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Stop-joints gre employed in fluid fliled cable
systems for the purpose of subdividing the cabies
into sections so-as to iimit the hydrostatic head of
the impregnating liquid on the enclosures or

5 sheaths of the connected cable lengths, and for the
purpose of permiitting the impregnating dielectric
or liquid to fiow between the hollow core of the ca-
ble conductor end an external source of supply,
such as a variakle capacity reserveir sealed againgt
the admission of air. They are alsc employed i
segregate cne seclion from another as regards uhe
Hquid dieiectric so that in the event of a lezk in
one section, the liquid will not be aaameu from
the connected.section or sections.

On account of the fact that there is g great
difference of potential between the conductor and
the surrounding metal parts, the probien
effectively insulating them one from the other

. presents many difficulties. The greaier the dif-

ference of potential, the greater are the difficuities
20 of manufacture and greater care must be exercised
in making an installation. Prior to my preseni
invention, numerous installations of fluid filled
cable had been made in the United States and in
countries foreign thereto operating at 132,000
volts, and in ricst or all cases the cables were
provided with stop-joints, for example of the type
shown in my Patent 1,698,051 dated January 8.
1929 or that shown in the Eby Patent 1,819,882
dated August 18, 19°1.

.The present invention is directed to a stop-joint
for underground cable systems and is especially
designed to operate under very high voltages.
Joints made in accordance with my invention are
in successful operation at the present time, and,
with the connected cables, are operating at the
highest voltage ever used in a commercial under-
ground cab:e system. As an illustration, but not
as a limitation of my invention, the joint iilus-
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volts. In order that some idea meay be had of
the size of such joints as are here illustrated, it

may be stated that the joint casing ic approxi-

mately 1014 feet long with an approximsate maxi-
mum diameter of 151 inches. It is ¢ be vnder-
stood, however, that the dimensions given are not
limitations since a change in operating voltage or
a change in the insulating materials used, or both,
may and in most cases would resuit in & change
of dimensions. o

In such a stop-joint, a great mass of fibrous
insulation is applied te the jolnt paris in order
that they may withstand the tremendous voliage
to which they are subjected. The value of such
material as an insulating medium depends to &
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trated herein is designed tc operate at 220,000 .
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very great degree upon how thorougm:; £a8s is re=
moved and how completely the materia! is Im-
pregnated with liguid dlelectric, as degasified oil,
for exampie, and how completely ali volds are
filled with the Hguid, or both. My inve: &
directed more specifically to the ways and 1
for ensur mg mmpheua ﬁlling of t*ae vm«mc o

A
‘aved

w"mc joint, and specifical
ing high volé
- of what I balieve
vention, attention is direct
ag description and the clalx

3304
ble 01 withst

ny 1
anyii T
he drawing which illustratss one of the
bodiments of my Invention, Fig. 1 is o view
pam‘:vr in section of g high potential st ioint;
Fig, 2 is an axial sectional view of approximately
one-half of the joint; ¥ig. 3 is a perspective view
of a portion of one end of the joint, and Fig, 4
is o perspsctive view of a portion of s beli com-
prising parallel tubes of insulating material.

€& and T indicate the cables, the conductors of
which are hollow and united by the two-part con-
nectors 8 and 8 and the flexible member i0. As

both halves of the joint are alike, a description.

of one of them will be sufficient. The connector
8 supports the small end of a cone-shaped insu-
lator t1, its outer end being supported by the
head 12, the latter being secured to the end mem-
ber {3 of the joint casing. {4 indicates the factory
applied insulation on the conductor and surround-
ing it are layers of fibrous insulation 1§ arranged
in step formation and all located within the cone
‘insulator.

Surrounding the connector ls a thin sheef metal
cylindrical screen 16 of relatively large diameter
for controlling the electric fleld and providing a
lower gradient of potential on its surface, wiich
is supportad at its ends by the connector nevis
8 and § and is therefore at line potential., It ic
provided with openings 17 to permit of evacuation
and subsequent fiiing by the lquid dicle

The casi is made in halves to permic of asg-
sembly a the parts of the connector ave united
by the fiexible member -i8, the plane of divisicn
of the casing being sxisl, The paris of the cas-

ciric of
which degasified oil may be taken as an exanmple. -
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ing sre scldered or otherwise secured itogether. -

Adjacent the ends of the screen {6 are metsl rings
{8 of which one is shown. Each of these is con-
nected to o conductor as by a lead and screw

scy
i9¢ and hence Is at the same potential, The
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function of these rings is to increase the perfora-
tion tension in the regions near the two ends of
the connector which are particularly subject to
electrical discharges. Each of the rings is sepa-
rately insulated before application to the joint
structure and is supported internally by the en-
larged end of a connector part such as 8.

Over the cone insulator is applied bands of
fibrous insulating material 28, either in the form
of layers or laminations of tape or sheet mate-
rial, & small amount of fibrous tape being first
applied over the portion of the cone insulator
adjacent the ring 19 to enlarge the diameter and
make the outer surface more nearly cylindrical.
An additional wrapping or band of fibrous insu-
lating material 21 is applied over the screen (6
and over 2 part of the insulator 28. Another
reinforcing insulation, indicated at 22, is applied
over the insulation 20. Surrounding the insu-
lation 28 on the cone are belts 23 and 24, each
comprising small tubes 25 made of insulating
material, all strung together or held in place to
form an annulus by cords 26 which pass com-
pletely through them. By passing the cords
through the tubes and permitting the tubes to
make contact along their sides, the necessity of
individually anchoring each tube is avoided.
After the belt is applied, the ends of the cord or
other fastening means are tied or otherwise
united. It is desirable to use two such cords
located near the ends of the tubes to prevent
relative displacement thereof. By making the
tubes relatively small in diameter and so numer-
ous that they contact with each other along
their peripheral surfaces in azial planes, they
form an annulus which presents relatively smooth
internal and external surfaces and because of
that fact, they snugly fit the supporting surface
and also form or define an outer surface over
which relatively thin insulation may smoothly
and evenly be wound or applied in layers to
form a cylinder as contrasted to an irregular
surface composed of high and low spots as would
be the case if the tubes were widely spaced. It
is advantageous to slightly bevel the internal
ends of the tubes so as to ensure smooth sur-
faces and free passage of the liquid therethrough.
The right hand belt 28 serves as a support for
one end of the overlying cylindrical body of fi-
brous insulation 27 and also as a means to per-
mit the passage of liquid dielectric axially there-
through. The left hand belt 24 supports the right
hand end of a tubular body of insulation 28, the
opposite end of which is supported by the rigid
cone insulator. It will be observed that there
are liquid containing spaces or chambers such as
28, 30 and 3f. If it were not for the belts of
tubes, they would be wholly or largely shuf oif
from the liquid dielectric within the joint casing
and as a result the effective insulation would be
greatly decreased.

32 indicates a relatively long cylinder of in-
sulating material which is supported in concen-
tric relation with the axis of the joint by spaced
belts 33 and 34, each comprising parallel tubes
of insulating material as best shown in Fig. 4
and previously described. The tubes of belt 33
serve to convey liquid dielectric between the
space or chamber 35 and space or chamber 30.
The tubes of the right hand belt 34 serve to con-
vey liquid dielectric between the annular space
or chamber 30 and the outermost annular space
or chamber 36. From Fig. 3, it will be seen that
the belis 24 and 33 are located in the same plane

with the cylindrical body of insulation 28 be- -

2,180,380

tween them. The tubes of the inner belt 24 are
desirably slightly smaller In diameter than those
of the outer belt and fewer in number because
the diameter of the joint in this plane is less.
The belts by reason of their consiruction are
flexible so that they may easily be wrapped
around the psarts of the joint and because the
tubes are united by flexible means such as cords,
it becomes a simple matter to secure them in
place. Liquid dielectric is supplied to and re-
ceived from the outer chamber 36 of the joint
casing by the fitting §7 carried by the outer main
casing 38 of the joint. Liquid dielectric is ad-
mitted to and received from the hollow core cable
by the fitting 46 mounted on the end cap of the
joint casing. 'This fitting when the cable is in
service is connected to a variable capacity reser-
voir to compensate for variations in volume of
the liquid in the core of the conductor. The lig-
uid dielectric flows into and out of the hollow
conductor 38 through the connector and through
the space between the insulation on the conduc-
tor and the cone into the end chamber 40 of the
joint casing. The joint casing is also provided
with a fitting 4{ whereby the filling and draining
thereof is facilitated.

As previously indicated, the belts act as sup-
ports for masses of insulation and also serve as
channels to convey liguid dielectric from one
more or less isolated space or chamber to another
or others and in so doing prevent the formation
of dry spaces which otherwise would he only
imperfectly filled with liguid.

It is o characteristic feature of my improved
construction that the solid or mass insulation
outside of the cone insulators is arranged in the
form of tubular elements and that between cer-
tain of the elements are arranged flexible belts
which serve the double purpose of supporting the
outer or surrounding elements and affording defi-
nite passages for the liguid. The belts form a
unit assembly and being flexible conform to the
shape of the body encircled thereby and are
easily secured in viace. Due to the numerous
tubes of which each belt is composed, there is
no danger of 2 stoppage of the free circulation
of the liquid dielectric. The tubes being assem-
bled and united to each other as they are, there
is no danger of a workman making an error in
the application of the belis.

Attached fo the end head 12 is an end bell 42
which flares outwardly to the wall of the casing
88 and is secured thereto. The purpose of this
bell is to provide voltage gradients both radial
and lateral which are within the safe working
values of the several insulating materials em-
ployed. The end bell is provided with a number
of grooves or notches 43 which establish con-
nection between the chamber supplied by the
fitting 37 and the central part of the joint casing.

The center of the joint is provided with a
thick covering of fibrous insulation 44 over which
is applied a relatively thin tubular body of insu-
lation 45, the latter being separated from the
metallic casing of the joint by an annular space
to which the liquid has free access.

The use of flexible belts has been described in
connection with stop-joints as they have great
utility in connection therewith but they may also
be used with advantage in other types of joints
where it is important to keep the solid insulation
fully exposed to the action of the liquid dielectric.

The wrappings of fibrous insulating tape and
sheets are referred fio herein as solid insulation
to distinguish them from the liquid dielectric. In
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some instances, the sheets or tapes are wound
in layers directly on some interior part and
are immovable when once applied, while in other
instances, as the cylinder 28, for example, the
cylinders are wound and then slipped endwise
into place in the end bells 42. Tt will be apparent
that flexible belts of the character described are
not limited in their use to cable joints since they
may be used wherever desirable in electrical ap-
paratus as a means for insulating one conductor
means from another and where it is important
to maintain complete filling and circulation of
liquid dielectric. It will also be apparent that
while the greater part of the liquid dielecirie will
flow back and forth through the tubes as it ex-
pands and contracts, a certain amount will flow
through the small spaces defined by the periph-
eral surfaces of the tubes and the solid insulation
upon which the belt is supported or between said
surfaces and the wrapped-on insulation covering
and supported by the tubes.

The belts are so constructed as to have suffi-
ciently good dielectric strength in a radial direc-
tion, that is toward the joint casing, having at
the same time passages or channels for the liquid
which greatly facilitate the impregnation of the
internal parts of the joint casing.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. An electrical conductor means, a metallic
enclosure therefor, a filling of liquid dielectric for
the enclosure, and a flexible belt comprising in-
sulating tubes arranged side by side and sur-
rounding the conductor means and located be-
tween it and the enclosure and through which
the dielectric is free to flow.

2. An electrical conductor means, a metallic
enclosure therefor, a filling of liquid dielectric
for the enclosure, insulating tubes surrounding
the conductor means and located between it and
the enclosure and through which the liquid di-
electric is free to flow, and flexible means located
near the ends of the tubes for holding them in
side by side relationship to form a flexible belt

and for securing the belt around the conductor .

means,

3. A cable Jomt comprising electrically con-
nected conductors, bodies of liquid impregnated
insulation of cylindrical form enclosing the con-
ductors, the ends of certain of the bodies being in
spaced relation, a flexible belt arranged between
one of the bodies and that immediately there-
under to support the former, the belt comprising
a relatively large number of small diameter
tubes arranged in close side by side axial arrange-

3

ment and united to prevent relative displacement,
a sealed casing enclosing the parts of the joint,
and a filling of liquid dielectric for the casing
which permeates the bodies and flows freely
through the tubes as the liquid expands and con-
tracts with temperature changes.

4. A cable joint comprising electrically con-
nected conductors, a body of insulation surround-
ing one of the conductors, a flexible belt sur-
rounding and supported by the body, the belt
comprising a relatively large number of small in-
sulating tubes arranged side by side and extend-
ing parallel to the axis of the conductor, a cylin-
drical body of solid insulation, one end of which is
supported by the belt, a second belt of similar
construction concentric with the first and sup-
ported by the cylindrical body, a second cylindri-
cal body of solid insulation surrounding the sec-
ond helt and supported thereby, the bodies being
in radially spaced relation with liquid containing
chambers between, a sealed casing for the joing
parts, and a filling of liguid dielectric for the
casing which flows into and from the chambers
through the tubes as the liquid expands and
contracts due to temperature changes.

8. A cable joint comprising electrical conduc-
tors arranged end to end, a connector for uniting
them electrically, a body of solid insulation sur-
rounding one of the conductors, a flexible bel}

comprising a plurality of insulating tubes ar- :

ranged side by side, means for flexibly uniting the
tubes and securing them over the body of solid
insulation, a body of solid insulation surround-
ing the belt and supported thereby, a casing for
the joint, and a filling of liquid dielectric for the
casing which circulates through the tubes and
prevents the formation of voids.

6. A belt for the purposes described compris-
ing a plurality of relatively small tubes of insu-
lating material having perforations near their
ends, and means for uniting the tubes to form an
annulus comprising cords of insulating material
which extend through the perforations, the ends
of the cords being united to secure the belt in
place.

7. A cable joint comprising conductor means,
a metallic enclosure therefor, a filling of liquid
dielectric for the enclosure, and a flexible belt
comprising insulating elements disposed side by
side in axial relation and surrounding the con-
ductor and flexible insulating means for secur-
ing the belt as a unit assembly in position around

the conductor.
LUIGI EMANUELL.
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