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ABSTRACT: Aluminum pipe-type cable conductors comprise 
high elastic-modulus core strands so that long continuous 
lengths can be pulled into a pipe. 
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PIPE-TYPE CABLE COMPRISING ALUMINUM I 
CONDUCTORS WITH I-IIGI-I-ELASTIC-MODULUS 

TENSILE STRANDS ' 

BACKGROUND OF THE INVENTION 

High-voltage power cables, of the class known as pipe-type, 
have paper-tape insulated conductors housed within high 
pressure pipes that contain insulating oil or gas maintained at 
high pressure. In the manufacture of such cables the pipes are 
first-buried in sections, the sections are welded together, and 
the pipe is tested for pressure tightness. When the pipe has 
been thoroughly cleaned and dried, the conductors, which 
have meanwhile been brought to a manhole, are pulled in by a 
tow line that has been previously threaded through. When the 
conductors are ‘pulled in they drag along the inside surface of 
the pipe and, to protect the insulation, each of the conductors 
is, during its manufacture, overwound with a helically applied, 
D-sh'aped “skid wire.” The frequency of manholes and joints 
is dictated, essentially, by the length of continuous conductor 
that can be pulled, and this, in turn, depends on either of two 
factors: the ability of the conductors to withstand the pulling 
load,’ and the length of conductor that can be shipped on a 
reel. Generally considered, copper conductors can withstand 
pulling‘loads sufficiently to make reel capacity the determin 
ing‘ factor for the length between joints. This however, is not 
the case for aluminum, with the result that, in spite of its much 
lower cost; aluminum has not, up to the present, been signi? 
cantlyadopted for us in pipe-type cables. 
A controlling factor for the length of conductor that can be 

pulled into a pipe is the elongation of the conductor during in 
stallation. lndustrypractice limits, the permissible elongation 
to 0.2 percent. When this limitation is applied to a considera 
tion of the conductormaterial it will be understood that the 
much higher elastic modulus of copper, compared to alu 
minum, accounts for its greater ability to withstand pulling 
loads. 

It will be readily understood that large economies will result 
from a reduction in the number of joints and manholes 
required of a pipe-type cable and by means of my invention I 
propose to reduce this number by increasing the length of con 
ductor that can be pulled into a pipe. 

I also propose to make practical the use of aluminum for 
pipe-type cable conductors. ' 

SUMMARY 

I have invented a pipe-type cable with an insulated conduc 
tor that comprises a high elastic modulus tensile strand, 
preferably steel, and a layer of aluminum forming an electrical 
conducting core surrounding the tensile strand. The conduc 
tor has a wall of taped insulation surrounding the conductor 
strands,‘ a conducting shielding layer surrounding the insula 
tion and a helical skid wire surrounding the-shielding layer. A 
plurality of sections of interconnected rigid pipe, which may 
include at least one angle or comprise a-grade having the ef 
fect of increasingthe force required to pull the conductor, 
contain. the conductor and are ?lled with an insulating fluid 
under pressure which also penetrates the insulation. For trans 
mittingv 3-phase current my cable ill comprise three of the 
above described conductors within the pipe sections. 

I have invented an insulated conductor for a pipe-type cable 
comprising at least three high-elastic modulus tensile strands, 
preferably of steel. vA plurality of aluminum conductor wires 
that are compressed into a shaped sector surround each of the 
strands and are ?tted together to form a substantially circular 
core. A wall of taped insulation surrounds the core, a conduct 
ing shielding layer surrounds the insulation, and is in turn sur 
rounded by a helical skid wire. An additional high elastic 

‘ modulus tensile strand may be comprised in the center of the 
COI'C. 

BRIEF DESCRIPTION OF ‘THE DRAWINGS 

FIG. 1 shows a section of a pipe-type cable of my invention. 
FIG. 2 shows a section of a pipe-type cable conductor made 

to my invention. 

2 
FIG. 3 shows a section'of a "segmentar‘ cable conductor 

' made to my invention. 
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FIG. 4‘shows a plan view of a cable installation made in ac 
cordance with my invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

In FIG. I a pipe-type cable, indicated generally by the nu 
meral 10, is comprised of a pipe 11 capable of withstanding 
high pressures such as 200 pounds per square inch of an insu 
lating ?uid shown here as an oil but which-may also be a gas 
such as nitrogen or ?uorocarbon within the scope of my inven 
tion. The pipe 11 is rigid and is built up of sectional lengths or 
sections having jointures 13 as shown diagrammatically in 
FIG. 4. The cable of FIG. I, intended for 3-phase service com 
prises three insulated conductors I4, 15, 16 which have been 
pulled into the pipe 1 1 simultaneously. The insulated conduc 
tors l4-l6 are each characterized as comprising a plurality of 
aluminum wires 17, forming the power conducting core sur 
rounding a steel tensile strand 18. As seen in FIG. 2 the strand 
[8 is comprised of a plurality of steel wires 19, stranded 
together. In some cases, however, a single steel wire may suf 
fice, depending on the size and desired pulling length of the in 
sulated conductor. The aluminum wires of the cables 14-16 
are concentrically applied over the steel in sufficient quantity 
to supply the desired current carrying capacity. Since the 
cable 14, and indeed, pipe-type cables generally, are in 
variably intended for very high voltage service, a conventional 
strand shielding 21 is applied over the aluminum strands. Over 
the aluminum core and the stand shielding 2] there are heli 
cally wrapped a large plurality of paper tapes 22 building up‘ 
an insulating layer 23 sufficient for the cable voltage plus a 
usual factor of safety. Although I have preferred to show 
paper tapes for the layer23 it is also known to apply other 
dielectric tapes such as those described in US. Pat. Nos. 
3,105,872, 3,077,514 and 3,078,333 and I intend that such 
other insulating tapes shall be included within the scope of my 
invention‘. The oil 12 or other pressurized ?uid penetrates the 
insulation ' 23, although the presence of other ' oils, having 
higher viscosity and applied to the tapes 22 in the taping 
operation as described in US. Pat. No. 3,378,4 l9 may prevent 
its immediate diffusion down to the conductor. The penetra 
tion of the oil 12 has the effect of raising the pressure of any 
oil already impregnating the tapes and thus increasing its insu 
lating properties. 7 

A layer of insulation shielding 24 is applied over the insula 
tion 23 and bronze skid wires 26 are helically wound around 
the entire completed insulated conductor. When particularly 
large conductor areas are required in a cable it is known to 
employ an industry designated "segmental" conductor strand 
ing which divides the cross section of the conductor into ap 
proximate sectots of a circle that are insulated from each 
other. This has the purpose of reducing "skin effect“ and 
hence the AC/DC resistance ratio. A “segmental" conductor 
made to may invention is shown in FIG. 3. Here the conduc 
'tor, indicated generally by the numeral 27 has an outer struc 
ture comprising strand shielding 21, insulation 23, insulation 
shielding 24 and skid wires 26 not essentially different from 
the conductor 14, but it also comprises a “segmental conduc 
tor” 28 made up of four sectors 29, 30, 31, 32 each of which 
has a central steel tensile wire 33. The sectors 29-32 are 
formed by stranding aluminum wires in a known manner ex 
cept that the center of each strand is comprised of the steel 
wire 33. After the round strands have been made they are 
passed through rolls or shaped dies that distort them into sec 
tors of which there are four in the conductor 27, but fewer or 
greater numbers of sectors might also be employed within the 
scope of my invention. I have used the word “compressed“ in 
this application to refer to the distorting of the steel-cored 
strands into sector shapes without necessarily crushing the in 
dividual wires of the strands. The strands can be further 
crushed or "compacted” to eliminate or greatly reduce the in 
terstices. Such compacting can be done within the scope of my 
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invention and will have the effect of reducing the space 
required for the conductor, and the amount of oil trapped 
therein. The sectors 30, 32 are wrapped with thinlayers 34 of 
insulating tape to insulate them from the sectors 29, 31 along 
the length of the cable and reduce the skin effect as 
hereinabove disclosed. The geometry before compressing of 
the sectors 29-32 dictates to some extent the size of the steel 
tensile strands 33 and if a greater area of high elastic modulus 
is required an additional steel strand 36 which may be a single 

' wire or a plurality of wires stranded together may be incor 
porated in the center of the conductor 27 replacing some ?ller 
37 which with ?llers 38-41 are used to solidify and round out 
the conductor core. 

In FIG. 4 a cable installation indicated generally by the nu 
meral 42 is shown extending between two manholes 43, 44 
within which lengths of conductor are spliced and which are 
connected by a large number of sections of the pipe 11 con 
nected at jointures 13. The cable 42 between the manholes is 
comprised of a straight level length L,, a short straight sloping 
length L,, and another straight level length La. Two 90° bends 
46, 47 connect the sloping length L2 to the lengths LI and La. 
Although my invention has great utility for straight level cable 
installation its advantages are made more manifest in an instal 
lation such as that of FIG. 4 comprising slopes and/or bends 
since these require greater pulling force on the conductors. 

TABLE 1 

138 KV Aluminum Pipe-type Cables _ 

Example A B C D 
Steel Stranding none 7/0.l36" none 19/0086" 
Aluminum inches ' 61/0128 54I0.l36" 6| 54 
Size MCM I000 1000 1000 . 1000 

‘Construction it. 1.. r r 

Weight, lbl./M' 3150 3600 2950 3530 
Max. pull, lbs. 7050 l2l00 7050 12600 
Pipe dianL, in. 6 s 6 o 
Pulling length, it 5600 8 l 50 6200 8850 
Shipping length, n. 7500 1200 3500 7500 

TABLE 2 

138 KV Aluminum Pipe-type Cables 

Example E F G H 
Steel stranding none 19/0086" 4-0.1!0" 4-0.110" 
Aluminum " 4-37 4-37 4-36 4-36 

Size MCM I500 I500 I500 1500 
Construction " g ' ,, ‘ g ‘ ‘ c ' 

Weight, |bl./M ' 4100 4560 4280 4230 
Max. pull, lbs. 10600 16100 13200 th l2500 
Pipe diam, in. ‘ 8 8 8 ' 8 
Pulling length, R. 7600 10200 9000 8700 
Shipping length, n. 5000 5000 $600 5600 

In the tables the constructions of examples A, C, and E are 
conventional, and examples B, D, F, G, H embody my inven 
tion and include steel tensile strands. The designations 
7/0.l36 0.136 inches and 19/0086 inches indicate that the 
steel strands are formed of seven wires, each having a diame 
ter of 0.136 inches, and of 19 wires, each having a diameter of 
0.086 inch, respectively. in examples F, G, and H, of “segmen 
tal" construction F has only one 19/0086 inches steel strand 
at the center, H and G have one 0.110 inch steel wire in each 
sector but G has an additional 0.130 inch steel wire at the 
center. In the compact and segmental construction the tables 
state the number of wires but not their individual sizes. The 
notation, 4-37, means four sectors each with 37 aluminum 
wires. The pulling lengths of the table refer to straight pulls of 
three conductors, without bends or inclines in ‘the pipe. If we 
now compare examples C and D we ?nd that the possible 
distance between joints has been increased by 1300 feet by the 
addition of center high elastic modulus steel strands in 1,000 
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4 
MCM (thousand circular mils) aluminum compact round con 
ductors. The shipping length -foot been decreased from 8500v 
feet to 7500 feet by the enlargement in conductor cross sec 
tion due to the steel, but the 8500-foot capacity was ?ctitious 
in the case of example C since the length that could be pulled 
into the pipe was limited to 6200 feet by the conductors ability 
to withstand the pulling force. The shipping lengths depicted 
in the tables represent the capacity of the assignee's largest 
reel which has a ?ange diameter of 142 inches. 

Since the shipping lengths of cables smaller than 1000 
MCM are greater than those of 1000 MCM or larger, it is ap 
parent that the bene?t of my invention can be realized for all 
sizes under 1000 MCM. In other words, my improvement per 
mits advantage to be taken of the large capacity of the 
shipping reel, which is wasted in examples A and C. For larger 
conductor sizes the advantages of my invention occurs prin 
cipally where the pulling length has been limited by bends or 
inclines in the cable run. A method of calculating the effects 
of bends and inclines has been fully discussed by R. C. Rifen 
burg in American Institute of Electrical Engineers Transac 
tions, vol. 72, part Ill, pages 1275-88. in practice, these bends 
and inclines create a factor that can be deducted from the al 
lowable pulling length of the cable. Thus in FIG. 4 the straight 
length LI is 2500 feet, the bend 46 is 90° the inclined length L: 
is 300 feet with a 10° incline, the bend 47 is 90° and the length 
L:, can be established by the length of cable that can be in 
stalled. Using standard methods of calculation the effect of the 
combined slope and bends is to reduce by 3455 feet the al 
lowable pulling length of the conductors. lf, bearing this in 
mind, we again consider the tables we are required to deduct 
3455 feet from each of the tabulated pulling lengths. This 
results in pulling lengths for examples E, F, G and H of 4145, 
6745, 5545, and 5245 respectively. All of these are below the 
capacity of the reel so that the pulling length rather than the 
shipping length will be the determining factor for the distance 
that can be permitted for L3. This distance L, is seen, then, to 
be greater for the conductors of examples F, G, and H made to , 
my invention, than for the conventional conductor of example 
E. ~ 

Although,‘ because of its high elastic modulus ready availa 
bility, and relative economy, 1 have preferred to employ steel 
for my tensile strands 18, 33 and 36, the use of other high 
modulus strands such as molybdenum, and ?berglass are also 
included within the scope of my invention. ' 
The foregoing description has been exemplary rather than 

de?nitive of my invention for which I desire an award of Let 
ters Patent as de?ned in the following claims. 

lclaim: 
1. A pipe-type cable comprising: 
A. an insulated conductor comprising: 

1 . a high-elastic-modulus tensile strand, 
2. a layer of aluminum forming an electrical conducting 

core surrounding said tensile strand, 
3. a wall of taped insulation surrounding said conducting 

core, _ 

4. a conducting shielding layer surrounding said insula 
tion, and ' 

5. a helical skid wire surrounding said shielding layer, 
B. a plurality of sections of interconnected rigid pipe con 

taining said insulated conductor, and 
C. insulating ?uid under superatmospheric pressure ?lling 

said pipe sections and penetrating said insulation. 
2. The cable of claim 1 wherein said tensile strand com 

prises steel. 
3. The cable of claim 1 wherein said pipes form at least one 

angle having the effect of increasing the force required to pull 
in said conductor. ' ' 

4. The cable of claim 1 wherein said pipe comprises a grade 
having the effect of increasing the force required to pull in 
said conductor. ' 

5. The cable of claim 1 comprising three of said insulated 
conductors within said pipe sections for transmitting 3-phase 
current. , , 

6. An insulated conductor for a pipe-type cable comprising: 
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A. at least three high-elastic-modulus tensile strands, 
B. a plurality of aluminum conductor wires compressed into 

a shaped sector around each of said strands, said sectors 
being ?tted together to form a substantially circular core, 

C. a wall of taped insulation surrounding said core, 
D. a conducting shielding layer surrounding said insulation, 
and 

E. a helical skid wire surrounding said shielding layer. 
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6 
7. The conductor of claim 6 comprising an additional high 

elastic-modulus tensile strand at the center of said core. 
8. The conductor of claim 7 wherein said tensile strands 

comprise steel. 
9. The conductor of claim 6 wherein said tensile strands 

comprise steel. 


