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[57] ABSTRACT

A gas-insulated transmission line includes a cylindrical
outer sheath, an inner conductor within the outer
sheath, an insulating gas, and support insulators for
insulatably supporting the inner conductor within the
outer sheath. The support insulators have a pair of cir-
cumferentially spaced apart openings therein, and a
wheel assembly is disposed within each of the support
insulator openings. Each wheel assembly includes a
rotatable wheel which extends outwardly of the sup-
port insulator opening and contacts the outer sheath.
With such an arrangement, insertion or movement of
the inner conductor within the outer sheath 1s done on
wheels instead of with a sliding motion to thereby mini-
mize the generation of conducting contamination parti-
cles. Also disclosed is the use of a removable, insulating
contact button cover which prevents the particle trap
ring contact from sliding against the outer sheath while
the inner conductor is being assembled within the outer
sheath, but which is removed after the inner conductor
15 in place so as to allow electric contact to the outer

sheath.

11 Claims, 6 Drawing Figures
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GAS INSULATED TRANSMISSION LINE
INCLUDING PROVISIONS FOR MINIMIZING
PARTICLE GENERATION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue,

BACKGROUND OF THE INVENTION

This invention relates generally to gas insulated
equipment, and more particularly to a wheel-mounted
insulator for use in gas-insulated transmission lines.

Compressed gas-insulated transmission lines typically
comprise a hollow, cylindrical outer sheath, an inner
conductor disposed within, but spaced apart from, the
outer sheath, a plurality of insulating spacers which
support the conductor in the sheath, and a compressed
gas such as sulfur hexafluoride or the like in the sheath
to electrically insulate the conductor from the sheath.

One problem occurring in the use of gas-insulated
transmission lines concerns the mobile conducting or
semi-conducting particle. These particles can cause
problems in that they may lower the dielectric strength
of the insulating gas and may initiate flash-over and
break-down of the gas as they travel between the outer
sheath and the inner conductor. Trump, 1n U.S. Pat. No.
3,515,938, disclosed a means for deactivating and elimi-
nating the deleterious effects of such conducting parti-
cles. In that patent, there is described the use of elec-
trodes placed within the outer sheath to create low field
regions which trap and deactivate the particles. How-
ever advantageous these particle traps may be, 1t 1s still
desirable to minimize the generation of such contamina-
tion particles to the extent possible. Thus, for example,
assembly of the transmission line at the manufacturing
site typically occurs in stages which includes, finally,
assembly in a ‘“clean room*. However, even utilizing
such precautions, it ts not possible to eliminate all
sources of contamination particles. In particular, in a
typical gas-insulated transmission line, the support insu-
lators which space the inner conductor from the outer
sheath must extend outwardly to the outer sheath to
provide the necessary support. There is thus a location
where the support insulator must come in contact with
the outer sheath. During assembly of the transmission
line, this contact point must slide along the outer sheath
in order to enable the inner conductor, with its insula-
tors, to be inserted within the outer sheath. During such
insertion, the abrasion of the support insulators against
the outer sheath may generate contamination particies.
The prior art minimized such generation by utilizing
polytetrafluoroethylene pads at the ends of the support
insulators where the insulators contacted in the outer
sheath to facilitate the insertion while minimizing the
abrasive forces therebetween. However, even utilizing
such means, contamination particles were still gener-
ated. As another example, to provide for thermal expan-
sion and contraction, the support insulators are not
fixedly secured to the outer sheath but are allowed to
slide relative thereto during actual use of the transmis-
sion line. During such expansion or contraction, the
shding of the support insulators against the outer sheath
can also generate contamination particles. Thus, 1t is
desirable to provide some means for minimizing the
abrasive forces between the support imsulators and the
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2

outer sheath to minimize the generation of contamina-
tion particles.

SUMMARY OF THE INVENTION

In accordance with this invention, 1t has been found
that a more desirable gas-insulated transmission line 1s
provided which includes a cyhindrical outer sheath, an
inner conductor disposed within the outer sheath, an
insulating gas which electrically insulates the inner
conductor from the outer sheath, and support means
which are utilized for insulatably supporting the inner
conductor within the outer sheath. The support means
includes circumferentially spaced apart openings iIn
which are inserted wheel assemblies. Each wheel as-
sembly includes a rotatable wheel which extends out-
wardly of the openings and contacts the outer sheath,
thereby minimizing the abrasive forces existing between
the motion of the support insulator and the outer sheath.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference 1s now made to the description of the pre-
ferred embodiment, illustrated in the accompanying
drawings, in which:

FIG. 1 1s a longitudinal cross-sectional view of a
typical gas-insulated transmission line.

FIG. 2 1s a cross-sectional view taken along hne
[1—II of FIG. 1;

FIG. 3 15 a detailed plan view of the wheel assembly;

FIG. 4 is a detailed cross-sectional view of the wheel
assembly;

F1G. 5 1s a detailed cross-sectional view of a system
utilized to minimize particle generation from the parti-
cle trapping ring contact buttons; and

FIG. 6 1s a modification of the view illustrated in

FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The gas-insulated transmission hine 10 utilizing the
teachings of this invention 1s illustrated in FIGS. 1 and
2. Therein, it is shown that the transmission line 10 is
comprised of an elongated, cylindrical outer sheath 12,
and an elongated inner conductor 14 disposed within,
and spaced apart from, the outer sheath 12. The outer
sheath 12 will typically be at low or ground electrical
potential, whereas the inner conductor 14 will be at
high electrical potential with respect to the outer sheath
12, and may typically carry voltages in the range
138-1200 KV. Insulatably supporting the inner conduc-
tor 14 within the outer sheath 12 are a plurality of sup-
porting insulators 16, and electrically insulating the
inner conductor 14 from the outer sheath 12 1s an insu-
lating gas 18 typical of which 1s sulfur hexafluoride at
pressures of 50 pounds per square inch gauge. Provid-
ing low field regions 20 adjacent to the insulating spac-
ers 16 are particle trapping rings 22. Apertures 21 in the
rings 22 facilitate entry of particles into the low field
regions 20. The inner conductor 14, the outer sheath 12,
and the particle-trapping rings 22 will typically be of
good electrically-conducting material such as alumi-
num.

As can be seen from FIG. 2, the insulating spacer 16
1s preferably of a tri-post design, although the invention
may be utilized with disc or conically-shaped insulators
as tllustrated in FIG. 6. The tri-post insulator 16 illus-
trated 1s comprised of a central portion 24 having a bore
26 therethrough through which extends the inner con-
ductor 14. Extending outwardly from the central por-
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tion 24 to the particle trapping ring 22 are three legs 28,
30, 32. The leg 28 has an opening 34 therein in which 1s
disposed a particle-trapping ring contact assembly 36, as
ts more fully described in U.S. Pat. No. 4,084,064, as-
signed to the same assignee as the present invention.
The legs 30, 32 have openings 38, 40, respectively
therein, and disposed within these openings 38, 40 are
wheel assemblies 42, 44, respectively. The purpose of
these wheel assemblies 42, 44 is to minimize abrasion
and particle generation during assembly and thermal
movement of the conductor and the insulators by re-
placing the sliding motion present in the prior art trans-
mission lines with the rolling action of the wheel assem-
blies 42, 44. The use of such wheel assemblies 42, 44,
which have lower coefficients of friction than for the
prior art sliding means, simplifies assembly of longer
lengths of transmission line 10 since lower insertion
forces are required. Additionally, heavier conductors
14, for example, those utilized in 1200 KV systems, can
be more easily assembled. By inserting the wheel assem-
blies 42, 44 within the legs 30, 32 of the support insula-
tor 16, the assembly 42, for example, is contained withtn
the grounded stress post of the tnsulator 16, thus mini-
mizing further electrical stresses within the transmission
line 10, and also minimizing the space required between
the insulator 16 and the ouer sheath 12. Also to be noted
is that the wheel assemblies 42, 44 are disposed within
the legs 30, 32, respectively, which are in the lowermost
portion of the outer sheath 12. As shown, the legs 30, 32
are disposed about 120° apart in the lowermost portion
of the outer sheath 12, where the gravitational forces
are most evenly distributed.

Referring now to FIGS. 3 and 4, therein is shown in
greater detail the wheel assembly 42 illustrated iIn
FIGS. 2 and 6. Identical to the wheel assembly 42
shown 1s the wheel assembly 44 likewise illustrated in
FIGS. 2and 6. In FIG. 4, it can be seen that the opening
38 1s provided 1n the leg 30 adjacent the outer sheath 12.
Inserted within this opening 38 1s a metallic insert 30,
which typically would be cast into the leg 30 during the
casting operation. Disposed within the insert 50, and
fixediy secured thereto by means such as the screw 51,
ts the wheel holder cup 52. Although not a necessity, it
may be desirable to provide a leaf spring 53 to provide
electrical contact between the insert 30 and the wheel
holder cup 52. Disposed within openings 54, 56 of the
wheel holder cup 52, and being held thereto, is a wheel
axle 58. The wheel axie 58 extends through a centrally
disposed opening 60 of the wheel 62. The wheel 62 thus
1s free to rotate about the wheel axle 58. If desired,
washers 64 may be utilized to space the wheel 62 from
the wheel cup holder 52. The wheel 62 is preferably of
a non-metallic materal, so as to prevent the generation
of conducting particles.

As can be seen from FIGS. 4 and 2. the wheel 62
extends outwardly of the leg opening 38, extends
through a corresponding opening 70, 72 in the particle
trapping ring 22, and 1s in contact with the outer sheath
12. The wheels 62 are rotatable in the elongated direc-
tion of the outer sheath 12, so that upon insertion of the
mmner conductor 14 with its associated spacers 16 into
the outer sheath 12, the movement into the outer sheath
12 1s facilitated by the rolling motion of the wheels 62.
This simplifies insertion of the inner conductor 14 into
the outer sheath 12, requires a lower (nsertion force 1o
be exerted, and renders easier the assemblage of the
heavier conductors utilized for the higher voltage rat-
Ing systems.
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Referring now to FIG. 6, it can be seen that the use of
the wheel assemblies 42, 44 1s not limited to tri-post
support insulators, but instead may be utilized with disc
or conically shaped insulators 80. In this modification
with the disc-type insulator 80, which extends from the
inner conductor 14 towards the outer sheath 12 to sub-
stantially fill in the cross-sectional area therebetween,
there are a pair of circumferentially spaced-apart open-
ings 88, 90 within the support insulator 80, and a wheel
assembly 42, 44, respectively, similar in design to those
previously described, is disposed within each opening
88, 90, with the respective wheels 62 extending through
openings 70, 72 in the particle trapping ring 22 to
contact the outer sheath 12. As before, the openings 88,
90 are preferably disposed in the lowermost portion of
the support insulator 80 when the transmission line is in
its final orientation so as to compensate for the effects of
gravity.

Referring now to FIG. §, therein 1s shown another
means for minimizing the generation of conducting
particles during manutacture of the transmission line 10,
and more particularly at the time of insertion of the
inner conductor 14 and 1ts corresponding support insu-
lators 16 into the outer sheath. As described in the
aforementioned U.S. Pat. No. 4,084,064, it is desirable
to provide a contact for maintaining electrical contact
between the particle trapping ring 22 and the outer
sheath 12 during energization of the transmission line
10. As was described in that patent, one or more contact
buttons 102, 104 are disposed within a metallic cup 106
which 1n turn i1s secured within an opening 108 of one of
the support legs 28 of the insulator 16. The contact
buttons 102, 104 are biased by the springs 110, 112, and
a spring holder 114 1s likewise biased outwardly by a
spring 116. During the time that the tnner conductor 14
and the support insulator 16 1s inserted into the outer
sheath 12, the contact buttons 102, 104 rub against the
outer sheath 12 and, because of the metallic nature of
both the outer sheath 12 and the contact buttons 102,
104, conducting contamination particles can be gener-
ated. In order to mimimize this particle generation, a
non-metallic contact button cover 118, of a material
such as nylon, is utilized to hold the contact buttons 102,
104 within the contact holder 114 and away from the
outer sheath 12. As can be seen from the drawing, the
contact button cover 118 1s shaped 1n a dove-tail config-
uration over the lips 120, 122 of the contact button
holder 114, so that the holder 118 s prevented from
circumferentially moving with respect to the contact
button holder 114. However, because of this dove-tail
configuration, the contact button cover 118 can be lon-
gitudinally removed from the contact button holder
114. This removal of the contact button cover 118 from
the contact button holder 114 can be accomplished, for
example, by means such as the string 124.

As can be quite readily seen from the drawing and
this description, the contact button cover 118 com-
presses the contact buttons 102, 104 and holds them in
place within the contact button holder 114 through the
dove-tail arrangements of the cover 118 and the holder
114. During assembly operations, the cover 118 is in
place and the inner conductor 14 and its associated
supports 16 are rolled into the outer sheath 12 on the
wheels 62. Once inserted into the outer sheath 12 at its
proper location, the string 124 previously attached to
the cover 118 1s pulled, sliding the cover 118 off the
dove-tail groove thereby releasing the contact buttons
102, 104. In addition to making contact between the
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particle trapping ring 22 and the outer sheath 12, release
of the contact buttons 102, 104 establishes electrical
connection between the wheel assembly inserts 50 and
the outer sheath via the springs 110 and 112, the metallic
cups 106, the particle trapping ring 22, and the wheel
holder cups 52. Hence, means for electrically connect-
ing the wheel assembly inserts 50 with the outer sheath
12 is provided.

Thus, as can be seen, herein is described various
means for minimizing the generation of contamination
particles 1n gas-insulated transmission lines during the
assembly operations of the transmission lines, and also
during thermal expansion or contraction of the lines
during energization of the transmission line.

I claim as my invention:

1. A gas-insulated transmission line of the type includ-
ing a cylindrical outer sheath, an inner conductor dis-
posed within said outer sheath, an insulating gas electri-
cally insulating said inner conductor from said outer
sheath, and support means for insulatably supporting
said tnner conductor within said outer sheath, said sup-
port means including a plurality of legs extending from
satd tnner conductor towards said outer sheath, the
improvement comprising;:

at least one of said legs having an opening therein

adjacent said outer sheath; and

a wheel assembly disposed within said leg opening,

satd wheel assembly including a rotatable wheel
extending outwardly of said leg opening and con-
tacting said outer sheath, said wheel being rotat-
able only in the direction of said outer sheath elon-
gation, said wheel assembly comprising an insert
disposed 1n said leg opening and fixedly secured to
said leg, a wheel holder cup disposed within said
insert and secured thereto, said wheel, having a
centrally disposed opening therethrough, disposed
within said wheel holder cup, and a wheel axle
extending through said wheel central opening and
being held by said wheel holder cup.

2. A gas-insulated transmission line according to
claim 1 wherein said support means includes three legs,
two of which have openings therein, and a wheel assem-
bly ts disposed within each leg opening.

3. A gas-insulated transmission line according to
claim 2 wherein said three legs are disposed about one
hundred twenty degrees apart with one leg being ori-
ented in the upper portion of said outer sheath, and said
two lowermost legs have said openings therein.

4. A gas-insulated transmission line according to
claim 1 wherein said wheel is of a non-metallic material.

5. A gas-insulated transmission line of the type includ-
ing a cylindrical outer sheath, an inner conductor dis-
posed within said outer sheath, an insulating gas electri-
cally insulating said inner conductor from said outer
sheath, and support means for insulatably supporting
said inner conductor within said outer sheath extending
from said inner conductor towards said outer sheath,
the improvement comprising:

sald support means having a pair of circumferentially

spaced-apart openings therein; and

a whee] assembly disposed within each of said sup-

port means openings, each wheel assembly includ-
ing a rotatable wheel extending outwardly of a
respective support means opening and contacting
said outer sheath, each wheel being rotatable only
in the direction of said outer sheath elongation,
each wheel assembly comprising an insert disposed
In a respective support means opening and fixedly
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6

secured to said support means, a wheel holder cup
disposed within said insert and secured thereto,
said wheel, having a centrally disposed opening
therethrough, disposed within said wheel holder
cup, and a wheel axle extending through said wheel
central opening and being held by said wheel
holder cup.

6. A gas-insulated transmission line according to
claim 5 wherein each wheel is of a non-metallic mate-
rial.

7. A gas-insulated transmission line of the type includ-
ing a cylindrical outer sheath, an inner conductor dis-
posed within said outer sheath, an insulating gas electri-
cally insulating said inner conductor from said outer
sheath, support means for insulatable supporting said
inner conductor within said outer sheath, a particle
trapping ring disposed adjacent said supporting means
and spaced-apart from said outer sheath, and a contact
assembly including a spring-biased contact button dis-
posed within said support means and extending out-
wardly to said outer sheath, said contact button provid-
iIng an electrical connection between said outer sheath
and said particle trapping ring, the improvement com-
prising:

a non-metallic contact button cover longitudinally-

removably secured to said contact assembly; and
means for longitudinally removing said contact but-
ton cover from said contact assembly.

8. A gas-insulated transmission line of the type includ-
ing a cylindrical outer sheath, an inner conductor dis-
posed within said outer sheath, an insulating gas electri-
cally insulating said inner conductor from said outer
sheath, and support means for insulatably supporting
said inner conductor within said outer sheath, said sup-
port means including a plurality of legs extending from
said inner conductor towards said outer sheath, the
improvement comprising:

at least one of said legs having an opening therein
adjacent said outer sheath;

a wheel assembly disposed within said leg opening,
said wheel assembly including a rotatable wheel
extending outwardly of said leg opening and con-
tacting sald outer sheath, said wheel asssembly
comprising a metallic insert disposed in said leg
opening and fixedly secured to said leg, a wheel
holder cup disposed within said insert and secured
thereto, said wheel, having a centrally disposed
opening therethrough, disposed within said wheel
holder cup, and a wheel axle extending through
satd wheel central opening and being held by said
wheel holer cup; and

means electrically connecting said wheel assembly
insert and said outer sheath.

- 9. A gas-insulated transmission line of the type includ-

ing a cylindrical outer sheath, an inner conductor dis-
posed within said outer sheath, an insulating gas electri-
cally insulating said inner conductor from said outer
sheath, and support means for insulatably supporting
said inner conductor within said outer sheath extending
from said inner conductor towards said outer sheath,
the improvement compnsing;:

said support means having a pair of circumferentially
spaced-apart openings therein;

a wheel assembly disposed within each of said sup-
port means openings, each wheel assembly includ-
ing a rotatable wheel extending outwardly of a
respective support means opening and contacting
said outer sheath, each wheel assembly comprising
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a metallic insert disposed in a respective support
means opening and fixedly secured to said support
means, a wheel holder cup disposed within said
insert and secured thereto, said wheel, having a
centrally disposed opening therethrough, disposed
within said wheel holder cup, and a wheel axle
extending through said wheel central opening and
being held by said wheel holder cup; and

means electrically connecting each wheel assembly

insert and said outer sheath.

10. A gas-insulated transmission line of the type includ-
ing a cylindrical outer sheath, an inner conductor disposed
within said outer sheath, an insulating gas electrically
insulating said inner conductor from said outer sheath, and
support means for insularably supporting said inner con-
ductor within said outer sheath, said support means includ-
ing a plurality of legs extending from said inner conductor
towards said outer sheath, the improvement comprising:

at least one of said legs having an opening therein adja-

cent said outer sheath;

a metallic insert disposed in said leg opening and fixedly

secured to said leg, rolling means disposed within said
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metallic insert and extending outwardly contacting
said outer sheath; and

means electrically connecting said metallic insert and
said outer sheath.

11. A gas-insulated transmission line of the type includ-
ing a cylindrical outer sheath, an inner conductor disposed
within said outer sheath, an insulating gas electrically
insulating said inner conductor from said outer sheath, and
support means for insulatably supporting said inner con-
ductor within said outer sheath extending from said inner
conductor towards said outer sheath, the improvement
comprising:

said support means having a pair of clrcumferentially
spaced-apart openings therein,

a metallic insert disposed in each support means opening
and fixedly secured to said support means, rolling
means disposed within each said metallic insert and
extending outwardly contacting said outer sheath; and

means electrically connecting each metallic insert and

said outer sheath.
x &k Kk X Xk
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