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An electric gower cable line and a method of
fabrlcating he 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
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-
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 simplicity because two,
upper and lower, halves of the cable 10 are symmetrical
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
to withstand a high voltage in long-time service. 1In
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
lines, improved straight joints and terminal ends are
much desired.
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relation with the prises a slit portion 33a in I,ch case the sheet S
bet ween them and each support hav- scoring nmay upper
end of ing an electrical resistance heating el enent ﬂ with an
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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.

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

10 end portions 42 of each cable 40 than a thickness T1 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
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

25 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 Pig. 1;

Fig. 3 is a longitudinal cross sectional schematic

view of a straight joint construction between the two
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sub- 15 tion ybiadys final form particularly of the jected to a

combination of rrech%[}igc‘alll ainsd a %.%ngitudinal cross sectional view of
a cable of an electric power cable line according to the
present invention;

5 Pig. 5 is a schematic view of the electric power
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

10 two cables shown in Fig. 4;

FPig. 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;

15 Fig. 9 is a 1ongitudinal 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 FPig. 11 is a flow chart showing a procedure of
steps in the system shown in Fig. 10.

Detailed Description of the Preferred Embodiments

Preferred embodiments of the present invention will

) be described in more detail referring to the accom-

25 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. §
shows an electric power cable lipe 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 43, straight joint
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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 T1 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 egqual in
thickness to that of the cable end portion 42. Hence,

20 they are also increased in the dielectric strength.

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 T1 of the insulating layer 16 is 9 mm

25 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 50 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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premolded stress relief cone 54 for stress relief. The
conductive connector 58 and the premolded stress relief

5 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

of a common 77 kV cable, the epoxy unit 52, the premolded

10 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 T1 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
invention.

As shown, there are provided an induction heater

) coil 60 for heating up a cable conductor with a high-

25 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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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
preduce 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.

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

35 apparatus shown in Fig. 7 when the following five
operating conditions are satisfied.

(1) The feeding of the cable conductor 12 shall
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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
time of the insulating layer at the crosslinking/cooling

10 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.

15 (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

20 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

25 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

S

core 19 shown in Pig. 8 is produced having the insu-
30 lating layer 16 increased in the thickness at equal
intervals.

The pressure sealings 72 on the crosslinking/
coocling 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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the insulating layer of a common 77 kV type cable, as
compared with 9 mm of the thickness T1 of the insulating
layer 16 of a common 66 kV type cable. Hence, the
pressure sealings 72 exhibits an acceptable resistance

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.

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,
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
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
controller 94. The feeding speed regulator 87 is
arranged to control a drive motor 30 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
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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transmits a corresponding pulse signal to the system
controller 94. _
5 The inner layer extruder, insulating material
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 be explained. The driving force of a
10 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 Pig. 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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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 S5.

At Step S5, 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

10 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 Sli.

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
25 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 folded 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 PFPig. 9 and its inner diameter is as small as
the outer diameter of the radially increased portion 21
5 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 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.

15 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

- 11 -

) tube having a uniform inner diameter, allows the insu-

25 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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enabl e sone creep- shape of the |lower part 67 of the plunger is 5 I ng of
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dinensions of 70 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.

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

10 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.
The higher dielectric strength according to the
) present invention will be described in conjunction with

25 one example. 1In 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, the dielectric strength on
the cable straight joint and the cable line terminal
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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).
2. An electric power cable line according to
claim 1, wherein both the cable joint construction of
: each straight joint (50) and the cable line terminal end
) 10 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.

15 3. An electric power cable line according to
claim 1 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

20 claim 1, 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.

25 5. 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

| W
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.20 tinme the plunger 54 reaches the limt of its die part-60. Annul ar

shoul der 64 need not be 85 downwar d stroke as sho in_Fig. .5d suction
of the greatest dinension of body part 10 and ThisS eeﬂ “ &ﬂ%ugh

sul tabl e neans and appro- the preferred dinensioﬂl H at e that
priate conduits such as at the pipe 48 ang of th i on of band
20 and the the plastic material is quickly drawn into firm greatest
di mensi on of body 10 so that on in- 25 engagenent with the interior walls
of the die sextfi ahcabile apnaduaftcdrody 210 wikicolh s runmeed orwadl so cup.

Z;‘Sa'ngltg[]' 8][ What Thel 181 UREP (@25 B tnd 1hdiBdihhdydt Ry, and on
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.
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).

10 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.

AR
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vided with suitable enbossing formations band 20 into engagenent with
annul ar shoul - appropriate to forrmng the decorative patterns der 64,
bapd 20 is stretched within its elastic and data desired on the outer
surface of the I|imt. This arrangenent nmakes possible the 30 container.
Such as those indicated and des- vertieall shearing of the waste flange of
sheet 95 cribed in connection with Fig. 1. Adjacent the S wi t hout
permanent|ly altering dinmensions of top of the interior surface of the
die cup 46 badgtrecind i(Fddgoard 20. there is also located an inwardly
proj ecting The formng cup die 46 and the trinm ng

"AN ELECTRIC POWER CABLE LINE AND A METHOD OF
FABRICATING THE SAME"

An electric power cable line 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 (T1l) at the other or center

5 portion of the same. Since the insulating layer is
increased in thickness at the end portions (42) of the
cable (40), thus an electrical stress exerted on the
overall layer construction of the end portions (42) is
lowered. Hence, the dielectric strength of the end

10 portions (42) of the cable (40) becomes high and the
power cable line will thus be increased in the opera-
tional reliability.

Sheet Has Been Reﬁaced
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flat annular area 59, about 1/3 of an inch in die parts 60 and 62 may have
special forma- 35 vertical width, defined by the shoulder 59a tions at
the uppropriate areas to define and 100" ~~ "adapted to form the band 20
illustrated in produce the cut ot SRR fidsRBendeiflg t NE CON- Fig. 4 for
exanpl e. The anmount of the inward | ‘ 'n Fig. 3. ext ensi on of
the band 59 corresponds substan- umﬂmm)ﬂ (Mrt 11 is |ikew se forned by
a tially to the thickness of t nge 24 draw ng operation

in suitable dies but since 40 of the cover, to be subsequently appli ed.
The the cover has |ess depth and there is no under- 105
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sides of the container therefore are in effect cutting in the sides it is -
a nmuch sinpl er opera- undercut relative to the band 59 qﬂHSMB%ﬁW

and may be performed purely ntchani - ot her portions of t
are undercut <cally. The cover, conversely to the body part,”mlﬂ"mlmwl
accordance wth the enbossing and designs is formed agai nst

plug and 45 forned therern. However, because of the thin hence the
interior of th& cover is snooth and 6110 fl exi bl e character of the
wal l's of the u Qinaue accurately té di i8nsi on, and adapt28 to fit
container, no difficultyW4is encountered {n r20 precisely{the exterior of
t he band 20

5 S0
‘ 42 42
40
- e
48 48

sy O
54 54
10 45?- 4(2 40
! 56
58
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moving it fromthe die cup at the appropriate body part. st age.

The thickness of the wall of the container 50 As a further step the .
formed container is is selectively controlled and deter n d 115

wi thdrawn fromthe die cup and noved to a the various s

and the net hod suitable trimm ng apparatus such as |n

produce the desired container described in Fig. 5e.

mechani sm i ncludes generally abevi in connection with Figs. 1 to
bottomdie part 60 and an uppeff cl ¢np plate 4. The relative dlstrlbution

of the plastics
62
€0 72 7{) 72
¢ i

64 .66
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55 " 61 and a vertically novable shearing die or material throughout the

various regions of the 120 pl unger 62. The plunger 62 has an annul ar
container walls is an inportant feature. The shoul der - 63 which is noved
downwardly into container as a whole is very |ight weight aqd sheari ng
relation with the annul ar shoul der 64 thin walThigh a m ni mum
of mat - of the shearing die nenber 60 as ind and is

i ntended to be a one tinme use or 60 by the brok i on 62[err] of

the plunger "throw away" type. The side walls have an 125 wher eby t he
waste horizontal flange area of average thickness |ess than .012 of an
I nch o
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the sheet S is severed at a sharp Iine leaving and p'referably in a range
.be!OM/.Olo of an t he body part 10 of Fig. 1 with a snmoot’h uni-- inch

prior to the enbossing. Ordinarily the formtop edgengg oted
that the plun- thickness should not be | ess than about .
rounded | ower corners at 65 and of an inch, the thlckne m ﬂ |ve

of any 130
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-
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An electric power cable line and a method of
fabricating he 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
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-
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 simplicity because two,
upper and lower, halves of the cable 10 are symmetrical
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
to withstand a high voltage in long-time service. 1In
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
lines, improved straight joints and terminal ends are
much desired. i
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f of ned- by the enbossing. In this connection it stantrafly'in excess of 2

I nches.. The body part Is noted that when the term
a container therefore nade in accordance ness" is usé@‘
the clains, it wth the present nethod and principles M
1| ar

I ntended to nean the equival ent sheet priop -invention
wal | thickness, 70 to or without enbossing. The relative thln- has an
area of a little over 18 sqg. inches, or, ness of the material in the
sides or panel sec- Itndbulihng eheobjest, of hbheopaksenda iinyeadyooxito

tSngg.il 'n; 'rmrffo”ﬁ%viaeeﬁﬁbbi%&ttr'ié pekesstagie Tehe! ¥nderdid SHA S ddches.
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.

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

10 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
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

25 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 accémpanying 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 . Pig. 1;

Fig. 3 is a longitudinal cross sectional schematic

view of a straight joint construction between the two

This is the replacement sheet
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to be effiected. The upper band portion 20 generally the total area is in
excess -of 20 sq. 10 1is substantially thicker than the side panel in and
the total weight is correspondingly 75 sections whereby the band 20 is
somewhat sonewhat |ess than that of the 85 mm cigar- stiffer and
better adapted to support the ette contaiRer. cover and to resist
per manent benndi ng or In the assenbly of the cigarette package the
crunpling of the top edge in use. The thick- bundle of cigarettes is of
course insertedcabléS; ness of the band 20 should nornally be above the

body part 10 before-fhg cqvek LS18RABikGH1na80cross sectional view of
a cable of an electric power cable line according to the
present invention;

5 Fig. 5 is a schematic view of the electric power
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

10 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;

15 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
steps in the system shown in Fig. 10,

Detailed Description of the Preferred Embodiments
Preferred embodiments of the present invention will
be described in more detail referring to the accom-

25 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, stralght joint

This is me repigcament shest
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.010 inch and preferably about .012 inch at The cigareties may be
pre-wrapped in a suit- | east in thickness. The bottom area of the
abl e paper such as gl assine but because of the cont ai ner body may have
a thickness generally character of the plastic box including its high
simlar to that of the side panels but prefer- resistance to noisture
penetration the ordinary 20 ably be sonmewhat thicker for added strength
tin foil wapper can be omitted. After the 85 and resistance to
flexi ng. The t hferabryesiens &0gapadt Esrminalnendt eanshsussioasnsl -has
anpl e the coMertabedsrmghadspand dgngkal byol9akhoae pvbthmeass ¥y
ability to retakﬂeltgbigage to en-

c ine.
‘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 T1 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.

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

25 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 50 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

This is the replacement sheet-
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of tthe' bddy part, but preferably the flange part able the ready
application of the cover by auto- 2-4 has a thickness of at |least .012
inch to pro- matic machinery including the securing of the 25 vide
substantial stiffness, and a thickness at the normally fixed portion 23 by

sui tabl e nmeans 90 hi nge area in the.rgnge below .012 inch, as for
such as adhecive or heat sealing. exanpl e about .007 inch, to provide
greater As heretofore described the cover is so flexibility and

freedom from feadhiiothethdy shamediwrtd viesogned tolratssupoTheperdblg aindshe
o Ciners L e P W ditth NP Vit bre hbflct ittty WA
premolded stress relief cone 54 for stress relief. The’
conductive connector 58 and the premolded stress relief
5 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
of a common 77 kV cable, the epoxy unit 52, the premolded
10 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 T1 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
invention.
As shown, there are provided an induction heater
coil 60 for heating up a cable conductor with a high-
25 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

This is ne 1epiacement shest
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30" t'i cularly applicable to a polystyrene thermmo- near the hinge flare or
flex outwardly away 95 plastic material. . .

from the band section 20 of the main body. The container is _
exceptional ly light weight This is illustrated nore clearly in connection
requiring very little material for its sizegand wth the sinple form
shown in Figs. 6 to 8. rel atively long dinmension in the direction of

In this case the cover 1l[err] has a hinged lid 70 35 its vertical draw
For a cont ai ner rafreniphokxtraded af bos sthe anttxardﬁmau. 7Isudcéd@idgpy sum

200 ot rggvggaggawo%ma&fgaéft;&& EOTFRI Yan OGS AIEL S AL Ly the
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.

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

" 35 . apparatus shown in Fig. 7 when the following five
operating conditions are satisfied. .
(1) The feeding of the cable conductor 12 shall

This & g replacemernt shewt
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referred to as "King size", the bcdy part of and 73 of substantial depth
defining a hinge the container is approximately 3-1/4 inches line.
Each side flange has a slit, extending up- hi gh, the width is about
2.13 inches, and the wardly a short distance fromthe bottons edge, 40
di mensi on across the narrow side or edge- i%s~that at one side being shown
in Fig. 7 at 74. approximately 0.9 inch. The total area of the In
Figs. 6 and 7 grooves 72 and 73 extend sides and bottom” therefore
conputes to  upet Rdoyiededoym ds R B vass sRasdy sherpukt seperticular

approxi mately 2gosgiahe whikes coftesiing to @M and fohasshofed e hgss. In
either case the%able 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
time of the insulating layer at the crosslinking/cooling

10 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,

15 (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

20 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 scréw (not shown) of the
outer layer extruder 66 shall be controlled to a proper

25 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 1ayer 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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styrene naterial heretofore nentioned as useful are interrupted by a
central -portion 75 having 45 for the containers has a wei ght or specific

a top surface in the plane the top of the 110 gravity of about 1.05
gm per cubic centi- boss and el evated above the surface of the nmet er
and the weight of the body part for the .cqyer 1l[err] in general. As the
lid 70 is raised 85 mm G garettes enploying such material the |lines or
grooves 72 and 73 determ ne the is approximately 2.6 gm or, stated in
gener al bendi dgsai attiinge laysr Wé @t etierd®l tgortiidth 52 dertle GdBhe

glm'Jg‘éV' ng Lor soug 3Flhe’ Ankdid iHent I Y G Wl EE VRN Yedouldl o4 'S
the insulating layer of a common 77 kV type cable, as
compared with 9 mm of the thickness T1 of the insulating

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

10 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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i n"di‘mensi‘ons, and in the particular plastics upwardly to the position
70[err] :in Fig. 7, and enpl oyed, the weight is less than 3.5 gns.
normally on to a 90[err] position or further, the The cover for the
present contai ner has a md portion ef the lid at the area 75 is de-
flange or skirt approximately 0.46 inch widg¢ - pressed relative to the top
surface of the lid 55 and the total area of the top and flange com as

i ndi cated generally at 76 in broken lines 120 pute to approximately
4-3/4 sq. in. ancoritwolierFpg. 7AlsbQ. tBesbousten 84l delinesst Hatacer a

wel ght T 2P OB Cl¥staodo! B fupBELihfertlo™ 6 WREA:RTELLR the
transmits a corresponding pulse signal to the system
controller 94.
5 The inner layer extruder, insulating material

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 be explained. The driving force of a

10 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 S1.

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.
This is the replacement shest
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but typical exanple the weight was 0.8 gm 7 when the |id is closed, and

I n broken |ines
correspondi ng
body and cover

The total area of the container for 85 nm the
section or rear edge of the 60 <cigarettes including the
is |lid when it is raised to the broken |line posi- 125

approximately 26-3/4 sqg. in. and the total ygtion 70[err] of Fig. 7, the
broken |ine shape in wei ght less than 4.5 gm, and in the specific
Fig. 8 corresponding to the plane 8a-8a in exanpl e above nenti oned

t he wei ght was
gm
per pendi cul ar

10

15

about ThEhg. it. ikt ewahlinedt ad sbep Shewhledhge Rhd Feed 3.4
distance of the cable conduczgragg %gtggg%i%ﬂg:hgikgntially
speed of the first setting of the line speed regulator

87 or not. If not, the measuring operation is repeated
and if yes, the procedure moves to Step S5.

At Step S5, 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
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

20

25

30

" 35

the line speed regulator 87 or not. If not, the
measuring operation is repeated and if yes, the procedure
returns back to Step Si.

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
strip is folded 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
(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
5 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 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.

15 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
tube having a uniform inner diameter, allows the insu-

25 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
pottion 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
cable core 19 moves into during running and stopped when
the radially increased portion 21 runs underneath.

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
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
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.

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.
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
which withstood about 360 to 420 kV of a long-time AC
supply. More particularly, the dielectric strength on
the cable straight joint and the cable line terminal

This is e repiscement sheetl
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juncture Yherewi th but because the central part Figs. 12 to 15 depict

still "a further form of the Ilid at the section 8a is depressed as of
cover 88 which functions in a nmanner shown at 76 this causes the
flanges 77 and 78 generally simlar to that of Figs. 1 to 4 for to be

flared outwardly away fromthe sides of _exgnple but has features which
render it a pre- 5 the main body part and accordingly when the ferred
form in many respects. As indicated 70 lid is opened 90[err] or nore

and then cl osedend 'wés gsncieasad aBoube7oeverThe gyslettiic strbhgthottom
Ief'ge’ and partiedl akhyebng bRy 1§35q880 kot 00 ThoE! 8181808V EESEerbgeRS
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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corners such as indicated at 79 in Fig. 7, do has two el evated ridges 90a
and 90b separat ed “not catch on the top edge of the body part. by a
depressed transversely curved m ddl e zone 10 The out warmbis lieetrHamaeeoRenl

flanges 77 and 78 91. The top may have any desired dec

I ncreases progrcssively as the lid is opened pattern

present form being and by the tinmet4dhe |id |s opene a out

provided wth fine serrations 92 extending nore to the p05|t|on of
Fig. 10, for exclakmsgitudinally of the zone 91, A i ght or smal

anple, the flared condition has becone quite score |line may be pre-forned

as shown at 93
1. Aan 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).

2. An electric power cable line according to
claim 1, wherein both the cable joint construction of
each straight joint (50) and the cable line terminal end

10 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 portlons of

_ the cable.

15 3. An electric power cable line according to
claim 1 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

20 claim 1, 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.

25 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 powef cable line, the improvement compri-
sing: ' - .

35 coating with an insulating layer (16)~the surface

This is the repiacement shest
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15 -.substantial. Accordingly with any shape on the to éfd"Th“défThing
hinge line. Also a slfit 80 rear edges of the lid sucﬁustgj;ggtﬂgscge
re-. or weakened line 94 is provided in each of the

edge of the body for 45 err] two side flanges at the h|ng

of the opening of the lid wll ensure frgedom previously

of cover. The form fromcatching or interference upon cIOS|ng

Figs. 12 to 14 can be drawn readily with 20 A simlar operation and
result occur w olf a hmhimsicrami\th’cswimy othigh dlsastirosingtforwdrd 85

the preferred fqp %}tofth%owlm frd) Bt the ThsJ1AMEy aypdd i ar eas

have a thickness ©
greater at a particular portion (42) of the cable (40)

conductive which becomes an end portion (42) of the
S finished cable than at the other portion (44) which
becomes a center portion (44) of the cable.
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).

10 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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to 3 as has been heretofore nentioned, the de- .012 inch or nore and as a

result. substanti al " tailed discussion having been made in connec-
stiffness and ability to naintain their shape tion with the somewhat
nore sinple form of free of curling or other distortion. On the 25
construction of Figs. 6 to 8. ot her hand the area at the
hinge line 93 is 90 Figs. 9 to 14 illustrate another form of cover
drawn to a thickness |ess than .012 inch such whi ch provi des the sane

general result. abstilict: agRilghut4). 007 inch or |l ess whereby it will flex
case the hinge line for the lid 80 is defined readily without failure.

"AN ELECTRIC POWER CABLE LINE AND A METHOD OF
FABRICATING THE SAME"
An electric power cable line 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 (T1l) at the other or center
5 portion of the same. Since the insulating layer is
increased in thickness at the end portions (42) of the
cable (40), thus an electrical stress exerted on the
overall layer construction of the end portions (42) is
lowered. Hence, the dielectric strength of the end
10 portions (42) of the cable {40) becomes high and the
power cable line will thus be increased in the opera-
tional reliability.
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by argroove or score line 81 which is arc The two ridge areas 90a
and 90b cause the 30 "shaped in the plane of the top. The position fl ange
portions 96 and 97 to flex outwardly 95 of the groove 81 may be varied
and corres- respectively when the lid 98 is lifted similarly

pondingly the size of the hinged Iid 80. This to this ultimte effect to
the other forms. This form |acks the advantage, however, of the is
illustrated diagrammatically in Figs. 13 and cover being reversible as
to position since for 15. As the lid 93 is lifted to the position in di-
35 the desired functioning the md portjfs%n 82 cated in broken lines at
98[err] in Fig. 13 and on 100

32 34 i

F1 G 3
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of the'grbove 81 nust be convexed outwardly,
t oward
t he hinge area bends downwardly as
weakening indicated at 99 in Figs.
insure ready -tearing upwardly to the
outwardly 40 hinge |line 81 when the | i%d' 3

portion of the ridge

further beyond 90[err] the
t he openi ng edge of the lid. Each 90b at
side flange has a slit 83 or other
13 and 15. This causes means to
t he adj acent flange part 97 to flex
s pushed open. to the position

i ndi cat ed geneggl |y a broken 10%g , Because the cen | portion S2 of
the hinge linej linel4at 97[err] in Fig. aE expl ai ned fully S
bowed outwardly to t he rif Pn connectior{ with the form

shown in Fig

s LT S I T T T T oo

49 ~
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swung upwardly, the area around the point 82 A simlar result occurs at

the ridge 90a and I s depressed relative to the top surface in flange
portion 96 at the opposite side of the 45 general as incdicated by the
broken line 84 in 1lid. 110

Fig. 10. In-use of the package to extract a Vari ous ot her changes and
di fferent enbodi - cigarette the 1i3ys80 commonly will be opened ment s
of the container could be madeywrthin to about a 90[err] angle. Fig.

10 shows the |id the principles described or indicated in the in

broken |ines at an internediat& poEition foregoin, and it is intended that
all matter 62
Ve
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50 " 80[err] but the effect of the depressed area 84 set out therein or

shown in the acconpanying 115 I s present and becones progressively

greater as drawi ngs shall be interpreted as illustrative the lidis

opened further. As in the other and not in a limting sense except as

defi ned forns of container cover, the net result is to in the

foll ow ng cl ai ns. ." cause the flanges to flare outwardly particu-

VWHAT WE CLAIM1S:- 55 Jlarly at the rear gﬂiners and the lid nmay be

1. A cup-shaped container of drawn seam ‘120 readily closed from a

full opening of 90[err]gor |less single piece thernoplastic material of’
o

sub- :

=
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mor e* Wi t hout the, flanges catching on the top stantial stiffness but

elastic in deformation, edge of the container body. The effect is
shaown sai d contai ner havine the shape of an obl ong particularly in
Fig. 11 where the full lines rectangle in cross section with opposed
gener- 60 conprise a section on the plane 11-11 of ally parallel side
wal | s having a height  in ex- 125 Fig. 10 wwth the lid closed and the
br oken cess of two inches the smaller i8¢Pde trans- | i nes conprise a
section on the plane 1lla- verse dizgfsken—beLng—ff nore than one inch,
lla of Fig. 10 with referencg{o t r okegTAREN t rati o of the height
to said smaller

i

FIRST SETTING FOR
s2_~ PRODUCING CABLE
CENTER PORTION

l

s3_~  MEASURING FEED
DISTANCE

S4

DOES FEED
DISTANCE

MATCH FIRST
NSETTING ?

SECOND SETTING FOR
S5} PRODUCING CABLE
END PORTION

%

MEASURING FEED
S6~~  DISTANCE

DOES FEED
DISTANCE MATCH
SECOND ,’gemue

YES
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*l'ine position 80[efr] of the lid, the outwardly transverse di nension ‘bei ng

In excess of two 65 flared flanges being indicated at 85 and 86. and
one-half to one, the side walls being em 130
..2.._

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

According to the invention in a first aspect, there is
provided an electric power cable line comprising a
multiplicity of cables (40) joined to one another, each cable
having an insulating layer (16) therein which is increased
greater in thickness at two end portions (42) of the cable
than at the remaining or center portion (44), wherein the
insulating layer‘(16) is covered with a semiconductive layer
(18), a shield layer (20}, and a cable sheath (22)}.

According to the invention in a second aspect, there is
provided an electric power cable line comprising a
multiplicity of cables (40) joined to one another, each cable
having an insulating layer (16) therein which is increased
greater in thickness at two end portions (42) of the cable
than at the remaining or center portion (44), 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.

According to the invention in a third aspect, there is .
provided an elecfric power cable line comprising a
multiplicity of cable (40) joined to one another, each cable
having an insulating layer (16) therein which is increased
greater in thickness at two end portions {42} of the cable
than at the remaining or center portion (44), wherein both
the cable joint construction of each straight joint (50) and
the cable line terminal end construction of

This is the replacement sheet
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"939, 088 7 bessed exteriorly, and
the side walls having an 5. A container according to any of clains 15
average thickness prior to enbossing of |ess 1 to 4 characterized by the
fact that it has than .012 of an quﬂi_gnd sai d contai ner hav- been
produced by a deep draw ng operation a total weight less than 4.5
gns. eachotprinéhay endchahi cakbyadranged idenvbcalitd 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, and 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 class higher dielectric strength type.

According to the invention in a fourth aspect, there is
provided an electric power cable line comprising a
multiplicity of cables (40) joined to one another, each cable
having an insulating layer (16} therein which is increased
greater in thickness at two end portions (42) of the cable
than at the remaining or center portion {44), wherein both
the cable joint construction of each straight joint (50) and
the cable line tgrminal end construction of each terminal ena
(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, wherxein the insulating layer (16) is covered
with a semiconductive layer (18}, a shield layer (20), and a
cable sheath (22}.

According to the invention in a fifth aspect, there is
provided a method of fabricating the cable cores (19) of
cables (40) which are joined to one another forming an
electric powasr cable line, the improvement comprising:

coating with an insulating layer (16) the surface 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 finished cable than at the
other porticn (44} which becomes a center portion (44) of the
cable.
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*5 2. A container according to claim 1 having into a female die and

appl ying suction in the a total exterior area of at |east 18 square
female die to conplete the drawing and sinul- 20 i nches.
taneously effect the said enbossing 3. A container according to

claims 1 or 2 6. A contai ner substant?glly as herei nbefore
characterized by having at its upper end a described with reference to the

accompany! ng, L0mPer LRGERBLLY, oe! gachage baTty ERElerARly colp phgvinos

greater thickness han sa PARRY
following detailed description when taken in conjunction 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 Fig. 1;

Fig. 3 is a longitudinal cross sectional schematic view
of a straight joint construction between the two
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‘4. A container'accérding to claim3 charac- & ROLLI NSQON,

terized by having a cover adapted to fit tele- Chartred Pat net
Agent s, scopically over said band. Agent s
for the Applicants . - 14 -

Claims:

1. An electric power cable line comprising a multiplicity
of cables (40) joined to one another, each cable having an
insulating layer (16) therein which is increased greater in
thickness at two end portions (42) of the cable than at the
remaining or center portion {44}, wherein the insulating
layer {16) is covered with a semiconductive layer (18), a
shield layer (20}, and a cable sheath (22).

2. An electric power cable line comprising a multiplicity
of cables {40) joined to one another, each cable having an
insulating layer (16) therein which is increased greater in
thickness at two end portions (42} of the cable than at the
remaining or center portion (44), 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.

3. An electric power cable line comprising a multiplicity
of cable {40) joined to one another, each cable having an
insulating layer (16) therein which is increased greater in
thickness at two end portions (42) of the cable than at the
remaining or center portion (44), wherein both the cable )
joint construction of each straight joint (50} and the cable
line terminal end construction of ezch terminal end (51) are
arranged identical to those of a krown 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, and wherein both the cable Zoint 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 class higher
dielectric strength type.
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4. An electric power cable line ceomprising a multiplicity
of cables (40} joined to one another, each cable having an
insulating layer (16} therein which is increased greater in
thickness at two end portions {42) oI the cable than at the
remaining or center portion ({44), wherein both the cable
joint construction of each straight Zoint (50} 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, wherein the insulating layer (16) is covered with a
semiconductive layer (18}, a shield layer (20), and a cable
sheath (22).

5. In a method 'of fabricating the cable cores (19) of
cables (40) which are joined to one znother forming an
electric power cable line, the improvement comprising:
coating with an insulating layer {16) the surface of a
cable conductor {12) which is running forward so that the
thickness (T2} of the insulating laysr is greater at a
particular portion (42) of the cable (4b) conductive which
becomes an end portion (42) of the finished cable than at the
other portion (44} which becomes a center portion (44) of the

cable.

6. A method according to claim 5, wherein the cable
conductor (12) is coated with, in an order, a shield layer
{20) and a sheath (22}.

7. A method according to claim 6, wherein the sheath (22)
is formed of a metal tube material ¢I given shape and the
shield layer (20) is provided only cz the cable center
forming portion (44) of the cable cors (19) so that the
overall diameter of the cable {40} is prevented from
increasing by a thickness of the shisld layer at each cable
end portion.

e
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8. A method according to claim 7, wheérein the sheath (22)
is formed of a wave-formed metal tube.
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