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Stop-joints are employed in fluid fled cable 
Systems for the purpose of subdividing the c83les 
into Sections so as to limit the hydrostatic head of 
the impregnating liquid on the enclosures of 
Sheaths of the COinected cabe lengths, and foi fÈGE 
purpose of permitting the impregnating dielectric 
or liquid to fiow between the hollow core of the ca 
ble conductor and an external Sorce of Suity, 
such as a variable capacity reservoir sealed against; 
the admission of air. They are also employed to 
Segregate one section from another as regardig the 
liquid dielectric So that, in the event of a leai. i2. 
one section, the liquidi will not te d'aineiË FC 
the connected. Section of SectionS. s 
On account of the fact that there is a grea. 

difference of potezatia between the corductor Candi 
the surronding metai parts, tie Brobie NS 
effectively insulating their one from the Gise: 

The greater the dif 
ference of potential, the greater are the diffic2lities. 
of manufacture and greater care must be exercised 
in making an installation. Prior to my present. 
invention, numerous installations of fluid filed 
cable had been made in the United States and in 
countries foreign thereto operating at 132,000 
volts, and in rost 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, 191. 
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 Commercia tradier 
ground cabe System. As an illustration, b?; not 
as a limitation of my invention, the joint illus 
trated herein is designed to operate at 22,00t. 
Volts. In order that some idea, may be had of 
the size of such joints as are here illustrated, it 
may be stated that the joint casing is approxi 
mately 10% feet long with an approximate axio 
mum diameter of 15% inches. It is to be 3 ceae 
stood, however, that the dimensions given are to 
limitations since a change in ope'ating voltage GP 
a change in the insulating nate:ias Sed, Gractii, 
may and in most cases Would result is a ci&ge 
of dimensions. . 

In such a stop-joint, a great Yass of fi:S 
insulation is applied to the joint paits in C'de: 
that they may withstand the treniedouis Wotage 
to which they are subjected. The Vaitle of Sicil 
material as an insulating mediuri depends to & 

very great degree upon how thoroughly gas is re 
moved aii holy completely the materia is into 
pregated Fªyiti iquid täielectric, aš iegasifiedi, oi, 
for exampie, and how completely ai yoids are 
filed with the iquid, or both. My izves 
directed more specifically to the Ways 8.2 
for ensuring coEngiete falling of the voicis O. 
wi:in the joi:i a iné: ?žne proper žEmpre: 

S objec? O Ny 
EN Eorªyed cale jošEN, a di SpECC3. 

Ing nghi Viš 

9. 
ine åraving Waich illustraios One Så ?ine 
die NS o Ey invention, Fig. : S = ViÈWF 

parir in Secti DET Of £, high poteritia S: it, 
Fig. 2 is an axia, sectional view of approxi & Gey 
one-Elaif of the joint Fig. 3 is a perspectire view 
c? a portio of one end of the joint, a Fig. 4 
is a perspective view of a portion of a heit, coin 
prising parallel tubes of insulating materia. 

and i indicate the cables, the conditors of 
Which are hollow and united by the two-part Con 
nectors 8 and S and the flexible member it. 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 insul 
lator í l, its outer end being supported by the 
head 2, the latter being Secured to the end inem 
ber 3 of the joint, casing. 4 indicates the factory 
applied insulation on the conductor and surround 
ing it are layers of fibrous insulation 5 arranged 
in step formation and all located within the cone 
insulator. 

Surrounding the connector is a thin sheet metal 
cylindrical screen 6 of relatively sarge diameter 
for controlling the electric field and providing a 
lower gradient of potentiai on its surface, Wich 
is supported at its elds by the connecci as 
8 and S and is therefore at line potent: is 
provided witi openings to permit of evacuaties 
and subsequent fi:iing by the liquid dielectric of 
wikici degasified oil rin ay be taken as an eksan:ple: 
i'S CaS is die i naves to e E, 2 BS -- 
semity after the parts of the connector ase ...it 
by the fiexile senicer. C, the plane of givision. 
of Étie casg eing EEG. The GBBS O jie 3ES 

5. 

30 

5. C 
ing are solidereš ir aitherwise Secredi. ËGgeti Er. 
Adjacent tie ends of Eise screen f. aenetia. Figgs 
E of which one is shown. Each of thege is c6:- 
nected to a coindictor as by a lead aid. SC'ew 
i SG andi ile:ace is at the same potential. "Sire 
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5. With the cylindrical body of insulation 28 be. . 

2 
function of these rings is to increase te 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 loy the en 
larged end of a connector part Such as 8. 
Over the cone insulator is applied bands of 

fibrous insulating material 2, either in the for: 
of layers or laminations of tape or sheet nate 
rial, a small amount of fibrous tape being first 
applied over the portion of the cone insulator 
adjacent the ring 9 to enlarge the diameter and 
make the outer surface Chore nearly cylindrical. 
An additional wrapping or band of fibrous insul 
lating material 2 is applied over the screen A8 
and over a part of the insulator 29. Another 
reinforcing insulation, indicated at 22, is applied 
over the insulation 20. Surrounding the in SU 
lation 20 on the cone are belts 23 and 24, each 
comprising small tubes 25 inade of insulating 
material, all strung together or held in place to 
form an annulus by cords 25 Which paSS COn 
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 axial 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 SIRoothly 
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 23 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 
29, 30 and 38. If it were not for the belts of 
tubes, they would be Wholly or largely shut of 
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 
Wey 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 belts 24 and 33 are located in the same plane 

3,130,839 
tween them. The toes of the inner belt 24 are 
desirably slighty Snailer in diameter than those 
Of the Outer halt and fewer in number because 
the dia.neter of the joint, in this plane is less. 
The belts by rea,Son of their construction are 
flexible So that they may easily be wrapped 
around the parts 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 
Cei Ved from the otter chamber 36 of the joint 
Casing by the fitting 3 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 liq 
luid dielectric flows into and out of the hollow 
Conductor 39 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 48 whereby the filling and draining 
thereof is iacilitated. 
AS previously indicated, the belts act as sup 

ports for masses of insulation and also serve as 
channels to convey liquid 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 be only 
imperfectly filled with liquid. 

It is a 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 liquid. The belts form a 
Unit assembly and being flexible conform to the 
Shape of the body encircled thereby and are 
easily Secured in place. Due to the numerous 
tubes of which each belt is composed, there is 
i0 danger of a 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 Inaking an error in 
the application of the sets. 
Attached to the end head 2 is an end bell 42 

Which flares outwardly to the wall of the casing 
38 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 tae chamber Supplied by the 
fitting 35 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 to 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. It 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 dielectric 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 

Tetters 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 
1'ounding 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 then in 
side by side relationship to form a flexible belt 
and for securing the belt around the conductor . 

3. A cable joint 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 
lected 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 cylindril. 
cal body of Solid insulation surrounding the sec 
Ond belt and supported thereby, the bodies being 
in radially Spaced relation with liquid containing 
chambers between, a sealed casing for the joint 
QaltS, and a filling of liquid dielectric for the 
Casing Which flows into and from the chambers 
through the tubes as the liquid expands and 
ContractS due to temperature changes. 

5. A cable joint comprising electrical conduc 
tOS arranged end to end, a, connector for uniting 
then electrically, a body of solid insulation sur 
rounding one of the conductors, a flexible belt, 
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. 
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