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(54) Hollow core composite insulator

(57) An improved hollow core composite insulator or
bushing for use in, for example, a dead tank circuit
breaker, is smaller and lighter and offers other advan-
tages over previous designs. The hollow core insulator
includes therein a fiber reinforced plastic (FRP) elongat-
ed tube that operates to increase the dielectric constant
between a conductor and a transition shield. By placing
the transition shield external to the hollow core insulator

and providing the FRP tube between the conductor and
transition shield, the dielectric constant between the
shield and conductor is increased thus allowing the in-
ner diameter of the shield and outer diameter of the in-
sulator to be decreased. In addition, the grounded shield
may be an integral part of the flange that is mounted to
the bushing current transformer of the dead tank circuit
breaker thus further reducing the diameter and overall
size of the insulator.
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Description

Background of the Invention

[0001] The present invention relates to an improved
hollow core composite insulator and, more particularly,
to an improved insulator for use within a dead tank circuit
breaker. Preferably, the insulator is a bushing.
[0002] Generally, dead tank circuit breakers are pro-
vided to direct the unimpeded flow of current in a net-
work under normal operating conditions, and to interrupt
the flow of excessive current in a failing network. Dead
tank circuit breakers also may interrupt capacitor banks,
isolate transformer switching, interrupt load current and/
or perform a high speed open-close-open sequence to
clear a fault. The successful achievement of these func-
tions generally is dependant upon the circuit breaker's
specific mechanical design to meet the demands of
opening and closing the circuit breaker contacts, and
dependant upon the specific electrical design to ensure
that the circuit breaker can withstand the electrical
stresses applied to it.
[0003] During the opening sequences an electric arc
forms between the contacts of the circuit breaker. The
discharge is utilized to assist in circuit-interruption. For
example, in an AC network, the arc is tolerated in a con-
trolled manner until the occurrence of a natural current
zero of the sine wave. The arc then is rapidly quenched
to limit the reaction of the network stability to the inter-
ruption. A typical circuit breaker may utilize the gas Sul-
fur Hexafluoride (SF6) as the arc-quenching media. The
gas SF6 is preferred due its superior electrical insulation
qualities and its ability to recover quickly (e.g., within 3
ìsec) from high temperature arc interruption (e.g., above
2,000°K). Pure SF6 gas is colorless, odorless, tasteless,
nontoxic, chemically stable and non-flammable. SF6 is
in its gaseous state at 20°C and atmospheric pressure,
and has a density of approximately 4.7 times that of air.
The critical temperature of SF6 is 45.6°C, and may liq-
uified under pressure.
[0004] A dead tank circuit breaker assembly consists
of six isolation insulators for a 3-phase system. Three
insulators are connected to a power source on one side
of three interrupters and direct the 3-phase voltage
through the circuit breaker. The 3-phase voltage is di-
rected out by another set of 3 isolation insulators, which
are on the load side of the circuit breaker interrupters.
[0005] Dead tank circuit breakers provide for separate
internal transition shields that are secured to a grounded
enclosure as a separate piece. Referring to the illustra-
tion shown in Fig. 1, a hollow core bushing 10 is placed
over the transition shield 20 and secured to the ground-
ed enclosure 22. This configuration requires the internal
diameter of the hollow core bushing to be larger than
the diameter of the transition shield, with sufficient clear-
ance to prevent mechanical contact. The transition
shield must also have an inside diameter sufficient to
accommodate the dielectric constant (permittivity) be-

tween it (i.e., ground) and the conductor 24 (i.e., the
electric potential). These factors contribute to larger
parts. Fig. 2 illustrates a cut-out portion of the hollow
core bushing shown in Fig. 1. As shown in Fig. 2, a
space is formed between hollow core bushing 10 and
transition shield 20 (also shown in Fig. 1). Conductor 24
is not shown in Fig. 2 for convenience.
[0006] Porcelain and composite bushings that are
currently used within dead tank circuit breakers are
problematic due to their large diameters and weight.
Such bushings are fairly expensive and timely to man-
ufacture and add to the overall weight and expense to
dead tank circuit breakers. Moreover, porcelain bush-
ings are susceptible to catastrophic failure when ex-
posed to high impact which in turn may result in sub-
stantial damage to external and nearby equipment, as
well as serious human injury.
[0007] It is therefore an object of this invention to pro-
vide an improved hollow core composite bushing that
overcomes the above-mentioned disadvantages of ex-
isting bushings;
[0008] It is another object of this invention to provide
an improved hollow core composite bushing with a re-
duced diameter as compared to previous designs.
[0009] It is a further object of this invention to provide
a hollow core bushing with a lower center of gravity.
[0010] It is an additional object of this invention to pro-
vide a hollow core bushing having a reduced weight as
compared to previous designs.
[0011] Various other objects, advantages and fea-
tures of the present invention will become readily appar-
ent to those of ordinary skill in the art, and the novel
features will be particularly pointed out in the appended
claims.

Summary of the Invention

[0012] In accordance with an embodiment of the
present invention, a hollow core bushing is comprised
of an elongated hollow bushing body that has a plurality
of sheds, and an elongated tube that extends within the
interior of the bushing body and that is adapted to in-
crease the dielectric constant between a conductor and
a transition shield between which the elongated tube is
placed.
[0013] As an aspect of the present invention, the elon-
gated tube is an integral part of the elongated hollow
bushing body.
[0014] As another aspect of the present invention, the
elongated tube is comprised of fiber reinforced plastic.
[0015] As a further aspect of the present invention,
the elongated tube is adapted to be placed within a tube-
shaped transition shield such that the dielectric constant
between the tube-shaped transition shield and the con-
ductor is increased.
[0016] As an additional aspect of the present inven-
tion, the elongated tube has a diameter of substantially
minimum dimension so as to externally receive a tran-
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sition shield that has an inner diameter capable of ac-
commodating the increased dielectric constant between
the conductor and the transition shield.
[0017] In accordance with another embodiment of the
present invention, a hollow core bushing in combination
with an external transition shield includes an elongated
hollow bushing body and an elongated tube that extends
within the interior of the bushing body, and a transition
shield that surrounds the external surface of the elon-
gated tube. The elongated tube is adapted to increase
the dielectric constant between the transition shield and
a conductor that extends and is placed within the elon-
gated tube.
[0018] As an aspect of this embodiment, the transition
shield is in contact with the elongated tube.
[0019] As another aspect of this embodiment, the
transition shield is an integral part of a flange that can
be mounted to a bushing current transformer support
column or interrupter enclosure.
[0020] As a further aspect of the present invention, a
grading ring is coupled to the transition shield and is
adapted to enhance an electric field at voltages of the
conductor above a predetermined value.
[0021] In accordance with a further embodiment of the
present invention, a hollow core bushing having a tran-
sition shield integral therewith includes an elongated
hollow bushing body and an elongated tube that extends
within the interior of the bushing body, and a transition
shield that is an integral part of the elongated tube. The
elongated tube is adapted to increase the dielectric con-
stant between the transition shield and a conductor that
extends and is placed within the elongated tube.
[0022] In accordance with a further embodiment of the
present invention, a hollow core bushing in combination
with an internal transition shield includes an elongated
hollow bushing body and an elongated tube that extends
within the interior of the bushing body, and a transition
shield that is in contact with an internal surface of the
elongated tube.
[0023] In accordance with yet another embodiment of
the present invention, a method of providing a hollow
core bushing with a reduced diameter for use with a tran-
sition shield and a conductor is provided by providing a
hollow core bushing having an elongated tube extend-
ing therethrough, placing a tube-shaped transition
shield around an external surface of the elongated tube,
extending a conductor through and within the elongated
tube of the hollow core bushing, increasing by the elon-
gated tube a dielectric constant between the conductor
and the transition shield, and establishing a diameter of
the ground shield to accommodate the increased die-
lectric constant between the conductor and the transi-
tion shield.
[0024] As an aspect of this method, the transition
shield is in contact with the elongated tube.
[0025] In accordance with yet a further embodiment
of the present invention, a method of providing a hollow
core bushing with a transition shield integrated therewith

is provided by providing a hollow core bushing having
an elongated tube extending therethrough, integrating
a transition shield with the elongated tube, extending a
conductor through and within the elongated tube, in-
creasing by the elongated tube a dielectric constant be-
tween the conductor and the transition shield; and es-
tablishing a diameter of the elongated tube integral with
the transition shield to accommodate the increased di-
electric constant between the conductor and the transi-
tion shield.

Brief Description of the Drawings

[0026] The following detailed description, given by
way of example and not intended to limit the present in-
vention solely thereto, will best be appreciated in con-
junction with the accompanying drawings, wherein like
reference numerals denote like elements and parts, in
which:

Fig. 1 is a schematic illustration of a hollow core
bushing with an internal shield;
Fig. 2 is a perspective illustration with a cut-out of
the hollow core bushing shown in Fig. 1;
Fig. 3 is a schematic illustration of a hollow core
bushing in accordance with the present invention;
Fig. 4 is a perspective illustration with a cut-out of
the hollow core bushing shown in Fig. 3 in accord-
ance with the present invention; and
Fig. 5 is a perspective illustration of a hollow core
bushing with a grading ring in accordance with an-
other embodiment of the present invention.

Detailed Description of Certain Preferred
Embodiments

[0027] Referring now to Figs. 3 and 4 of the drawings,
illustrations of a hollow core bushing 30 in accordance
with the present invention are shown. Although not crit-
ical to the present invention, Figs. 3 and 4, as well as
Figs. 1 and 2, illustrate 72.5kV hollow core bushings.
However, the present invention is not limited to this rat-
ing.
[0028] In accordance with the present invention, and
as will be seen, the voltage grading or transition shield
area is reduced in diameter to reduce the physical di-
mensions of the bushing, as well as the associated
equipment. Referring back to the bushing shown in Figs.
1 and 2, it is understood within the industry that it is not
practicable to reduce the diameter of the bushing
shown, as well as the diameter of other existing bush-
ings, due to the physics of the electric field developed
between the grounded transition shield 20 and the in-
ternal conductor 24 and the mechanical clearance re-
quired between the shield 20 and the internal conductor
24. As is known, a dielectric constant between the tran-
sition shield and the conductor must be maintained to
prevent corona avalanche (electric flash over).
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[0029] The present invention solves the aforemen-
tioned problem by utilizing within the hollow core bush-
ing 30 a fiber reinforced plastic (FRP) tube 32 that is
placed between a conductor 44 and the transition shield
40, as shown in Figs. 3 and 4, which results in an in-
crease in the dielectric constant between the shield 40
and the conductor 44. This, in turn, allows for the inner
diameter of the transition shield 40 to be reduced result-
ing in an overall reduction in size of the transition shield
40.
[0030] In addition, by placing the transition shield 40
external to the FRP tube 32 (identified herein as the ex-
ternal design), no clearance is required between the
FRP tube 32 of the bushing (or the bushing body 30)
and the transition shield 40. Without any required clear-
ance, the inner and outer diameters of the bushing are
significantly reduced as compared to the bushing previ-
ously discussed. Thus, the preferred embodiment of the
present invention involves providing the FRP tube 32 in
contract with the transition shield 40. However, various
advantages of the present invention are still realized by
providing a small gap between the FRP tube 32 and the
transition shield 40.
[0031] Also in accordance with the present invention,
and as shown in Figs. 3 and 4, the transition shield 40
is integrated with a bottom flange 50 that is mounted by
appropriate hardware 60 to the flange of a bushing cur-
rent transformer (BCT) support column 62 or interrupter
enclosure. The hollow core bushing 30 partially overlaps
the integrated shield. This is in contrast to the bushing
design shown in Figs. 1 and 2 wherein the bottom flange
26 and the transition shield 20 are separate components
and wherein the hollow core bushing 10 fully overlaps
the transition shield 20. Similarly, and in accordance
with the present invention, a shield may be integrated
into the top flange 70 (Fig. 3) at the terminal pad 72 at
the opposite end of the hollow core bushing wherein the
hollow core bushing partially overlaps the integrated
shield. The hollow core bushing 30 further includes sil-
icone sheds 34 whereas bushing 10 shown in Figs. 1
and 2 includes porcelain sheds. Of course, other mold-
able (or perhaps non-moldable) dielectric material other
than silicone may be utilized by the present invention.
[0032] In accordance with another embodiment of the
present invention, the FRP tube 32 and the transition
shield 40 are integrated with one another. Such integra-
tion may be accomplished by providing the transition
shield 40 between two sheets that comprise the FRP
tube 32 or by another known way in which the FRP tube
32 and the transition shield 40 may be integrated. In this
embodiment, the advantageous feature of increasing
the dielectric constant between the shield 40 and the
conductor 44 also is realized, as in the above-discussed
embodiment, along with the advantageous feature of re-
quiring one less individual component. Namely, the FRP
tube 32 and the transition shield 40 may be manufac-
tured as a single component. Still further, the integrated
transition shield and FRP tube may also be integrated

with a bottom flange that is mounted to the flange of a
bushing current transformer support column or inter-
rupter enclosure, yet again reducing the number of in-
dividual components.
[0033] In accordance with a further embodiment of the
present invention, the transition shield is placed within
(i.e., inside) and in contact with the FRP tube. While the
dielectric constant is not increased, other advantages
are gained including a small reduction in the width of the
bushing as compared to previous designs.
[0034] As previously discussed, the bushing design
of the present invention has a smaller diameter as com-
pared to previous designs. The smaller diameter in turn
results in a reduced volume, a reduced-sized bottom
flange 50, a reduced-sized top flange 70, a reduced-
sized enclosure mating flange and a reduced diameter
of the slip over bushing current transformer. These re-
duced diameters result in a substantial reduction in
weight of the bushing and associated components
which in turn results in a decrease in the cost of the base
materials. Reducing the weight of the components fur-
ther advantageously permits a reduction in support
structure materials and minimizes foundation designs.
In addition, a desirable lowering of the center of gravity
results as well.
[0035] In accordance with the present invention, total
weight reduction to dead tank circuit breakers may
range from 10% to 45% of porcelain or other composite
designs. The total weight reduction depends on the
weight of conventional porcelain or composite bushings,
the weight of the bushing current transformers and the
weight of the support structure. For SF6 dead tank cir-
cuit breakers, the volume of SF6 is decreased by 25%
to 45% per bushing.
[0036] As can be appreciated from the above discus-
sion, the purpose of the hollow core bushing of the
present invention is to help minimize total weight and
volume of High Voltage (HV) and Extra High Voltage
(EHV) hollow core apparatus bushings for new manu-
facture and retrofits. By using a smaller overall diameter
FRP tube, with an integrated transition shield at the
base, the total weight and volume are substantially re-
duced as compared to other hollow core bushing de-
signs.
[0037] The bushing of the present invention may be
conveniently referred to as a "S.L.I.G.H.T." (or
"SLIGHT") bushing , wherein the term "SLIGHT" identi-
fies the various characteristics of the bushing. "SLIGHT"
refers to a bushing with a "S"mall diameter tube, a
"L"ower total cost, an "I"njection molded silicone sheds,
a "G"ross weight minimized, a "H"igh hydrophobic ca-
pability, and a "T"ransition shield integration. The ad-
vantages of the SLIGHT bushing are summarized as fol-
lows: (1) smaller diameters of all associated compo-
nents; (2) lighter weights for lighter support structures;
(3) a lower center of gravity; (4) less assembly time; and
(5) lower total costs. Also, FRP bushings do not fail cat-
astrophically or damage surrounding equipment from

5 6



EP 1 074 999 A1

5

5

10

15

20

25

30

35

40

45

50

55

failure.
[0038] Also as discussed above, the dielectric con-
stants between electric potential to ground potential de-
fine the minimum clearance between components, and
integration of the internal transition shield to the outside
of the FRP tube or within the FRP tube improves the
dielectric constant between energized parts and
ground. The improved dielectric constant allows for a
reduction in distance. The reduction in distance in turn
provides for a reduction of the bushing diameter extend-
ing from the top flange to the bottom flange thereby re-
sulting in: (1) a reduction of the total volume of the die-
lectric material (e.g., silicone) for the bushing sheds; (2)
a reduction of the diameter of the FRP tubes for each
voltage class; (3) a reduction of the volume of SF6 gas
(mixtures, etc.); (4) a reduction of the inside diameter of
slip over BCT's for Dead Tank circuit breakers; (5) a
smaller diameter top flange and terminal (flat or thread-
ed) connection; (6) a lowered center of gravity for dead
tank circuit breakers; (7) a reduced assembly time for
(OEM) manufacturing; and (8) a reduction of total weight
of the dead tank circuit breakers.
[0039] Referring next to Fig. 5, an illustration of a hol-
low core bushing with a grading ring mounted to the ex-
ternal shield in accordance with the present invention is
shown. Grading ring 80 is mounted to the external shield
40 to enhance the electric field at, for example, voltages
at 72.5 kV and higher. The other features of the bushing
and shield shown in Fig. 5 are identical to those dis-
cussed above with respect to Figs. 3 and 4 and thus are
not repeated herein.
[0040] While the present invention has been particu-
larly shown and described in conjunction with a pre-
ferred embodiment thereof, it will be readily appreciated
by those of ordinary skill in the art that various changes
may be made without departing from the spirit and
scope of the invention. For example, while the present
invention has been described for use with dead tank cir-
cuit breakers, the present invention is not limited to dead
tank circuit breakers and may be applied to transformers
and gas insulated substations (GIS).
[0041] Therefore, it is intended that the appended
claims be interpreted as including the embodiments de-
scribed herein, the alternatives mentioned above, and
all equivalents thereto.

Claims

1. A hollow core insulator, comprising:
an elongated hollow insulator body, the insulator
body having a plurality of sheds; and an elongated
tube at least partially extending within the interior of
the insulator body, the elongated tube being adapt-
ed to increase the dielectric constant between a
conductor and a transition shield when the elongat-
ed tube is placed between the conductor and the
transition shield.

2. The hollow core insulator of claim 1, wherein said
elongated tube is an integral part of said elongated
hollow insulator body.

3. The hollow core insulator of claim 1 or 2, wherein
said elongated tube is comprised of fiber reinforced
plastic.

4. The hollow core insulator of claim 1, 2 or 3, wherein
the elongated tube is adapted to be placed within a
tube-shaped transition shield such that the dielec-
tric constant between the tube-shaped transition
shield and a conductor extending within the elon-
gated tube is increased.

5. The hollow core insulator of any of the claims 1 to
4, wherein the elongated tube has a diameter of
substantially minimum dimension to externally re-
ceive a grounded transition shield having an inner
diameter capable of accommodating the increased
dielectric constant between the conductor and the
grounded transition shield.

6. The hollow core insulator of any of the claims 1 to
5, wherein the plurality of sheds are silicone.

7. A hollow core insulator in combination with a
grounded shield for use in a dead tank circuit break-
er, the combination comprising:

a hollow core insulator comprising:
an elongated hollow insulator body; and
an elongated tube at least partially extending
within an interior of the insulator body; and
a grounded shield in contact with an external
surface of said elongated tube, said elongated
tube being adapted to increase a dielectric con-
stant between a conductor extending through
and within said elongated tube and said
grounded transition shield.

8. The combination of claim 7, wherein said elongated
tube is comprised of fiber reinforced plastic.

9. The combination of claim 7 or 8, wherein said
grounded shield is tube-shaped and an inner sur-
face of said grounded shield is in contact with the
external surface of said elongated tube

10. The combination of any of the claims 7 to 9, wherein
said grounded shield is an integral part of a flange
mounted to a bushing current transformer.

11. The combination of any of the claims 7 to 10, where-
in the grounded shield is tube-shaped and has a
substantially minimum diameter to accommodate
the increased dielectric constant between the con-
ductor and the grounded transition shield, and the
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elongated tube has an external diameter appropri-
ate to be placed within and be in contact with said
grounded shield.

12. The combination of any of the claims 7 to 11, where-
in the elongated hollow insulator body includes ther-
on a plurality of silicone sheds.

13. The combination of any of the claims 7 to 12, where-
in the elongated hollow insulator body partially over-
laps the grounded shield.

14. The combination of any of the claims 7 to 13, further
comprising a grading ring coupled to the grounded
shield adapted to enhance an electric field at volt-
ages of said conductor above a predetermined val-
ue.

15. A method of reducing the diameter of a hollow core
insulator for use with a grounded shield and a con-
ductor, the method comprising the steps of:

providing a hollow core insulator having an
elongated tube extending therethrough;
placing a tube shaped grounded shield in con-
tact with an external surface of said elongated
tube;
extending a conductor through and within said
elongated tube of said hollow core insulator;
increasing by said elongated tube a dielectric
constant between the conductor and the
grounded shield; and
minimizing a diameter of said grounded shield
to accommodate the increased dielectric con-
stant between the conductor and the grounded
transition shield.

16. The method of claim 15, further comprising the step
of establishing an external diameter of said elongat-
ed tube so that said elongated tube is placeable
within and in contact with said grounded shield.

17. The method of claim 15 or 16, wherein said step of
providing a hollow core insulator includes providing
a hollow core insulator that partially overlaps the
grounded shield.

18. The method of any of the claims 15 to 17, further
comprising the step of providing the grounded
shield as an integral part of a flange mounted to a
bushing current transformer.

19. The method of any of the claims 15 to 18, further
comprising the step of forming silicone sheds on
said hollow core insulator.
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