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An electric ~ower cable line and a method of fabricating the same 

The present invention relates to an electric power 
cable line. 

one of known electric power cable lines which are 
commonly in use is illustrated in Fig. 1. Shown are 

5 power cables 10, straight joints 28 for jointing two 
cables to each other, terminal ends 29, straight joint 
constructions 30, and terminal end constructions 31. 

Fig. 2 is a longitudinal cross sectional view of 
the cable 10, in which there are provided a center con-

10 ductor 12, an inner semiconductive layer 14, a cable 
insulating layer 16, an outer semiconductive layer 18, a 
shield layer 20, and· a sheath 22. Fig. 2 illustrates an 
upper half of the cable 10 for simpli~ity because two, 
upper and lower, halves of the cable 10 are symmetrical 

15 abut the axis. Fig. 3 is a schematic view of the 
straight joint construction 30 showing a joint box 31, 
an epoxy unit 32, a premolded stress relief cone 34, a 
retainer 36, and a conductive connector 38. 

It is essential· for the electric power cable line 
20 to withstand a high voltage in long-time service. In 

common, the dielectric strength of the straight joints 
and terminal ends in a long-time supply of high voltage 
is as low as about. 60% of that of the cable. For 
increasing the operational reliability of the cable 

25 lines, improved straight joints and terminal ends are 
much desired. 
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It is thus an object of the present invention to 
provide an electric power cable line which is improved 
in the operational reliability through increasing the 
dielectric strength of its straight joints and terminal 

5 ends so that it can withstand against a high voltage 
throughout the long-time service. 

10 

An electric power cable line according to the 
present invention is arranged in which the insulating 
layer 16 is increased to a greater thickness T2 at two 
end portions 42 of each cable 40 than a thickness Tl at 
the other or center portion of the same, as best shown 
in Fig. 4. 

The insulating layer 16 is increased in thickness 
at the end portions 42 of the cable 40 thus lowering an 

15 electrical stress exerted on the overall layer construc­
tion of the end portions 42. Hence, the dielectric 
strength of the end portions 42 of the cable 40 becomes 
high and the power cable line will thus be increased in 
the operational reliability. 

20 Also, both the straight joint construction 50 of 

25 

each straight joint 48 and the terminal end construction 
51 of each terminal end 49 of the present invention are 
arranged identical to those of a known power cable line 
so that the thickness of the insulating layer 16 of the 
cable 40 can be equal to that of a prior art cable. 
Accordingly, the dielectric strength will be increased 
throughout the power cable line. 

This invention can be more fully understood from 
the following detailed description when taken in con-

30 junction with the accompanying drawings, in which: 
Fig. 1 is a schematic view of a known electric 

power cable line; 
Fig. 2 is a longitudinal cross sectional view of a 

cable of the known electric power cable line shown in 
35 Fig. l; 

Fig. 3 is a longitudinal cross sectional schematic 
view of a straight joint construction between the two 
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cables; 
Fig. 4 is a longitudinal cross sectional view of 

a cable of an electric power cable line according to the 
present invention; 

s Fig. s is a schematic view of the electric power 

10 

15 

cable line of the present invention incorporating a 
number of the cables jointed to one another; 

Fig. 6 is a longitudinal cross sectional schematic 
view of a straight joint construction for jointing the 
two cables shown in Fig. 4; 

Fig. 7 is a schematic view of a device for fabri­
cating cable cores of the cable shown in Fig. 4; 

Fig. 8 is an external view of the cable core fabri­
cated by the device shown in Fig. 7; 

Fig. 9 is a longitudinal cross sectional view of 
the cable of the present invention provided with a 
wave-formed cable sheath made of metal; 

Fig. 10 is a schematic diagram showing a system for 
fabrication of the cable cores shown in Fig. 8; and 

20 Fig. 11 is a flow chart showing a procedure of 

25 

steps in the system shown in Fig. 10. 
Detailed Description of the Preferred Embodiments 

Pref erred embodiments of the present invention will 
be described in more detail referring to the accom­
panying. 

Fig. 4 illustrates a cable 40 having at center a 
length-wisely extending cable conductor 12. The cable 
conductor 12 is covered with, from inside, an inner 
semiconductive layer 14, an insulating layer 16, 

30 an outer semiconductive layer 18, a shield layer 20, and 
a sheath 22. Fig. 4 shows an upper half of the cable 40 
in cross section for simplicity since two, upper and 
lower, halves of the cable 40 are identical. Fig. 5 
shows an electric power cable line in which a number 

35 of the cables 40 shown in Fig. 4 are jointed to one 
another. Also, shown are straight joints 48 for 
jointing the cables 40, terminal ends 49, straight joint 
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constructions so, and terminal end constructions 51. 
The two terminal ends 49 are provided at both ends of 
the cable line. 

As shown in Fig. 4, each end portion 42 of the 
5 cable 40 is arranged greater in diameter as the 

thickness of the insulating layer 16 is increased to T2 
from Tl of a center portion 44 of the cable 40. The 
insulating layer 16 is increased in the thickness for 
enhancing the dielectric strength of the two cable end 

10 portions 42 where a level of dielectric strength is 
relatively low. Accordingly, the straight joints 48 and 
the terminal ends 49 to which the cable end portions 42 
are fitted will be increased in the dielectric strength, 
thus improving the operational reliability of the 

15 electric power cable line. The straight joint construc­
tion 50 and the terminal end construction 51 are 
identical in arrangement to those of a known power cable 
line which have insulating layers arranged equal in 
thickness to that of the cable end portion 42. Hence, 

20 they are also increased in the dielectric strength. 

25 

The thickness T2 of the insulating layer 16 at the 
cable end portion 42 _is preferably one class greater 
than that of the known power cable line. For example, 
when the thickness Tl of the insulating layer 16 is 9 mm 
in a cable 40 of 66 kV type, the thickness T2 should be 
13 mm at each cable end portion 42. The insulating 
layer 16 of 13 mm is standard on a cable of 77 kV type 
which is one class higher than the 66 kV cable in the 
industry. This allows the straight joint constructions 

30 50 and the terminal end constructions 51 to be substi­
tuted with commonly available 77 kV cable counterparts. 

The straight joint construction so is arranged of 
epoxy unit type prefabrication form, as shown in Fig. 6, 
in which the jointing end of an adjacent cable 10 pro-

35 vided with its sheath (not shown) being removed off is 
coupled by a retainer 56 to the cable 40. The cable 
conductor 12 of the two cables 10 and 40 are jointed to 
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each other by a conductive connector 58. The cable ends 
where no sheath is provided are hence protected with a 
premolded stress relief cone 54 for stress relief. The 
conductive connector 58 and the premolded stress relief 

s cone 54 are also covered with an epoxy unit 52 which 
serves as an outer covering. When the cable 40 is of 66 
kV type and the thickness T2 of the insulating layer 16 
at each cable end portion 42 is arranged equal to that 

10 

of a conunon 77 kV cable, the epoxy unit 52, the premolded 
stress relief cone 54, the retainer 56, and the conduc­
tive connector 58 of the straight joint construction 50 
shown in Fig. 6 will be substituted with counterparts 
of the 77 kV cable. More particularly, the thickness of 
the insulating layer 16 at the cable end portion 42 

15 which is Tl in the prior art is arranged equal to that 
of a one class higher cable in respect to the dielectric 
strength and thus, like components used in the one class 
higher cable will be employed without modification. 

Fig. 7 schematically illustrates a continuous 
20 crosslinking extruder for fabricating a length of 

rubber/plastic power cable according to the present 

25 

invention. 
As shown, there are provided an induction heater 

coil 60 for heating up a cable conductor with a high-
frequency energy, an insulating material extruder 62 for 
producing the insulating layer 16 (shown in Fig. 4), an 
inner layer extruder 64 for producing the inner semicon­
ductive layer 14 (shown in Fig. 4), an outer layer 
extruder 66 for producing the outer semiconductive layer 

30 18 {shown in Fig. 4), a cross head 68, a crosslinking/ 
cooling tube 70, and pressure sealings 72 for sealing up 
both entrance and exit of crosslinking/cooling tube 70 
airtightly. 

In operation, the cable conductor 12 is heated 
35 with the induction heater coil 60 and transferred into 

the cross head 68 where it is coated at surface with 
the inner semiconductive layer 14 of a semiconductor 
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material extruded from the extruder 64. Succeedingly, 
the two extruders 62 and 66 feed an insulating material 
and a semiconductive material respectively for forming 
the insulating layer 16 and the outer semiconductive 

5 layer 18 over the inner semiconductive layer 14 thus to 
produce a core 19 of the cable. The core 19 is then 
transferred into the crosslinking/cooling tube 70 where 
it is first heated again for crosslinking of the layers 
and then, cooled down. 

10 During the above process of forming the cable core 
19, the insulating layer 16 of the cable 40 has to be 
increased in thickness at intervals of a given time to 
have the thickness T2 ·at each end portion 42 of the 
cable 40 which is greater than Tl at a center portion of 

15 the same. Fig. 8 shows the cable core 19 in which the 
insulating layer 16 is increased in thickness at equal 
intervals of the distance corresponding to a length of 
the cable 40. It would be understood that the thickness 
increased regions of the insulating layer 19 are 

20 expressed in Fig. 8 as radially increased portions 21 of 

the cable core 19 while the insulating layer 19 itself 
is unshown for ease of explanation. The radially 
increased portion 21 of the cable core 19 has a diameter 
of D + AD and the remaining portion or radially reduced 

25 portion 23 is D in the diameter. 
The cable core 19 is then cut crosswise at each 

radially increased portion 21 (along the one-dot chain 
line in Fig. 8) into a multiplicity of the cables 40, 

which will be described in more detail later. The 
30 radially increased portion 21 becomes the end portion 42 

of the cable 40. 

35 

The cable core 19 having the insulating layer 
increased in the thickness at equal intervals of the 
cable length, shown in Fig. 8, is fabricated with the 
apparatus 
operating 

( 1) 

shown in Fig. 7 when the following five 
conditions are satisfied. 
The feeding of the cable conductor 12 shall 
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be slowed down to a given speed when its particular 
portions which correspond to the end portions 42 of the 
cable 40 separated at the cutting procedure, move into 
the cross head 68. The feeding speed across the cross 

5 head 68 is determined with reference to the feeding 
speed of an insulating material from the insulating 
material extruder 62, the desired thickness of the 
insulating layer, and the crosslinking and cooling 

10 

15 

20 

25 

time of the insulating layer at the crosslinking/cooling 
tube 70. 

(2) The heating temperature shall be lowered by 

decreasing the high-frequency output of the induction 
heater coil 60 in proportion to the reduction of the 
feeding speed of the cable conductor 12. 

(3) The rotation of a screw (not shown) of the 
inner layer extruder 64 shall be lowered in proportion 
to the reduction of the feeding speed of the cable 
conductor 12. 

(4) The rotation of a screw (not shown) of the 
insulating material extruder 62 shall be controlled to 
a speed desired for producing the thickness T2 of the 
insulating layer 16 at each end portion 42. 

(5) The rotation of a screw (not shown) of the 
outer layer extruder 66 shall be controlled to a proper 
speed in proportion to the reduction of the feeding 
speed of the cable conductor 12. 

Through the operation of the apparatus with the 
above operating conditions being satisfied, the cable 
core 19 shown in Fig. 8 is produced having the insu-

30 lating layer 16 increased in the thickness at equal 
intervals. 

The pressure sealings 72 on the crosslinking/ 
cooling tube 70 are arranged to stand a stress caused 
by an increase, about 15 mm, in the outer diameter 

35 of the radially increased portion 21. For example, 
the increase in the diameter is expressed as 
(13-9} x 2 = 8 mm < 15 mm when the thickness T2 of the 
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insulating layer 16 at the end portion 42 of the cable 
40 of the embodiment is 13 mm which is equal to that of 
the insulating layer of a common 77 kV type cable, as 
compared with 9 mm of the thickness Tl of the insulating 

5 layer 16 of a common 66 kV type cable. Hence, the 
pressure sealings 72 exhibits an acceptable resistance 

10 

to stress when used in fabricating 13 mm of the thickness 
T2 of the insulating layer 16 at the end portion 42 of 
the cable 40 of 66 kV type which is equal to the 
thickness of the insulating layer of a one class higher 
77 kV cable. 

Fig. 10 illustrates the entire arrangement of a 
system for fabricating the cable core of the electric 
power cable line according to the present invention. 

15 As shown, a metering capstan 82 is provided for 
feeding the cable conductor 12 through a counter 84 and 
the induction heater coil 60 to the cross head 68. At 
the cross head 68, the cable conductor 12 is covered 
with an inner semiconductive layer, an insulating layer, 

20 and an outer semiconductive layer using the unshown 
inner layer extruder, the insulating material extruder 
62, and the unshown outer layer extruder respectively. 
The cable conductor 12 carrying the layers is then 
transferred to the bonding and cooling tube 70 for 

25 crosslinking and cooling. A finished cable core is 
drawn out by a takeup caterpillar 86 and rewound onto a 
takeup drum (not shown). 

There is a feeding speed regulator 87 actuated by 
a servo motor 92 which is controlled with a system 

30 controller 94. The feeding speed regulator 87 is 
arranged to control a drive motor 90 for feeding speed 
setting. The driving power of the drive motor 90 is 
transmitted through a reduction gear unit 88 to the 
metering capstan 82. The rotation of the drive motor 90 

35 is also transmitted from the reduction gear unit 88 to a 
pulse generator 96 which in turn delivers a digital line 
speed signal through a line speed meter 98 to the system 
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controller 94. Also, the counter 84 delivers data of a 
feed distance to a pulse converter 102 which in turn 
transmits a corresponding pulse signal to the system 
controller 94. 

s The inner layer extruder, insulating material 

10 

extruder, and outer layer extruder are all controlled 
by the system controller 94 in equal manners. In par­
ticular, the controlling of the insulating material 
extruder 62 will b.e explained. The driving force of a 
servo motor 104 controlled by the system controller 94 
is transmitted to an extruder speed regulator 106 which 
in turn determines the feeding speed of the insulating 
material from the extruder 62. A drive motor 108 is 
then actuated to produce the insulating material feeding 

15 speed at which the insulating material is pushed out by 
the rotation of a screw of the extruder onto the cable 
conductor 12. The operation of the inner and outer 
layer extruders is the same and will be no more 
explained. 

20 The system controller 94 is actuated by command 
signals supplied from an operation board 112. 

The temperature in the crosslinking/cooling tube 40 
can be controlled to a given degree by a thermal 
controller 110. 

25 The operation of the system shown in Fig. 10 will 
now be described referring to Fig~ 11. 

The system is started at Step Sl. 
At Step S2, the first setting for producing a 

center region of the cable is determined with the system 
30 controller 94 including the line speed of the line speed 

regulator 87, the extruder feeding speed of the extruder 
speed regulator 106, and the temperature of the thermal 
controller 110. 

At Step S3, the number of pulses corresponding to 
35 the feed distance is counted with the counter 84 and 

transmitted through the pulse converter 102 to the 
system controller 94. 
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Then, it is examined at step S4 whether the feed 
distance of the cable conductor 12 matches the line 
speed of the first setting of the line speed regulator 
87 or not. If not, the measuring operation is repeated 

5 and if yes, the procedure moves to step SS. 

10 

At Step SS, the line speed of the line speed 
regulator 87, the extruder feeding speed of the extruder 
speed regulator 106, and the temperature of the thermal 
controller 110 are shifted from the first setting to 
the second setting for producing both end regions of 
the cable. 

At step S6, the number of pulses corresponding to 
the feed distance associated with the second setting is 
counted with the counter 84 and transmitted through the 

15 pulse converter 102 to the system controller 94. 
Then, it is examined at step S7 whether the feed 

distance matches the line speed of the second setting of 
the line speed regulator 87 or not. If not, the 
measuring operation is repeated and if yes, the procedure 

20 returns back to Step Sl. 

25 

Then, the procedure will be repeated from Step S2. 
Through repeating the foregoing procedure, the 

cable core 19 shown in Fig. 8 is fabricated. 
The finished cable core 19 wound on the drum is 

then transferred to the next step for covering with a 
sheath. 

The cable core is fed out from the cable core drum 
and at the same time, a metal strip is drawn from a 
metal strip roll. For producing a sheath, the metal 

30 strip is fol~ed to a tubular shape so as to cover over 
the cable core 19 and welded along a seam. 

The cable core 19 protected with the sheath 22 is 
then cut to a number of the cables 40 by shearing across 
the center of each radially increased portion 21 

35 (denoted by the one-dot chain line in Fig. 8). The 
radially increased portion 21 becomes the end portion 42 
of the cable 40 where the diameter is greater than that 
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of the center portion 44, as shown in Fig. 4. 

If the sheath 22 is a wave-formed metal tube as 
shown in Fig. 9 and its inner diameter is as small as 
the outer diameter of the radially increased portion 21 

s of the cable core 19, the semiconductive layer 18 and 
the shield layer 20 are not provided on the portion 21. 
Accordingly, the overall diameter of the cable core 19 
can substantially match the inner diameter of the metal 
tube 22 and the cable core 19 will be accommodated in 

10 

15 

the metal sheath 22 of an extensive length. The semi­
conductive layer 18 and the shield layer 20 need not be 
provided on the portion 21, since these layers 18 and 20 
on the portion 21 are removed when the cables 40 are 
jointed to each other. 

In production, the wave-formed metal tube 22 is 
mounted over the cable core 19 by being pressed by a 
disk shaped pressing rollers circumferentially of the 
cable core 19. 

Also, the foregoing arrangement in which the shield 
20 layer 20 is formed not on the radially increased portion 

21 of the cable core 19 which become the end portion 42 
of the cable 40, but on the center portion 23 of the 
cable core 19 and the sheath 22 is formed of a metal 

25 

tube having a uniform inner diameter, allows the insu-
lating layer 16 to be increased in thickness by the 
thickness of the shield layer 20 at each end portion 42 
of the cable 40. This will be much advantageous when 
the sheath 22 is a wave-formed metal tube. More speci­
fically, such a wave-formed metal tube has its wall of a 

30 considerable thickness. Therefore, if the cable 40 is 
limited to a smaller diameter size, its insulating layer 
16 has to be reduced in thickness. However, the 
foregoing arrangement in which the shield layer 20 is 
not provided on the cable end forming portion 21 of the 

35 cable core 19, permits the insulating layer 20 to be 
thickened at each cable end portion 42 by the thickness 
of the shield layer 20. 
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For producing the shield layer 20 at the center 

portion 44 of the cable 40, a tape head (not shown) for 
applying a shielding material (e.g. a strip of copper 
tape) is actuated when the center portion 23 of the 

5 cable core 19 moves into during running and stopped when 
the radially increased portion 21 runs underneath. 

10 

At set forth above, the electric power cable line 
of the present invention is arranged in which the 
insulating layer at the end portions of each cable is 
increased in the thickness more than at the remaining 
portion so that the dielectric strength on the cable 
straight joints and terminal ends thereof becomes high. 
Hence, the power cable line will be enhanced in the 
operational reliability. Also, the thickness of the 

15 insulating layer at the cable end portions is determined 
identical to that of a commercial cable of one class 
higher dielectric strength type. Accordingly, the like 
components of the commonly available cable of any one 
class higher type can be used for coupling the cables of 

20 the present invention to one another and the overall 
cost of the power cable line will be reduced with no 
need of designing new joint components. 

25 

The higher dielectric strength according to the 
present invention will be described in conjunction with 
one example. In the prior art, the dielectric strength 
of a center region of a common 66 kV cable which is 
maximum at 500 to 600 kV of a long-time AC supply was 
declined at our test to as low as about 60% or 300 to 
350 kV on the cable jointing point and the terminal end. 

30 The cable of the present invention of which insulating 
layer has a thickness of 13 mm at the end portion which 
is equal to that of the insulating layer of a known 77 
kV cable, exhibited a higher dielectric strength on the 
cable straight joint and the cable line terminal end 

35 which withstood about 360 to 420 kV of a long-time AC 
supply. More particularly, ~he dielectric strength on 
the cable straight joint and the cable line terminal 
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end was increased about 70%. The dielectric strength 
to 360 to 420 kV is equal to a limit dielectric strength 
of the cable jointing point or cable line terminal end 
of the common 77 kV cable. The cable end portion of the 

5 present invention contains the insulating layer of an 
increased thickness so that the dielectric strength at 
each cable straight joint and also, each cable line 
terminal end is increased and the electric power cable 
line will thus be enhanced in the operational reliabi-

10 lity. 
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claims: 

1. An electric power cable line comprising a 
multiplicity of cables {40) jointed to one another, 
each cable having an insulating layer (16) therein which 
is increased greater in thickness at two end portions 

5 (42) of the cable than at the remaining or center 
portion (44). 

10 

15 

20 

25 

2. An electric power cable line according to 
claim l, wherein both ~he cable joint construction of 
each straight joint (SO) and the cable line terminal end 
construction of each terminal end (51) are arranged 
identical to those of a known power cable line of which 
cable insulating layer has a thickness (T2) equal to 
that of the insulating layer at the two end portions of 
the cable. 

3. An electric power cable line according to 
claim l or 2, wherein the insulating layer (16) is 
covered with a semiconductive layer (18), a shield 
layer (20), and a cable sheath (22). 

4. An electric power cable line according to 
claim l, wherein the thickness (T2) of the insulating 
layer {16) at the two end portions (42) of the cable 
(40} is substantially equal to that of the insulating 
layer of a known cable of one class higher dielectric 
strength type. 

s. An electric power cable line according to 
claim 2, wherein both the cable joint construction of 
each straight joint (50) cable joiner and the cable line 
terminal end construction of each terminal end (51) are 
arranged identical to those of a known cable of one 

30 class higher dielectric strength type. 
6. In a method of fabricating the cable cores (19) 

of cables (40) which are jointed to one another forming 
an electric power cable line, the improvement compri­
sing: 

35 coating with an insulating layer (16) the surface 
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of a cable conductor (12} which is running forward so 
that the thickness (T2) of the insulating layer is 
greater at a particular portion (42) of the cable (40) 
conductive which becomes an end portion (42) of the 

5 finished cable than at the other portion {44) which 
becomes a center portion (44) of the cable. 

10 

7. A method according to claim 6, wherein the 
cable conductor (12} is coated with, in an order, a 
shield layer (20) and a sheath (22). 

8. A method according to claim 7, wherein the 
sheath (22) is formed of a metal tube material of given 
shape and the shield layer (20) is provided only on the 
cable center forming portion {44) of the cable core (19) 
so that the overall diameter of the cable (40) is pre-

15 vented from increasing by a thickness of the shield 
layer at each cable end portion. 

9. A method according to claim 8, wherein the 
sheath (22) is formed of a wave-formed metal tube. 
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