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57 ABSTRACT 

An electrical power cable with a Stranded conductor, a 
Semi-conductive StreSS control layer around the conductor, a 
layer of insulation around the StreSS control layer, a Semi 
conductive insulation shield laser around the layer of 
insulation, an imperforate metal Strip with overlapping edge 
portions around the Shield layer and a polymeric jacket 
around the metal Strip. The Strip is free to move with respect 
to the jacket and the Shield layer with expansion and 
contraction of the cable elements with temperature changes, 
and the overlapping edge portions of the Strip are bonded 
together by an adhesive which permits the edge portions to 
move relative to each other with Such temperature changes 
without creating fluid passageways between the edge por 
tions. Acushioning layer can be between the Shield layer and 
the Strip and preferably, the cable is water Sealed. 

12 Claims, 1 Drawing Sheet 
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MULTI-LAYER POWER CABLE WITH 
METAL SHEATH FREE TO MOVE 
RELATIVE TO ADJACENT LAYERS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

The invention relates to high Voltage, electrical power 
cables having an imperforate metal Shield which is formed 
by a continuous metal Strip, corrugated or Smooth, with 
overlapping edge portions, and which is around a core 
comprising a conductor and StreSS control layers and insu 
lation around the conductor and to bonding of the Overlap 
ping edge portions together to prevent the ingreSS of mois 
ture between Such edge portions. 

BACKGROUND OF THE INVENTION 

Electrical power cables having a longitudinally folded, 
corrugated or Smooth, metallic shielding tape with Overlap 
ping edge portions or abutting, or Subtantially abutting, edge 
faces are well known in the art. See, for example, U.S. Pat. 
Nos. 3,651,244; 3,943,271 and 4,130,450. Such cables 
include a central Stranded conductor with a Semi-conducting 
shield therearound which is covered by a layer of insulation. 
Insulation Shielding, in the form of a Semi-conducting layer, 
is around the insulation, and a longitudinally folded, Smooth 
or corrugated metallic tape is around the insulation shield. A 
protecting jacket is disposed around the metallic tape. 

It is also known in the art that when the insulation of Such 
cables is exposed to moisture, and in conjunction with high 
electrical Stresses and high temperatures, “electrochemical 
trees” more commonly referred to as “water trees” are 
formed in the insulation which may result in premature cable 
failure. 

It is known that the introduction of a Sealant material 
between the strands of the conductor and between the 
insulation Shield and the metallic Shielding tape prevents or 
minimizes the longitudinal propagation of water within the 
cable structure. See said U.S. Pat. Nos. 3,943.271 and 
4,130,450. However, it has been found that the mere intro 
duction of Sealant into Such spaces is not entirely Satisfac 
tory when the Sealant is merely asphalt/rubber or a polyester 
compound which is not water Swellable. 

For example, Voids may be formed in the Sealant during 
the application thereof or may be formed when the cable is 
punctured accidentally. Furthermore, the components of 
Such a cable, being made of different materials, have dif 
ferent coefficients of expansion and the components are 
Subjected to different or varying temperatures during 
manufacture, Storage and/or operation of the cable which 
can cause the formation of Voids. 

In addition, when the edge portions of the metallic Shield 
ing tape overlap, there is a Small Space between the over 
lapping tape and the insulation Shield adjacent to the edge of 
the underlying tape and there may be Some Spaces between 
the overlapping edge portions of the tape. If the tape is 
corrugated, there are spaces between the humps of the 
corrugations and the insulation shield. Such spaces may not 
be completely filled by the sealant when it is applied, but 
even if they are, Voids can develop at Such spaceS when the 
cable, or its components, is Subjected to temperature 
changes, expansion and bending. 
Any Such voids form locations for the retention of mois 

ture which can cause the formation of the deleterious 
“electrochemical trees” in the cable insulation, and the 
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2 
conventional Sealants used in the cables, being unaffected 
physically by water, cannot eliminate Such voids. 

ProgreSS has been made to elmsnate the longitudinal 
propagation of moistare problem by including a water 
Swellable materal in the Sealant and at the overlapping 
portions or the metal shield strip. See, for example, U.S. Pat. 
Nos. 4,963,695 and 5,010,209. While such efforts have 
resulted in improved results, there still can be problems of 
moisture ingreSS at the overlapping portions of the metal 
Shield Strip due to the fact that in operation, the cable 
temperature can vary depending on the current carried by the 
cable conductor, e.g. from ambient temperature to a con 
ductor temperature of 130 C., which means that the com 
ponents of the cable expand and contract. However, the 
expansion coefficients of the materials of adjacent cable 
layers can differ. For example, the Volume expansion coef 
ficient of insulating or Semi-conducting materials can be 
thirty times the expansion coefficient of the metal usually 
used for the metal Shield, e.g. copper or aluminum. 
Therefore, the layers expand at different rates, and if the 
metal Shield is constricted, it can buckle and/or not return to 
its original Size when cooled after heating, leaving voids 
which are deleterious to the electrical characteristics of the 
cable. 

U.S. Pat. No. 3,943,271 suggests overcoming the possible 
rupture on the metal shield problem by not bonding the 
overlapping edge portions of the metal Shield to each other 
and by flooding the interior of the cable with a sealant. 
However, Such construction does not prevent moisture from 
entering into the interior of the metal Shield because of gaps 
or channels produced between the Overlapping edge portions 
with temperature cycling of the cable. 

U.S. Pat. No. 4,145,567, naming two of the inventors 
named in U.S. Pat. No. 3,943.271, is stated to disclose an 
improvement over the construction shown in the latter 
patent, thereby recognizing that the construction disclosed in 
Pat. No. 3,943,271 does not provide a complete solution to 
the expansion and moisture ingreSS problems. In the cable 
construction described in Pat. No. 4,145,567, the overlap 
ping edge portions are bonded together, Such as by Solder, 
welding, epoxy resin, etc., So that they cannot move with 
respect to each other, and the expansion problem is met by 
a cushioning layer between the cable core and the metal 
shield. However, the jacket adheres to the metal shield 
which either restricts expansion of the metal shield or the 
bond is ruptured with temperature cycling due to the expan 
Sion of the core. The patent also does not recognize problems 
with buckling of the metal shield when the overlapping 
edges of the metal Strip cannot move with respect to each 
other. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with the invention, the metal shield, which 
is made of a Strip of metal with overlapping edge portions 
and which is intermediate the cable jacket and the cable 
core, is not bonded to the adjacent layerS So that it is free to 
move with respect to the adjacent layerS and has the over 
lapping edge portions bonded together by an adhesive which 
permits the Overlapping edge portions to move relative to 
each other with repeated temperature cycling from ambient 
temperature to a temperature of 130 C. without rupture of 
the bond and without the formation of passageways or 
channels for the ingreSS of moisture between the overlapping 
edge portions. 

In the preferred embodiment, any otherwise empty Spaces 
within the metal shield are filled with a sealant of the type 
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described in U.S. Pat. No. 4,703,132 or with water Swellable 
particles as described in U.S. Pat. No. 4,963,695. 
A cushioning layer of the type described in said U.S. Pat. 

No. 4,145,567 may be applied between the metal shield and 
the cable core. 

Preferably, the metal strip which forms the metal shield is 
bare copper, aluminum or Steel which does not bond to the 
materials of the adjacent layers normally used for Such 
cables. However, the metal strip may be coated with a 
material which does not bond to the adjacent layers or which 
does not bond to the metal shield strip. 
As used herein, the expressions “does not bond' and “free 

to move', mean that the movement of the metal shield 
relative to the adjacent layerS is not significantly restricted 
except by friction between the layers when the cable is 
Subjected to heating and cooling cycles encountered when 
the cable is in use to transmit electrical power. 

While other adhesives having the required characteristics 
can be used to bond the overlapping edge portions of the 
metal Strip together, it is preferred that hot melt adhesives of 
the type described hereinafter be used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a croSS-Sectional view, perpendicular to the 
longitudinal axis of the cable, of one embcdiment of the 
cable of the invention; and 

FIG. 2 is similar to FIG. 1 and illustrates another embodi 
ment of the invention. 
The invention will be described in connection with a 

metal shield which is formed by longitudinally folding a 
metal Strip around a cable core with the Strip edges extend 
ing generally parallel to the longitudinal axis of the core, but 
it will be understod that the strip edges can be differently 
oriented. In each case, edge portions of the Strip are over 
lapping. 

FIG. 1 corresponds to FIG. 5 of U.S. Pat. No. 4,963,695 
but instead of water Swellable particles between the edge 
portions 1 and 2 of the metal shield 3, the edge portions 1 
and 2 of the metal strip forming the shield 3 are bonded 
together by an adhesive 4 (FIG. 1) which permits the edge 
portions 1 and 2 to move relative to each other when the 
temperature of the conductors 5 varies from ambient 
temperature, e.g. 25 C., to the temperature that they reach 
in Service and under emergency or overload conditions, e.g. 
130° C., without rupture of the bond between the adhesive 
4 and the Overlapping edge portions 1 and 2 or the formation 
of passageways or channels in the adhesive 4 which permit 
moisture to pass from exteriorly of the shield 3 to the interior 
thereof. 

The conductors 5, which can be copper or aluminum 
wires, are Stranded and in conductive contact with each 
other. In the preferred embodiment, any spaces between or 
around the conductors 5 are filled with a Sealing compound 
6 of the type disclosed in U.S. Pat. No. 4,703,132 or with 
water Swellable particles, to resist axial migration of mois 
ture. 

The conductors 5 and the Sealing compound 6 are 
encircled by a conductor StreSS control layer 7 of Semi 
conductive polymeric material, and the layer 7 is encircled 
by a layer 8 of polymerc insulation. The insulation layer 8 
is encircled by an insulation StreSS control layer 9 of Semi 
conductive polymeric material. 

The metal shield 3 contacts the insulation stress control 
layer 9 except at the Space adjacent the end of the inner 
portion 1 which, preferably, is filled with a Sealing com 
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4 
pound or water Swellable material 10, of the type described 
hereinbefore, to prevent axial migration of moisture 
However, the metal shield 3 is not bonded to the layer 9. 
AS described hereinafter, a cushioning layer of the type 

described hereinbefore can be included between the metal 
shield 3 and the insulation stress control layer 9, in which 
event th Sealing compound or water Swellable particles 10 
may not be necessary. The metal shield is free to move with 
respect to Such a cushioning layer. 
The embodiment shown in FIG. 1 includes a sealing 

compound or water Swellable particles 11 of the type iden 
tified hereinbefore between the metal shield 3 and a jacket 
12 of polymeric material. With the flowable type of sealing 
compound or water Swellable particles previously described, 
the metal shield 3 is free to move with respect to the jacket 
12. However, the layer 11 can be omitted since the metal 
Shield 3 is moisture impervious, but in this case, the shield 
3 is not bonded to, and is free to move relative to, the jacket 
12 even though they are in contact with each other. 
A further embodiment of the invention is illustrated in 

FIG. 2 in which the reference numerals designating the same 
parts are the same as those in FIG. 1. The embodiment 
shown in FIG. 2 differs from the embodiment shown in FIG. 
1 in the omission of the Sealing compound or water 
Swellable particles 10, the omission of the Sealing compound 
or water Swellable particles 11 and the addition of a cush 
ioning layer 13 between the metal shield 3 and the insulation 
stress control layer 9. 
The cushioning layer 13 can be of the type described in 

U.S. Pat. No. 4,145,567. 
In each of the embodiments of the invention, the metal 

shield 3 is free to move with respect to the insulation shield 
layer 9 and the jacket 12, that is, no adhesive is used to bond 
the metal shield 3 to the layer 9 and the jacket 12 and the 
materials of the shield 3, the layer 9 and the jacket 12 are 
such that they do not bond to the shield 3. Plastic materials 
normally used for the jacket 12 and the insulation Screening 
layer 9, Such as polyethylene and certain other materials, do 
not bond to bare copper, aluminum or Steel. Thus, the metal 
shield 3 is restrained with respect to movement relative to 
the layer 9 and the jacket 12 only by friction between the 
metal shield 3 and the layer 9 and the jacket 12 which is 
insufficient to prevent movement of the metal shield 3 with 
respect to the layer 9 and the jacket 12 with the temperature 
cycling to which the cable is Subjected in operation, e.g. 
normally, 20 C-90° C. but under overload or emergency 
conditions, the conductor 5 temperature can be as high as 
130° C. with lower temperatures at layers surrounding the 
conductor, e.g. 110° C. at the metal shield 3. Therefore, there 
is no buckling or other undesired anomalies of the corru 
gated metal caused by Such restraint as the temperature rises 
and the metal shield 3 is able to return to its original Size and 
shape when the cable cools. Furthermore, there is no rup 
turing or cracking of the jacket 12. 
An important aspect of the invention is the Selection of the 

adhesive 4 used to bond the overlapping edge portions 1 and 
2 of the Shield 3 together. The use of epoxy resins, Solder, 
welding and Similar bonding is unsatisfactory because the 
bond is either too strong causing buckling, etc of the shield 
3 or fractures under the forces encountered with the thermal 
expansion of the shield 3 and/or the forces applied thereto by 
the layers within the shield 3 which have much higher 
coefficients of expansion, e.g. 30 times higher. Furthermore, 
if the bonding material fractures, it provides moisture chan 
nels extending from the exterior of the shield 3 to the interior 
thereof, thus invalidating the water tightness of the cable 
Structure. 
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Adhesives which can withstand Small forces, i.e. the 
forces when the temperature range is significantly less than 
the normal cable operating range, without fracturing and 
which permit the edge portions 1 and 2 to move relative to 
each other, are inadequate for the desired bonding purposes 
not only because they fracture and/or elongate without 
returning to the original State when the cable is Subjected to 
heating from about 20° C. to 90° C. or to 110° C. and then 
cooled. 

Thus, in accordance with the invention, the metal shield 
3 is not bonded to the insulation shield layer 9 or the jacket 
12 So as to avoid the problems encountered with Such 
bonding, and the edge portions 1 and 2 are bonded together 
by an adhesive which is Selected So that the edge portions 1 
and 2 can move relative to each other with temperature 
cycling of the cable in the range from about 20° C. to at least 
90° C. and preferably, to at least a cable conductor tempera 
ture of 130 C., which does not fracture or be caused to 
produce moisture channels therein with Such cycling, which 
remains intact and returns Substantially to the form which it 
had prior to heating when the cable is cooled to about 20° C. 
after heating and which does not cause Stretching of the 
metal shield. The adhesive must have Such characteristics 
with numerous temperature cycles, i.e. from the lowest to 
the highest temperature and Vice versa, Such as at least 14 
cycles, one each day. 
A further advantage of the cable of the invention is that 

because there is no bond between the metal shield 3 and the 
adjacent jacket 12 and the insulation Shield layer 9, the 
jacket 12 can be readily stripped from the metal shield 3 and 
the metal shield 3 can be readily stripped from the cable 
COC. 

Although other adhesives may be appropriate, we have 
found that hot-melt adhesives, which exhibit elastomeric 
properties at room temperature and which increase in elas 
ticity with an increase in temperature are especially Suitable. 
We have found that the minimum requirements for hot 

melt adhesives are as follows: 

Viscosity : 2000 mPas (milli-Pascal seconds) minimum 
at 175 degrees centigrade tested per ASTM D3236 

Ultimate Tensile Strength: 300 psi minimum at room 
temperature 

Elongation: 250% minimum at room temperature 
Softening point without melting: 80 C. 
Application temperature: above 130 C. 
Other characteristics need to be evaluated on a case by 

case basis. For example, a hot melt with a high tensile and 
elongation may require a low yield point and modulus 
whereas a hot melt with a low tensile and elongation may 
require a high yield point and modulus. Hot melts with a 
softening point above 115 C. would be desirable to exhibit 
a low shear modulus to allow expansion without rupture 
while a hot melt with a softening point below 115 C. would 
be desirable to exhibit a high shear modulus and may require 
a high Viscosity to reduce the potential to flow. 

Adhesives which meet Such requirements may be Selected 
from thermoplastic polymer adhesives, Such as, polyamides 
polyesters, polyethylene Vinyl acetate, polyolefins and mix 
tures of Such adhesives. 

A preferred hot melt adhesive which is sold under the 
trade name MACROMELT TPX-20-230 by Henkel 
Corporation, South Kensington Road, Kankakee, Ill. has the 
following characteristics: 

Viscosity (ASTMD-3236): 7000 mPas (a) 180° C. 
Ultimate Tensile Strength: 1070 psi (a 25° C. 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

6 
Elongation: 780% (a 25° C. 
Softening point: approximately 115 C. 
Application temperature: 180°-210 C. 
Yield point: 20 psi 
2% modulus: 140 psi 
Another satisfactory hot melt adhesive is MACROMELT 

TPX-20-233 sold by Henkel Corporation and has the fol 
lowing characteristics: 

Ultimate Tensile Strength: 390 (a 25° C. 
Elongation: 340% (a 25° C. 
Softening point: approx. 140 C. 
Application temperature: 180°-210 C. 
Yield point: 320 psi 
2% modulus: 2360 psi 
Other Satisfactory adhesives which can be employed are 

MACROMELT O3265, MACROMELT 6300 and MAC 
ROMELT 6245 and an adhesive sold under the trade name 
NUMEL by Baychem Inc., 1960 West, Houston Tex., and 
have the following charactertistics: 

Adhesive Softening Point Applin. Temp. 

MACROMELT O3265 104°C. 160-180° C. 
MACROMELT 63OO 150-205 C. 240-265 C. 
MACROMELT 6245 110-120° C. 193-215 C. 
NUMEL 543O 154 C. 205-225 C. 
NUMEL3422 130° C. 175-195° C. 

Although hot melt adhesives which will soften in the 
temperature range to which the Shield 3 is Subjected, hot 
melt adhesives with a softening point above 115° C. are 
satisfactory provided the adhesive will stretch without rup 
ture or delaminate from the shield. 

Hot melt adhesives with a softening point below 115 C. 
are Satisfactory as long as they do not flow and destroy the 
integrity of the overlap. Generally, a Softening point down to 
80 C. will be acceptable as the melt temperature will be 
above the operating temperature range. Additionally, 80 C. 
is the maximum normal operating temperature to which the 
Shield is Subjected. 

In the event that a cushioning layer 13 is employed as 
described hereinbefore, an adhesive of the type described 
will be used but the properties thereof which are required are 
leSS Stringent because the bond between the edge portions 1 
and 2 is not Subject to forces as large as those encountered 
when the cushioning layer 13 is omitted. Although the 
cushioning layer 13 may be extruded over the insulation 
Screening layer 9, it may also be applied as a helically wound 
or longitudinally folded tape, with or without overlap. If 
desired, the cushioning layer 13 may be a water Swellable 
tape of a type known in the art or water Swellable powder of 
the type described hereinbefore instead of a foamed plastic 
material. 

Although preferred embodiments of the present invention 
have been described and illustrated, it will be apparent to 
those skilled in the art that various modifications may be 
made without departing from the principles of the invention. 
What we claim is: 
1. In an electrical power cable operable throughout a 

predetermined temperature range and comprising a Stranded 
conductor formed by a plurality of wires Stranded together 
and in conductive contact with adjacent wires, a Semi 
conductive StreSS control layer around Said conductor, a 
layer of insulation around Said StreSS control layer, a Semi 
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conductive insulation Shield layer around Said layer of 
insulation, an imperforate metal Shield around Said Shield 
layer, Said metal Shield to being formed by a metal Strip with 
overlapping edge portions, and a jacket of polymeric mate 
rial around Said metal Shield, wherein the improvement 
comprises a metal Shield which is free to move with respect 
to Said insulation Shield layer and Said jacket with expansion 
and contraction of Said metal shield, Said Semi-conductive 
StreSS control layer, Said insulation, Said insulation Shield 
layer and Said jacket when Said cable is Subjected to tem 
perature changes in Said predetermined range and an adhe 
Sive bonding Said overlapping edge portions together, Said 
adhesive permitting Said edge portions to move relative to 
each other without causing a fluid passageway between said 
edge portions when said cable is Subjected to temprature 
changes in Said predetermined range whereby fluid is pre 
vented from passing between Said overlapping edge portions 
and buckling and fractures of Said metal Shield is prevented 
even though Said cable is Subjected to repeated temperature 
changes within Said range. 

2. An electrical power cable as Set forth in claim 1 wherein 
said metal shield is free of a bond with said jacket, whereby 
Said jacket may be readily Stripped from around Said metal 
shield. and is free of a bond with said insulation shield layer. 

3. An electical power cable as set forth in claim 2 wherein 
Said adhesive is a hot melt adhesive which has a predeter 
mined Softening temperature and an application temperature 
higher than Said predetermined Softening temperature and 
higher than the highest temperature in Said predetermined 
range. 

4. An electrical power cable as set forth in claim 1 wherein 
Said metal Strip is bare and is Selected from the group of 
metals consisting of copper, aluminum and Steel. 

5. An electrical power cable as set forth in claim 4 wherein 
said adhesive is a hot timeli adhesive which has a predeter 
mined Softening temperature and an application temperature 
higher than Said predetermined Softening temperature and 
higher than the highest temperature in Said predetermined 
range. 
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6. An electrical power cable as set forth in claim 1 wherein 

Said adhesive has the following properties: 
Viscosity: Min. 2000 mPas (a 175° C. 
Ultimate tensile strength: Min. 300 psi (G) 25 C. 
Elongation: Min. 250% (a 25° C. 
Softening point without melting: Min. 80 C. 
Application temperature: at least 130 C. 
7. An electrical power cable as set forth in claim 1 wherein 

Said adhesive has the following properties: 
Viscosity: 2000–7000 mPas in the range 175°-180° C. 
Ultimate tensile strength: 300-1100 psi (a 25° C. 
Elongation: 250–780% (a 25° C. 
Softening point without melting: 80-205 C. 
Application temperature: 130-265 C. 
8. An electrical power cable as set forth in claim 1 wherein 

Said adhesive has a Softening temperature in Said predeter 
mined temperature range and a melting temperature and an 
application temperature above Said predetermined tempera 
ture range. 

9. An electrical pwoer cable as set forth in claim 1 wherein 
any otherwise empty Spaces within Said jacket are filled with 
water Sealing material. 

10. An electrical power cable as set forth in claim 1 further 
comprising a cushioning layer around Said insulation shield 
layer and intermediate Said insulation shield layer and Said 
metal shield. 

11. An electrical power cable as set forth in claim 10 
wherein Said cushioning layer is a layer of tape containing 
a water Swellable material. 

12. An electrical power cable as Set forth in claim 1 further 
comprising water Swellable particles intermediate Said insu 
lation shield layer and Said metal Shield. 
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