wo 2017/0296277 A1 |1 I D00 OO 0 0 000 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/029627 Al

23 February 2017 (23.02.2017) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
H02G 15/08 (2006.01) H02G 15/24 (2006.01) kind of national protection available): AE, AG, AL, AM,
21) Int tional Application Number: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: PCT/IB016/054937 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
18 August 2016 (18.08.2016) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. ) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
62/206.835 18 August 2015 (18.08.2015) ys (84) Designated States (unless otherwise indicated, for every
’ kind of regional protection available): ARIPO (BW, GH,
(72) Inventor; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant : CHAN, Lin Fong [CN/CN]; G/F., Tak Kee TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
Group Centre, 30-38 Lam Tin Street, Kwai Chung, N.t., TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Hong Kong (CN). DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Inventors: WONG, Ha Ming; G/F., Tak Kee Group LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
. . SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
Centre, 30-38 Lam Tin Street, Kwai Chung, N.t., Hong GW . KM. ML. MR. NE. SN. TD. TG
Kong (CN). LAURENT, Michel Pierre; G/F., Tak Kee > > - NE, SN, TD, TG).
Group Centre, 30-38 Lam Tin Street, Kwai Chung, N.t., Published:
Hong Kong (CN). —  with international search report (Art. 21(3))
(54) Title: A TRANSITION JOINT

100

Fig. 1

(57) Abstract: A transition joint connects an oil-filled cable to a solid dielectric cable and includes a connector, a fiber glass tube
(210), a pre-moulded joint body (108,228), and a copper housing (106). The fiber glass tube (210) circumferentially surrounds an
end segment of the oil-filled cable (102,220). The pre-moulded joint body (108,228) circumferentially surrounds a first deflector
(214), a second deflector (215) and a high voltage (HV) electrode (316).The copper housing (106) circumferentially surrounds the
pre-moulded joint body to form an outermost layer of the transition joint (100,200). The transition joint that includes the pre-moul -
ded joint body has a reduced size, while the time for connecting the two types of cables using the transition joint is decreased.
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A TRANSITION JOINT

FIELD OF THE INVENTION

The present invention relates to a transition joint that connects an oil-filled
cable to a solid dielectric cable.

BACKGROUND

Oil-filled high voltage power cables have been used since 1920’s and their
performance have been very satisfactory. Since 1980’s, solid dielectric power
cables have been developed and have gradually replaced oil-filled power
cables. Different transition joints are used to connect oil-filled cables and solid
dielectric cables. It may not be easy and efficient to use currently available

transition joints for connecting oil-filled cables and solid dielectric cables.

In view of the demand for efficiently connecting these two types of power

cables, improvements in transition joints are desired.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a transition joint in accordance with an example embodiment.

Figure 2 shows a longitudinal view of a transition joint in accordance with an

example embodiment.

Figure 3 shows a pre-moulded joint body of a transition joint in accordance

with an example embodiment.

Figures 4 shows a fiber glass tube of a transition joint in accordance with an

example embodiment.
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SUMMARY OF THE INVENTION
One example embodiment is a transition joint that connects an oil-filled cable
to a solid dielectric cable. The transition joint includes a connector, a fiber
glass tube, a pre-moulded joint body, and a copper housing. The connector
fixes an end segment of the oil-filled cable and an end segment of the solid
dielectric cable to form a transition joint core. The fiber glass tube, capped by
the metal cap at a first end, inserts onto the end segment of the oil-filled cable
at a second end and circumferentially surrounds the end segment of the oil-
filled cable inside the transition joint. The pre-moulded joint body
circumferentially surrounds a first deflector at a tapered first end,
circumferentially surrounds a second deflector at a tapered second end, and
circumferentially surrounds a high voltage (HV) electrode at a middle section.
The copper housing circumferentially surrounds the pre-moulded joint body to

form an outermost layer of the transition joint.

Other example embodiments are discussed herein.
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DETAILED DESCRIPTION

Example embodiments relate to apparatus and methods that connect an oil-
filled cable to a solid dielectric cable that includes a transition joint that
includes a pre-moulded joint body and fiber glass tube. The fiber glass tube
acts as an insulator to segregate the oil-filled cable from the pre-moulded joint

body and other parts of the transition joint.

Paper insulated oil-filled cable have been used as high voltage power cables
since the 1920’s, where the performance of oil-filled cables have been highly
satisfactory. Users faced difficulties in using oil-filled cables due to the
complicated technology, highly skilled requirement for joining oil-filled cables,
and oil leakages after prolonged working period imposed problems. In case of
oil leakages, continuous pumping of oil into the ground is necessary to
maintain the operation of the oil-filled cable. This would cause pollution to the

environment.

As it is more simplified and user-friendly to install solid dielectric cables, solid
dielectric cables have gradually replaced oil-filled cables since the 1980’s. In

this respect, manufacturing facilities for oil-filled cables are also reducing. Oil-
filled cables are now generally used for extra high voltage cables with voltage
load above 220kV or submarine cables.

As the working lifespan of power cables is in the range of 30 to 50 years, or
even more, and that oil-filled cables are still operating satisfactorily, it would
be a waste of resources if healthy circuits using oil-filled cables are to be
scrapped. Thus, transition joints are developed to connect the existing oil-
filled cables to newly installed solid dielectric cables.

Generally, the design of conventional transition joint is based on:

1. The stop joint technique for oil-filled cable with two insulators back to
back inside a container;

2. Using an epoxy resin element as the transition between the two
types of cables, the pre-fabricated joint technique for solid dielectric cable

4
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requires a compression unit and a stress cone on one side and paper stress
cone on the oil-filled cable side;

3. A straight though connection with O-ring is used to segregate and
prevent oil form the oil-filled cable from penetrating into the solid dielectric
cable side.

Conventional transition joints are bulky, and it is complicated and time
consuming to use conventional transition joint for connecting these two types

of cables.

An example embodiment includes a simplified approach using a specially
designed pre-moulded joint body that covers both the oil-filled cable and the
solid dielectric cable. In one example embodiment, a transition joint that
includes the pre-moulded joint body has a reduced size, while the time for

connecting the two types of cables using the transition joint is decreased.

In an example embodiment, the pre-moulded joint body can control the
electric field inside the transition joint. In another example embodiment, with
the use of pre-moulded joint body, the main components of the transition joint
can be factory tested and such testing routine is similar to that for other XLPE
cable joints. Therefore, reliability of the installation of transition joint is much

improved.

By way of example, the length of the transition joint is significantly reduced. In
one example embodiment, the transition joint is about half the length of that of
conventional transition joint. In one example embodiment, installation for the

transition joint is simple and fast.

In an example embodiment, the transition joint passes internal development
high voltage alternating current (HVAC) tests for 132 kV voltage level

requirements under heat cycles and impulses.

An example embodiment includes a system that connects an oil-filled cable to
a solid dielectric cable. The system comprises a solid metal connector, a
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hollow insulator, an electric field controller, a silicon rubber joint body, and a
copper sleeve. The solid metal connector fixes an end portion of the oil-filled
cable and an end portion of the solid dielectric cable to form a core. The
hollow insulator connects with the solid metal connector at a first end and
inserts onto the end portion of the oil-filled cable at a second end, and that the
hollow insulator concentrically surrounds the end portion of the oil-filled cable
within the system. The electric field controller concentrically surrounds the
hollow insulator and the solid metal connector, and controls an electric field
within the system. The silicon rubber joint body concentrically surrounds the
electric field controller. The copper sleeve concentrically surrounds the silicon

rubber joint body.

In one example embodiment, the electric field controller includes a first
deflector that is concentrically enclosed within the silicon rubber joint body.
The first deflector concentrically surrounds the hollow insulator at a first end of

the silicon rubber joint body.

In another example embodiment, the electric field controller includes a second
deflector that is concentrically enclosed within the silicon rubber joint body.
The second deflector concentrically surrounds the hollow insulator at a first

end of the silicon rubber joint body.

In one example embodiment, the electric field controller includes a high
voltage (HV) electrode that concentrically surrounds the core.

In an example embodiment, the electric field controller concentrically

surrounds the first end of the hollow insulator.

By way of example, the hollow insulator is made of fiber glass.

In one example embodiment, the system includes a T-shaped intermediate
flange and a bottom flange. The T-shaped intermediate flange and the bottom
flange dispose at a first end of the copper sleeve and abut against the second
end of the hollow insulator to fix the copper sleeve with the hollow insulator.
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In one example embodiment, the hollow insulator fixes to the silicon rubber

joint body with an epoxy resin at the second end of the hollow insulator.

Figure 1 shows a transition joint 100 that connects an oil-filled cable 102 and
a solid dielectric cable 104 in accordance with an example embodiment. A
part of the transition joint 100, where the transition joint 100 connects with the
oil-filled cable 102, is wrapped around by a copper housing 106 as shown in
the example embodiment of Figure 1. Thus, some elements of the transition
joint 100 that involve in connecting with the oil-filled cable are not illustrated in
Figure 1. The copper housing 106 forms an outermost layer of the transition
joint 100 and shields the transition joint 100 from insulation. In one example
embodiment, the copper housing 106 surrounds circumferentially the entire

transition joint.

In one example embodiment, the oil-filled cable has a voltage load of at least
110 kV. By way of example, the oil-filled cable has a voltage load of 132 kV.

In one example embodiment, the solid dielectric cable is made of cross-linked
polyethylene (XPLE) and has a voltage load of at least 110kV. By way of
example, the solid dielectric cable has a voltage load of 132 kV.

The transition joint 100 includes, directly beneath the copper housing 106, a
pre-moulded joint body 108 that is tapered at both ends, and a deflector 110
that locates at and wraps around a segment of the solid dielectric cable 104.
The pre-moulded joint body 108 is made of elastic material with good tensile
strength, such that it can provide support to the transition joint 100 without the
use of supporting elements, such as compression units, inside the transition
joint 100.

By way of example, the pre-moulded joint body 108 is made of silicon rubber.
In another example, the pre-moulded joint body 108 is made of ethylene-
propylene rubber (EPR).



10

15

20

25

30

WO 2017/029627 PCT/IB2016/054937

In one example embodiment, the transition joint 100 passes internal
development high voltage alternating current (HVAC) tests for 132 kV voltage

level requirements under heat cycles and impulses.

Figure 2 shows a transition joint 200 that connects an oil-filled cable 202 to a
solid dielectric cable 204 in accordance with an example embodiment. The
transition joint 200 is tapered at both ends and has a cylindrical form. The
transition joint 200 includes a connector 206, a fiber glass tube 210, a high
voltage (HV) electrode 212, a first deflector 214, a second deflector 215, and
a pre-moulded joint body 216. A copper housing 218 serves as an outermost

layer of the transition joint 200.

In one example embodiment, the end segment of the oil-filled cable 220
includes a head section 220A and a tail section 220B. In another example
embodiment, the end segment of the solid dielectric cable 222 includes a
head section 222A and a tail section 222B.

The connector 206 fixes an end segment of the oil-filled cable 220 and an end
segment of the solid dielectric cable 222 to form a transition joint core, such
that the oil-filled cable 202 mechanically and electrically connects to the solid
dielectric cable 204.

In one example embodiment, an oil-filled cable connector 230 connects the
end segment of the oil-filled cable 220 to the connector 206, so that the oil-
filled cable 202 securely connects to the connector 206. An indenting support
tube 232 is embedded within the oil-filled cable conductor 230 for maintaining
an oil path inside the oil-filled cable 202. In one example embodiment, the
indenting support tube 232 is made of stainless steel.

The fiber glass tube 210 is capped, at a first end 252, with the connector 206.
The fiber glass tube 210 inserts, at a second end 254, onto the end segment
of the oil-filled cable 220 and circumferentially surrounds the end segment of
the oil-filled cable 220. In one example embodiment, the fiber glass tube 210
is fixed, at the second end 254, to the pre-moulded joint body 216 with epoxy

8
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resin. The fiber glass tube 210 segregates the oil-filled cable 220 from the
transition joint 200 and prevents oil inside the oil-filled cable 202 from spilling
out and leaking into the transition joint 200. In one example embodiment, the
fiber glass tube 210 acts as an oil-barrier for the pre-moulded joint body 216
to protect the pre-moulded joint body 216 from coming into contact of any oil
that may leak out from the oil-filled cable 202. By way of example, the fiber

glass tube 210 is cylindrical in shape.

In one example embodiment, the oil-filled cable 202 is impregnated with paper
rolls 260 and further wrapped by paper stress cones 262 on top of the paper
rolls 260. The paper stress cones 262 provide an additional insulation to the
oil-filled cable 202.

The HV electrode 212 is made of semiconducting material and
circumferentially surrounds the transition joint core. The first end of the fiber
glass tube 252 is also wrapped around by the HV electrode 212. The HV
electrode 212 controls an electric field within the transition joint 200 so that
the transition joint 200 functions properly at all voltage loads and that the

transition joint 200 can endure a longer working lifespan.

The first deflector 214 is made of semiconducting material and locates at a
first end of the pre-moulded joint body 226. The first deflector 215 has a
tapered head section that wraps closely around the fiber glass tube 210, and
opens outwardly towards the center of the transition joint 200 to ensure a
homogenous distribution of electric fields.

The second deflector 215 is made of semiconducting material, and locates at
a second end of the pre-moulded joint body 228. The second deflector 215
also has a tapered head section that wraps closely around the end segment
of solid dielectric cable 222, and opens outwardly towards the center of the
transition joint 200 such that a homogeneous distribution of electric field can
be guaranteed.
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The pre-moulded joint body 216 is made of elastic material with good tensile
strength and is tapered at both ends. The pre-moulded joint body 216
circumferentially surrounds the first deflector 214 at the tapered first end 226,
and the second deflector 215 at the tapered second end 228 respectively. The
HV electrode 212 is entirely embedded and encircled within a middle section
of the pre-moulded joint body 216.

By way of example, the pre-moulded joint body 216 is made of silicon rubber.
In another example, the pre-moulded joint body 216 is made of ethylene-
propylene rubber (EPR).

The copper housing 218 surrounds the entire transition joint circumferentially
to form the outermost layer of the transition joint 200 and provides mechanical
protection to the transition joint 200. In one example embodiment, an inner
surface of the copper housing 218 is entirely covered with a cable sheath
insulator 266.

In one example embodiment, the transition joint 200 includes a cable gland
264 that connects to a first end of the copper housing 250 and that
circumferentially surrounds the tail section of the end segment of the oil-filled
cable 220B. The cable gland 264 seals the end segment of the oil-filled cable
220 and prevents moisture water from entering the end segment of the oil-
filled cable 220. In another example embodiment, the cable gland 264
includes two cylindrical nipples 244A — 244B disposed on each side of the
cable gland 264.

By way of example, the transition joint includes a cable gland that connects a
second end of the copper housing and that circumferentially surrounds the tail
section of the end segment of the solid dielectric cable. The cable gland seals
the end segment of the solid dielectric cable and prevents moisture water
from entering the end segment of the solid dielectric cable. In one example
embodiment, the cable gland includes two nipples disposed on each side of
the cable gland.

10
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In one example embodiment, a first lead sheath 236 fixes a tapered end of the
cable gland 264 with the tail section of the end segment of the oil-filled cable
220B at a first end of the transition joint 238, such that the first lead sheath
236 fully encloses the cable gland 264 and the end segment of the oil-filled
cable 220. Thus, the transition joint 200 securely seals to the end segment of
the oil-filled cable 220 at the first end of the transition joint 238.

In one example embodiment, a T-shaped intermediate flange 246 and a
bottom flange 248 are disposed at the first end of the copper housing 250 and
abut against the second end of the fiber glass tube 254 to fix the copper
housing 218 with the fiber glass tube 210. By way of example, the
intermediate flange 246 is made of H62 copper and the bottom flange 248 is
made of copper.

In one example embodiment, a second lead sheath 240 fixes a second end of
the copper housing 268 with the tail section of the end segment of the solid
dielectric cable 222B at a second end of the transition joint 242, such that the
second lead sheath 240 fully encloses the copper housing 218 and the end
segment of the solid dielectric cable 222. Thus, the transition joint 200
securely seals to the end segment of the solid dielectric cable 222 at the

second end of the transition joint 242.

In one example embodiment, a copper braid 256 connects the second end of
the copper housing 268 to the tail section of the end segment of the solid
dielectric cable 222B at the second end of the transition joint 242, such that
the transition joint 200 securely seals to the end segment of the solid dielectric
cable 222 at the second end of the transition joint 242. The copper braid 256
prevents moisture water from entering the solid dielectric cable 204.

In one example embodiment, an insulating ring 258 is installed onto the
transition joint 200 at the second tapered end of the pre-moulded transition
joint 228 to provide segregation of sheath connections between the oil-filled
cable 202 and the solid dielectric cable 204. By way of example, the insulating

ring 258 is made of epoxy material.

11
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In one example embodiment, a layer of copper braid and taping 270
circumferentially installs on a middle section of the pre-moulded joint body
216.

Figure 3 shows a pre-moulded joint body 300 of a transition joint in
accordance with an example embodiment. For ease of illustration, an oil-filled
cable and a solid dielectric cable are omitted in this example embodiment.

The pre-moulded joint body 300 includes a first tapered end 302, a second
tapered end 304, and a cylindrically shaped middle body 306 that is
sandwiched between the first tapered end 302 and the second tapered end
304.

A first deflector 308, made of semiconducting material, locates at the first
tapered end 302. In one embodiment, the first deflector 308 has a tapered
head section 310 that closely surrounds a fiber glass tube 312, and a tail
section 314 that diverges outwardly from the head section 310. With this
specific configuration, the first deflector 308 ensures a homogenous
distribution of electric fields at the first end of the pre-moulded joint body 302.
By way of example, the head section of 310 circumferentially a first end of the
fiber glass tube 324.

In one example, the fiber glass tube 312 is cylindrical in shape.

A high voltage (HV) electrode 316 is embedded within the middle body 306
and circumferentially surrounds an end of the fiber glass tube 312. By way of
example, the HV electrode 316 circumferentially surrounds a second end of
the fiber glass tube 326.

A second deflector 318, made of semiconducting material, locates at the
second tapered end 304. In one embodiment, the second deflector 318 has a
tapered head section 320, and a tail section 322 that diverges outwardly from
the head section 310.

12
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Figure 4 shows a fiber glass tube 400 of a transition joint in accordance with
an example embodiment. For ease of illustration, an oil-filled cable is omitted

in this example embodiment.

The fiber glass tube 400 is cylindrical in shape and includes a first end 402
that connects to a connector 404, and a second end 406 that connects to a T-
shaped flange 408. The T-shaped flange 408 and the connector 404 securely
fixes the fiber glass tube 400 within the transition joint. By way of example, the
fiber glass tube 400 is a hollow insulator.

In one example embodiment, the fiber glass tube 400 inserts onto an end
segment of an oil-filled cable (not shown) at the second end 406.

As used herein, a “transition joint” is a cable joint that connects different types
of cables, or cables made of different materials. Examples of a cable include,
but are not limited to, an oil-filled cable, a cable having fluids or gas insulation
materials, a solid dielectric cable, and a cross-linked polyethylene (XPLE)

cable.

As used herein, the term “oil” includes all types of fluids or viscous materials

used in cable constructions.

As used herein, the term “tube” is not limited to an object having a circular
cross-section, but also includes a hollow and elongated member of any cross-

section.
For controlling an electric field within a transition joint, edges and/or surfaces

of a deflector, an insulating ring, a pre-moulded joint body, and a high voltage
(HV) electrode may be preferably rounded.

13
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CLAIMS

What is claimed is:

1. A transition joint that connects an oil-filled cable to a solid dielectric cable,
the transition joint comprising:

a connector that fixes an end segment of the oil-filled cable and an end
segment of the solid dielectric cable to form a transition joint core;

a fiber glass tube that is capped by the connector at a first end, that
inserts onto the end segment of the oil-filled cable at a second end, and that
circumferentially surrounds the end segment of the oil-filled cable inside the
transition joint;

a pre-moulded joint body that circumferentially surrounds a first
deflector at a tapered first end, that circumferentially surrounds a second
deflector at a tapered second end, and that circumferentially surrounds a high
voltage (HV) electrode at a middle section; and

a copper housing that circumferentially surrounds the pre-moulded joint
body to form an outermost layer of the transition joint.

2. The transition joint of claim 1, wherein the pre-moulded joint body is made

of an elastic material.

3. The transition joint of claim 1, wherein the first deflector includes a tapered
head section to circumferentially surround the fiber glass tube at the first end
of the pre-moulded joint body.

4. The transition joint of claim 1, wherein the second deflector includes a
tapered head section to circumferentially surround the end segment of the

solid dielectric cable at the second end of the pre-moulded joint body.

5. The transition joint of claim 1, wherein the HV electrode circumferentially

surrounds the transition joint core.

14
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6. The transition joint of claim 1, wherein the HV electrode circumferentially

surrounds the first end of the fiber glass tube.

7. The transition joint of claim 1, wherein the fiber glass tube is fixed to the
pre-moulded joint body with an epoxy resin at the second end of the fiber

glass tube.

8. The transition joint of claim 1, further comprising:

a T-shaped intermediate flange that disposes at a first end of the
copper housing and abuts against the second end of the fiber glass tube; and

a bottom flange that disposes at the first end of the copper housing and
abuts against the second end of the fiber glass tube;

wherein the T-shaped intermediate flange and the bottom flange fix the

fiber glass tube with the copper housing.

9. The transition joint of claim 1, wherein the fiber glass tube is hollow.

10. A system that connects an oil-filled cable to a solid dielectric cable, the
system comprising:

a solid metal connector that fixes an end portion of the oil-filled cable
and an end portion of the solid dielectric cable to form a core;

a hollow insulator that connects with the solid metal connector at a first
end, that inserts onto the end portion of the oil-filled cable at a second end,
and that concentrically surrounds the end portion of the oil-filled cable within
the system;

an electric field controller that concentrically surrounds the hollow
insulator and the solid metal connector and that controls an electric field within
the system;

a silicon rubber joint body that concentrically surrounds the electric field
controller; and

a copper sleeve that concentrically surrounds the silicon rubber joint
body.

15
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11. The system of claim 10, wherein the electric field controller includes a first
deflector that is concentrically enclosed within the silicon rubber joint body,
and that concentrically surrounds the hollow insulator at a first end of the
silicon rubber joint body.

12. The system of claim 10, wherein the electric field controller includes a
second deflector that is concentrically enclosed within the silicon rubber joint
body, and that concentrically surrounds a portion of the end segment of the
solid dielectric cable at a second end of the silicon rubber joint body.

13. The system of claim 10, wherein the electric field controller includes a high

voltage (HV) electrode that concentrically surrounds the core.

14. The system of claim 10, wherein the electric field controller concentrically

surrounds the first end of the hollow insulator.

15. The system of claim 10, wherein the hollow insulator is made of fiber glass.

16. The system of claim 10, wherein the hollow insulator is fixed to the silicon

rubber joint body with an epoxy resin at the second end of the hollow insulator.

17. The system of claim 10, further comprising:

a T-shaped intermediate flange that disposes at a first end of the
copper sleeve and abuts against the second end of the hollow insulator; and

a bottom flange that disposes at the first end of the copper sleeve and
abuts against the second end of the hollow insulator;

wherein the T-shaped intermediate flange and the bottom flange fix the

hollow insulator with the copper sleeve.

16
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