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My invention relates to a means and method 
for preventing sleet or ice-formation, or for melt 
ing the same, once it has formed, on high-voltage 
lines. My invention has more particular appli 
cation to sleet-melting or prevention on a line 
conductor of a special type designed to increase 
the effective diameter of the conductor so as to 
increase the voltage of incipient corona, thus 
making possible the use of higher transmission 
line voltages. Sleet and ice-formation on these 
special conductors, having increased effective di 
ameter, is a particularly serious disadvantage 
because the increased diameter of the conductor 
enormously increases the mechanical and wind 
loading on the conductor. 
There are at least two types of increased-di 

ameter conductors to which my invention is par 
ticularly applicable. One of these special types 
includes the so-called "bundle conductors' in 
which each phase or conductor of a single-phase 
or three-phase line consists of two, three or four 
conductors which are electrically connected in 
parallel to constitute, in effect, a single electrical 
conductor, and which are physically held in 
parallel spaced relation to each other by means 
of spacers at intervals of about 50 yards, more or 
less. Heretofore, these spacers have been made 
of conducting material, so as to constitute the 
means for connecting the plurality of Spaced con 
ductors in parallel-circuit relation. When ap 
plying my present invention to bundle-conduc 
tors, it is necessary to replace these conductive 
spacers with insulating spacers. Another type of 
increased-diameter conductor to which my pres 
ent invention is particularly applicable is an ex 
panded cable, which consists of a central core of 
strong conducting material, surrounded by an in 
Sulating spacer, which is finally surrounded by 
stranded electrical conductors. 
A general object of my invention is to provide 

a means whereby heating-currents may be circu 
lated over such plural-conductor assemblies, hav 
ing increased effective diameters for corona-pre 
vention, using one or more of the individual con 
ducting paths as a return-conductor for the cir 
culating heating-currents. 
... With the foregoing and other objects in view, 
my invention consists in the circuits, systems, 
combinations, methods and parts hereinafter de-, 
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scribed and claimed, and illustrated in the ac 
companying drawing, wherein: 

Fig. 1 is a fragmentary perspective view of a 
two-conductor bundle-conductor in accordance 
with my present invention; 

Fig. 2 is a similar view of a four-conductor 
bundle-conductor; 

Fig. 3 is a cross-sectional view of an expanded 
conductor or cable of a type to which my inven 
tion is applicable; and 

Fig. 4 is a diagrammatic view of the equivalent 
electrical circuit involved in the use of my in 
wention. 
As shown in Figs. 1 and 2, a bundle-conductor, 

for use in my invention, consists of any desired 
number of parallel-spaced conductors C to Cn, 
which are held mechanically spaced from each 
other by means of insulating spacers 5 or 5, 
which may be distributed at intervals of 50 yards, 
more or less, along the length of the bundle-con 
ductor. These spacers 5 or 5’ may hold the in 
dividual conductors C to Cn at any desired dis 
tance apart, such as 16 inches, more Or less. 
When these individual conductors Cf. to Cn of 
any bundle-conductor are all at substantially the 
same high potential, the high-potential field sur 
rounding the bundle-conductor assembly is a field 
which surrounds the entire group of individual 
conductors Cl to Cn, as distinguished from a 
field which surrounds each individual conductor 
by itself, so that the effective conductor-diameter 
of the group or bundle, so far as the high-voltage 
electrostatic field is concerned, is much larger 
than the diameter of a single compact equiva 
lent conductor having the same cross-sectional 
area, as the total cross-sectional area of the Slim 
of the conductors C to Cn. Since the incipient 
corona-voltage, or the voltage at which corona 
first begins to appear, depends upon this effective 
conductor-diameter, and since the bundle type of 
conductor has a considerably increased effective 
diameter, as compared to the diameter of an 
equivalent single conductor of the same total 
cross-sectional area, the bundle type of conduc 
for is an effective means for preventing corona, 
when operating at extremely high voltages. 

Fig. 3 shows an expanded cable, which is ill 
lustrated, by way of example, in the form of an 
exranded ACSR (aluminum conductor, steel-re 
inforced) conductor or cable, consisting of a cent 
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tral core 6 of steel, for strength, surrounded by 
paper or other dielectric or insulating material 
T, for a spacer, which is finally surrounded by 
strands 8 of aluminum or other conducting ma 
terial for actually carrying the current, or at 
least carrying practically all of the current which 
is being transmitted by the cable. In this ex 
panded-cable construction, the outside diameter 
is obviously much greater than the diameter of 
a single compact cable made up of the aluminum 
strands 8 without the core 6 or the insulating 
spacer 7, thus considerably increasing the voltage 
at which the cable can be operated, without pro 
ducing corona. In applying my invention to such 
a cable, the aluminum strands 8 can be consid 
ered as one electrical conductor C, and the steel 
core 6 may be considered as a return-conductor 
C2. 
My invention is particularly applicable to these 

special types of conductors when they are used 
as aerial conductors for a high-voltage trans 
mission-line Suspended in air, each phase-con 
ductor of the line consisting of one of the special 
conductors, such as are illustrated in Figs. 1, 2 
and 3, or any other type of special conductor in 
which means are provided for increasing the ef 
fective diameter of the conductor for corona-pre 
vention, and including at least two individual 
conductor-circuits which are normally insulated 
from each other along a material length of the 
transmission-line. 

In applying my invention for the purpose of 
preventing the formation of sleet or ice on such 
conductors, or for melting such sleet or ice after 
it has once formed, I provide any suitable or 
convenient means for either continuously or tem 
porarily circulating heating-currents through 
said conductors. The arrangement may be such 
that such heating-currents do not circulate un 
less two of the individual conductors C to Cr of 
a bundle-type of conductor should become con 
nected to each other by a bridge of sleet or ice, 
or the arrangement may be such that the cir 
culating heating-currents are circulated, either 
continuously or only under certain weather-con 
ditions, so as to prevent sleet-formation, regard 
less of whether there is already a sleet or ice 
formation which short-circuits a plurality of con 
ductors. 

In either case, the equivalent electrical dia 
gram of Fig. 4 may be considered as being illus 
trative of the circulating-current paths. In this 
figure, the special conductor, whether of the type 
shown in Fig. 1, 2 and 3, or any other type of 
special conductor having increased effective diam 
eter, and having the two insulated conductol's or 
circuits, is illustrated as comprising two separate 
conductors C and Cin, which are normally elec 
trically insulated from each other throughout a 
certain length, as from the point L to the point 
M. Each of these two conductors C and Cn, in 
the equivalent diagram of Fig. 4, may consist of 
any number of parallel-connected Strands or con 
ductors. If there are more than two electrically 
insulated conductors, as, for example, in the case 
of the four-conductor bundle of Fig. 2, then these 
conductors may be grouped together in any de-- 
sired combination, to produce the equivalent ef 
fect of two electrically insulated conductors Cf 
and Cn, as shown in Fig. 4. If an expanded cable 
is used, as shown in Fig. 3, the aluminum strands 
8 may be considered as the conductor C in Fig. 4, 
and the steel core 6 may be considered as the 
conductor Cn in Fig. 4. If bundle-conductors are 
used, as shown in Figs. 1 and 2, the insulating 

4. 
spacers 5 or 5’ may be considered to be diagram 
ratically represented at the points 5 shown in 
Fig. 4. 
Considering the conductor-length between the 

points L, and M in Fig. 4, it may be considered 
that these points I, and M are the terminal points 
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of the corresponding portion of the conductor C. 
The corresponding terminal-portions of the con 
ductors Cn may be indicated at Lin and Mn., re 
spectively. In accordance with my invention, a 
suitable source of circulating heating-currents 
should be provided, as by means of taps L. and N 
On a transformer-winding , which may be the 
secondary winding of a high-voltage step-up 
transformer to which power is supplied by means 
of a primary winding f2. Then, in accordance 
with my invention, the conductor-terminal Lin 
may be connected either to the transformer-tap N 
or to the transformer-terminal I, by means of a 
two-position Switch 3, which is shown, in full 
lines, in a position to connect Ln to N, and which 
is shown, in dotted lines, in a position to connect 
In to L. 
At the other terminal of the conductor-length 

L-N which is shown in Fig. 4, the two conductor 
terminals M and Mn may either be permanently 
connected together, as shown in full lines, or a 
two-position Switch 3' may be provided, for con 
necting the conductor-terminal Min either to the 
point M or to a point 0, according as the switch 
3' is in its fuli-line position or its dotted-line 

position, as shown in Fig. 4. The points N and O 
may be taps on any suitable transformer f' 
which constitutes a suitable source of supply for 
circulatory heating-currents. By way of example, 
the transformer-winding may be the primary 
winding of a step-down transformer which has a 
low-voltage secondary winding 12' which may be 
connected either to a load or to a Source of power 
Supply. 
There are obviously Several methods of opera 

tion which are available, in practicing my inven 
tion. In the full-time position of the equivalent 
diagram shown in Fig. 4, the two conductors C? 

5 and Cn are connected together at the point M, 
which may be any point along the bundle-con 
ductor or expanded conductor, which point M is 
spaced from a source I-N of circulatory heating 
currents. These circulatory heating-currents may 
be circulated either continuously, or only under 
certain special weather-conditions, by suitable 
manipulation of the switch 3, as will be obvious 
from Fig. 4. According to this interpretation of 
the equivalent diagram of Fig. 4, the full-line 
position of the switch 3’ may be regarded as a 
permanent electrical connection between the 
points M and Mn of the two conductors C and 
C2. 

It is obviously possible, in the equivalent dia 
gram of Fig. 4, to operate the line with the Switch 
;3 in either the full-line position or in the 
dotted-line position. If both of the switches 3 
and 3' are in their uppermost positions at the 
same time, so that each switch connects together 
the ends of the two line-conductors C and Cn, 
under such operating-conditions the two Con 
ductors are electrically connected together at 
both ends, so that there are no circulating heat 
ing-currents under any conditions. It is also 
obviously possible, however, for both of the 
SWitches 3 and 3' to be in their lowermost posi 
tions, in which case, the two ends of the top. Con 
ductor Ct are connected to the two terminals 
E. and M. of the two transformers if and ', 
respectively, while the two terminals of the bot 
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tric power, comprising the combination of a plu-". REFERENCES CTED. . . . 
rality of transmission-line conductors. Suspended The following references are of record in the 
in the open air; each line-conductor being an ex file of this patent: 
panded cable consisting of a central core of 
strong conducting material, a solid insulating 5 UNITEED STATES PATENTS 
spacer surrounding said core, and stranded bare Number Name Date 
electrical conductors surrounding said solid in- 1,078,711 Whitehead --------- Nov. 18, 1913 
sulating spacer and exposed to the Weather; and 2,008,109 Reher ------------- July 16, 1935 
auxiliary supply-means, whereby circulatory 2,020,128 Sticher ------------- Nov. 5, 1935 
heating-currents may be supplied to said core 10 2,075,073 Watson ------------ Mar. 30, 1937 
and said stranded bare conductors. 2,081109 Ell ---------------- May 25, 1937 

CHARES F. WAGNER, FOREIGN PATENS 
Number Country. Date 

15 461,498 Great Britain -------. July 17, 1935 
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tom conductor Cn are connected to the respective 
tapped points N and of the respective trans 
formers and . These two tapped points 
N and O may both be at substantially the same 
electrical potential, in which case there will be 
no circulating heating-currents in the conduc 
tors C and C12, inless there should be an acci 
dential or weather-produced short-circuit, as 
by means of sleet or ice-formation, at Some 
intermediate point of the line, in which case 
heating-currents will be supplied, from both ends 
of the line, to melt the short-circuiting obstruc 
tion. Or, in a third case, the equivalent diagram 
of Fig. 4 could obviously be used with either one 
of the Switches 3 or 3 in its upper position, 
and with the other Switch in its lower position, 
in which case, circulating heating-currents will 
be supplied, regardless of the presence of sleet 
or ice or any other short-circuiting cause. 
While I have illustrated my invention more 

particularly in connection with a single nultiple 
strand line-conductor, or a single-phase con 
ductor, it will be obvious that the invention is 
applicable to each of the phase-conductors of 
an aerial multi-phase transmission line for coin 
mercial frequency power-transmission. 

It will also be obvious that while I have shown 
the Switches 3 and 3’ diagrammatically, with 
out any special operating-means therefor, for 
changing the positions of these switches, any 
suitable manipulating-means may be provided, 
Such as are known for manipulating Switches or 
contactors which are operating at extremely 
high voltages. 

It will be noted that my invention accomplishes 
its avowed purpose of removing the ice-and-sleet 
hazard which has heretofore accompanied the 
use of special types of conductors having in 
creased effective diameters for corona-preven 
tion. It will be further noted that I have pro 
vided means for preventing or removing ice or 
sleet Without the necessity for taking the line 
out of service during this process, as has been 
heretofore necessary in most, if not all, previous 
aerial-line transmission-Systems. 
While I have illustrated ny invention in a 

Single preferred form of embodiment, with a 
linited number of Suggestions of alternative de 
tails, I wish it to be understood that my inven 
tion is not limited to the illustrative forms, as 
many changes of omission, addition, or the Sub 
stitution of equivalents may be made in the de 
sign and application of my invention. I desire, 
therefore, that, the appended claims shall be 
given the broadest construction consistent with 
their language. 

I claim as my invention: 
1. Remedial means for both ice and corona, in 

a high-voltage aerial transmission-line for elec 
tric power, comprising the combination of a, 
plurality of transmission-line conductors sus 
pended in the open air; each line-conductor be 
ing an increased-diameter corona-remedial con 
ductor, having an effective diameter which is in 
creased over the diameter of a single compact 
equivalent conductor having the same total con 
ducting cross-sectional area; each line-conduc 
to further including a plurality of spaced in 
dividual-conductors, of which at least the oute 
surfaces, in each line-conductor, are bare; said 
plurality of spaced individual-conductors of each 
line-conductor including at least two individual 
conductor-circuits which are normally insulated 
from each other along a material length of the 
transmission-line; and auxiliary supply-means, 
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whereby circulatory heating-currents may be 
supplied to said two individual conductor-cir 
cuits. 

2. Remedial means for both ice and corona in 
a high-voltage aerial transmission-line for elec 
tric power, comprising the combination of a plu 
rality of transmission-line conductors Suspend 
ed in the open air; each line-conductor being an 
increased-diameter corona-remedial conductor, 
having an effective diameter which is increased 
over the diameter of a single compact equivalent 
conductor having the same total conducting 
cross-sectional areas; each line-conductor fur 
ther including a plurality of Spaced individual 
conductors, of which at least the outer surfaces, 
in each line-conductor, are bare; said plurality 
of spaced individual-conductors of each line 
conductor including at least two individual con 
ductor-circuits which are normally insulated 
from each other along a material length of the 
transmission-line; a plurality of transformers at 
spaced points along the length of the transmis 
sion-line, said transformers having correspond 
ing-voltage taps in addition to their terminal 
voltage points; and means whereby one of the 
individual conductor-circuits is energized from 
the terminal-voltage points of Successive trans 
formers and whereby the other individual con 
duct cir-circuit is energized from the correspond 
ing-voltage taps of successive transformers. 

3. Rennedial means for both ice and corona in 
a high-voltage aerial transmission-line for elec 
tric power, comprising the combination of a plu 
rality of transmission-line conductors Suspended 
in the open air; each line-conductor being a bun 
dle-conductor assembly comprising a plurality 
of bare individual-conductors and a plurality of 
insulating spacers distributed at spaced points 
along said individual-conductors for holding the 
same physically in Substantially parallel-spaced 
relation in air; Said plurality of spaced individ 
ual-conductors of each line-conductor including 
at least two individual conductor-circuits which 
are normally insulated from each other along a 
material length of the transmission-line; and 
auxiliary supply-means, whereby circulatory 
heating-currents may be supplied to said two 
individual conductor-circuits. 

4. Remedial means for both ice and corona in 
a high-voltage aerial transmission-line for elec 
tric power, comprising the combination of a plu 
rality of transmission-line conductors suspended 
in the open air; each line-conductor being a bun 
dle-conductor assembly comprising a plurality of 
bare individual-conductors and a plurality of in 
Sulating spacers distributed at spaced points 
along said individual-conductors for holding the 
Sane physically in Substantially parallel-spaced 
relation in air; said plurality of spaced individ 
ual-conductors of each line-conductor including 
at least two individual conductor-circuits Which 
are normally insulated from each other along a 
material length of the transmission-line; a plu 
rality cf transformers at spaced points along the 
length of the transmission-line, Said transform 
ers having corresponding-voltage taps in addition 
to their terminal-voltage points; and means 
whereby one of the individual conductor-circuits 
is energized from the terminal-Voltage points of 
successive transformers and whereby the other 
individual conductor-circuit is energized from the 
corresponding-Voltage taps of Successive trans 
formerS. 

5. Remedial means for both ice and corona in 
a high-voltage aerial transmission-line for elec 

  


