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(54) COMPACT TRANSFORMER BUSHING

(57) A compact electrical bushing (102) has a sepa-
rate insulating end cap (210) removably attached to the
shaft (200) of the bushing at an end used for mounting
a current transformer. The removably attached insulating
end cap has a large outer diameter that increases the
linear surface distance of the bushing. The outer diam-
eter may be determined in a predefined manner based
on the desired length of the shaft, and vice versa, with a
larger outer diameter corresponding to a shorter shaft.

The increased linear surface distance allows the bushing
to meet minimum tracking distance with a shorter shaft
relative to existing bushings. The shorter shaft reduces
the footprint of switchgear and other electrical isolation
equipment to which the bushing may be connected. The
insulating end cap may be removed from the bushing as
needed to allow the current transformer to be slid onto
the bushing without having to pass over the end cap.
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Description

FIELD OF THE INVENTION

[0001] The disclosed embodiments relate generally to
an electrical bushing for switchgear and similar electrical
isolation equipment, and particularly to a primary side
bushing having a reduced overall length for use with such
isolation equipment.

BACKGROUND OF THE +INVENTION

[0002] An electrical bushing is essentially a well-insu-
lated conductor used to transmit power into or out of a
wall or other barrier, such as the enclosure of a trans-
former, circuit breaker, shunt reactor, power capacitor,
and other electrical isolation equipment. A primary bush-
ing, as the name suggests, is typically connected to the
primary side of a transformer, whereas a secondary
bushing is typically connected to the secondary side of
the transformer.
[0003] The primary bushing is often used in conjunc-
tion with a current transformer ("CT") to monitor the cur-
rent flowing through the bushing conductor. The current
transformers are usually window type transformers, also
known as "donut" transformers, that have an opening in
the middle of the transformer winding. The opening al-
lows the transformer to be slid over the end of the bushing
and onto the main body of the bushing where it may be
used to measure the amount of current passing through
the bushing conductor. To decrease component cost, a
smaller size and lower voltage (e.g., 600V) current trans-
former may be used, provided the inner diameter of the
current transformer is large enough to pass over the end
of the bushing.
[0004] Bushings are regulated by IEEE STD C37.20.2,
which requires that the primary bushings be able to with-
stand certain voltage and over-voltage conditions. The
"pass" criteria under these test conditions dictate a cer-
tain minimum direct distance from the conductive part of
the bushing to the electrical isolation equipment, referred
to as the "strike" distance, and also a minimum linear
surface distance from the conductive part of the bushing
to the nearest ground plane, referred to as the "tracking"
or "creep" distance. While these minimum distances may
be relaxed slightly by improving the insulating material
around the bushing, the "strike" and "tracking" distances
ultimately depend on the voltage levels seen by the elec-
trical isolation equipment to which the bushing is con-
nected.
[0005] To satisfy the minimum required tracking dis-
tance, existing primary bushings are typically designed
with coaxial, radially extending insulation discs or sheds
that function to increase the linear surface distance along
the length of the bushing. By using large diameter track-
ing sheds, the actual length of the bushing may be re-
duced while meeting the minimum required tracking dis-
tance. Most bushings are designed with the large diam-

eter tracking sheds located on the side of the bushing
proximate to the switchgear, which allows that side of the
bushing to have a reduced length compared to the other
side of the bushing where the current transformer is
mounted. The bushing itself is typically connected to a
circuit breaker that performs the switching operations
within the switchgear. An annular mounting flange may
be coaxially disposed on the bushing for securing the
bushing to the housing of the switchgear or other elec-
trical isolation equipment.
[0006] The side of the bushing over which the current
transformer is mounted usually cannot accommodate
any tracking sheds because the inner diameter of a typ-
ical low-voltage current transformer is too small for the
transformer to pass over the tracking sheds. As a result,
that side of the bushing must extend a certain distance
past the current transformer mounting area in order to
maintain the minimum required tracking distance to the
tip of the bushing conductor. This additional distance not
only creates a larger footprint for switchgear and similar
electrical isolation equipment that require a bushing, but
also increases the material cost of the bushing.
[0007] Attempts to address the above drawback have
met with limited success. One such effort involves using
a two-piece bushing design that allows the bushing to be
split into two pieces at a point on the main body so the
current transformer may be slid onto one of the pieces.
The two pieces of the bushing may then be reconnected
after the current transformer is slid into place. However,
this design requires that there be a break in the bushing
conductor, which can lead to higher conductor resist-
ance.
[0008] Thus, a need exists for an improved primary
bushing for switchgear and similar electrical isolation
equipment that addresses the above and other short-
comings of existing primary bushings.

SUMMARY OF THE DISCLOSED EMBODIMENTS

[0009] The disclosed embodiments address the above
and other shortcomings of existing bushings by providing
a compact bushing for electrical isolation equipment. The
compact bushing has a separate insulating end cap that
is removably attached to a shaft of the bushing at the end
over which the current transformer is mounted. The re-
movably attached insulating end cap has a large outer
diameter that acts to increase the linear surface distance
of the bushing. The specific outer diameter used may be
selected or otherwise determined in a predefined manner
based on the length of the shaft desired, and vice versa,
with a larger outer diameter corresponding to a greater
linear surface distance and a shorter shaft. The increased
linear surface distance allows the bushing to meet min-
imum tracking requirements using a shorter shaft relative
to existing bushings, which beneficially reduces the foot-
print of switchgear and other electrical isolation equip-
ment to which the bushing may be connected. Removing
the insulating end cap from the bushing allows the current
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transformer to be slid onto the bushing without having to
pass over the end cap. This make it possible to mount
smaller size current transformers and/or current trans-
formers having smaller inner diameters on the bushing.
[0010] In some embodiments, the removably attached
insulating end cap may include a main body in the form
of a cup or similar receptacle made of and/or coated with
a cycloaliphatic epoxy or similar nonconductive material.
Such a cup shaped main body may have a large diameter
outer surface and a hollow interior that creates additional
linear surface distance for the bushing. A small outer di-
ameter neck section is provided at the other end of the
of the insulating end cap for mounting the insulating end
cap on to the shaft of the bushing. The neck section has
a coaxial pathway that extends through the insulating
end cap and opens up into the receptacle portion for re-
ceiving the bushing conductor. In some implementations,
the coaxial pathway within the neck section may narrow
progressively toward the receptacle portion. A conical or
cone shaped washer or gasket may then be attached to
the end of the shaft portion of the bushing for connecting
the insulating end portion to the shaft portion of the bush-
ing. When thus connected, the coaxial pathway of the
neck section fits snugly on the conical or cone shaped
washer or gasket and may be held in place by a suitable
locking mechanism, such as a twist lock mechanism. It
may also be helpful to cover the conical or cone shaped
washer or gasket with a dielectric grease to maintain the
dielectric properties of the insulating end cap.
[0011] In some embodiments, a shoulder section may
be provided between the neck section and the main body
of the insulating end cap. The shoulder section may have
an outer diameter that is larger than the outer diameter
of the neck section but smaller than the outer diameter
of main body. One or more tracking sheds may be pro-
vided on the shoulder section further to increase the lin-
ear surface distance of the bushing. In some embodi-
ments, the one or more tracking sheds may have the
same diameter as the outer diameter of the main body.
Electric field lines may be minimized by using a grounded
conductive coating on the outer surface of the insulating
end portion.
[0012] In general, in one aspect, the disclosed embod-
iments are directed to a compact bushing for electrical
isolation equipment. The compact bushing comprises a
shaft, a conductor extending through the shaft, and an
insulating end cap removably attached to the shaft at an
end thereof, the insulating end cap having a pathway
formed therein through which the conductor extends
when the insulating end cap is attached to the shaft. The
insulating end cap has an outer diameter preselected to
increase a tracking distance for the bushing by a prede-
fined amount when the insulating end cap is attached to
the shaft.
[0013] In general, in another aspect, the disclosed em-
bodiments are directed to a bushing assembly for elec-
trical isolation equipment. The bushing assembly com-
prises a shaft, a conductor extending through the shaft,

and an insulating end cap removably attached to the shaft
at an end thereof. A current transformer is mounted on
the shaft that has an inner diameter that is larger than an
outer diameter of the shaft, but smaller than an outer
diameter of the insulating end cap.
[0014] In general, in still another aspect, the disclosed
embodiments are directed to a method of mounting a
current transformer on a bushing. The method comprises
the steps of detaching an insulating end cap from a shaft
of the bushing, the insulating end cap being removably
attached to the shaft at an end thereof, and sliding the
current transformer over the shaft, the current transform-
er having an inner diameter that is larger than an outer
diameter of the shaft, but smaller than an outer diameter
of the insulating end cap. The insulating end cap may
then be reattached to the shaft at the end thereof, wherein
the outer diameter of the insulating end cap is preselected
to increase a tracking distance for the bushing by a pre-
defined amount when the insulating end cap is attached
to the shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregoing and other advantages of the dis-
closed embodiments will become apparent upon reading
the following detailed description and upon reference to
the drawings, wherein:

FIG. 1 is a perspective view of a switchgear having
a bushing according to some implementations of the
disclosed embodiments;
FIG. 2 is a perspective view of a bushing according
to some implementations of the disclosed embodi-
ments;
FIG. 3 is side view comparing a bushing according
to some implementations of the disclosed embodi-
ments to an existing bushing;
FIG. 4 is a cross-sectional view of a bushing accord-
ing to some implementations of the disclosed em-
bodiments; and
FIG. 5 is a cutaway view of a bushing according to
some implementations of the disclosed embodi-
ments.

DETAILED DESCRIPTION OF THE DISCLOSED EM-
BODIMENTS

[0016] As an initial matter, it will be appreciated that
the development of an actual, real commercial applica-
tion incorporating aspects of the disclosed embodiments
will require many implementation specific decisions to
achieve the developer’s ultimate goal for the commercial
embodiment. Such implementation specific decisions
may include, and likely are not limited to, compliance with
system related, business related, government related
and other constraints, which may vary by specific imple-
mentation, location and from time to time. While a devel-
oper’s efforts might be complex and time consuming in
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an absolute sense, such efforts would nevertheless be
a routine undertaking for those of skill in this art having
the benefit of this disclosure.
[0017] It should also be understood that the embodi-
ments disclosed and taught herein are susceptible to nu-
merous and various modifications and alternative forms.
Thus, the use of a singular term, such as, but not limited
to, "a" and the like, is not intended as limiting of the
number of items. Similarly, any relational terms, such as,
but not limited to, "top," "bottom," "left," "right," "upper,"
"lower," "down," "up," "side," and the like, used in the
written description are for clarity in specific reference to
the drawings and are not intended to limit the scope of
the invention.
[0018] Referring now to FIG. 1, an exemplary switch-
gear 100 is shown with several of the compact bushings
disclosed herein, one of which is indicated at 102, con-
nected to circuit breakers within the switchgear 100. The
compact bushings 102 is arranged so that it extends from
within the housing 104 of the switchgear 100 to outside
the housing 104 where connection is made to other
equipment. Current transformers 106 are mounted on
the bushings 102 to help monitor and measure the current
flowing from the switchgear 100 through the bushings
102. The current transformers 106 in the example of FIG.
1 have a brick shaped enclosure with openings formed
therein to allow the bricks to be slid onto the bushings
102. Multiple such brick shaped enclosures may be
mounted on the bushings 102 as needed to monitor and
measure the current flowing through the bushings 102.
[0019] FIG. 2 illustrates one of the compact bushings
102 from FIG. 1 in more detail. As can be seen here, the
bushing 102 includes a cylindrical shaft 200 surrounding
an electrical conductor 202 extending coaxially through
the shaft 200. The cylindrical shaft 200 is made of an
insulating material and may also be coated with a ground-
ed conductive coating on the surface in order to manage
electric field lines. The electrical conductor 202 has a tip
portion 202a at one end that allows the conductor to be
connected to other electrical equipment, while the oppo-
site end of the conductor 202 is electrically connected to
the switchgear 100 in the usual manner. An annular
mounting flange 204 having threaded bores 206 or sim-
ilar fastening features may be formed in or otherwise dis-
posed on the shaft 200 proximate to the switchgear 100,
along with one or more tracking sheds 208, one of which
is indicated at 208. The mounting flange 204 allows the
bushing 102 to be securely attached to the housing 104
of the switchgear 100, while the one or more tracking
sheds 208 208 act to increase the linear surface distance
of the bushing.
[0020] In accordance with the exemplary disclosed
embodiments, a removable cylindrical end portion or cap
210 may be coaxially connected to one end of the shaft
200, specifically the end adjacent to the tip portion 202a.
The cylindrical end cap 210 preferably has a large outer
diameter relative to the outer diameter of the shaft 200
in order to increase the linear surface distance of the

bushing. The increased linear surface distance allows
the bushing 102 to have a shorter shaft 200 relative to
existing bushings that do not have a large diameter end
cap 210. The end cap 210 may then be detached or oth-
erwise disengaged from the shaft 200 as needed to allow
the current transformer 106 to be slid onto the shaft 200
without having to pass over the end cap 210. After the
current transformer 106 is slid onto the shaft 200, the end
cap 210 may be reattached or otherwise reengaged to
the shaft 200.
[0021] In the embodiment of FIG. 2, the removable end
cap 210 of the compact bushing 102 may be composed
of several distinct sections. For example, there may be
a neck section 212, a shoulder section 214, and a main
body 216, each section being either integrally formed with
or otherwise connected to the other sections in the order
shown. The neck section 212 may have an outer diameter
that is the same or slightly larger than the outer diameter
of the shaft 200 portion, but smaller than the outer diam-
eter of the shoulder section 214. The shoulder section
214 in turn may have a smaller outer diameter than the
main body 216. It is of course possible for the neck section
212 to have a larger outer diameter than the shoulder
section 214, or for the shoulder section 214 to have a
larger outer diameter than the main body 216, without
departing from the scope of the disclosed embodiments.
It is also possible for the end cap 210 to be composed
of a single section having a uniform outer diameter along
its length without departing from the scope of the dis-
closed embodiments.
[0022] In some embodiments, the main body 216 of
the end cap 210 may have the form of a cup, as shown
in FIG. 2, and may be made of and/or coated with a cy-
cloaliphatic epoxy or similar nonconductive material. The
cup shape gives the main body 216 a hollow interior that
provides additional surface area for the bushing, thereby
increasing the linear surface distance for the bushing. In
alternative embodiments, the main body 216 may have
a bowl shape, or some other type of receptacle shape,
or it may be completely enclosed with only the tip portion
202a protruding therefrom. Additionally, one or more
tracking sheds 218 may be provided on the end cap 210,
for example, on the shoulder section 214, to further in-
crease the linear surface distance for the bushing 102.
In some embodiments, the one or more tracking sheds
218 may have the same outer diameter as the outer di-
ameter of the main body 216, although their diameters
may certainly be different in some embodiments.
[0023] The increased linear surface distance provided
by the end cap 210 and the resulting decrease in shaft
length are depicted in FIG. 3. In this figure, the bushing
102 according to the disclosed embodiments is on the
top and a conventional bushing 300 is on the bottom.
Both bushings have roughly the same linear surface dis-
tance (e.g., 200 mm), but the top bushing 102 is able to
achieve that linear surface distance using a shaft 200
having a length that is substantially shorter than the
length of the shaft 302 of the conventional bushing 300.
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This shorter shaft length is possible because the end cap
210 has a large outer diameter relative to the outer di-
ameter of the shaft 302 of the conventional bushing,
thereby providing the top bushing 102 with greater linear
surface distance relative to the conventional bushing
300. The increased linear surface distance allows the top
bushing 102 to have a shorter overall length compared
to the conventional bushing 300.
[0024] In the exemplary embodiment of FIG. 3, assum-
ing 6 10 percent tolerance, the outer diameter "A" of the
end cap 210 may be about 4.5 inches and the length "B"
of the end cap 210 may be about 3.3 inches. This allows
the bushing 102 to have a length "X" of about 8.0 inches
starting from the mounting flange 204 to the end of the
bushing 102, not including the tip portion 202a. In con-
trast, a comparable length "Y" on the conventional bush-
ing 300, which has the same linear surface distance,
measures about 11.5 inches. This results in a length re-
duction of about 30 percent for the bushing 102 disclosed
herein over the conventional bushing 300. Moreover, by
carefully selecting the dimensions for the end cap 210,
particularly the outer diameter "A," specific and targeted
length reductions may be achieved, for example, 10 per-
cent, 20 percent, 40 percent, 50 percent, and so on,
based on the required minimum linear surface distance.
[0025] FIG. 4 is a cross-sectional view of another ex-
emplary compact bushing 400 according to the disclosed
embodiments. As this view shows, the bushing 400 has
an insulating cylindrical shaft 404 through which an elec-
trical conductor 402 extends and a cylindrical end cap
410 removably attached to one end. As with its counter-
part, the end cap 410 operates to increase the linear sur-
face distance for the bushing 400 and may be composed
of several sections, including a neck section 412, a shoul-
der section 414, and a cup shaped main body 416. One
or more tracking sheds 418 may be provided on the
shoulder section 414 to further increase the linear surface
distance for the bushing 400. This linear surface distance
is indicated by the dashed line 420 running along the
outer surface of the bushing 400 into the interior of the
cup shaped main body 416.
[0026] In the embodiment of FIG. 4, the end cap 410
has a coaxial pathway formed therein that begins at the
neck section 412, extends through the shoulder section
414, and opens up into the interior of the cup shaped
main body 416. This pathway allows the end cap 410 to
removably engage a head portion 406 of the shaft 404
and thereby connect the end cap 410 to the shaft 404.
In some embodiments, the pathway in the end cap 410
may narrow progressively from the neck section 412 to-
ward the shoulder section 414, and the head portion 406
of the shaft 404 may be tapered to facilitate insertion of
the head portion 406 into the end cap 410. A conical or
cone shaped washer or gasket 408 may be disposed
between the head portion 406 and the end cap 410 to
ensure a snug fit. It may also be beneficial to cover the
conical or cone shaped washer or gasket 408 with a di-
electric grease to maintain the dielectric properties of the

end cap 410.
[0027] FIG. 5 is a close up view of yet another exem-
plary compact bushing 500 according to the disclosed
embodiments. The bushing 500 is otherwise similar to
the bushing 400 of FIG. 4 insofar as it includes an insu-
lating cylindrical shaft 504, an electrical conductor 502,
and a removable cylindrical end cap 510. As before, the
end cap 510 may include a neck section 512, a shoulder
section 514, a cup shaped main body 516, and a pro-
gressively narrowing pathway extending therethrough,
while the shaft 504 may have a tapered head portion 506
to facilitate insertion of the head portion 506 into the end
cap 510. A shed 518 is shown in this embodiment, but
the end cap 510 need not necessarily have separate
sheds. A conical or cone shaped washer or gasket 508
may be used to ensure a snug fit between the head por-
tion 506 and the end cap 510, and a dielectric grease
may be applied to the gasket to maintain the dielectric
properties of the end cap 510. In addition, the bushing
500 may include a locking mechanism 520 for securing
the end cap 510 to the shaft 504. Any suitable locking
mechanism may be used, such as a quarter turn twist
lock, without departing from the scope of the disclosed
embodiments. As well, the bushing 500 may include a
grounded conductive coating 522 on the surface of the
shaft 504 that helps to manage electric field lines.
[0028] While particular aspects, implementations, and
applications of the present disclosure have been illus-
trated and described, it is to be understood that the
present disclosure is not limited to the precise construc-
tion and compositions disclosed herein and that various
modifications, changes, and variations may be apparent
from the foregoing descriptions without departing from
the spirit and scope of the disclosed embodiments as
defined in the appended claims.

Claims

1. A compact bushing for electrical isolation equipment,
comprising:

a shaft;
a conductor extending through the shaft; and
an insulating end cap removably attached to the
shaft at an end thereof, the insulating end cap
having a pathway formed therein through which
the conductor extends when the insulating end
cap is attached to the shaft;
wherein the insulating end cap has an outer di-
ameter preselected to increase a tracking dis-
tance for the bushing by a predefined amount
when the insulating end cap is attached to the
shaft.

2. The compact bushing of claim 1, wherein the shaft
has a predefined length and the outer diameter of
the insulating end cap is preselected based on the
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predefined length of the shaft.

3. The compact bushing of claim 1, further comprising
a gasket connected to the shaft at the end thereof,
the gasket facilitating removable attachment of the
insulating end cap to the shaft.

4. The compact bushing of claim 3, wherein the gasket
is a cone shaped gasket and the pathway progres-
sively narrows such that the cone shaped gasket fits
snugly within the pathway.

5. The compact bushing claim 4, further comprising a
coating of dielectric grease covering the gasket, the
dielectric grease helping to maintain a dielectric
property of the insulating end cap.

6. The compact bushing of claim 1, further comprising
a tracking shed coaxially disposed on the insulating
end cap and extending radially from the insulating
end cap.

7. The compact bushing of claim 1, wherein the insu-
lating end cap is made of or coated with a grounded
conductive coating on an outer surface of the insu-
lating end cap.

8. A bushing assembly for electrical isolation equip-
ment, comprising:

a shaft;
a conductor extending through the shaft;
an insulating end cap removably attached to the
shaft at an end thereof; and
a current transformer mounted on the shaft, the
current transformer having an inner diameter
that is larger than an outer diameter of the shaft,
but smaller than an outer diameter of the insu-
lating end cap.

9. The bushing assembly of claim 8, wherein the outer
diameter of the insulating end cap is preselected to
increase a tracking distance for the bushing by a
predefined amount when the insulating end cap is
attached to the shaft.

10. The bushing assembly of claim 9, wherein the insu-
lating end cap includes a cup shaped receptacle por-
tion defining a hollow interior, the cup shaped recep-
tacle further increasing the tracking distance for the
bushing by a predefined amount.

11. The bushing assembly of claim 8, wherein the insu-
lating end cap includes a neck section having a pro-
gressively narrowing pathway formed therein
through which the conductor extends when the in-
sulating end cap is attached to the shaft.

12. The bushing assembly of claim 11, further compris-
ing a cone shaped gasket connected to the shaft at
the end thereof, the cone shaped gasket fitting snug-
ly within the progressively narrowing pathway when
the insulating end cap is attached to the shaft.

13. The bushing assembly of claim 8, wherein the insu-
lating end cap includes a shoulder section, the shoul-
der section having a tracking shed coaxially dis-
posed thereon and extending radially therefrom.

14. The bushing assembly of claim 13, wherein the track-
ing shed has an outer diameter that is the same as
the outer diameter of the insulating end cap.

15. A method of mounting a current transformer on a
bushing, comprising:

detaching an insulating end cap from a shaft of
the bushing, the insulating end cap being remov-
ably attached to the shaft at an end thereof;
sliding the current transformer over the shaft,
the current transformer having an inner diameter
that is larger than an outer diameter of the shaft,
but smaller than an outer diameter of the insu-
lating end cap; and
reattaching the insulating end cap to the shaft
at the end thereof, wherein the outer diameter
of the insulating end cap is preselected to in-
crease a tracking distance for the bushing by a
predefined amount when the insulating end cap
is attached to the shaft.

16. The method of claim 15, wherein detaching the in-
sulating end cap from the shaft comprises turning
the insulating end cap a predefined distance to dis-
engage a twist lock mechanism securing the insu-
lating end cap to the shaft.

17. The method of claim 15, further comprising connect-
ing the bushing to electrical isolation equipment, the
electrical isolation equipment including one or more
of the following: a switchgear, a circuit breaker, and
a switchboard.
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