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An encapsulated fuse (10) for power distribution systems and method for producing such fuses Is provided. A fuse Includes a body
(20) with opposing terminals (30, 40). A corona shield (50) Is generally coaxial with the fuse (10) and substantially extends the full
length of the fuse body (20). The corona shield (50) is electrically coupled at its first end (70) with a first fuse terminal (30). The
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(57) Abstract: An encapsulated fuse (10) for power distribution systems and method for producing such fuses is provided. A fuse
& includes a body (20) with opposing terminals (30, 40). A corona shield (50) is generally coaxial with the fuse (10) and substantially
N cxtends the full length of the fuse body (20). The corona shield (50) is electrically coupled at its first end (70) with a first fuse
terminal (30). The second end (80) of the corona shield (50) has a slightly larger cross-section than the first end (70) to provide

electrical isolation from the second fuse terminal (40). The fuse (10) and attached corona shield (50) are molded in an encapsulating
material (150).
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FIELD OF THE INVENTION

The present invention pertains to current interrupting devices. More particularly

the present invention relates to encapsulated fuses for shielded power distribution systems

BACKGROUND OF THE IN VENTION

producing a ground plane thereon. Asa result,

) | steep voltage gradients throughout the
insulating material of the fuse are formed. The

high system voltages present in the fuse are
| separated from the ground plane by a relatively thin insulating material. Under these

conditions there is a tendency for the fuse to become electrically stressed and corona to

dls(;harge or arc within the fuse (e.g., discharge through the sulating material from the
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foregoing, it would be desirable to provide an
encapsulated fuse that resists both corona discharge and flashover

conducti ' ;
ve member includes a first end having a first diameter, a second end having a

SeCo | |
nd diameter larger than the first diameter and a conical transition portion positioned
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[00072a] In another aspect, the invention provides a method for producing a fuse

assembly including a single corona shield, the method comprising forming the single

corona shield to have a first end with a first diameter

diameter larger than the first diameter, and a conical transition portion positioned
between the first end and the second end;

electrically coupling the single corona shield with a fuse;

disposing the fuse and single corona shield in a mold;

casting the fuse and single corona shield in electrically isolating

material so that, upon failure of the fuse, the corona shield is electrically

a second terminal of the fuse: and

1solated from

disposing an electrically conductive or semiconductive material about
the electrically isolating material.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary embodiment of a corona shield and an
exemplary fuse;

[0008]
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[0009]  FIG. 2 illustrates the exemplary corona shield and fuse of FIG. 1 coupled
together;

[0010] FIG. 3 1s a perspective close-up view of FIG. 2 illustrating a radial gap between

the fuse and corona shield;
[0011] FIG. 4 illustrates a perspective view of an exemplary encapsulated fuse; and

[0012]  FIG. 5 illustrates a side cross-sectional side view of the exemplary encapsulated
fuse of FIG. 4.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS
[0013] Referring now to the Figures and particularly FIG. 1 an exemplary current
limiting fuse 10 is shown. The fuse 10 includes a cylindrical body 20, a first fuse endcap
terminal 30 and a second fuse endcap terminal 40. The fuse body 20 encloses a fusible
element that electrically connects the first terminal 30 to the second terminal 40. The fuse
body 20 may be made of a fiberglass or dielectric material whereas the terminals 30, 40 are
conductive. As known 1n the art, one of the terminals 30, 40 may be vented. When
installed in a power distribution system one of the first and second terminals 30, 40 is
connected to an electrical source such as a feeder and the other of the first and second
terminals 30, 40 is connected to a load so that the fuse 10 completes an electrical circuit
therebetween. With reference to the exemplary embodiments herein, terminal 40 may be
vented and associated with the load, whereas terminal 30 is associated with the line (i.e.,
source), but the terminal venting and associated connections thereto may be otherwise. The
fuse 10 operates to conduct current at or below its predetermined (i.e., steady state) current
rating. Above the predetermined current rating of the fuse 10, the fusible element
disconnects the first terminal 30 from the second terminal 40 by melting, gas extinguishing
an arc or a combination thereof or other means known in the art, thereby opening the
electric circuit. In this open state, the fuse 10 is referred to in the art as “blown”.
Depending on the ratings and time-current characteristics of the fuse 10, it may be used for
various applications where circuit reclosing 1s not required including steady state
overcurrent protection, fault protection, or both. Such current limiting fuses are well known

for use in overhead and underground applications in power distribution systems.
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[0014] As is known 1n the art, for underground applications where submersion is
probable such as direct burial, vaults and switchgear, the fuse 10 is preferably encapsulated
such as in an environmental housing. An exemplary encapsulated fuse assembly 100
comprising the fuse 10 1s 1llustrated in FIG. 4. To ensure the safety of operating personnel,
the encapsulated fuse assembly 100 is shielded (i.e., grounded) by coating the outer surface
of the encapsulation with a conductive or semtconductive layer (not shown). One
exemplary coating for the fuse assembly 100 1is Electrodag 502 semi-conductive paint
available from the Acheson Colloids Company of Port Huron, Michigan, but other suitable
coatings may be employed. Thus, when the fuse assembly 100 is installed in a shielded
distribution system the encapsulation outer surface provides a ground plane (i.e., is at
ground potential). However, since the outer surtace of the encapsulated fuse assembly 100
is at ground potential during fuse operation, the grounded surface, which is in close
proximity to the fuse 10, causes voltage stresses inside the assembly 100 that may cause
corona discharge and damage to the fusible element over time. To prevent corona discharge

within the fuse assembly 100 a corona shield is provided.

[0015]  Asshownin FIGs. 1 and 2 an exemplary corona shield 50 includes an elongated
cylindrical body 60 which is adapted to substantially encompass the entire length of the fuse
body 20. The corona shield 50 is metallic or otherwise conductive and includes a coupling
end 70 and an opposing end 80. One exemplary shield 50 is formed of aluminum. The
coupling end 70 has a substantially similar diameter as the fuse body 20 and terminals 30,
40 to couple therewith such as by a friction fit or the like. As shown in FIG. 2, the corona
shield 50 is placed over the fuse 10 and 1s coaxial therewith. Although the fuse 10 and
shield 50 are illustrated and described herein such that the coupling end 70 is attached with
the first terminal 30 and the opposing end 80 is associated with the second terminal 40, this
arrangement 1s not to be restrictive and may be reversed such that the coupling end 70 is
attached to the second terminal 40 and the opposing end 80 is associated with the first
terminal. The shield 50 may taper or flare slightly outward from the coupling end 70 to a
point proximate the opposing end 80 to facilitate installation of the shield 50 onto the fuse
10.

[0016] The coupling end 70 of the shield 50 is attached to and in electrical contact with
the first terminal 30 of the fuse, and the opposing end 80 bells out slightly from the diameter
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of the coupling end 70 to have a somewhat larger diameter than the fuse body 20 and -
terminals 30, 40. As best illustrated in FIG. 3, a radial gap G exists between the opposing
end 80 of the corona shield 50 and the proximate fuse termunal 40. The coupling end 70 of
the shield 50 may be attached to the first terminal 30 of the fuse by soldering, gluing,
welding or other suitable means known 1n the art so that the shield 50 assumes the voltage
potential of the first terminal 30. One exemplary att_adhment means 1s Epic S7076 .
manufactured by Epic Resins of Palmyra Wisconsin. As 1s known, Epic S7076 1s a carbon-
filled, electrically conductive epoxy system that can be easily applied by hand or automatic

dispensing equipment. Other electrically conductive epoxy systems may be suitably

substituted.

[0017] As previously mentioned, the opposing end 80 of the shield 50 has a slightly
larger diameter than the coupling end 70 and is radially spaced away from the second
terminal 40 of the fuse 10. As shown in FIGs. 2 and 3, the coupling end 70 and opposing
end 80 each axially overlap a portion of their respective terminals 30, 40 so that the fuse
body 20 is encompassed by the shield 50. In one exemplary embodiment, the length of the
shield 50 is slightly longer than the fuse body 20 so that when the coupling end 70 1s
attached to the terminal 30 the opposing end 80 of the shield 50 overlaps a portion of the
second terminal 40 proximate the fuse body 20 by approximately a quarter of an inch. By
substantially encompassing the fuse body 20 with a conductive element, steep voltage
gradients and corona discharge are prevented since the shield 50 1s at the same potential as
the fuse element. Additionally, the transition portion T (FIG.3) of the shield 50, which 1s
proximate the opposing end 80, transitions from a first diameter to a second diameter in a
curved or otherwise smooth manner. In this way, the transition portion T further obviates
corona discharge, which is known to generally occur near sharp edges and abrupt

transitions.

[0018] As shown in FIG. 2, the corona shield 50 may be formed trom a perforated
metallic sheet so that dielectric material such as viscous epoxy or the like may flow freely
around and through the shiel,d 50 duning the encapsulation/molding process. Alternatively,
the shield 50 may be a metallic screen or mesh material suitable to withstand the molding
process. As can be appreciated from FIGs. 3 and 4, when the combination tuse 10 and

shield 50 is fully encapsulated, the second terminal 40 of the fuse 10 1s radially 1solated



CA 02542300 2006-04-10

WO 2005/038846 PCT/US2004/032681
6

from the opposing end 80 of the shield by a generally annular portion of the dielectric
encapsulation material that fills the gap G. Since the encapsulation has a high dielectric
withstand capability, the annular dielectric portion between the i1solated end 80 and the

second terminal 40 operates to prevent flashover when the fuse 10 is blown.

[0019] The exemplary fuse assembly 100 may be formed or cast in a mold to have
bushings 110, 120 (FIG. 4) oriented generally perpendicular to the lengthwise body of the
assembly 100 to facilitate connections with the line (1.e., source) and load, but other molds
may provide for other suitable shapes of the fuse assembly 100. To this end, as shown in
FIG. 5, adapters 35, 45 such as right angle connectors may be coupled with the terminals
30, 40 to provide the electrical connections for bushings 110, 120. One or more of the
adépters 35, 45 may be vented as required relative to the venting of the terminals 30, 40. As
can be appreciated from FIG. 5, the housing 150 is cast in one piece about the fuse 10 and
corona shield 50. As is known, the fuse 10 and corona shield 50 are disposed in a mold and
a resin, €poxy or other viscous dielectric material is introduced. Provisions are made in the
mold so that electrical connections to the terminals 30, 40 and/or adapter 35, 45 are not
impeded by the dielectric housing 150. One exemplary process for producing the assembly
100 includes the steps of: cleaning the shield 50 and fuse 10 exterior by sandblasting;
coupling the shield 50 to the fuse 10 by applying an electrically conductive adhesive;
coupling the fuse adapters 34, 45 to the fuse 10 terminals 30, 40; disposing the fuse 10 and
coupled shield 50 into a mold; and casting the assembly 100 with a viscous dielectric
material. Thereafter, a coating of a semi-conductive or conductive material may be applied

to the exterior surface of the fuse assembly 100.

[0020]  Exemplary embodiments of this invention are described herein. Variations of
those embodiments may become apparent to those of ordinary skill in the art upon reading
the foregoing description. The inventors expect skilled artisans to employ such variations
as appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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What is claimed is :

1. A tuse assembly comprising:
a fuse including a first terminal, a second terminals, and a current conducting fusible

element disposed therebetween and electrically connecting the first terminal and the second

terminal;

a single electrically conductive member extending around the fuse, wherein the single
electrically conductive member is electrically coupled with the first terminal and, upon

failure of the current conducting fusible element, electrically 1solated from the second

terminal;

wherein the single electrically conductive member includes a first end having a first
diameter, a second end having a second diameter larger than the first diameter, and a conical
transition portion positioned between the first end and the second end:

an electrically msulating housing encapsulating the single conductive member and the

fuse; and
an electrically conductive or semi-conductive material disposed about the electrically

conductive housing and configured to provide a ground plane for the fuse assembly.

2. The assembly of claim 1 wherein the electrically conductive member 1s

coaxial with the fuse.

3. The assembly of claim 2 wherein the electrically conductive member 1s

generally cylindrical between the conical transition portion and the first end.

4. The assembly of claim 1 wherein the electrically conductive member

comprises a metallic sheet.

5. The assembly of claim 4 wherein the metallic sheet 1s pertforated.

0. The assembly of claim 1 wherein the electrically conductive member

comprises a metallic mesh.

7. The assembly of claim 1 wherein the electrically conductive member

comprises a metallic screen.
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terminal by about 0.25 inches.

10.  The assembly of claim 1 wherein the housing comprises a one-piece material.

11.  The assembly of claim 1 wherein the electrically conductive member

comprises aluminum.

12.

process of:

Ing material with an electrically conductive
material or semiconductive material.

13.

conductive material

4. The assembly of claim 12 wherein the corona shield comprises a metallic

sheet.

I5.  The assembly of claim 14 wherein the metallic sheet comprises aluminum.
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17.

second end with a second diameter larger than the first diameter, and a conical transition

portion positioned between the first end and the second end:

electrically coupling the single corona shield with a fuse;

disposing the fuse and single corona shield in 2 mold;

casting the fuse and single corona shield in electrically
that, upon failure of the tuse, the corona shield

of the fuse; and

1solating material so

1s electrically isolated from a second terminal

disposing an electrically conductive or semiconductive material about the
electrically isolating material.

18. The method

claim 17 further comprising the step of cleaning
corona shield.

the fuse and

19.  The method of claim 18 wherein the cleaning Step comprises sandblasting
20.  The method of claim 17 wherein the coupling step comprises
applying an electrically conductive adhesive to a terminal of the fuse: and
bonding the corona shield to the terminal.
21.

The method of claim 17 wherein the electrically 1solating material includes a
dielectric material.

22. The method of claim 17 wherein the dielectric material is chosen from the

group consisting of resin and €pPOoXy.

23. A fuse assembly comprising:

a fuse with a first terminal and a second terminal;
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24, The assembly of claim 23 wherein the single electrically conductive member

overlaps the second terminal of the fuse.

25.  The assembly of claim 23 wherein the single electrically conductive member

1s generally cylindrical and coaxial with the fuse.
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