
United States Patent [191 
Hvizd, Jr. 

1111 3,828,115 
[45]v Aug. 6, 1974 

[54] HIGH VOLTAGE CABLE HAVING HIGH 
SIC INSULATION LAYER BETWEEN LOW 
SIC INSULATION LAYERS AND TERMINAL 
CONSTRUCTION THEREOF 

[75] Inventor: Andrew Hvizd, Jr., Oxford, Conn. 
[73] Assignee: The Kerite Company, Seymour, 

Conn. 

[22] Filed: July 27, 1973 

[21] App]. No.: 383,323 

[52] US. CL... 174/73 R, 174/102 SC, 174/106 SC, 
174/120 R, 174/127 

[51] Int. Cl .... .. H011) 9/00, I-IOlb 7/02, H02g 15/02 
[58] Field of Search... 174/73 R, 73 SC, 80, 102 R, 

174/102 SC, 102 C, 105 SC, 106 SC, 107, 
120 R, 120 C, 120 SC, 120 AR, 120 SR, 121 

R, 121 B, 121 AR, 121 SR, 122 R, 122 G, 

3,287,489 11/1966 Hvizd, Jr ................... .. 174/120 R X 
3,585,274 6/1971 Tomaszewski et a1. ......... .. 174/73 R 

FOREIGN PATENTS OR APPLICATIONS 
112,537 3/1929 Austria .......................... .. 174/120 R 
859,507 6/1940 France ............ .. 

349,289 5/1931 Great Britain .............. .. 174/102 SC 

Primary Examiner-—Laramie E. Askin 
Attorney, Agent, or’Firm-Wooster, Davis & Cifelli 

[5 7] ABSTRACT 
The number of voids in the insulation of high voltage 
cable is signi?cantly reduced by utilizing a multiple 
layer construction and therefore, the dielectric 
strength thereof is optimized by minimizing ionization 
therein. A ?eld refraction barrier is disposed within 
the insulation to relax the electrical stress concentra‘ 
tions which would otherwise be encountered due to 
surface impurities at the interfacial boundries of the 
multiple layer construction. In cables having an elec 
tric shield coaxially arranged about a load conductor, 
this ?eld refraction barrier disperses the voltage gradi 
ent therebetween at terminations and splices and 
therefore, stress relief cones can be omitted therefrom 

10 Claims, 6 Drawing Figures 
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HIGH VOLTAGE CABLE HAVING HIGH SIC 
INSULATION LAYER BETWEEN LOW SIC 
INSULATION LAYERS AND TERMINAL 

CONSTRUCTION THEREOF 

BACKGROUND OF THE INVENTION 

The present invention relates to a high voltage elec 
trical cable which includes insulation of optimum di 
electric strength for minimized dielectric losses and to 
which simpli?ed terminations and splices are possible. 
To decrease dielectric losses in high voltage cables, it 
is desirable to make the insulation thereof very thick, 
however, the dielectric strength of the insulation in 

10 

such cables is known to decrease as its thickness in- 15 
creases. Two distinct causes are known for this de 
crease, impurities at the interfacial boundaries when a 
multiple layer insulation construction is utilized and the 
existence of voids generally within the insulation. The 
impurities result in electrical stress concentrations 
while the voids result in ionization and therefore, both 
cause electrical defects which are deleterious to the di 
electric strength of the insulation. 
An extrusion process is utilized in the fabrication of 

most solid dielectric high voltage cables to deposit the 
insulation. It is commonly known that bubbles or air 
pockets are inherent in such a process and cause the 
voids in the insulation. Many techniques have been 
tried to reduce the number of voids, one of which is to 
extrude the insulation in multiple layers and thereby 
dissipate most of the bubbles or air pockets from each 
separate layer before or during curing. Theoretically, 
this technique results in smaller and fewer voids than 
are encountered in a single layer construction and fur 
thermore, the con?guration irregularities resulting in 
the single layer. construction from sagging is no prob 
lem ‘with this technique. However, most insulating ma 
terials must be vulcanized to establish a bond between 
the separate layers and the heat of this process pro 
duces gaseous byproducts which become entrapped as 
voids to‘ thereby frustrate the primary purpose of this 
technique. Furthermore, surface impurities are inher 
ent in the processing of insulating materials whether or 
not vulcanizing is required. Therefore, cable insulation 
of the multiple layer constructions presently known in 
the art, leave much to be desired. 

Electrical breakdown problems are encountered at 
terminations and splices with high voltage cables hav 
ing a metallic shielding coaxially arranged around a 
load conductor with the insulation disposed therebe 
tween. The breakdowns occur because an air gap or 
other auxiliary components of less dielectric strength 
than the insulation exists between the outer shield and 
the inner conductor at terminations and splices. Stress 
relief cones are commonly utilized to solve this break 
down problem by dispersing the voltage gradient be 
tween the conductor and shield. However, these cones 
increase installation costs and have a limited effective 
ness. 

SUMMARY OF THE INVENTION 

It is, therefore, a general object of the present inven 
tion to increase the dielectric strength and reduce the 
dielectric losses of a high voltage cable by disposing 
therein an insulation which minimizes and obviates the 
disadvantages of the prior art. 
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It is a speci?c object of the present invention to in 

crease the dielectric strength and reduce the dielectric 
losses of a high voltage cable by disposing therein an 
insulation of optimized thickness and dielectric 
strength. 

It is a more speci?c object of the present invention 
to increase the dielectric strength both radially and lon 
gitudinally of a coaxial high voltage cable by disposing 
therein in an insulation which more uniformly distrib 
utes the voltage gradient between the conductor and 
shield at terminations and splices. 
These objects are accomplished in one form by con 

structing the insulation of the cable in at least three lay-. 
ers. An insulating material of low speci?c inductive ca 
pacity (hereinafter SIC) is utilized in two or more lay 
ers and an insulating material of high SIC is utilized as 
a ?eld refracting barrier between the layers of low SIC 
material. Each layer of high SIC material is thin relative 
to each layer of low SIC material to optimize the dielec 
tric strength of the insulation for minimized dielectric 
losses. 

BRIEF DESCRIPTION OF THE DRAWING 

The manner in which these and other objects of the 
invention are achieved will be best understood by refer 
ence to the following description, the appended claims, 
and the ?gures of the attached drawing wherein: 
FIG. 1 is a cross-sectional view of a high voltage 

cable having the multiple layer insulation construction 
of this invention; 
FIG. 2 is a longitudinal cross-sectional view thereof 

with a simpli?ed termination made thereto; 
FIG. 3 is a side elevational view thereof with compar 

ison voltage gradient lines emitting therefrom to illus 
trate the improved electrical conditions resulting at ter 
minations and splices due to the multiple layer insula 
tion construction of this invention; 

FIG. 4 is a cross-sectional view of another high volt 
age cable having the multiple layer insulation construc 
tion of this invention. 
FIG. 5 is a longitudinal cross-sectional view of a joint 

between two high voltage cables having the multiple 
layer insulation construction of this invention; and 
FIG. 6 is-a cross-sectional view of a further construc 

tion of high voltage cable having the multiple layer in 
sulation of this invention and having semi-conductive 
layers adjacent the core and shield. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Turning now to the drawings, FIG. 1 illustrates a high 
voltage cable 10 having the multiple layer insulation 
construction of this invention. As is the case for most 
high voltage applications, the cable 10 includes a load 
conductor 12 and a shield conductor 14 in coaxial ar 
rangement. However, the concept of this invention 
could be applied to high voltage cables having only a 
load conductor. An insulation 16 of multiple layer con 
struction is disposed between the load conductor 12 
and the shield conductor 14. The bulk of the insulation 
16 is a low SIC insulating material and is disposed in 
two layers 18. However, high SIC insulating material is 
disposed as layer 20 between the layers 18. 

It is to be understood that insulating materials have 
particular electrical characteristics by which they are 
clearly distinguishable from semi-conductive materials 
used so frequently in high voltage cables. An insulating 
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material is characterized by a very high resistivity at 
room temperature (above 1010 ohms-centimeters), a 
good dielectric strength (above 100 volts per mil), and 
measurable values of SIC; whereas a semi-conductive 
material is characterized by a room temperature resis 
tivity below l010 ohms-centimeters, virtually no dielec 
tric strength and immeasurably high values of SIC. Typ 
ical of the insulating materials utilized in high voltage 
cables are natural or synthetic rubber compositions and 
thermoplastic polyolefms, such as polyethylene and its 
compositions, or blends thereof. 

Increasing the SIC of insulating materials by adding 
thereto an appropriate quantity of titanium dioxide, 
carbon, or other materials in particulate form is known. 
In the practice of this invention, care must be exercised 
in selecting the modifying agent and quantity thereof 
employed, to assure that the room temperature resistiv 
ity is not lowered to the point where a conversion to 
semi-conductive material occurs. It has been found that 
titanium dioxide is the preferred modifying agent be 

‘ cause signi?cant quantities thereof can be utilized in 
raising SIC values of insulating materials, with only 
minimal adverse effects to the room temperature resis 
tivity thereof. 
Considerable dielectric losses are encountered in 

electrical transmission lines, due to their tremendous 
length, especially when a shield is coaxially arranged 
about the load conductor within the high voltage cable 
utilized therein. Of course, the dielectric losses are di 
rectly proportional to the electrical capacitance exist 
ing between the coaxial conductors. Therefore, such 
losses can be decreased by either decreasing the dielec 
tric constant of the insulation between the coaxial con 
ductors or by increasing the radial distance therebe 
tween. Since the dielectric strength across the insula 
tion must be sufficient to preclude electrical break 
down between the conductors, the dielectric losses will 
be minimized when the insulation is of optimized di 
electric constant and radial thickness. 
Although minimized dielectric losses may appear to 

be merely a matter of arithmetic, the radial thickness 
of insulation attainable from conventional extrusion 
processes is limited for many reasons. Since the insulat 
ing material is semi-?uid when applied by such proc 
esses, it only solidifies after curing for a period of time. 
Therefore, as the radial thickness of insulation applied 
by a single extrusion pass is increased, the greater the 
tendency is for it to run or sag into irregular con?gura 
tions. Furthermore, bubbles or air pockets are inher 
ently present in the semi-fluid insulation applied by an 
extrusion process and therefore, voids are created in 
the insulation by those bubbles which are entrapped 
upon solidification. Of course, as the radial thickness 
increases for a single extrusion pass, the greater the 
number of voids entrapped therein. Since ionization 
occurs at each void, the dielectric strength across the 
insulation will be decreased thereby to a value less than 
arithmetically anticipated When the insulation is ap 
plied in multiple layers by several extrusion passes, the 
voids therein will be fewer; however, impurities are in 
herent on the outer surface of each layer and electrical 
stress concentrates at these impurities to decrease the 
dielectric strength of the insulation. 
For vulcanized insulations, there are also by-products 

from the curing process that are entrapped and must 
gradually dissipate outward. The thicker the wall, the 
more difficult it is for these by-products to dissipate. 
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4 
Generally, the cable 10 is utilized for electrical power 

transmission lines and is connected to conduct current 
through the load conductor 12 at high voltages with the 
shield conductor 14 grounded. The multiple layers 18 
and 20 of the insulation 16 are configured and arranged 
to optimize both the dielectric strength thereacross and 
the dielectric losses of the cable 10. This is so because 
fewer voids exist in the low SIC layers 18 than would 
otherwise have existed therein if the optimum thickness 
thereof had been applied as a single layer. Further 
more, the high SIC layer 20 establishes a refraction bar 
rier to relax the electrical stress concentrations which 
result at the surface impurities on the innermost layer 
18. As is well known from electrical ?eld theory, the 
electric ?eld intensity and the electric flux density are 
coincident vectors which refract at the boundary of dif 
ferent dielectric materials in such a manner that the 
tangent function ratio of the angles to the normal is 
equal to the dielectric constant ratio of the materials. 
In addition to the refractive properties at discontinu 
ities, it is commonly known that the electric flux com 
ponent, normal to a boundary between two dielectrics, 
will be equal in either side of the boundary. Relation 
ship between electric ?ux and electric stress is the SIC; 
i.e. D=eE, where D is the ?ux, e the actual permittivity, 
and E the electric stress. With the high SIC (high e) 
layer interposed between the low SIC layers, the elec 
tric stress in this layer is reduced by the ratio of these 
SIC’s. Therefore, the electrical stress concentration 
normally encountered at the surface impurities of the 
innermost layer 18 are decreased in proportion to the 
SIC ratio of the insulating materials and for best results, 
this ratio should be maximized. 
Terminations and splices to the cable 10 are also sim 

plified, due to the refraction barrier. As illustrated in 
FIG. 5, a splice is made by joining the discontinuous 
ends of the core 12 with a splicing lug 21 to establish 
electrical continuity therebetween. The shield 14 in 
cludes means 15 for establishing electrical continuity 
around the splicing lug 21 at a distance therefrom. Of 
course, many shield continuity means 15 are known in 
the art, such as the very simple soldered connection. 
Furthermore, the air space thereby created between 
the splicing'lug 21 and shield 14 serves as an electrical 
insulation therebetween. However, any insulation ma 
terial could otherwise be disposed to occupy the air 
space, if desired. As illustrated, in FIG. 2, a termination 
is made by peeling the shield conductor 14 back from 
the end of the cable 10 and by removing the insulation 
16 from a portion of the load conductor 12. A lug 22 
is affixed to the load conductor 12 and moisture seals 
24 and 26 are applied between the insulation 16 and 
the shield conductor 14 and lug 22 respectively, as 
shown in phantom lines. 
The shielding seal 24 is simpli?ed relative to those in 

common use because no stress relief cone exists 
therein. Such cones would normally be required to dis 
perse thevoltage gradient between the load conductor 
12 and the shield conductor 14 at the end of the cable 
10 and would be precisely shaped and positioned 
within the shielding seal 24 which would, therefore, be 
made more complicated and costly. The voltage gradi 
ent is dispersed by the cable 10 without the use of a 
stress relief cone due to the effect of the refraction bar 
rier on the electric field intensity and electric ?ux den 
sity vectors, as previously discussed. Of course, the 
ability of a cable to withstand breakdown at termina 
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tions and splices increases as the voltage gradient is dis 
persed in broader patterns. A typical voltage gradient 
pattern at a termination with the high voltage cable of 
this invention is shown in FIG. 3 where the voltage gra 
dient pattern of conventional high voltage cable is illus 
trated in phantom lines for purposes of comparison. Al 
though only two equipotential lines are shown at the 50 
percent and 75 percent values of line voltage, the volt 
age gradient is dispersed to a greater extent with the 
high voltage cable of this invention at any percentage 
value. Relating this comparison to the use of stress re 
lief cones at terminations and splices, conventional 
high voltage cable requires such cones above SKV 
whereas the high voltage cable of this invention only 
requires such cones above 35KV. Although the cable 
of this invention will withstand breakdown at termina 
tions and splices for higher line voltages, stress relief 
cones can be utilized therewith to disperse the voltage 
gradient still further and thereby enhance the break 
down capability for special applications. 
The refraction barrier can be attained within the in 

sulation 16 without regard to thickness of layer 20 or 
the ratio of thicknesses between layers 18 and 20. How 
ever, the principles of electrical ?eld theory teach that 
in an insulation having equal thicknesses of high and 
low SIC materials, the voltage gradient distributed 
across each material is inversely proportional to' the 
ratio of the SIC values. Therefore, the greater the dif 
ference in SIC values, the less the voltage gradient 
across the high SIC material and the greater the voltage 
gradient across the low SIC material. As explained pre 
viously, dielectric losses are minimized in the cable 10 
when the insulation 16 is of optimum thickness and di 
electric strength, so that layers 18 should be of much 
greater thickness than layer 20 to distribute the over 
whelming portion of the voltage gradient across the low 
SIC material. 
The practicalities of cable fabrication processes and 

material limitations, however, must always be consid 
ered. As to SIC values for known insulating materials, 
it has been found that 2-4.5 should be considered as 
low and 10-50 should be considered as high. With 
these insulating materials and the known extrusion 
processes, a thickness of up to approximately 350 mils 
can be applied to have very few voids or con?guration 
irregularities, while a thickness of approximately 40 
mils is as thin as can be applied. Considering these 
practicalities, the insulation 16 of one typical high volt 
age cable 10 made according to this invention has an 
overall thickness of approximately 560 mils with the 
low SIC material layers 18 being a relatively greater 
thickness than the high SIC material layer 20 by a fac 
tor of 7. As to the relative nature of the SIC values, the 
high to low ratio thereof can be from approximately 2.5 
to approximately 25. . 
Another bene?t of this invention is the electron trap 

ping or energy absorption that occurs at the interface 
between the thin high SIC layer and the thick low SIC 
materials. This further improves the dielectric strength 
of this construction as compared to conventional de 
signs having the same overall dimensions. 
Depending on the application, more than two layers 

of low SIC material may be utilized in a high voltage 
cable under the concept of this invention. Additional 
layers of high SIC material can also be disposed in a 
cable having the refraction barrier of this invention for 
conventional purposes. A cable 10’ exemplifying these 
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6 
possibilities is shown in FIG. 4 where because of the 
similarities which exist with cable 10 of FIG. 1, like 
items are identi?ed by the same reference numerals but 
with a prime (') added. The low SIC material is dis 
posed in three layers 18’ with layers 20' of high SIC 
materials disposed between each adjoining layer 18'. 
Additional layers 28 of high SIC materials are disposed 
between the insulation 16’ and each of the coaxial con 
ductors 12' and 14' for conventional reasons. Further 
more, semi-conductive materials are utilized in high 
voltage cables for conventional purposes and a cable 
having the refraction barrier of this invention could 
also include such semiconductive materials. A cable 
10" exemplifying such possibilities is shown in FIG. 6 
where because of the similarities which exist with cable 
10 of FIG. 1, like terms are identi?ed by the same refer 
ence numerals, but with a double prime (") added. An 
insulation 16" of multiple layer construction is dis 
posed between a load conductor 12"’ and a shield con 
ductor 14". The bulk of the insulation 16" is a low SIC 
insulating material and is disposed in two layers 18". 
However, high SIC insulating material is disposed as 
layer 20" between the layers 18". Additional layers 30 
of semi-conductive material are disposed to separate 
the insulation 16" from the core 12" and the shield 
14". 
Those skilled in the art should readily appreciate that 

the dielectric losses encountered with the high voltage 
cable of this invention are minimized due to the use of 
the ?eld refraction barrier within the insulation to opti 
mize thickness of the cable. Furthermore, the ?eld re 
fraction barrier is also effective in dispersing the volt 
age gradient at terminations and splices of cables hav 
ing coaxial conductors and therefore, stress relief cones 
can be omitted therefrom in many applications. 

It should be understood that the present disclosure 
has been made only by way of example and that numer 
ous changes in details of construction and the combina 
tion or arrangement of parts may be resorted to without 
departing from the true spirit and scope of the inven 
tion. Therefore, the present disclosure should be con 
strued as illustrative only rather than limiting. 
What I claim is: 
1. A high voltage cable comprising: a metallic core of 

high electrical conductivity; and electrical insulation 
disposed peripherally about and fully enclosing said 
core, said insulation being of multiple layer construc 
tion and having multiple layers of low speci?c inductive 
capacity material with at least one layer of high speci?c 
inductive capacity material disposed between adjacent 
layers thereof, said low speci?c inductive capacity ma 
terial being not greater than 4.5 and said high speci?c 
inductive capacity material being not less than 10, said 
layers of low speci?c inductive capacity material being 
of sufficient total thickness to preclude breakdown 
thereacross at rated voltage, each said layer of high 
speci?c inductive capacity material creating a refrac 
tion barrier to the electrical ?eld emitting from said 
core, each said refraction barrier being effective to 
minimize electrical stress concentration between said 
layers of low speci?c inductive capacity material in op 
timizing the dielectric strength thereof, said multiple 
layer construction being effective to minimize the di 
electric losses in said cable. 

2. The high voltage cable of claim 1 wherein a metal 
lic shield of high electrical conductivity is disposed co 
axially about said core and peripherally about said insu 
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lation, each said refraction barrier being effective to 
disperse voltage gradients between said core and said 
shield at terminations and splices of said cable. 

3. The high voltage cable of claim 2 wherein a termi 
nal lug is applied thereto, said shield and said insulation 
being removed from a portion of said core and said ter 
minal lug being affixed thereto, said shield being re 
moved from said insulation for a distance back from 
said terminal lug. 

4. The high voltage cable of claim 2 wherein a splic 
ing lug is applied therein, said splicing lug joining dis 
continuous ends of said core and establishing electrical 
continuity therebetween, said shield including means 
for establishing electrical continuity around said splic 
ing lug at a distance therefrom. 

5. The high voltage cable of claim 2‘wherein layers 
of high speci?c inductive capacity material are dis 
posed to separate said insulation from said core and 
said shield. 

6. The high voltage cable of claim 2 wherein layers 
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8 
of semi-conductive material are disposed to separate 
said insulation from said core and said shield. 

7. The high voltage cable of claim 1 wherein each 
said layer of low specific inductive capacity material is 
at least 5 times the thickness of each said layer of high 
speci?c inductive capacity material. 

8. The high voltage of claim 7 wherein a metallic 
shield of high electrical conductivity is disposed coaxi 
ally about said core and peripherally about said insula 
tion said refraction barrier being effective to disperse 
voltage gradients between said core and said shield at 
terminations and splices of said cable. 

9. The high voltage cable of claim 8 wherein layers 
of high speci?c inductive capacity material are dis 
posed to separate said insulation from said core and 
said shield. 

10. The high voltage cable of claim 8 wherein layers 
of semi-conductive material are disposed to separate 
said insulation from said core and said shield. 

* * * * * 
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