

4. A fuse comprising a casing normally

‘closed to the atmosphere, terminal connec-:

tions for said fuse, a fuse link within said
casing, electrical connections between said
fuse link and said terminal connections, said
electrical connections being adapted to be
ejected from said casing on the blowing of
said fuse, a filling material of relatively low
thermal conductivity between said electrical
connections and said casing, in combination
with thermal insulating means between said
fuse link and said casing of higher thermal
insulation than that of said filling material.

5.°A fuse comprising a casing normally
closed to the atmosphere, terminal connec-
tions for said fuse, a fuse link within said
casing, rigid electrical connections between
said fuse Iink and said terminal connections,
and vent means for opening said casing to the
atmosphere thru pressure generated by the
blowing of said fuse and transmitted directly
by said rigid electrical conmnections to said

vent means, thereby opening said fuse to the

atmosphere. .

" 6. A fuse comprising an outer casing nor-.

mally closed to the atmosphere, terminal con-
nections for said fuse, a fuse link, insulating
filling material for said.casing, an inner cas-

_ing surrounding said fuse link, and means for"
excluding therefrom said filling material, in
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_combination with means operated 'by the
blowing of said fuse for opening said casing
_to the atmosphere. :

7. A fuse comprising an outer casing nor-

5 mally closed to the atmosphere, terminal con- -

nections for-said fuse, a fuse link, an inner-

casing surrounding said fuse link, electrical

connections between said fuse link and said
terminal connections, insulating filling mate-
rial surrounding said electrical connections,
closing members for said inner casing adapt-
ed to_exclude therefrom said filling material,
in combination with means operated by the
blowing of said fuse for opening said casing
to the atmosphere. - o

8. A fuse comprising an outer casing nor-
. mally closed to the atmosphere, terminal con-
nections for said fuse, a fuse link, insulating
filling material for said outer casing, an
inner casing surrounding said fuse link and
excluding therefrom said filling material, in
combination with end members for closing
said inner casing and means actuated by the

10
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blowing of said fuse for ejecting said end -

" 25 members and also for opening said outer
casing to the atmosphere. -

9. A fuse comprising an outer casing nor-
‘mally closed to the atmosphere, terminal con-
- ‘nections for said fuse, a fuse link within
30 said casing, electrical connections between
an inner casing surrounding said fuse link,
filling insulating material surrounding said
electrical connections, means for excluding
said filling material from said inner casing,
and means actuated by the blowing of said
fuse for ejecting said electrical connections
from said outer casing. '

_ 10. A fuse comprising a fuse link, terminal
40 connections for same, an inner casing of arc
resisting material, in combination with an
outer imperforate casing of material of high
resistance to surface leakage, and filling in-
sulating material between said inner and out-

‘45 er casings adapted to transmit the normal

- heat of the fuse to the atmosphere. -

11. A fuse comprising a fuse link, a tubu-

lar casing enclosing .said fuse link, terminal

36

connections for said fuse link, end caps on:

~ 50 the ends of said tubular casing, said end caps
being adapted to normally seal the ends of
the casing to maintain a certain gas pressure

said fuse Iink and said terminal connections, -

5

ated in the tube upon the blowing of the fuse
link, and conductors within said casing be-
tween the said fuse link and the caps, the
said conductors being adapted to be ejected
from the casing by the pressure generated
upon the blowing of the fuse link.

13. A fuse comprising a fuse link, a tubu-
lar casing enclosing said fuse link, terminal

connections fqr said fuse link, imperforate

caps in the ends of the casing, the said caﬁs
being normally maintained in the ends of the
casing by their frictional engagement with
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the walls of the casing, and adapted to nor-

mally seal the ends of the tube, the said caps
also being adapted to be ejected from the
tube by a pressure generated in the said tube
by the blowing of the fuse link, and conduc-
tors within the casing connecting the caps
with the fuse link, the said conductors being
adapted to be ejected from the tube by the

- pressure ejecting the caps.

T affix my signature.
JESSE BOWIE.
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within the casing, and:conductors in the cas- "

** ing between the fuse link and the caps, which
55 said conductors are adapted to be ejected from
- the chsinglggon'.thg blowing of the fuse link.

12. A fuse comprising a fuse link, a tubu-

*_lar casing erclosing said fuse link, terminal - '

" connections for said fuse link, imperforate

60 caps for sealing the ends of the tubular cas- -

" - ing, the said caps being frictionally sealed

. against-the ends of the casing so as to nor- -

mally prevent air from passing through the

ends of the casing,l;said_Caps eing a apte;l L

- 65 to-be blown from the tube by pressure gener-
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