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This invention relates to the prevention of ice forma 
tion or the melting of ice on electrical conductors carry 
ing alternating current and is applicable for example to 
overhead electrical conductors in transmission lines and 
to other exposed electrical conductors which may be sub 
ject to possible ice formation, for example moving or fixed 
contacts in outdoor substation switching equipment. 

In the specification of the copending application Serial 
No. 405,587 there is described an electrical conductor in 
which ice formation is prevented or ice is melted by 
surrounding the conductor with a magnetic material hav 
ing a Curie temperature within the range 0° C. to 20° C. 
At temperatures above the Curie temperature the mate 
rial would be non-magnetic and therefore power losses 
due to eddy currents and/or magnetic hysteresis arising 
from the passage of an alternating current through the 
conductor would be very small when the temperature is 
above the Curie temperature. When the ambient tempera 
ture drops below the Curie temperature of the magnetic 
material and the temperature of the surface of the con 
ductor assembly falls, the material surrounding the con 
ductor becomes magnetic and hence eddy current and/or 
magnetic hysteresis losses will increase and so will raise 
the surface temperature. An equilibrium surface tem 
perature will be reached and, provided this is above 0 C., 
no ice can form on the conductor assembly. 
According to the present invention, an electrical con 

ductor has the magnetic material with a Curie tempera 
ture within the range 0 C. to 20 C. formed as a tape 
which is put on the conductor. The tape for example 
may be wound helically around the conductor. This 
construction facilitates the application of the material 
where required; for example it may be put on the con 
ductor for a short length in the middle of each span be 
tween supporting towers. It will be appreciated that 
since the conductor hangs as a catenary, water will run 
down the conductor to the lowest point which is the 
middle of the span if the end points are at the same level 
and thus ice formation tends to be most serious at the 
middle of the span. It is generally desirable to minimise 
additional weight on the conductors and the use of a tape 
enables the material to be put on only where necessary. 

If the magnetic material is applied as a helically wound 
tape, the winding is preferably open, that is to say the 
pitch of the turns is greater than (for example twice) the 
width of the tape. 

Preferably the tape is applied in short lengths so that, 
in the event of a tape being unwound from the conductor, 
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it would not be long enough to reach to and make con 
tact with an adjacent conductor. It is readily possible 
however to secure the tape firmly at each end for example 
by crimping or binding with wire. 
A further advantage arising from putting the magnetic 

material around the conductor is that the permeability 
of the material is very much greater than unity at the 
Curie temperature but falls off at higher temperatures. 
At the Curie temperature, the high permeability and 
leakage fluxes cutting the conductor cause the whole 
conductor assembly to act as if its permeability was greater 
than unity with the result that the current flows in the 
outer part of the assembly due to the well known “skin 
effect' and the effective resistance to alternating current 
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is substantially greater than the direct current resistance 
thereby further improving the heating effect. 
The magnetic tape material may be a metallic alloy 

and in this case most of the heating will be due to eddy 
current losses in the covering. A suitable alloy having 
a Curie temperature just above 0 C. is a quaternary 
alloy of nickel, iron, chromium and silicon; one suitable 
material is an alloy containing 9.14% chromium, 34-38% 
nickel, 0.5-1.15% silicon and the balance iron. 

Alternatively the material may be a ferrite material. 
. Such ferrite material may be dispersed in a suitable plastic 
matrix. The Curie temperature of a ferrite can readily 
be adjusted to the required value. With a ferrite, nearly 
all the heating effect is due to the magnetic hysteresis 
loss in the material. Manganese zinc and nickel zinc 
ferrites have very suitable magnetic properties. 
As previously stated, for the present invention, material 

having a Curie temperature between 0° C. and 20 C. 
is employed. Preferably the Curie temperature is be 
tween 0° C. and 10 C. 
The heating produced by hysteresis and/or eddy cur 

rent loss is increased by placing a shorted turn round 
the ferrite or magnetic alloy forming the tape so that 
the device would then operate as a single turn current 
transformer whose transformation ratio would be tem 
perature sensitive. V 

It will be seen that the material may readily be applied 
to exposed conductors in most situations where icing 
may occur. The heating of the conductors is effected 
automatically when the surface temperature drops below 
the Curie point of the material and no external supply 
circuits or control circuits are required. Power is dis 
sipated only when the temperature has dropped below 
the Curie point and thus only when it is necessary to start 
heating the conductor to prevent ice formations. 
The invention furthermore includes within its scope, 

an element for preventing ice formation on an electrical 
conductor comprising a tape of magnetic material having 
a Curie temperature within the range 0° C. to 20° C. 
and electrically conductive material around the magnetic 
material so as to form a shorted secondary turn when 
the tape is put on a conductor carrying alternating cur 
rent, - 

In the following description, reference will be made to 
the accompanying drawings in which: 
FIGURE 1 is a view in elevation of a conductor with 

a helical tape of magnetic material illustrating one em 
bodiment of the invention; and 
FIGURES 2 and 3 are sections through two different 

forms of tape used in the arrangement of FIGURE 1. 
Referring to FIGURE 1, there is illustrated a con 

ductor 10 on which a tape 11 is wound to form an open 
helix. Typically for a conductor of an overhead high 
power transmission line the tape 11 may be 0.79 inch 
wide by 0.079 inch thick and wound on the conductor in 
an open helix with a pitch such that the spacing between 
adjacent turns is between 34 and 14 inches. Conven 
iently each length of tape extends about a yard along the 
conductor and is secured at each end by a clamp. The 
tape is formed of a magnetic material having a Curie 
temperature between 0° C. and 20° C. and preferably 
between 0° C. and 10 C. For such a tape, a suitable 
metal alloy is conveniently used, e.g. a quaternary alloy 
of nickel, iron, chromium and silicon having by per 
centage weight, 9-14% chromium, 34-38% nickel, 0.5- 
1.15% silicon and the remainder iron. A typical ex 
ample has the composition nickel 35.23%, chromium 
10.8%, silicon 1.05% and the residue iron. Alternative 
ly, ferrite particles may be dispersed in a plastic matrix 
formed into a tape; typically the ferrite material might 
constitute between 20% and 80% by volume of the tape, 
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this material being dispersed in a plastic matrix formed, 
for example, of polyvinyl chloride or polyethylene. 
The accompanying drawings illustrate the conductors 

diagrammatically, Conductors for bearing currents are 
usually formed of stranded aluminum or copper which 
is helically arranged around a steel core. The current 
tends to follow the helical path of the conducting strands 
and the magnetic flux at any point on the surface is sub 
stantially at right angles to the helical path of the con 
ducting strands at that point. If a helically wound tape 
is employed, the tape is preferably wound onto the con 
ductor with a helix of opposite sense to the conducting 
strands to make a relatively large angle, preferably a 
right angle, to the conducting strands so as thereby to uti 
lise as far as possible the total magnetic field. 
The heating produced by hysteresis and/or eddy cur 

rent loss in any of the above constructions can be in 
creased by putting a shorted turn around the magnetic 
material. This may be achieved by coating the tape 11 
with a material, e.g. aluminum, having a greater con 
ductivity than said magnetic material. The shorted turn 
need only be quite thin and, in a typical case might be 
between 0.005 and 0.040 inch thick depending upon the 
conductor current and magnetic flux density. Such a 
coating is shown at 12 in FIGURE 2 which is a cross 
sectional view of the tape 11 of FIGURE 1. The alu 
minum shorting turn 2 may be placed around the length 
of the magnetic tape in the form of a closed loop of tape 
or may be an electro-deposited layer 12. FIGURE 3 
illustrates a conductive shorting turn 13 around a tape 14 
formed of ferrite material dispersed in a plastic matrix. 
An anti-corrosive insulating layer of, for example, sili 

con elastomer is preferably put over the aluminum and 
magnetic materials. The anti-corrosive layer could be a 
tape wrapping but is preferably a layer applied by paint 
ing or spraying. This layer will reduce the ice bond 
strength and prevent electrolytic corrosion and also in 
sulates the secondary turn from the primary conductor. 

It is found that, using the construction described above, 
at 20° C., the extra heating produced by the low Curie 
temperature magnetic material is quite small. At 2 C. 
however, there is very substantial extra heating, even at 
relatively low power levels. The system however is self 
regulating in that, if the temperature of the magnetic 
material rises, the power dissipated in heat will fall off 
and, if the temperature of this material reaches 20° C., 
the power loss is very little more than that due to the 
resistive loss in the conductor. 
We claim: 
1. An electrical conductor comprising an elongated 

conductive member and a tape of magnetic material 
having a Curie temperature between 0° C. and 20° C. 
wound helically around said conductive member, con 
ductive material being arranged around the magnetic 
material of said tape to form a shorted secondary turn. 

2, An electrical conductor as claimed in claim 1 
wherein the tape is wound helically around the conductor. 

3. An electrical conductor as claimed in claim 2 
wherein the tape is wound on an open helix, that is to say, 
the pitch of the turns is greater than the width of the tape. 

4. An electrical conductor as claimed is claim 
wherein said conductor member is formed of helically 
laid strands and wherein the tape is wound around the 
conductive member in a helix of opposite sense to the 
lay of the strands. 

5. An electrical conductor comprising an elongated 
conductive member and a tape of magnetic material hav 
ing a Curie temperature between 0° C. and 20° C. Wound 
helically around said conductive member, said tape hav 
ing a coating of material of higher electrical conductivity 
than the magnetic material of the tape. 

6. An electrical conductor as claimed in claim 5 
wherein said tape is formed of magnetic material coated 
around its whole surface with a layer of conductive mate 
rial, 
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4. 
7. An electrical conductor as claimed in claim 5 

wherein the magnetic material is a quaternary alloy of 
nickel, iron, chromium, and silicon. 

8. An electrical conductor as claimed in claim 5 
wherein the magnetic material of the tape comprises, by 
percentage weight, 9-14% chromium, 34-38% nickel, 
0.5-1.15% silicon and the remainder iron. 

9. An electrical conductor as claimed in claim 8 
wherein the tape has a coating of aluminum. 

10. An electrical conductor as claimed in claim 5 
wherein the tape is formed of ferrite material dispersed 
in a plastic matrix. 

11. An electrical conductor as claimed in claim 0 
wherein the tape has a coating of aluminum. 

12. A tape for applying to an electrical conductor 
comprising particles of ferrite material having a Curie 
temperature between 0° C. and 20° C. dispersed in a 
plastic matrix formed as a tape, said plastic matrix hav 
ing a coating of electrically conductive material. 

13. An element for preventing ice formation on an 
electrical conductor comprising a tape of magnetic mate 
rial having a Curie temperature within the range 0 C. 
to 20 C. and electrically conductive material around 
the magnetic material so as to form a shorted secondary 
turn when the tape is put on a conductor carrying alter 
nating current. 

14. An element as claimed in claim 13 wherein the 
magnetic material comprises, by percentage weight, 9 
14% chromium, 34-38% nickel, 0.5-1.15% silicon and 
the remainder iron. 

15. An element as claimed in claim 13 wherein the 
magnetic material has a coating of material of higher 
electrical conductivity than said magnetic material. 

16. An electrical conductor comprising an elongated 
conductive member and a tape of magnetic material hav 
ing a Curie temperature between 0° C. and 20° C. wound 
helically around said conductive member, said tape being 
formed of magnetic material coated around its whole 
surface with a layer of conductive material. 

17. An electrical conductor comprising an elongated 
conductive member and a tape of magnetic material hav 
ing a Curie temperature between 0° C. and 20° C. wound 
helically around said conductive member, the magnetic 
material of the tape comprising, by percentage weight, 
9%-14% chromium, 34%-38% nickel, 0.5%-1.15% 
silicon and the remainder iron, the tape having a coating 
of aluminum. 

18. An electrical conductor comprising an elongated 
conductive member and a tape of magnetic material hav 
ing a Curie temperature between 0° C. and 20 C. wound 
helically around said conductive member, the conductive 
material being arranged around a magnetic material of 
said tape to form a shorted Secondary turn, the magnetic 
material comprising, by percentage weight, 9%-14% 
chromium, 34%-38% nickel, 0.5%-1.15% silicon and 
the remainder iron. 
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