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To all whom it may concern: 
Be it known that I, GIUSEPPE FACCIOLI, a 

subject of the King of Italy, residing at 
Pittsfield, county of Berkshire, State of 

5 Massachusetts, have invented certain new 
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and useful Improvements in Means for Pre 
venting Corona Losses, of which the follow 
ing is a specification. 
My invention relates to the prevention and 

to the reduction of the corona losses which appear when high potential is applied to 
electrical conductors and electrical appa 
ratus of the type heretofore commonly used. 
The corona or luminous discharge from the 
conductor or apparatus into the air repre 
sents considerable loss of energy and also 
facilitates short circuits and discharges from 
the conductor to ground. 

Ordinary insulating materials break down 
and become conducting if subjected to high 
enough voltage and if the voltage between a 
wire of the transmission line, for example, 
and either the other wire or the ground is 
gradually increased, it ultimately passes be 
yond the point where the air is insulating, 
whereupon corona is produced because the 
air surrounding the wire breaks down and 
becomes a conductor. The conducting air 
envelop surrounding the wire is in turn Sur 
rounded by non-conducting air, but as the 
voltage gradually increases still further, the 
area of broken down or conducting air sur 
rounding the wire spreads father and far 
ther from the wire, thereby enlarging the 
luminous zone of corona until this area 
spreads to Slich in extent that it merges with 
the corresponding area surrounding the 
ather wire, or eise touches a ground, and 
current can flow from the wire through the 
conducting air to the other wire or to 
ground. - 

For any given size of wire there is a cer 
Cain critical voltage at which the air around 
the Yire breaks down and it minosity begins. 
This is the critical voltage at which corona 
appears. Ali higher voltages the corona, 
tends to greater discances front the wire and 
a greater Voitine of air becomes luminous. 
Tp to the critical yet age there is practically 
no loss for coron:, but beyond he critical 
ioitas: - Se very rap 

; : it is ca 1. as st Citage , 'S CO's 
£he voltage gradually il. 

i:ining the 

perfect darkness until the wire begins to be 
luminous. It is found that the point be 
tween where the wire is perfectly dark and 
where it is luminescent can be measured 
within the fraction of one per cent. 
Within the limits of the sizes of wire or 

dinarily used in the construction of electri 
cal apparatus and of transmission lines, the 
critical voltage of a small wire is lower than 
that of a large wire. In some kinds of ap 
paratus, and particularly on a long trans 
mission line, the corona losses on very high 
voltage conductors will be prohibitive un 
less the conductors are made much larger 
than would be necessary if their size were 
determined merely by the mechanical 
strength required or by the cross section of 
metal necessary to carry the current most 
economically. 
The phenomenon of corona may also be 

considered with reference to the electrostatic 
field which surrounds a wire carrying cur 
rent. When current is flowing the wire is 
surrounded by a magnetic field which may 
be represented by lines of force in the form 
of circles around the wire, while at the same 
time the voltage produces in the surround 
ing air a condition of electrostatic stress which may be represented by lines of elec 
trostatic force issuing from the wire and 
perpendicular to its surface. 
The density of the lines of electrostatic 

force will be proportional to the voltage 
gradient or the voltage per centimeteriength 
of the electrostatic circuit, and if the num 
ber of lines of electrostatic force per inch in 
air rises beyond a certain criticai Vaille the 
air ceases to be an insulator and becomes 
conductive, whereupon corona appears. At 
the critical voltage the density 
of electrostatic stress reaches the critical 
value which is necessary to calise the air to 
break down. 
The object of my invention is ic prevent, 

aii or practically all of the corona, losses 
which occur on the conductor's 3rd in the 
electrical apparatus ordinariiy used when 
high potential is applied; to provide a con 
dictor of which the virtual diameter is 
greates than its actual diameter ai 
which ratich higher potentiais as be ap 
plied without producing corona than can be 

iied to conductors of the same current 
ing capacity and constructed in the or 

of the lines 
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dinary manner; to provide a construction by 
means of which conductors adjacent to 
ground, such as conductors passing through 
entrance bushings and walls, or passing near 
the metal towers of a transmission line, may 
be subjected to much higher potentials with 
out danger of a breakdown to ground than 
is the case with conductors constructed in 
accordance with the practice heretofore fol 
lowed; to provide means to eliminate the 
corona losses which occur at the point where 
a conductor passes from one insulating me 
dium into another; and in general to pro 
vide conductors and apparatus of which the 
critical voltage is much higher than the 
critical voltage of the conductors and ap 
paratus generally used heretofore. 
My invention will best be understood in 

connection with the accompanying draw 
ings, in which merely for purposes of illus 
tration I have shown some of the various 
forms in which my invention may be em 
bodied and in which 

Figure 1 is a conductor provided with 
disks or projections for the purpose of in 
creasing the virtual diameter of the con 
ductor: Fig. 2 is a conductor made in the 
form of a network with the longitudinal 
current conducting elements tied together 
by metallic or conducting cross pieces; Fig. 
3 is a form of the conductor shown in Fig. 
2 but modified to prevent the appearance 
of corona at the edges of the conductor; 
Fig. 4 is a form of my invention as applied 
to a conductor passing through an opening 
in a wall so that the conductor is brought 
close to ground; Figs. 5 and 6 show one 
form of my invention as applied to a con 
ductor adjacent a grounded support or 
tower by which the conductor is supported; 
Fig. 7 is one form of an embodiment of m 
invention as applied to a conductor whic 
forms a terminal of an electrical device and 
passes from the air into an insulating me 
dium, as porcelain, of which the character 
istics differ from those of air; and Fig. 8 is 
8 diagrammatic view illustrating one way of 
considering the electrostatic stresses pres 
ent when a conductor passes from one insu 
lating medium into another. 

in the particular embodiment of my in 
vention illustrated in Fig. 1, the cylindrical 
conducting element or rod 1, such as is gen 
erally used as a conductor of electricity, is 
so shaped by means of the cylindrical disks 
or enlargements 2 that the virtual diam 
eter of the rod 1 is substantially increased 
at high potential, so that when high poten 
tial is applied to the god it acts as though 
its diameter were considerably greater than 
the diameter of the conducting element or god i. ri; i. he extent to which the virtual 
diameter of the rod 1 is increased is de 

ask pendent upon the size and shape of the 
:9 &isks 2 and the way in which the disks 

1,371,986 

or enlargements are spaced along it. If 
these enlargements are very close together 
the rod acts at high potential as though its 
diameter were substantially that of the disks 
or enlargements 2, while as the spacing be 
tween the enlargements is increased the vir 
tual or apparent diameter of the entire con 
ductor is somewhat less than that of the 
disks 2 but is greater than that of the rod 1. 
The edges of the disks or enlargements 2 
are preferably made rounded so that there 
will be no sharp points or corners from 
which corona discharge will start. As an 
example of the effect upon the critical volt 
age of the size and distance apart of the 
disks or enlargements 2 it has been found 
that the critical voltage of No. 10 copper 
wire suspended parallel to a horizontal 
grounded iron plate, and about 22 inches 
from it, (equivalent to a line spacing of 
about 44 inches) can be greatly increased 
by using disks or enlargements about 2 
inches in diameter with an annulus one half 
inch in diameter spun about their edges 
and mounted on the wire as shown in Fig. 
1. If these disks are placed about ten 
inches apart on No. 10 copper wire the 
critical voltage is 25 per cent. above the 
critical voltage of the same wire without 
the disks. Placing these disks 8 inches 
apart raises the critical voltage 50 per cent. 
and placing them 6 inches apart raises the 
critical voltage 100 per cent. above the criti 
cal voltage of the same wire when not 
protected by the disks. The disks or en 
largements appear to exert upon the rod 1 
a kind of shielding effect which extends 
for a considerable distance on each side 
of the disks and apparently the presence 
of the disks or conducting enlargements 
renders the electrostatic field around the 
rod less dense at the surface of the rod than 
would be the case if the disks or enlarge 
ments 2 were omitted. 
The presence of the enlargements or disks 

2 along the rod or conducting element 1 
renders the critical voltage of the entire 
conductor higher than the critical voltage 
of the conducting element or rod 1 without 
the disks or enlargements and therefore 
the conductor is much better adapted for 
high potentials than the rod 1 without the 
disks, while at the same time it is much 
lighter and contains much less metal than 
a conductor of the same diameter as the 
disks 2. The rod or conducting element is 
amply large to transmit current with the 
proper economy, while the enlargements or 
disks 2 make the outer surface of the con 
ductor which is in contact with the air 
much greater than the surface of the con 
ducting element or rod i, so that the elec 
trostatic stress due to the potential of the 
conductor is distributed over an area greater 
than the Surface of the rod or conducting 
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element through which the current is 
flowing. 
The enlargement in the virtual or appar 

ent diameter of rod 1 and the increase in 
its critical voltage, secured by means of 
the enlargements 2, permits rods con 
structed in this manner to be placed closer 
together without danger of short circuit 
than is the case with rods of the same size 
but without the enlargements. Rods or 
conductors constructed in accordance with 
my invention may therefore be used as bus 
bars and for the interior wiring in stations 
with a considerable economy in the size of 
the station on account of the closer spacing 
of the bus-bars and conductors which is 
rendered possible by making the bus-bars 
and conductors in accordance with my 
invention. 
In Fig. 2 I have illustrated another form 

of conductor having a critical voltage much 
higher than the critical voltage of a wire 
such as ordinarily used and in this particu 
lar form of my invention a plurality of 
longitudinal wires or conducting elements 3 
are connected at intervals to transverse con 
ductors 4 so that the entire conductor is in 
the form of a coarsenetwork. I have found 
that if the wire or conducting element, such 
as the conducting element 3, is joined to a 
transverse wire or conductor, such as the 
cross piece 4, both the conducting element 
3 and the transverse conductor 4 are shield 
ed or protected for a considerable distance 
from the junction, so that when the voltage 
applied to the conducting element 3 is grad 
ually raised until the appearance of corona, 
those portions of the conducting element or 
wire and the transverse conductor which are 
nearest the junction are the last portions to 
become luminous. In the form of conductor 
shown in Fig. 2 the transverse wires or con 
ductors 4 are so spaced that the protected 
zones around each junction merge or overlap 
to a limited extent so that the critical volt 
age of the conductor as a whole is much 
higher than it would be if the transverse 
conductors or wires 4 were not present and 
very considerably higher than the critical 
voltage of a solid cylindrical conductor hav 
ing the same cross section as the longitu 
dina conducting element 3. 
Under some conditions in which the po 

tentiai on the form of conductor shown in 
Fig. 2 is maintained at a point very close to 
the critical voltage of the conductor, it may 
be desirable to make the conductor in such a 
form that there will be no sharp bends or 
points at which the electrostatic stress may 
concentrate sufficiently to break down the 
air. in such cases the conductor wili prefer 
ably be made in the form of a cylinder, as 
shown in Fig. 3, in which the coarse net 
work is shaped into substantially a cylin 
'drical or tubular form to render the distri 

B 

bution of the electrostatic stress due to po 
tential on the conductor as uniform as possi 
ble throughout the air surrounding the 
conductor. 

In Fig. 4 I have illustrated one way in 
which my invention may be embodied in a 
conductor which is mounted comparatively 
close to ground. There is a tendency for 
corona to appear on a conductor in the 
neighborhood of a ground as the critical 
voltage of the conductor is approached and 
this breakdown of the air tends to produce 
a breakdown to ground. In Fig. 4 I have 
shown merely for purposes of illustration 
a wall 5, such as the wall.of a generating 
station, provided with an opening 6 through 
which extends a conductor or wire 7 of a 
transmission line. When high potential is 
applied to the wire 7 the electrostatic stress 
tends to concentrate on the conductor in the 
neighborhood of the wall or ground 5 and 
unless the opening 6 is made very large 
corona first appears on the conductor 7 
where it passes through the wall 5. In ac 
cordance with my invention I enlarge the S 
virtual diameter of the conductor 7 where it 
passes through the wall 5 and shield that 
portion of the conductor adjacent the wall 
by means of enlargements or disks 8 made of 
metal or other suitable conducting material 
provided with smooth outer edges and 
placed on the conductor adjacent the wall 5 
in such a relation to each other and to the 
wall that the virtual diameter of the con 
ductor 7 where it passes through the wall is 
substantially as great as the diameter of the 
disks or enlargements 8. Although the disks 
or enlargements 8 usually make the distance 
between the live metal of the conductor and 
ground less than it would be if the enlarge 
ments were not present, the critical voltage 
between ground and all parts of the con 
ductor, including the edges of the disks or 
enlargements 8, is higher than it would be be 
tween ground and the conductor 7 if the en 
largements were absent. These disks 8 may 
be made as large as desired and the virtual 
diameter of the conductor can be made so 
great that corona will appear in other parts 
of the conductor before appearing in the 
neighborhood of the wall 5. 
apart of the disks 8 will depend lipon the 
critical voltage which the conductor 7 should 
have where it passes through the wall 5, 
upon the size of the disks and other condi 
tions which affect the amount of shielding 
exerted by the disks or enlargements 8. 

Fig. 5 shows a similar application of my 
invention to transmission lines. In the par 
ticular embodiment of the invention shown 
in this figure the metallic aim 9 of the Slip 
porting tower is provided with a suitable in 
sulator, such as a suspension in Suiator 10, for 
carrying the wire of the transmission ine. 
Owing to the proximity of the grounded 
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arm or support 9 to the conductor 11 there 
is a tendency for corona to appear on the 
conductor in the neighborhood of the arm 9 
and in accordance with my invention the 
virtual diameter of the conductor in the 
neighborhood of the arm is enlarged to any 
desired extent by mounting smooth-edged 
disks or enlargements 12 on the wire 11 in . 
the neighborhood of the insulator 10 and the 
grounded arm 9. The disks or enlargements 
12 exert a shielding effect on the charged 
surface of the longitudinal wire 11 and may 
be proportioned to enlarge the virtual diam 
eter of the wire to such an extent that the 
formation of corona in the neighborhood of 
the tower arm 9 does not occur until after 
the critical voltage of other parts of the 
transmission line has been exceeded. 

Fig. 6 shows a similar embodiment of my 
invention where the wire 11 is secured to a 
pin type of insulator 13, the enlargements 12 
being adjacent the insulator, as shown, and 
proportioned to render the critical voltage 
of the wire 11 as high or higher in the neigh 
borhood of the insulator as at other points 
along the wire. 

Fig. 7 shows, merely for purposes of illus 
tration, one form of my invention in an em 
bodiment for preventing the appearance of 30 
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corona at the junction or Surface of contact 
of two dielectrics which are subjected to 
electrostatic stress but have different charac 
teristics. Such a condition arises, for ex 
ample, where a conductor forming a portion 
of the terminal of some piece of electrical 
apparatus extends through an insulator 
made of porcelain or some similar solid in 
sulating material. That portion of the con 
ductor which extends through the insulator 
is surrounded by a solid dielectric having 
certain characteristics while the remainder 
of the conductor which extends above the 
solid insulator is surrounded by air, an in 
sulator having different characteristics from 
the material of the solid insulator. The sur 
face of contact between the solid insulator 
and the envelop of air which surrounds the 
conductor and is subjected to electrostatic 
stress by potential on the conductor is the 
point having the lowest critical voltage and 
is the point at which corona first occurs. 

In the device illustrated in Fig. 7, a con 
ductor 14 forming part of a terminal extends 
from the air into an insulator 15 made of 
porcelain or other suitable material. 
In accordance with my invention, the ap 

pearance of corona at the point where the 
conductor i4 enters the solid insulator 15 is 
prevented by providing at the surface of 
contact, between the air and the insulator 15 
'a conducting plate 16 made of metal or other 
good conducting material, and preferably, 
though not necessarily, connected to the con 
ductor 14. The metal plate forms a conduc 
tive partition or wall between the two di 

iii.936 

electrics at a point where they are both sub 
jected to the electrostatic stress due to po 
tential on the conductor, and exerts an equal 
izing or shielding effect by means of which 
the electrostatic stress is distributed in such 
a manner that there is no greater concentra 
tion of stress on the air in the neighborhood 
of the insulator 15 than occurs at other 
points along the conductor 14, so that the 
critical voltage of the conductor 14 is ren 
dered substantially the same throughout its 
length and the appearance of corona at the 
point where the conductor passes from the 
air into the insulator 15 is prevented. Ex 
perience has shown that the arrangement dis 
closed in Fig. 7 is effective in raising the 
critical voltage of the conductor 14 at the 
point where it passes from the air into the 
insulator 15. 
While I do not wish to be restricted in any 

way to any theory of operation of my in 
vention, and while the action of the plate 16 
in raising the critical voltage may possibly 
be explained in various ways, I at the pres 
ent time consider that the plate 16 probably 
operates as follows: Let it be assumed that, 
as shown diagrammatically in Fig. 8, there 
is stretched a short distance above ground 17 
a conductor 18 which may be subjected to 
high potential. Surrounding the conductor 
18 is solid insulation 19 of some material 
which has higher specific inductive capacity 
than the air which surrounds the remainder 
of the conductor 18. On one side of the in: 
sulation 19 there is a metal plate 20, while 
the other side is directly in contact with the 
air. When high potential is applied to the 
conductor 18 there is a certain potential 
gradient or drop through the air from the 
conductor 18 to ground, as, for example, 
from the point a on the conductor to the 
point b and thence to ground at the point, e. 
There will also be from the point d on the 
conductor 18 through the insulation 19 to 
the point é and thence to ground at the 
point f a potential gradient which differs 
from the potential gradient between a and e, 
for the reason that the potential gradient 
from d to e through the solid material 19 is 
different from the potential gradient from 
a to b through air. As a result there may be 
said to exist between the insulating material 
19 and the surrounding air which is in con 
tact with it a transverse electrostatic stress 
which increases with the distance from the 

difference between the potential gradient 
through the air and the potential gradient 
through the solid insulating material. 
In Fig. 8 the arrows g represent diagram 

matically the transverse electrostatic stress 
between the solid insulating material 19 and 
the air in contact with it. Under these con 
ditions the density of the electrostatic lines 
of force in the air in contact with the surface 
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of the insulating material 19 reaches a point 
at which the air breaks down and corona 
appears. 

If a metal plate, such as the plate 20, be 
secured to the radial surface of the insu 
lating material 19 the transverse electro 
static stress due to the difference in the 
potential gradient through the solid insu 
lating material and the potential gradient 
through air is equalized or distributed and 
thereby formation of corona is hindered. 
The plate 20 may be connected directly to 
the conductor 18 in the same manner that 
the plate 16 is connected to the conductor 
14, in which case the potential of the con 
ductor is distributed over the radial surface 
of the insulating material 19, and the metal 
plate 20 so hinders the formation of corona 
that the critical voltage along the radial 
surface of the solid insulating material 19 
may be raised to such a point that corona 
will appear elsewhere on the conductor 1S 
before it appears where the conductor 18 
enters the insulating material 19. 
The various forms of my invention above 

shown are merely for purposes of illustra 
tion and the principles disclosed therein 
may be used in many other ways and for 
many other kinds of conductors than those 
illustrated. I therefore (lo not wish to be 
restricted to the precise arrangements dis 
closed, but aim in the appended claims to 
cover all modifications within the spirit 
and scope of my invention. 
What I claim as new and desire to secure 

by Letter's Patent of the inited States, is 
1. A conductor comprising a longitudinal 

conducting element and a plurality of trans 
verse conducting bodies with surfaces and 
edges curved to prevent corona and charged 
from said element and spaced along said 
element and away from one another to exert 
on the entire length of said element, be 
tween said conducting bodies, an electro 
static influence which renders the critical 
voltage of said conductor higher at all 
points between said bodies than the critical 
voltage of said conducting element alone. 

2. A conductor comprising a wire having 

s 

on it a plurality of disks in electrical con 
nection with the wire and spaced along it 
to cause the electrostatic field produced 
along said wire by each disk, to overlap the 
electrostatic field produced along said wire 
by each adjacent disk and thereby render 
the critical voltage of said conductor higher 
than that of said wire. 

3. A conductor comprising a cylindrical 
conducting element having secured to it 
throughout its length a plurality of flat 
disks with edges curved on a radius great 
enough to prevent corona and spaced along 
said element to distribute the electrostatic 
stress along the entire surface of said ele 
ment between disks in such a manner as to 
render the critical voltage of said conductor 
higher than that of said cylindrical con 
ducting element constituting the minimum 
sections of said conductor. 

-l. A high potential conductor comprising 
a longitudinal portion and a plurality of 
transverse, smooth edged conducting por 
tions electrically connected to said longi 
tudinal portion and spaced away from one 
another and projecting from said longitudi 
nal portion at intervals which enable said 
transverse portions to coöperate and subject 
all of said longitudinal portion between said 
transverse portions to the electrostatic in 
fluence of said transverse portions and raise 
the critical voltage of said longitudinal por 
tion. 

5. A conductor comprising a conducting 
element having intermediate its ends en 
larged portions with Smooth surfaces and 
rounded edges, projecting above the adja 
cent surface of said element and spaced 
along said element to modify the distribu 
tion of electrostatic stress on said element 
between said enlarged portions and render 
the critical voltage of said conductor higher 
than that of said conducting element. 
In witness whereof, I have hereunto set 

my hand this 22nd day of April, 1911. 
GIUSEPPE FACCIOLI. 

Witnesses: 
WALTER S. MooDY, 
W. J. WooLDRIDGE. 
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