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This invention relates to electrical fuse de 
vices for use in high voltage power distribution 
systems, and more particularly to improvements 
in tubular power fuses in which a fuse link is 
formed of a small diameter fusible conductive 
element which joins relatively larger conductors 
electrically connected to spaced fuse end ter 
minals, and extends coaxially through an insu 
lator tube or sleeve mounted between the end 
terminals as a protective casing. The drop out 
fuse device disclosed in United States Patent 
No. 2,365,113, issued December l2, 19de, to W. O. 
Schultz is one form of such prior art device 
while another form of such a fuse device is that 
shown in United States Letters Patent No. 
2,485,221, issued October 18., i949, to F. H. Turn~ 
ham et al. 
In such fuse devices, much difficulty has been 

encountered in the past as a result of disinte« 
gration of the fuse link caused by the coronaI 
effect produced around the small diameter wire 
in high voltage installations. This difficulty re 
sults from the fact that the corona produced 
around the fusible wire acts on the constituents 
of the surrounding air in the tubular insulator 
to break down the oxygen to form ozone (O3), 
a portion of which then chemically combines 
with the nitrogen component and water vapor to 
form nitrous acid. The nitrous acid thus formed 
collects on the fusible wire and produces corro 
sion or an “eating away” of the small fusible 
wire. Since the diameter of the fusible wire is 
a function of the maximum current carrying 
capacity for which the fuse is designed, resort 
cannot be made to the obvious procedure of en 
larging the diameter of the conductor to co1n~ 
pensate for or eliminate the corona effect. 

Since this corrosion of the fusible wire results 
in a reduced current carrying capacity or cur 
rent rating of the fusible element, it has been 
found necessary in practice to frequently inspect 
high Voltage fuse installations and replace the 
fuse links of such fuse devices at from three to 
six month intervals regardless of whether the 
current load has exceeded the current rating of 
the fuse. Since the fuse link of fuse devices of 
this type heretofore provided must be frequently 
replaced, much inconvenience and a high cost of 
maintenance of the power distribution system 
results. This has limited the fields of applica 
tion of these otherwise highly satisfactory and 
relatively inexpensive fuse devices. 
To avoid possible ambiguity and to more clearly 

state the object and purpose of this invention, 
the meaning of the word “corona” as known and 
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2 
used by those familiar with the art of electric 
power generation and transmission, is the elec 
tric overstressing or ionization of the layer of 
air in contact with a conductor. 

Further, since the object and purpose of this 
disclosure is to control and prevent corona for 
mati-on and its consequent damage to an essen 
tial element of electric high~voltage fuses, we 
will point out the principal physical law which 
governs the formation of corona. Since the 
electric gradient in air surrounding an electri~ 
fled conductor increases as the distance from the 
conductor is decreased in much the same rela 
tion as light intensity increases as the distance 
to the source is decreased, it follows that for a 
given conductor radius there is a voltage level 
above which the surrounding air cannot with 
stand the voltage stress and the conductor is 
enveloped in a layer of minute radially extend 
ing sparks or electrically punctured air, tending 
to build or extend the conducting surface to a 
radius large enough that the air boundary will 
withstand the electric stress. 
As is well known, the melting point of a fusible 

wire is fixed by the wire size, and for practical 
ratings the wire size is small compared to the 
size necessary to be above the critical size for 
corona-free operation on high Voltage, the prin 
ciples of which was described above. 
With the above principles and facts in mind, 

this disclosure describes Ways and means to sur 
round the fuse wire which is excessively small 
with regard to being corona-free with a suffi 
ciently conducting surface of corona-free radius 
operating at near the same voltage as the fuse 
wire, at the same time being of sufficiently high 
resistance to not in any way impair the operating 
functions of the fuse structure. 
The prime purpose of this invention is to ef 

fectively enlarge the radius of the corona form 
ing element without enlarging the fusible ele 
ment and without adversely affecting the func 
tion and operation of the fuse. 

Since the current required at commercial fre 
quency to charge the surface of a conductor in 
space is a small value compared to the current 
rating of the fuse, it becomes feasible to provide 
a concentric electrified surface over the fuse and 
having a radius su-fliciently large to be free of 
corona at the rated voltage at the same time 
being in the form of a high resistance end to 
end so as not to interfere with the current in 
terrupting properties of the assembly and sub 
sequent insulating period after the fuse operates. 

It is, accordingly. a primary object of this in» 
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vention to provide a relatively inexpensive tubu' 
lar power fuse of an improved construction 
which assures long life of the fuse link even When 
utilized for high voltage installations and avoids 
the necessity of frequent inspection and replace» 
ment of the fuse link thereof. 

It is a further object of this invention to pro 
vide a relatively inexpensive high voltage fuse of 
an improved construction in which the corrosion 
resulting from the corona effect heretofore pro 
duced around the small fusible element is sub 
stantially eliminated. 
More specifically it is an object of this inven 

tion to provide a tubular fuse comprising a fuse 
link shielded by a resistor element of high re 
sistance value connected electrically in parallel 
therewith so that the corona heretofore developed 
around the fusible element thereof is substan 
tially eliminated. 
A further object of this invention is to provide 

a tube or sleeve for a tubular fuse assembly which 
is of an improved construction adapted to sub 
stantially eliminate the corona effect heretofore 
produced around the fusible element thereby ob 
viating the corrosion normally encountered in use 
of such fuses on high voltage lines. 
A further specific object of this invention is to 

provide an insulating tube or sleeve adapted to 
extend between space end terminals of a fuse de 
vice in surrounding relation with the fuse link 
thereof with an integral cylindrical resistor of 
high resistance value coextensive in length there 
with. 
More specifically, it is an object of this inven 

tion to provide a fuse link tube having a resistive 
coating coextensive in length with the tube 
formed intermediate two of the layers of insu 
lating material thereof and electrically connected 
to the terminal ferrules used to connect the fuse 
in the line. 
These and other objects of this invention will 

become apparent from the detailed description 
and appended claims when read with reference 
to the accompanying drawing wherein: 
Figure 1 is an elevational view of one form of 

a single tube fuse assembly, to which the present 
invention is particularly applicable; 
Figure 2 is an enlarged view of the hinge and 

terminal assembly at one end of the fuse device 
of Figure 1 which may serve as the hinge end of 
a modified form of fuse such as shown in the 
aforementioned Turnham et al. patent; 
Figure 3 is an enlarged view of the latching end 

terminal assembly at the opposite end of the fuse 
device of Figure 1; and 1 

Figure 4 is a sectional View of the sleeve or tube 
surrounding the fuse link taken substantially 
along the line 4--4 of Figure 3. 
The illustrated form of fuse device, shown in 

its closed position in Figure 1 of the drawing, 
comprises a fuse link I0 surrounded by a tube or 
sleeve I2 electrically and mechanically connected 
through terminal ferrules I3 and S 4 to spaced 
terminal assemblies I5 and I6. Terminal as 
semblies I5 and I6 are conventionally mounted 
upon suitable ceramic insulators IB and 26. The 
fuse assembly disclosed is of the double latch» 
ing type and is adapted to be automatically dis 
connected from the line upon occurrence of an 
overload through mechanical separation of the 
fuse link I0 and resulting unlatching of the fuse 
link tube I2, the tube and elements fixed thereto 
pivoting in a counterclockwise direction about 
the axis of pivot shaft 22 of end terminal as 
sembly I4 to its open position. This effects a 
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4 
complete electrical disconnection between the end 
terminal assemblies. 
The structure of end terminal assembly and 

associated terminal ferrule I3 is shown in Fig 
ure 2 in detail and is quite similar to that dis 
closed and described in detail in the above men 
tioned United States Letters Patent No. 2,485,221. 
The end of the fuse link tube I 2 is mounted in 
aperture 24 formed in a hinge casting 26 and is 
secured thereto by suitable means not shown. 
The corresponding end of the fuse link IIJ ex 
tends from the end of tube I2 around an arm 28 
formed integral with the casting 26 and is se 
cured in electrical contact with the casting 26 by 
a suitable machine screw 30 and plate 32. The 
casting 26 is secured to a support or hinge arm 
34 which is pivotally mounted on the shaft 22 and 
which is spring biased in a counterclockwise di 
rection about the shaft 22 by a suitable torsion 
spring not shown. The arm 34 is normally held 
in the position shown in Figures 1 and 2 against 
the force exerted by the torsion spring by the 
engagement of a pair of coacting latch members 
36 and 38, the former being pivotally mounted at 
46 upon the casting 26 and the latter being piv 
otally mounted upon the base plate 42 of the 
end terminal assembly I5. A member 44, known 
as a fuse link ejector, is pivotally mounted upon 
the casting extension or ear 28 at 46, a torsion 
spring (not shown) being provided to normally 
bias ejector 44 in a clockwise direction about the 
pivot 46 from the position shown._ Ejector 44 is 
formed with an arm 48 having a bifurcated end 
providing an aperture 49 through which the fuse 

. link I6 extends and at one side with an ear 50 
having a pin 52 fixed thereon and engaged in they 
slotacëf the bifurcated upper end of latch mem 
ber . 

Ej ector 44 is held in the position shown by the 
fuse link I2 against the force exerted by the tor 
sion spring so long as fuse link I2 remains tight 
between the end terminals. Upon occurrence vof 
an overload causing the ends of the fuse link to 
separate, the ejector 44 will be Vreleased to pivot 

. in a clockwise direction about the pivot 46 under 
the action of the torsion spring to eject the end 
of the fuse link I0 from the fuse link sleeve I2. 
Release of ejector 44 through the engagement of 
pin 52 in the slot of the bifurcated end of the 
latch member 36 causes the latch member 36 to 
pivot in a counterclockwise direction about the 
pivot 46 upon disengagement of latch 36 from the 
latch 38, the arm 34, the casting 26 and the fuse 
link tube I2 pivot in a counterclockwise direc 
tion under the force of the torsion spring about 
the shaft 22. A shock absorbing mechanism 
such as shown in Patent No. 2,485,221 is prefer 
ably provided to arrest movement of this Aas 
sembly at the end of its stroke. 

Coacting contact members 54 and 56, which are 
secured respectively to the casting 26 and the 
base 42», establish an electrical connection from 
the base plate 42 to the casting 26 and end of 
the fuse link III which is secured thereto so long 
as the assembly is in its latched position. If fur 
ther explanation in mechanical arrangement of 
this end terminal assembly I4 is found to be 
necessary for a complete understanding of the 
present invention, reference is made to the afore 
said Turnham et al. patent. 
The end terminal assembly I6 and associated 

terminal ferrule I4, which is also of a releasable 
latch construction, is shown in an enlarged View` 
in Figure 3. An end castingr 60 having an aper 
ture 62 through which the sleeve I2 extends is 
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secured thereto by a set screw 64. The associated 
end of the fuse link It extends from the end of 
tube I2 and is electrically connected to the cast 
ing @il by the screw and plate 66 and 68 respec 
tively. 
The fuse tube is latched in the position shown 

in Figure l by the coaction of latches 19 and 72, 
the former being pivotally mounted upon the 
casting 69 at 7G and the latter being pivotally 
mounted upon the terminal base plate 16 at 18. 

Release of latch l0 from latch 'I2 is effected 
upon .fusion of fuse link I9 simultaneously with 
the disengagement of the latches of the opposite 
end terminal assembly by a similar release link 
age. An ejector S0, which is spring biased in a 
counterlockwise direction about its pivot 82 on 
casting 69, is held in the position shown 'by fuse 
link l0 which passes through its opertured lower 
end. Upon severance of the fuse link I9, the 
spring urged counterclockwise movement of ejec- r 
tor 80 produces clockwise movement of latch 
member 'i0 to its disengaged position through the 
coaction of pin 8d, iixed to ejector 80, with the 
slot of the bifurcated upper end of latch member 
l0. 
In this fuse assembly structure severance of 

the fuse link upon the occurrence of an overload 
will simultaneously effect the release of the 
latches of both end terminal assemblies to per 
mit counterclockwise movement of the fuse tube 
I2 and the associated elements thereon about 
shaft 22 to its open position. As is best illus 
trated in Figure 2, the fuse link I0 comprises two 
pieces of flexible copper conductor 90 and 92 to 
the adjacent ends of which are soldered two 
smaller conductors 94 and 96 respectively. The 
adjacent ends of conductors 94 and 95 are in turn 
soldered together by the joint 98. This is a well 
known type of fuse link which when heated by a 
moderate overload severs first either at the joint V. 
98 or at one or both of the small conductors a4 
and 96. The fusion of these elements of course 
opens the circuit between the end terminal as 
semblies l-'i and i6 and releases the latches 36 
and l0. It is with reference to the corona pro 
duced around the small conductors 94 and 9B 
that the present invention is particularly di 
rected. 
We have found that, by the provision of what 

is in effect a tubular resistor of high resistance 
value which surrounds the small fusible wires 
96 and 95 of the fuse link and which is connect 
ed at its opposite ends electrically to the end 
terminals so that it is electrically in parallel with 
the fuse link, the corona heretofore present . 
around the fusible element and the undesirable 
results therefrom, previously pointed out, can be 
substantially eliminated. 
The improved fuse link tube structure, which 

is best shown in Figures 2 and 4, preferably in 
cludes an internal cylindrical fiber liner |00 ex 
tending between the end terminals and through 
which the fuse link I9 passes and a relatively 
thick cylindrical body §02 of Bakelite or other 
suitable insulating material formed in surround 
ing relation to and coextensive in length with the 
fiber liner §99. Such a tubular fuse according 
to this invention is then provided with layer £04 
of electrically resistive materia1 having a high 
value of resistivity applied to the entire exterior 
surface of body HB2 and an external cylinder layer 
IDB of Bakelite or other suitable insulating mate 
rial surrounds the layer 104 to provide a protec 
tive insulating wrapper therefor. 
As is shown in Figure 4; the fuse tube extends 
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6 
into the cylindrical aperture 6i of contact casting 
60. Electrical contact between casting @0 and the 
resistive layer |04 may be established in any suit 
able manner and in the illustrated form is estab 
lished by the provision of an extension of the re 
sistive layer its over the exterior surface of the 
end of the wrapper |06 as indicated at 198. The 
opposite end of fuse tube i2 is mounted in cast 
ing 26 and electrical connection between casting 
2i; and resistive layer liifi is established in the 
same manner. 

Since both the fuse link li! and the cylindrical 
resistive' layer i0@ are electrically connected to 
both terminal castings Z6 and tE, resistive layer 
IM constitutes a cylindrical resistor of high re 
sistance value electrically in parallel with and 
surrounding the fuse link l0. 

Resistive layer IM may be formed of any suit 
able resistive material. Among those found sat 
isfactory are a coating of finely ground carbon in 
varnish of suitable thickness, or a layer of resistor 
paint such as those described in National Bureau 
of Standards Circular No. 468, entitled “Printed 
Circuit Techniques,” at pages i’ to 9. A cylin 
drical resistor formed of a layer of resistive tape 
wrapped around the insulating tubular body 192 
has been also found to be satisfactory in prac 
tice. 
The value of resistance of the layer lil-'l be 

tween the end terminals must of necessity be a 
compromise ’between two design considerations: 
l. After fuse operation there is a voltage irn 
pressed end to end; this must not cause overheat~ 
ing of the resistor or the insulating elements. If 
such overheating does occur, the normal circuit 
interrupting properties may be interferred with. 
2. During normal operation, the resistor coating 
must carry the surface charging current; the IR 
drop due to this current must not exceed the 
critical corona voltage between the link and the 
tube. 
As a specific example ci a practical form of the 

present invention, a fuse having a rating of 
110,000 volts should have a resistance value of 
the layer |91! between the ends of the fuse of the 
order of 470 megohms. A fuse of such rating 
may be provided with a tubular housing having 
an outside diameter of two and one-quarter 
inches, and inside diameter of % of an inch, 
and an overall length of ¿i6 inches. For such a 
fuse, it has been found that the potential dif 
ference between the fuse link and the adjacent 
outer surface of the tubular housing is reduced 
by the presence of the resistive layer Hill to ap 
proximately one-fifth of the potential difference 
for a tubular housing of the same dimensions 
without the resistive layer, This reduction of po 
tential substantially eliminates the corona here 
tofore present around the fusible elements of the 
fuse link. The elimination or substantial reduc 
tion of the corona by the tubular housing of the 
present invention has extended the life of the 
fuse links to at least from ‘l to 6 times the period 
of from 3 to 6 months heretofore existing. 
The fuse construction of the present invention, 

therefore, eliminates the high service costs here 
tofore necessary in air break fuses and adapts 
such air break fuses for use in lieu of the rela 
tively expensive oil circuit breakers, chemical or 
liquid type fuses in many situations where fre 
quent servicing would be impractical because of 
either high costs or undesriable service inter 
ruptions. 
The invention may be embodied in other spe 

cific forms without departing from the spirit or 
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essential characteristics thereof. The present 
embodiment is, therefore, to be considered in all 
respects as illustrative and not restrictive, the 
scope of the invention being indicated by the 
appended claims rather than by the foregoing 
description, and all changes which come within 
the meaning and range of equivalency ‘of the 
claims are, therefore, intended to be embraced 
therein. 
What is claimed and desired to be secured by 

United States Letters Patent is: 
1. A high voltage ’corona 'inhibiting expulsion 

type air break dropout fuse tube adapted to oper 
ate in a line at a voltage high enough to make 
corona a problem comprising an insulating tube 
body having an axial bore therethrough extend 
ing :troni end to end; a sleeve-like conducting 
terminal at each end of said tube adapting said 
tube ends for electrical connection to a pair ci 
spaced line terminals; a fibre sleeve ‘closely f1t 
ting said axial bore and adapted upon .fuse vopera 
tion to emit are extinguishing gases; a replace 
able fusible link extending through said fibre 
sleeve and having a small fusible element inter 
posed between relatively large flexible end ter 
minal connected conductors adapted to be con 
nected to said spaced line terminals to provide 
a normal current carrying connection there 
between; a resistor layer of high electrical re 
sistivity 4surrounding said tube body and extend 
ing into said sleeve-like conducting terminals to 
electrically connect said sleeve-like terminals 
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for reducing the potential difference between the 
fusible link and the exterior surface of said in 
sulating tube to a degree su‘fîi'cìent to substan 
tially prevent `corona troubles along the surface 
oi' said fusible link Within said insulating tube 
body; and an outer layer of suitable insulating 
material surrounding said resistive layer between 
said sleeve-like tube terminals adapted to pro 
tect said resistive layer from exposure to the 
deleterious effects of the surrounding atmos 
phere. 

2. A fuse tube structure according to claim 1 
wherein said resistive layer comprises a resistive 
tape Wrapped around said insulating tube body. 

3. A fuse tube structure according to claim 1 
wherein the voltage resistance relationship be 
tween the fuse element and the end to end re 
sistance of the resistive coating is proportional 
to the ratio of 110,000 volts to 470 megohms. 

ROYCE L. MURRAY. 
WILLIAM H. MCCLURE. 
EDGAR W. GARRlSON, Je. 
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