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1. 
26,066 

PoTHEADS AND CABLE TERMINALS 
Elmo F. Huston, San Francisco, Calif, assignor to The 
Ohio Brass Company, Mansfield, Ohio, a corporation 
of New Jersey 

Original No. 3,033,915, dated May 8, 1962, Ser. No. 
10,363, Feb. 23, 1960. Application for reissue Apr. 30, 
1964, Ser. No. 377,155 

12 Claims. (CI. 174-73) 
Matter enclosed in heavy brackets appears in the 

original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

This invention relates to terminating devices for elec 
tric cables, 
The principal object of the invention is to improve 

and simplify terminating arrangements for electric cables. 
Another object of the invention is to improve and 

simplify grading arrangements in electric terminating de 
vices. 

In the art pertaining to high voltage power transmis 
ision, it is known to use oil or gas filled cables in which 
the cable incorporates a central conductor, a layer of Solid 
insulating material, and an external oil or gas tight 
metallic sheath. In the employment of such cables, it 
is necessary to provide a terminating device, known as a 
pothead, for accomplishing the various terminating func 
tions; specifically, connecting the cable conductor and 
sheath to the related power generation or utilization cir 
cuits; to maintain the necessary oil or gas pressure within 
the cable; and to control the electrical stresses in the in 
sulating medium in the region at the end of the cable so 
that the medium does not puncture and short circuit the 
cable, 

In accomplishing the last of the above-named func 
tions, it is necessary to control the stress distribution in 
the longitudinal direction in the insulating medium be 
tween the end of the sheath and the end of the insulat 
ing Inedium adjacent the end of the central conductor. 
This is ordinarily accomplished by utilizing a plurality 
of grading capacitors which are arranged along the cable 
and are connected in series between the end of the 
sheath and the end of the conductor. 

The present invention is directed to a cable terminating 
evice in which the grading of stresses in the longitudinal 

direction in the terminating device is accomplished by 
means of grading foils disposed concentrically along and 
about the longitudinal axis of the cable at the terminal 
end thereof. The foils are arranged as cylindrically dis 
posed inserts within a core which is constituted by a resin 
impregnated paper winding. The core itself forms a 
structural part of the pothead and has the terminal parts 
of the pothead supported from one end thereof. The re 
maining end of the core is provided with a base assembly 
which is secured to a joint at the end of the cable. 
The grading foils are in two groups, one of which 

is constituted by concentrically and coaxially arranged 
foils for grading the longitudinal stress in the insulation 
at the end of the cable. These foils function as equi 
potential surfaces which are electrically in series and 
establish a uniform division of electrical stresses in the 
raclial direction and, by reason of the varying lengths and 
disposition of the foils, to distribute the stresses in the 
longitudinal direction. The second group of foils are 
concentrically wound but have the extremities thereof 
but are connected together and have the ends thereof ad 
jacent the first foils arranged in progressive relation to 
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constitute an equi-potential surface for providing a smooth 
ground potential transition from the cable armor to the 
base of the device. 
The invention together with further objects, features 

and advantages thereof will be understood with reference 
to the following detailed specification and claims and the 
appended drawings which show one embodiment of tile 
invention. In the drawings: 

FIG. 1 is an exterior elevation view of the pothead of 
the invention showing certain control devices useful with 
the pothead; 

FIG. 2 is a top plan view of the bushing of FIG. 1: 
FIG. 3 is a vertical sectional view of the pothead of 

FIG. 1 taken in the direction 3–3 in FIG. 2; and 
FiG. 4 is an enlarged view of a portion of the pothead 

showing particularly the relation of the core of the 
pothead to a cable and build-up in a cable terminal. 

Referring first to FIGS. 1 and 2 of the pothead of 
the invention comprises a manufactured asembly in 
cluding a base 11, a core 12 and a cap 13. As shown 
particularly in FIG. 3, the core 12 comprises an clon 
gate cylindrical body constituted by a cylindrical winding 
of resin impregnated paper which is cured to provide a 
rigid dense body which supports the cap 13 and is in 
turn supported by the base 11. 
The base 11 comprises a base plate 14, a ground sleeve 

15, a support sleeve 16, and a mounting flange 17. The 
sleeves 15 and 17 are received in the grooves in the 
base plate 14 and welded, brazed or otherwise attached to 
the plate to form fluid pressure-tight joints. The core 
12 is secured in the sleeve 15 by means of a shrink-fit or 
a bond of resin, or adhesive, or both. 
The cap 13 comprises a cylindrical metallic piece 18 

which is fitted over the top end of and secured to the 
core 12. A top plate 14 is joined to the sleeve 18 and 
is spaced from the terminal end of the winding of the 
core to form an opening 19 which constitutes an oil 
reservoir. A spacer 20 insures assembly of the parts 
with a predetermined height at the top end of the pot 
head. A plug 21 is provided for filling the reservoir. 
A screw fastener 22 on the top plaie 14 functions as 

a line terminal and a screw fastener 23 mounted on the 
base plate serves as a ground terminal for the pothead. 
The core 12 is wound upon a hollow cylindrical core 

tube 24 which extends along the interior of the core 
winding for a substantial klistance and beyond the ter 
minal end of the core through the spacer 19 and the cap 
plate 14. The core tube 24 is joined to the cap plate 14 
to form a fluid pressure tight joint with the cap. A 
plunger 25 is received in the core 24 and contacts the 
end of the cable conductor to serve as a terminal con 
nector for the pothead. The plunger 25 is maintained 
in spring-pressed relation to the end of the cable con 
ductor by means of a spring 26 which extends between 
the plunger 25 and a spacer sleeve 27 which abuts a 
threaded plug 28 at the top end of the core tube 24. 
The plug 28 is formed with a ring which may conveniently 
Serve as a lifting ring for the pothead. The plunger 25 
is formed with grooves 29, which provide fluid communi 
cation between the interior of the cable and the interior 
of the core tube above the plunger. 
The spacer 27 is formed with openings 30 to provide 

an oil passage between the cable and cable system and 
the reservoir at the top end of the pothead. A valve 31 
which communicates with the interior of the guide tube 
27 is provided for filling the interior of the pothea 
and/or cable and for relief of excessive pressures. 
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FIG. 4 shows a portion of the pothead 10 with the 
end part of a cable 32 and a buildup 33, and illustrates 
the arrangement of the parts in a completed installation. 
The cable 32 and the buildup 33 extend upward throlgh 
the Sapport 16, through an opening 34 in the base plate 
13 and are shaped to conform to an opening 35 in the 
core. The cabs 32 has the armor 36 terminated as 
shown, although not necessarily in this position, and the 
shiest represented in outline at 37 extends from the shield 
to within the buildup 33. The conductor 38 of the cable 
32 is engaged at its extrennity by the plunger 25 and the 
insulation 39 of the cable is conformed to the opening 
35 if the core. 
The buildup 33 is a layer of insulation constituted by 

a paper or other sheet insulating material wound tightly 
about the exterior of the cable insulation 39 and Tinay be 
formed in accordance with the teaching of U.S. Patent 
3,005,868 to S. O. Linderholm. The buildup is supported 
at its lower end by means not shown herein. 
The core 12 incorporates two groups of grading foils, 

designated at 40 and 41, for grading the radial and longi 
tudinal stresses in the insulation 39 of the cable, in the 
bildup 35, and in the core 12. Both groups of foils 
are constituted by coaxial conducting layers which are 
formed by winding strips of foil between the successive 
turns of the paper of the core at predetermined intervals 
during the winding of the core. Thus the foils constitute 
cylindrical conducting surfaces which are disposed coaxi 
aly inside and outside the adjacent foils and coaxially 
about the conductor 38 and the core tube 27. The two 
groups of foils are related by an outside foil 42 which 
extends along the exterior of both groups of foils in ca 
pacitive relation thereto and is insulated from the ground 
sleeve 15. 
The lower foils 40 have the outward extremities there 

of in conductive contact with the base plate 17 so that 
all of the foils are maintained at the potential of the 
base plate 14 which is usually at ground potential. A 
continuous winding of foil 43 in the buildup 35 functions 
as an equi-potential surface and provides a ground poten 
tic transition from the Shield 37 to the base 14. The 
foils 40 are of increasing length, proceeding radially out 
ward from the opening 31 of the core, to adjacent the out 
side foil 42 so that the ground equi-potential surface is 
carried to the foil 42 which is connected to the ground 
sleeve 15 through the terminal 44. The foil arrangement 
which includes the foil 40, the foil 43 insures a uniform 
distribution of longitudinal stresses in the region of in 
creasing insulation thickness in the region between the 
foils 40 and 4. 

Because of the concentric arrangement of the foils 41, 
there is effected a radial grading of the potential between 
the conductor 38 and the core tube 27 and the foil 42 
and the ground sleeve 15. That is, the total potential is 
divided in uniform steps in the radial direction and the 
stresses imposed upon the paper, or other dielectric ma 
terial of the core 12 are relatively uniform in that direc 
tion. Additionally, however, the extremities of the foils 
41 establish an equi-potential surface which insures a uni 
form distribution and termination of the longitudinal 
stresses in the region between the ground sleeve 15 and 
the core tube 27. The foils are arranged in a uniformly 
staggered relation which provides a smooth progression 
from the ground sleeve 15 to the core tube 27. The outer 
end of the foils 40 are also staggered to prevent undue 
concentrations in the paper and material of the core be 
tween the outer ends of those foils and the end of the 
core winding. 
The core 12 is conveniently formed by winding a paper 

having a low content of low-loss electrical resin. Low 
resin content papers are preferred to assure maximum 
penetration of the insulating oil into the core while achiev 
ing maximum mechanical strength in the winding. After 
winding, the core is vacuum dried, cured, and then ma 
chined to form the opening 31. After assembly, the 
pothead may be evacuated and the core impregnated by 
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4. 
closing the support sleeve 16 and introducing oil through 
the lower valve 45. 
The core 12 is provided with a shell 46 of rigid conn 

position insulating material although a ceramic housing 
can be provided between the cap tube 18 and the ground 

be 15. 
The outer foil is ordinarily maintained in grounded 

condition through the terminal 44 which may be utilized 
as a voltage tap for measurement or control functions. In 
this respect the armor of the cable, or the exterior con 
dictor thereof where the two are separate, are connected 
to the base plate by means of an electrical connection 
indicated schematically in FIG. 4. Conventional means 
for providing a fluid-tight connection between the cable 
and the support sleeve 16 and the flange 17 are provided. 
The pothead is fluid tight so that the fluid insulating me 
dium is contained in a closed system, as is known in the 
art. 
The pothead 10 is provided with exterior control rings 

47 and 48 which are attached to the ground sleeve 15 and 
the cap 13, respectively for control of external stresses 
and to prevent flashover. 

It is to be understood that the foregoing description 
is not intended to restrict the scope of the invention and 
that various rearrangements of the parts and modifications 
of the design may be resorted to. 

I claim: 
1. A cable terminating device comprising a rigid core 

constituted by a metal core tube and a surrounding body 
of sheet insulating material with an adherent impregnant 
of low loss insulating material for reinforcing the sheet 
material, an opening in the core extending from one end 
thereof inwardly into the body and the core tube extend 
ing from the opening to the remaining end of the core 
and projecting beyond the end of the sheet material, a 
base at the said one end of the core constituted by a base 
plate, a ground sleeve attached to the base plate and ex 
tending along the exterior of the core with the core re 
ceived in the ground sleeve for supporting the core from 
the base, a cap at the said remaining end of the core 
comprising a tubular piece extending along the exterior 
of the core and a cap plate spaced from the outer end 
of the core to constitute a closed reservoir and a fluid 
tight joint between the core and the cap, spring pressed 
terminal means carried in the core tube, and means for 
grading electrical stresses in the insulating material com 
prising a plurality of cylindric foils arranged in concen 
tric radially spaced relation to each other and to the core 
tube and the inner extremities of the foils being succes 
sively displaced from the core tube toward the ground 
sleeve for uniformly distributing radial and longitudinal 
stresses in the said insulating material. 

2. The invention in accordance with claim 1 in which 
stress distributing foils are provided at the said one end 
of the core adjacent the base plate comprising inter 
connected foils having the inner ends thereof extending 
progressively greater distances from the base plate in 
proceeding radially outward from the opening in the core 
to the ground sleeve for providing a ground potential 
transition from the base plate to the ground sleeve. 

3. The invention in accordance with claim 2 in which 
the stress distributing foils referred to therein are arranged 
as a continuous winding of foil. 

4. The invention in accordance with claim 1 in which 
the said foils have the ends thereof extending successively 
closer to the cap piece in proceeding radially inward from 
that portion of the core longitudinally adjacent the inner 
end of the core tube and toward the cap for grading radial 
stresses in the sheet material exteriorly of the core tube. 

5. The invention in accordance with claim 1 in which 
a cylindric piece of rigid insulating material surrounds the 
winding of sheet insulating material of the core and ex 
tends between the base and the cap. 

6. The invention in accordance with claim 1 in which 
the core tube extends through the cap plate and with 
a fluid tight joint therebetween opening through the wall 

  



26,066 
5 

of the core tube within the cap providing fluid com 
munication from the reservoir through the core tube. 

7. A cable terminating device comprising a core con 
stituted by a core tube and a rigid body of insulating 
material on the core tube, a base at one end of the core 
constituted by a transversely arranged base plate support 
ing the core, the said base constituting means for support 
ing the said device in mechanically fixed and electrically 
connected relation to a cable, with the cable conductor 
and cable insulation received within an opening extend 
ing into the core from the said one end thereof, and with 
the armor connected to the base to constitute a ground 
connection therefor, a cap at the remaining end of the 
core comprising a tubular piece extending along the 
exterior of the core, and an end part spaced from the end 
of the said sheet material for retaining a fluid insulating 
medium within the core and the core tube, terminal means 
carried by the said cap, and terminal means carried by the 
said core tube for engagement with the cable conductor, 
and an electro-conductive connection between the two said 
terminal means. 

8. A cable terminating device comprising a core con 
stituted by a core tube and a rigid body of insulating ma 
terial on the core tube, a base at one end of the core 
constituted by a transversely arranged base plate, means 
securing the core to the base plate, the base constituting 
means for supporting the said device in mechanically fixed 
and electrically connected relation to a cable, with the 
cable conductor and cable insulation received within an 
opening extending into the core from the said one end 
thereof, and with the armor connected to the base to con 
stitute a ground connection therefor, a cap at the re 
maining end of the core supported by the said core and 
having a cylindric part thereof extending along and secured 
to the exterior of the core, and an end part spaced from 
the end of the said sheet material for retaining a fluid 
insulating medium within the core and the core tube, 
terminal means carried by the said cap, and terminal means 
carried by the said core tube for engagement with the 
cable conductor, and an electro-conductive connection 
between the two said terminal means, and metallic foils 
imbedded within the said insulating material and arranged 
in concentrically spaced and longitudinally staggered ca 
pacitive relation with each other and the core tube and 
with the outermost of the said foils grounded to the base 
plate for radial and longitudinal grading of stresses in 
the said sheet material. 

9. The combination with a power cable constituted by 
an interior conductor, a surrounding layer of insulation 
and an external conductor of a cable terminating device 
comprising a core constituted by a core tube and, a rigid 
cylindric winding of sheet insulating material on the core 
tube, a base at one end of the core constituted by a trans 
versely arranged base plate supporting the core, the base 
comprising means supporting the said device in mechani 
cally fixed and electrically connected relation to the cable 
with the cable conductor and cable insulation received 
through an opening in the base plate and received within 
an opening extending into the core from the said one end 
thereof, and electrically conductive and fluid-tight con 
nections between the base and the external conductor 
of the cable, a build-up of sheet insulating material 
between the cable insulation and the core, a terminal 
cap at the remaining end of the core comprising a tubu 
lar piece extending along the exterior of the core in fluid 
tight relation thereto, and an end part spaced from the 
sheet material of the said core to constitute a reser 
voir, terminal means carried by the said cap and terminal 
means held by the core tube with spring means for main 
taining the said second terminal means in electro-con 
ductive engagement with the conductor of the cable and 
with an electro-conductive connection between the said 
two terminal means. 

10. The combination with a power cable constituted by 
an interior conductor, a surrounding layer of insulation 
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6 
and an external conductor of a cable terminating device 
comprising a core constituted by a core tube and a rigid 
cylindric winding of sheet insulating material on the core 
tube, a base at one end of the core constituted by a trans 
versely arranged base plate, means securing the core to 
the base plate, the base comprising means supporting the 
said device in mechanically fixed and electrically con 
nected to the cable with the cable conductor and cable 
insulation received through an opening in the base plate 
and received within an opening extending into the core 
from the said one end thereof, and electrically conductive 
and fluid-tight connections between the base plate and the 
external conductor of the cable, a buildup of sheet insu 
lating material between the cable insulation and the core, 
a terminal cap at the remaining end of the core having 
a cylindric part thereof extending along in fluid-tight re 
lation thereto, and an end part spaced from the sheet 
material of the said core to constitute a reservoir, termi 
nal means carried by the said cap and terminal means 
held by the core tube with spring means for maintaining 
the said second terminal means in electro-conductive en 
gagement with the conductor of the cable and with an 
electro-conductive connection between the said two termi 
nal means, and metallic foils imbedded within the said 
winding of sheet material and arranged in concentrically 
spaced and longitudinally staggered capacitive relation 
with each other and the core tube and with the outer 
most of the said foils grounded to the base plate for grad 
ing radial and longitudinal stresses in the said sheet ma 
terial. 

11. The combination with a power cable constituted 
by an interior conductor, a surrounding layer of insula 
tion and an external conductor of a cable terminating de 
vice comprising a core constituted by a core tube and a 
rigid cylindric winding of sheet insulating material on the 
core tube, a base at one end of the core constituted by a 
transversely arranged base plate supporting the core, the 
base comprising means supporting the said device in me 
chanically fixed and electrically connected to the cable 
with the cable conductor and cable insulation received 
through an opening in the base plate and received within 
an opening extending into the core from the said one end 
thereof, and electrically conductive and fluid-tight con 
nections between the base and the external conductor of 
the cable, a buildup of sheet insulating material between 
the cable insulation and the core, a terminal cap at the 
remaining end of the core supported by the core and 
having a cylindric part thereof extending along and se 
cured to the core in fluid-tight relation thereto, and an 
end part spaced from the sheet material of the said core 
to constitute a reservoir, terminal means carried by the 
said cap and terminal means held by the core tube with 
spring means for maintaining the said second terminal 
means in electro-conductive engagement with the con 
ductor of the cable and with an electro-conductive con 
nection between the said two terminal means, and metal 
lic foils imbedded within the said winding of sheet ma 
terial in two groups in which the first group is arranged 
in concentrically spaced and longitudinally staggered re 
lation inwardly and from adjacent the base plate to the 
core tube with the outermost of the said foils grounded 
to the base plate for grading radial and longitudinal 
stresses, and a second group arranged in longitudinally 
staggered relation from the outermost foil to the base 
plate and connected to the base plate for radial control 
of longitudinal stresses. 

12. An arrangement for terminating a cable, including 
as parts thereof a conductor of the cable, insulation there 
for, a core constituted by a cylindric winding of insulating 
sheet material extending circumferentially about the in 
sulation of the cable, means at one end of the core for 
supporting the said core along the conductor with the said 
one end along the cable away from an extremity of the 
conductor thereof including a base plate, means at the 
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remaining end of the core including terminal means elec 
trically connected to the conductor of the cable, rigid in 
sulating means extending between the said base plate and 
the last named means for stipporting the last named means, 
and a plurality of conducting foils disposed between the 
windings of the sheet material of the core along the turns 
thereof, in two groups, a first group of said foils arranged 
adjacent the said one end of the core and electrically con 
nected along the turns thereof, the extremities of the foils 
of the said first group being progressively more distant 
from the base plate in proceeding radially outward from 
the conductor to constitute a ground potential transition, 
and a second group of said foils arranged in concentric 
radially spaced relation to each other, spaced from the 
foils of the first group and arranged progressively more 
distant from the base plate at the extremities thereof 
nearest the base plate in proceeding radially inward from 
the outermost foil toward the conductor for grading elec 
trical stresses about the conductor, and means electrically 
connecting the outermost foils of the said groups of foils. 
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