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This invention relates to improvements in the 
construction of cable used for the transmission of 
electrical energy at what are commonly classed 
as high voltages, namely, greater than 20,000 

5 volts. Cable of this class is usually made up of 
one or more conductors insulated with paper and 
heated, evacuated, then saturated with compound 
and finally encased in a lead or lead alloy sheath. 
Though attempts are made to remove all gas 

i0 before Saturation. Some invariably remains or is 
occluded with the compound or oil forming 
bubbles or films, and these bubbles or films of 
gas when subjected to sufficiently high electrical 
stresses become ionized, breakdown and serve as 

15 starting points for complete cable failure. On 
account of this tendency the percentage of re 
Sidual gas remaining in the cable must be kept 
below a very small amount, that is, less than one 
per cent by volume. Though bubbles or films 

20 of gas are a source of cable failure, they are on the 
Other hand useful as serving to cushion volumetric 
changes in the cable and the contained compound 
which take place with temperature changes; but, 
since the percentage of allowable residual gas is 

25 SO Small, a slight expansion of compound creates 
a large increase of pressure which is apt to stretch 
the inelastic lead sheath. Upon contraction of 
the compound and release of pressure, voids are 
then developed within the cable, and to eliminate 

30 voids So formed or that may otherwise exist in the 
cable, recent practice provides the use of oil 
reservoirs at joints. (This subject is more fully 
treated in my paper published in the November 
19, 1927 issue of the Electrical World). Even 

35 with oil reservoirs, however, the cycle of expan- . 
Sion and construction with distension of the 
sheath and formation of voids may occur or be 
repeated due to the large resistance to oil flow 
within the paper-insulated cable. The use of 

40 hollow cores or open-stranded conductors, slotted 
sheath or the like, providing a continuous chan 
nel for oil to flow longitudinally of the cable im 
proves the distribution and tends to equalize 
pressures resulting from expansion; but this con 
struction as practised necessitates the use of 
reservoirs, pressure tanks, towers and stop joints 
at intervals sufficiently near to avoid the build 
ing up of localized excessive pressures within the 
cable. The installation of cable with continuous 
oil channels furthermore requires elaborate field 
Work to insure evacuation of gas and impregna 
tion with oil, and the cost of this forms a very 
appreciable part of the total. 
According to the present invention internal 

50 

pressures are maintained at all times within pre 
scribed limits, volumetric changes due to the 
temperatures change are compensated and Wide 
pressure variations are substantially eliminated 
while voids within the cable are quickly filled with 60 
compound. Furthermore these objects are ac 
complished without the need of expensive tower 
tanks, pressure tanks or stop joints, reinforced 
sheaths etc. Furthermore, expansible oil reser 
voirs of the character described in the paper 65 
aforesaid can be used at cable joints without 
the danger of cumulative additions of oil to 
localized parts of the cable. In other words, by 
the present invention pressure Stabilization. With 
very short time lag, complete filling with oil at all 70 
times after leading of the cable and minimization 
of difficulties arising from oil migration are made 
possible. 
The present invention comprises the inclusion 

within the cable of volumetric change-compen- 75 
Sating means which also function to offer resist 
ance to flow or migration of oil longitudinally of 
the cable. It is based on the principle of secur 
ing pressure stabilization slightly above atmos 
pheric by means of a gas or compressible medium 80 
that is not within an electric field and not in con 
tact with oil or compound; air or gas, if not so 
confined, may migrate to parts of cable under 
electrical stress or be absorbed by the oil. In the 
embodiments illustrated and hereinafter de- 85 
scribed it takes the form of air or gas filled sealed 
flexible reservoir units or cells placed at intervals 
along the cable length. 

In the accompanying drawing 
Fig. is a longitudinal Section of a cable show- 90 

ing one type of unit; 
Fig. 2 is a transverse section. On the line 2-2 

of Fig. 1; 
Fig. 3 is a side view of another type of unit; 
Fig. 4 is a transverse section on the line 4-4 95 

of Fig. 3; 
Fig. 5 is a longitudinal section of a modifica 

tion of the unit shown in Fig. 1; and 
Fig. 6 is a transverse section of a three-con 

ductor cable. ? 
The cable shown in longitudinal section in Fig. . 
comprises a hollow core conductor 10 which 

can be formed from a plurality of helically 
twisted Strands 1. About the conductor is the 
usual oil or compound impregnated insulation 12 lo5 

100 

: consisting of layers of paper or other suitable 
material or fabric. The insulation in turn is 
enclosed within a lead sheath 13. 
Within the hollow core of the conductor are 

disposed at Suitable intervals pressure-compen- 10 
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Sating unit is shown in Fig. 3. 

2 
sating units 15 which are preferably filled with 
a gas Or air and Sealed. They may, however, be 
spring fitted, as shown in Fig. 5, and sealed under 
vacuum. Inside the corrugated metallic cylin 
der 17 is a spring 22 tending to expand the unit, 
such expansion being limited by the wire or bond 
19 connecting the ends 18 in order to prevent 
over-expansion or bursting. 
Gas filled-units of flexible material should pref 

erably be sealed so that, when in their normal 
condition as regards expansion and contraction, 
internal pressure is somewhat above atmospheric. 
The core space between the units is preferably 
filled With Some material 16 Such as jute or rope, 
to further impede longitudinal flow of oil or com 
pound along the Cable. 
The pressure-compensating units or cells can 

be constructed in a number of WayS. AS illus 
trated in Fig. 1, a unit comprises a flexible bel 
lows or a circumferentially corrugated metal cyl 
inder 17 with ends 18 secured thereto. Since the 
cable after construction is Subject to evacuation, 
it may be necessary to include Some means Such. 
as a loosely-stretched wire or bond 19 connect 
ing the ends 18, so that rupture of the unit Will 
not occur due to the pressure within it. With this 
type of unit the tendency is to expand or con 
tract longitudinally as the external preSSure upon 
it is less or greater than the gas pressure Within. 
Another embodiment of the pressure-compen 

In this form 
the unit 20 is provided with longitudinal corru 
gations 21. In the manufacture of this unit a 
phosphor bronze strip or equivalent material is 
corrugated, bent into cylindrical form and Sol 
dered. The ends 22 may be capped as in the 
first embodiment or they can be drawn into coni 
cal form and then Sealed. This type of unit ex 
pands and contracts transversely and there is 
therefore no longitudinal displacement. 
Other forms of units, can be used, for example, 

the corrugations can be helical in which case 
movement of the walls of the unit due to changes 
in pressure will be both longitudinal and trans 
verse, the extent of movement in each direction 

Such being governed by the pitch of the helix. 
construction lends longitudinal flexibility which 
may be necessary when long units are used SO 
that the cable can be coiled or otherwise bent or 
curved. Materials other than phosphor bronze 
and the like can be used, for example collapsible 
materials such as lead alloys, metal coated Fub 
ber, etc., with such materials the units are pref 
erably sealed under a reduced pressure and 
should be supported to withstand the applica 
tion of vacuum. 
The units are so proportioned and placed within 

fibrous material. 

1,956,199 
the conductor as to compensate for a change in 
volume of the compound within the cable, neaS 
ured by the distance between the centers of the 
units, that is caused by the changes in tempera 
ture to which the cable is subject in use prefer 
ably without a variation in pressure materially 
in excess of One atmosphere. 

After the cable is constructed and impregnated, 
pressure is preferably applied before sealing the 
ends for shipment so that the units will be com 
pressed and thus keep cable completely filled with 
oil and prevent formation of voids or Spaces due 
to reeling and installation or loss of oil or com 
pound during Splicing. Any contraction of com 
pound caused by a drop of temperature is like 
wise compensated by the application of an initial 
pressure. After the installation a slight pres 
Sure can be applied to the cable System by means 
of reservoirs at the joints. Since, the core is 
blocked by the units and other filling, the static 
head of oil will not develop excessive pressure 
but will create very slow migration; it can be 
taken care of, if necessary, by the reservoirs at 
the joints. Development of pressures due to tem 
perature changes resulting from cable operation 
will be compensated by the movement of the units 
within the core. 
The invention is not limited to single conductor 

cables but can be applied to multiple conductor 
cables of the shielded type in which case it is pref 
able to place unitS in unstressed interstices. Such 
a construction is shown in Fig. 6, the conductors 
23 are enclosed Within a Wall of insulating mate 
rial 24, over the outer Surface of which are the 
usual shielding envelopes 25. Enclosing the in 
Sulated and shielded conductors is the sheath 26, 
Ordinarily of lead, and in the unstressed inter 
stices, that is in the filler spaces between the 
insulated and shielded conductors and the sheath, 
are inserted the pressure compensating units 15. 3. 
Since the cores or interstices of the multiple 
conductors are thereby filled to block longitudinal 
movement of compound, stop joints and expen 
Sive towers to develop pressure to balance that 
Within the cable are not required. 

claim: 
A high-tension cable including the combina 

tion of a hollow conductor, oil impregnated in 
sulation covering said conductor, the latter being 
constructed to permit the paSSage of oil forced 
from said insulation, at least One expansible de 
vice in said hollow conductor and means for ap 
plying expansive forces to said device, said hol 
low conductor having all internal Space not oc 
cupied by said expansibe device, filled with a 
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