
2,288,969 
ELECTRIC INSULATOR INCLUDING STRESS-GRADING CONDENSER LAYERS 

I. W. A. KRKWOOD July 7, 1942. 

2. Sheets-Sheet l Filed March 3, 194 

s (424. 
A 7/06/WEYS 

  



July 7, 1942. J. W. A. KRKWOOD 2,288,969 
ELECTRIC INSULATOR INCLUDING STRESS-GRADING CONDENSER LAYERS 

Filed March 3, 1941 2. Sheets-Sheet 2 

  



Patented July 7, 1942 2,288,969 

UNITED STATES PATENT OFFICE 
2,288,969 

ELECTRIC INSULATOR INCLUDING STRESS 
GRADING CONDENSER, LAYERS 

Ian Ward Anderson Kirkwood, Newcastle-on 
Tyne, England, assignor to A. Reyrolle & Com 
pany Limited, Hebburn-on-Tyne, England, a 
company of Great Britain 

Application March 3, 1941, Serial No. 381,585 
In Great Britain March 15, 1940 

(C. 174-143) 16 Claims. 

This invention relates to electric insulators in 
cluding StreSS-grading condenser layers, for ex 
ample insulators Wound from varnished or in 
pregnated paper, and is concerned with provid 
ing means for conducting away capacity current 
from such insulators more especially for draining 
the high-frequency current occurring under surge 
conditions. 
In high-Voltage insulators having embedded 

stress-grading layers, it is customary to provide 
an earthed metallic layer or other member at or 
near the outside of the insulator, suitably formed 
to act as a shield preventing glow discharge be 
tween the insulator and external metal parts, 
for example the flange by which the insulator 
may be mounted on the apparatus with which it 
is a SSociated. The earthed metallic member is 
usually the outer stress-grading layer of the in 
Sulator and the provision of the connection for 
earthing it presents certain difficulties. If the 
layer is of comparatively stout metal foil it is 
difficult to avoid the formation of voids between 
the foil and the insulating material and these 
Voids result in harmful internal discharges usually 
accompanied by hissing. This can be avoided 
by employing materials capable of better ad 
hesion, such as metallised paper, metal-sprayed 
paper, graphite-coated paper, or the like, but 
the current carrying capacity of these materials 
is Very Sinall and may be insufficient to with 
stand the fairly Substantial high-frequency cur 
rent that tends to be produced under surge con 
ditions, and hence may result in burning out of 
the material round the junction between the layer 
and its connection to the earthed flange. 
According to the present invention an electric 

insulator of the kind described includes conduct 
ing layers embedded in the insulating material 
whereof at least one layer is required to have 
an external connection applied to it, for example 
for draining capacity current, and whereof one 
or more layers are stress-grading layers of thin 
conducting material and at least one layer is a 
surge-draining layer of stouter conducting ma 
terial to which the external connection is applied 
and Which is arranged so that the whole or the 
major part of the layer is shielded by the ad 
jacent stress-grading layer or layers, the latter 
stress-grading layer or layers and the related 
surge-draining layer being interconnected by a 
path or paths of conducting material for drain 
ing the normal capacity current, but so arranged 
that for draining high-frequency Surge current 
there is a path between them. Which is distributed 
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of the stress-grading layer and which is of such 
impedance that a substantial proportion of the 
high-frequency surge current takes this dis 
tributed path. Whilst normally the arrangement 
Would be such that the majority of the current 
would take the distributed path in some instances 
the conducting connection may suffice to carry 
the majority of the current, the distributed path 
being relied on only to make up a small fraction 
of the total. 

Preferably the distributed path for the high 
frequency surge currents is constituted so that 
its impedance under high-frequency Surge con 
ditions is less than it is under normal condi 
tions. 

For example the distributed path for the high 
frequency surge current may conveniently be 
afforded by the capacity between the two layers 
in which case the surge-draining layer will be 
of such shape and so disposed that the capacity 
between it and the adjacent stress-grading layer 
is substantial and, in addition, Will be connected 
to it by a conductor or conducting circuit of high 
impedance. Usually the surge-draining layer is 
of substantially the same length as the adjacent 
stress-grading layer although in some instances 
the former might be only of three-quarters or 
even half the length of the latter. Again in some 
instances the surge-draining layer may be slightly 
longer than the adjacent stress-grading layer. 
The invention may be carried into effect in 

various ways but certain specific embodiments 
thereof Will now be described by Way of example 
With reference to the accompanying diagrammatic 
drawings, in which 

Figure 1 is a diagrammatic axial section of a 
bushing insulator, and 

Figures 2-7 are diagrams of modified arrange 
ments. 

In the arrangement shown in Figure 1 a central 
conductor A is surrounded by insulating material 
B such as paper impregnated with synthetic resin 
Wound to the form of a laminated tubular in 
Sulator. During the winding a number of stress 
grading condenser layers C of thin conducting 
material are included at appropriate diameters. 
Thereafter a surge-draining layer D of stouter 

conducting material, which may be perforated to 
improve adhesion, is embedded in the insulator 
and finally the insulator is encircled by an 
earthed member E: such as the flange by which it 
is mounted on the apparatus with which it is 
associated. The outermost stress-grading layer 
is connected to the surge-draining layer by a 

over the whole or a major part of the surface 55 high impedance connection F and serves to screen 
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the surge-draining layer. The surge-draining 
layer is connected by means of a direct low 
impedance connection G to the flange E which in 
turn is provided with an earthing connection H. 
The effect of the arrangement is to avoid dis 

charges under normal conditions even though 
the surge-draining layer may be of thick ma 
terial of relatively poor adhesive quality since the 
adjacent stress-grading layer shields it from the 
electric field. For the same reason the adhesive 
used for the Surge-draining layer need not neces 
sarily possess good electrical characteristics. 
Thus at normal frequency the surge-draining 

layer has very little effect since it is at Substan 
tially the same potential as the adjacent stress 
grading layer. The ordinary capacity current of 
the insulator flows finally to earth through the 
conducting connection, and since the current is 
quite Small it is readily carried thereby. Under 
Surge conditions the current is greater but is of 
higher frequency. In these circumstances the 
capacity reactance between the surge-draining 
layer and the adjacent stress-grading layer de 
creases considerably whilst the impedance of the 
conducting connection remains constant or, if 
the connection is inductive, increases. Thus a 
substantial proportion of the current flows 
through the capacity between the two layers and 
is equally distributed along them, thereby reduc 
ing the flow of current along the thin layer to a 
safe value and avoiding all overloading of the 
layer near the junction with the connection, so 
preventing the burning out that has hitherto been 
a difficulty. In other words, the disposal of the 
layers is such that the Current-carrying capacity : 
of the thicker Surge-draining layer is made use 
of When required and neither discharge nor burn 
ing Out Will occur. 

In some cases the Surge-draining layer may be 
divided into a number of sections, for example 
aS shown in Figure 2 it may comprise three tubu 
lar sections D, D and D3 each constituting a 
portion of the length of the layer. The layers of 
insulation. On opposite sides of the Surge-draining 
layer can then be bonded together in the spaces 
between the sections. In some cases certain of 
the sections D1, D2 and D3 may be of slightly dif 
ferent diameters in order further to minimise the 
Weakening effect of a continuous line of poor ad 
hesion. A similar effect may be obtained by 
forming the surge-draining layer with perfora 
tions. 
The electrical connection between the two lay 

erS may be made in various Ways but convenient 
ly it is made by a metallic strip wound in contact 
With the streSS-grading layer and gradually 
brought out during the Winding process until it 
makes contact With the surge-draining layer. 
This strip should be of relatively high impedance, 
its inductance being appreciable by reason of its 
coiled form Whilst its resistance may be increased 
by making it partly or wholly of suitable high 
resistance material. 
Where the Surge-draining layer and adjacent 

stress-grading layer are very close together, as 
may be desirable to increase their capacity, there 
may be insufficient space for a connection of the 
required impedance to be wound between them. 
In this case as shown in Figure 3 the surge 
draining layer may be in two sections D4 and D5 
and a high-impedance connection F may be 
Wound out in the space between the sections and 
connected to the earthed flange E, to which the 
Sections are also directly connected by direct con 
tions Gl, 
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2,288,969 
Alternatively, a connection may be brought 

straight out from each of the two layers and an 
external impedance F may be connected between 
these two connections as seen in Figure 5. This 
impedance may take the form of, or may include, 
a coil for operating Some device. Again, as shown 
in Figure 6, connections may be brought from 
each of the layers to points in the body of the 
insulator and an impedance F may be wound 
into the material and connected between them. 

Instead of relying solely on a capacity path for 
draining the high-frequency surge currents a dis 
tributed resistance path may be provided instead 
of Or in addition to a localised conducting con 
nection F, by rendering the material of the in 
sulator B' between the layers sufficiently con 
ducting, as seen in Figure 7. 

Alternatively a material may be used which 
has a negative voltage coefficient of resistance so 
that With the increased voltage associated with 
Surge conditions its impedance drops. Alterna 
tively the dielectric between the layers may be 
treated in a suitable way with a material such 
aS graphite either providing sufficient conduc 
tivity through the laminations to afford a path 
for the Surge currents or providing sufficient sur 
face conductivity to afford a conducting connec 
tion of Spiral form. Combinations of these ar 
rangements may be employed for example relying 
partly on a distributed conducting path and part 
ly on a capacity path to pass the surge currents. 
The Surge-draining layer may be of metal foil, 

fine-mesh gauze or other suitable material and 
may or may not be embedded. If it is not em 
bedded it may consist of a conducting tube round 
the body of the insulator with the fiange fixed 
Solidly to it. Again, the insulator may be rein 
forced mechanically by binding wire wound round 
it, and this may be arranged to act as the surge 
draining layer. 
Where the capacity between the two layers is 

relied On it should be as high as possible, and 
this capacity may be increased by suitable selec 
tion of materials for the part of the insulator 
between these two layers only. 
Although the invention has been described as 

applied to the outer stress-grading layer of an 
insulator, it is also applicable to the inner stress 
grading layer. It is known to connect the inner 
stress-grading layer to the central conductor, and 
it is usual to make this layer of substantial metal 
foil and to provide a low-impedance connec 
tion. As shown in Figure 4 the invention may 
be applied by making the inner stress-grading 
layer of easily adhering material and providing 
an additional Stouter layer D6 of metal foil nearer 
to the central conductor, connecting the two 
layers together by a high-impedance connection 
F' and providing a direct low-impedance con 
nection G2 from the foil layer. 
Again, the invention is applicable to an inter 

mediate layer of the insulator, for example where 
it is required to provide a current tapping in the 
insulator to obtain a reduced voltage for oper 
atting metering devices or the like. Figure 4 also 
includes such an arrangement in which what has 
been described as a surge-draining layer is of 
comparatively stout foil D7 embedded in the in 
Sulator and is shielded from the field by a stress 
grading layer or by two stress-grading layers one 
inside and the other outside it. The surge 
draining layer D7 is then connected to each of 
these stress-grading layers by a conducting path 
F of comparatively high impedance. Clearly an 
insulator may be provided with an outer layer, an 

  



2,288,969 
inner layer and one or more intermediate layers 
(as shown in Figure 4) or With any combination 
of these, arranged in accordance With the inven 
tion. 
The invention has been described in connection 

with a construction in Which the central con 
ductor is the main power conductor through 
which the current flows, but it will be appreciated 
that it may be a conductor through Which no 
Current flowS. 

In some cases the conductor itself may be used 
as the Surge-draining layer, provided the ad 
jacent stress-grading layer is of easily adhering 
material, the connection is of high impedance, 
and the capacity is high. 
What I claim as my invention and desire to 

Secure by Letters Patent is: 
i. An electric insulator including at least, one 

StreSS-grading layer of thin conducting material 
enbedded in the insulating raterial and a Surge 
draining layer also Ginledded in the insulating 
material and foriined of Stoute' conducting ma 
terial to Which an exterial COinnection is Rade 
for draining capacity current and Which is ar 
ranged So as to be Shielded by at least one ad 
jacent streSS-grading layer, a path of conducting 
material interconnecting the latter stress grading 
layer and the Surge-draining layer for draining 
the normal capacity current, and a path between 
the said layers for draining high-frequency Surge 
current which patin is distributed over at least a 
najor part of the Surface of the stress-grading 

layer and is of such impedance that a Substantial 
proportion of the high-frequency Surge current 
takes this distributed path. 

2. An electric insulator including at least One 
stress-gi'ading layer of thin conducting material 
enbedded in the insulating naaterial and a Surge 
draining layer also enbedded in the insulating 
material and formed of stouter conducting ma 
terial to Which an external connection is made 
for draining capacity current and which is ar 
ranged So as to be shielded by at least one ad 
jacent stress-grading layer, a path of conducting 
material interconnecting the latter StreSS-grading 
layer and the Surge-draining layer for draining 
the nortinal capacity current, and a path between 
the said layers for draining high-frequency Surge 
current which path is distributed over at least 
a major part of the Surface of the stress-grading 
layer and of Which the impedance under high 
frequency Sui'ge conditions is less than it is under 
normal conditions and is such that a Substantial 
proportion of the high-frequency Surge current 
takes this distributed path, 

3. An electric insulator including at least one 
stress-grading layer of thin conducting material 
embedded in the insulating material, a surge 
draining layer also embedded in the insulating 
material and formed of Stouter conducting ma 
terial arranged so that it is shielded by at least 
one adjacent, stress-grading layer and the ca 
pacity between it and the latter is Substantial, 
an external connection to the Surge-draining 
layer for draining capacity current, and a high 
impedance path of conducting material inter 
connecting the Surge-draining layer and the said 
adjacent stress-grading layer for draining the 
normal capacity current, the impedance of the 
said path in relation to the capacity between the 
layers being such that a Substantial proportion 
of the high-frequency Surge current is passed by 
the capacity. 

4. An electric insulator including at least, one 
stress-grading layer of thin conducting material 
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embedded in the insulating material and a surge 
draining layer of Stouter conducting material to 
which an external connection is made for drain 
ing capacity current and Which is arranged. So as 
to be shielded by at least one adjacent stress 
grading layer, the insulating material between 
the latter stress-grading layer and the Surge 
draining layer being rendered sufficiently con 
ducting to drain the normal capacity current, and 
providing a path for draining high-frequency 
Surge current which path is distributed Over at 
least a major part of the Surface of the stress 
grading layer. 

5. An electric ini Sulator including at least one 
stress-grading layer of thin conducting material 
embedded in the insulating material and a Surge 
draining layer of stouter conducting Iilaterial to 
Which an exterial connection is inade for drain 
ing capacity current and which is ai'ranged so 
as to be shielded by at least one adjacent stress 
grading layer, the raterial of the insulator be 
tween the latter stress-grading layer and the 
Surge-draining layer having a negative Voltage 
coefficient of resistance and affording a conduct 
ing path for draining the norminal capacity cur 
rent, and a path between the Said layers for 
draining high-frequency surge current which path 
is distiibuted over at least a major part of the 
Surface of the stress-grading layer. 

6. An electric insulator including at least, one 
stress-grading layer of thin conducting material 
eInbedded in the insulating raterial and a surge 
diaining layer also embedded in the insulating 
ilaterial and formed of stouter conducting mate 
rial to Which an external coinection is made for 
draining capacity current and which is arranged 
So as to be shielded by at least one adjacent 
Stress-grading layer and is of substantially the 
same length as the latter, a path of conducting 
material interconnecting the latter stress-grad 
ing layer and the Surge-draining layer for drain. 
iing the normal capacity current, and a path 
between the Said layers for draining high-fre 
quency surge current which path is distributed 
Over at least a major part of the Surface of the 
streSS-grading layer and which is of such in 
pedance that a Substantial proportion of the high 
frequency Surge current takes this distributed 
path. 

7. An electric tubular Wound insulator includ 
ing at least one stress-grading layer of thin con 
ducting material e3bedded in the insulating ma-. 
terial and a Surge-draining layer of stouter con 
ducting material to Which an external connec 
tion is made for draining capacity current and 
which is arranged so as to be shielded by at 
least one adjacent stress-grading layer, a con 
ductor wound between the layers of insulating 
material to foin a path interconnecting the lat 
ter StreSS-grading layer and the surge-draining 
layer for draining the normal capacity current, 
and a path between the said layers for draining 
high-frequency surge current which path is dis 
tributed over at least a major part of the surface 
of the StreSS-grading layer and which is of such 
in pedance that a Substantial proportion of the 
high-frequency Surge current takes this distribut 
ed path. 

8. An electric tubular Wound insulator includ 
ing at least One StireSS-grading layer of thin con 
ducting material embedded in the insulator and 
a Surge-draining layer also embedded in the in 
Sulator and formed in at least two circumferen 
tially divided sections of stouter conducting ma 
terial to which an external connection is inade   



4. 
for draining capacity current and which is ar 
ranged so as to be shielded by at least one adja 
cent stress-grading layer, a path of conducting 
material interconnecting the latter stress-grad 
ing layer and the Surge-draining layer for drain 
ing the normal capacity current, and a path be 
tween the said layers for draining high-frequency 
Surge current which path is distributed over at 
least a major part of the Surface of the stress 
grading layer and which is of Such impedance 
that a Substantial proportion of the high-fre 
quency Surge current takes this distributed path. 

9. An electric tubular wound insulator includ 
ing at least one stress-grading layer of thin con 
ducting material embedded in the insulator and a 
Surge-draining layer also embedded in the insu 
lator and formed in at least two circumferen 
tially divided Sections of different diameters of 
Stouter conducting material to which an external 
Connection is made for draining capacity current 
and which is arranged so as to be shielded by 
at least one adjacent stress-grading layer, a path 
of conducting material interconnecting the lat 
ter stress-grading layer and the surge-draining 
layer for draining the normal capacity current, 
and a path between the said layers for draining 
high-frequency Surge current which path is dis 
tributed over at least a major part of the surface 
of the Stress-grading layer and which is of Such 
impedance that a substantial proportion of the 
high-frequency Surge current takes this distrib 
uted path. 

10. An electric tubular wound insulator includ 
ing at least One stress-grading layer of thin con 
ducting material embedded in the insulating na 
terial, a Surge-draining layer of stouter conduct 
ing material arranged so that it is shielded by at 
least one adjacent stress-grading layer and the 
capacity between it and the latter is substantial, 
an external connection to the surge-draining 
layer for draining capacity current, and a con 
ductor Wound between the layers of insulating 
material to form a high-inpedance path inter 
Connecting the Surge-draining layer and the said 
adjacent Stress-grading layer for draining the 
normal capacity current, the impedance of the 
Said path in relation to the capacity between 
the layers being Such that a Substantial propor 
tion of the high-frequency surge current is passed 
by the capacity. 

11. An electric tubular wound insulator includ 
ing at least one stress-grading layer of thin con 
ducting material embedded in the insulator, a 
Surge-draining layer also embedded in the insu 
lator and formed in at least two circumferential 
ly divided Sections of stouter conducting mate 
rial arranged so that it is shielded by at least 
One adjacent StreSS-grading layer and the ca 
pacity between it and the latter is substantial, an 
external earthed member, a direct connection 
from the earthed member to the surge-draining 
layer for draining capacity current, and a high 
impedance path of conducting material connect 
ing the Said adjacent stress-grading layer to the 
earthed member through the space between sec 
tions of the surge-draining layer for draining 
the normal capacity current, the impedance of 
the Said path in relation to the capacity between 
the layers being such that a substantial propor 
tion of the high-frequency Surge current is 
passed by the capacity. 

12. An electric tubular insulator including a 
central conductor Surrounded by insulating ma 
terial, at least one stress-grading layer of thin 
conducting material embedded in the insulating 
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2,288,969 
material, a surge-draining layer also embedded in 
the insulating material and formed of stouter 
conducting material arranged so that it is 
shielded from the central conductor by at least 
One adjacent stress-grading layer and the capac 
ity between it and the latter is substantial, an ex 
ternal connection to the surge-draining layer for 
draining capacity Current, and a high-impedance 
path of conducting material interconnecting the 
surge-draining layer and the said adjacent stress 
grading layer for draining the normal capacity 
current, the impedance of the said path in rela 
tion to the capacity between the layers being such 
that a Substantial proportion of the high-fre 
quency Surge current is passed by the capacity. 

13. An electric insulator including at least one 
StreSS-grading layer of thin conducting material 
embedded in the insulating material, a surge 
draining layer also embedded in the insulating 
material and formed of Stouter conducting mate 
rial having apertures in it to improve adhesion 
between the insulating material on opposite sides 
of it and arranged so that it is shielded by at 
least one adjacent StreSS-grading layer and the 
capacity between it and the latter is substantial, 
an external connection to the surge-draining 
layer for draining capacity current, and a high 
impedance path of conducting material inter 
connecting the Surge-draining layer and the 
Said adjacent Stress-grading layer for draining 
the normal capacity current, the impedance of 
the Said path in relation to the capacity between 
the layers being such that a substantial propor 
tion of the high-frequency Surge current is passed 
by the capacity. 

14. An electric insulator including at least one 
StreSS-grading layer of thin conducting mate 
rial embedded in the insulating material, a 
Surge-draining layer of stouter conducting mate 
rial arranged outside the outermost stress-grad 
ing layer so that it is shielded by the latter and 
the capacity between it and the latter is substan 
tial, an external connection to the surge-drain 
ing layer for draining capacity current, and a 
high-impedance path of conducting material in 
terconnecting the Surge-draining layer and the 
Said adjacent StreSS-grading layer for draining 
the normal capacity current, the impedance of 
the Said path in relation to the capacity between 
the layers being such that a substantial propor 
tion of the high-frequency surge current is 
paSSed by the capacity. 

15. An electric insulator including at least one 
StreSS-grading layer of thin conducting material 
embedded in the insulating material, a surge 
draining layer of stouter conducting material ar 
ranged inside the innermost stress-grading layer 
So that it is shielded by the latter and the ca 
pacity between it and the latter is substantial, an 
external Connection to the surge-draining layer 
for draining capacity current, and a high-im 
pedance path of conducting material intercor 
necting the Surge-draining layer and the said ad 
jacent stress-grading layer for draining the nor 
mal capacity current, the impedance of the said 
path in relation to the capacity between the lay 
ers being Such that a substantial proportion of 
the high-frequency Surge current is passed by 
the capacity. 

16. An electric insulator including at least two 
stress-grading layers of thin conducting material 
embedded in the insulating material, a surge 
draining layer of Stouter conducting material ar 
ranged outside at least one stress-grading layer 
and inside at least one other such layer so that 
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it is shielded by the adjacent StreSS-grading lay 
ers and the capacity between it and the latter is 
Substantial, an external connection to the Surge 
draining layer for draining capacity current, and 
a high-impedance path of conducting material 
interconnecting the Surge-draining layer and 
each of the said adjacent stress-grading layers 

for draining the normal capacity current, the 
impedance of the said paths in relation to the 
capacity between the layers being such that a 
Substantial proportion of the high-frequency 

5 Surge current is passed by the capacity. 

IAN WARD ANDERSON KIRKWOOD. 


