
3,383,446 May 14, 1968 H. BRENNECKE 
METHOD OF PRODUCING ELECTRICAL BUSHTNGS 

Filed Sept‘ 10, 1965 

INVENTOR 

F 

I 

“W 

Hermann Brennecke 

/ 

........... = M 
Y 

b mgr B 

ATTOR NEYS 



United States Patent 0 
1 

3,383,446 
METHOD OF PRODUCING ELECTRICAL 

BUSHINGS 
Hermann Brennecke, Munchenstein, Switzerland, assign 

or to Ciba Limited, Basel, Switzerland, a company of 
Switzerland 

Filed Sept. 10, 1965, Ser. No. 486,463 
Claims priority, application Switzerland, Sept. 17, 1964, 

12,106/ 64 
14 Claims. (Cl. 264-122) 

ABSTRACT OF THE DISCLOSURE 

In a process for forming an electrical bushing an elon 
gate conductor member is aligned in a mould and an 
electrically conductive hollow cylinder is located in the 
mould such that it surrounds and is spaced apart from 
the conductor member by a generally tubular member 
disposed therebetween. Filler material is then introduced 
into the mould to at least a level sut?cient to support the 
cylinder in its spaced relationship with the conductor 
member, the tubular members are withdrawn, and ?ller 
material is introduced into the remainder of the mould. 
Finally, resin is introduced into the mould and hardened 
to produce the bushing. 

The present invention relates to a method of producing 
electrical bushings in which a conductor extends through 
the bushing. 

In electric insulation bushings there are often installed 
capacitor inserts for the purpose of controlling the elec 
tric ?eld around a conductor extending through the bush 
ing. These inserts are metal bodies in the form of sheets, 
foils, braided materials or coatings. 
When a bushing is made by a wrapping or winding 

process, the ?xing of a capacitor layer presents no diffi 
culty. On the other hand, when a bushing is made of cast 
resin it is necessary to take special precautions in order 
to position the capacitor layer as required and to fix it 
in place. 
By a previously known method the capacitor layers 

are provided in cylindrical cast resin bodies by applying 
a conductive lacquer to the surfaces of tubes of various 
diameters, whereupon the tubes are assembled together 
the one within the other and after that the interspaces 
are ?lled by casting under vacuum. This process takes a 
great deal of time and moreover involves a high percent 
age of rejects during manufacture due to poor adhesion 
between the surfaces of the tubes and the subsequently 
introduced and hardened casting resin. It has been found 
that bushings of this kind are liable to ionisation under 
the influence of the voltage applied in operation. 
By a further previously known process the construc 

tion proceeds from outside inwards. There is ?rst of all 
cast a tube by centrifugal casting and the internal diam 
eter of this tube corresponds to the external diameter of 
a cylindrical capacitor insert. This tube is mounted in 
the casting mould. In the next step of the process the 
capacitor layer is impregnated with casting resin and then 
?xed inside the tube. After the resin has hardened there 
are introduced further inserts and the assembly thus built 
up from the outside inwards. This process has the dis 
advantages that the centrifugal casting process is expen 
sive and does not easily allow the desired internal diam 
eter of the cast tube to be obtained precisely. 

Turning now to processes in which a bushing is made 
by loctaing in a predetermined relationship, a conductor 
and a cylindrical insert in a mould before adding a cast 
ing resin, in one such previously known process elec 
trically conducting inserts are pre?xed in place by means 
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of electrically insulyating spacers which can for example 
be made of corrugated paper. This process is relatively 
simple but has the disadvantage that after the casting 
resin has hardened there develop ?ssures between the 
spacers and the surrounding casting resin. In operation 
these ?ssures often give rise after a short time to electric 
breakthrough due to ionisation. Electric bushings insu 
lated by foam plastics are also unsuitable for high-voltage 
applications for the same reason. , 

If there are used absorbent spacers made of paper or 
the like there is less risk of crack formation, but even in 
spacers of this kind there develop regions of instability 
in the dielectric medium and these usually impair the 
electric properties of the bushing, particularly its high 
voltage resistance. 
The present invention was developed with the object 

of mitigating the above disadvantages and in a ?rst aspect 
the invention provides a process for producing an electri 
cal bushing in which a conductor member and a conduc 
tive cylinder through which the conductor member ex 
tends are embedded in a resin, comprising the steps of 
aligning an elongate conductor member in a mould for 
receiving a resin; locating in the mould an electrically 
conductive hollow cylinder surrounding and spaced apart 
from the conductor member by means of a generally 
tubular member disposed between the conductor mem 
ber and the cylinder; introducing a ?ller material into 
the mould to at least a level su?icient to support the cylin 
der in its spaced apart relationship with the conductor 
member; withdrawing the tubular member from the 
mould; introducing a resin into the mould; and hardening 
the resin to produce the bushing. 

In particular the invention is applicable to producing 
a bushing in which a central conductor member extends 
through a plurality of radially spaced apart conductive 
cylinders coaxial with the conductor member. In this 
case the cylinders may be spaced apart by a plurality of 
tubes which nest one in another. Each tube has a cylinder 
slidably mounted thereon, the tube supporting the inner 
cylinder being slid onto the conductor member. Filler 
material is introduced into the mould to support the 
cylinders, thereby enabling the tubes to be withdrawn 
from the mould. As the cylinders are held in their re 
quired disposition by the tiller material no spacers are 
required as are needed in the previously known processes 
mentioned above. 

Apparatus for producing electrical bushings comprise 
a mould; means for alighing an elongate conductor in 
the mould; a set of tubes adapted to nest together one 
inside another; a portion of reduced external cross-sec 
tion on each tube for slidably receiving a conductive hol 
low cylinder for mounting a plurality of such cylinders 
in radially spaced apart relationship with respect to said 
elongate conductor; and means for manipulating said 
tubes in the mould. 
For a better understanding of the invention and to 

show how the same may be carried into effect, reference 
will now be made to the single ?gure of the accompany 
ing drawing which shows a longitudinal section through 
a mould in which various components of a bushing are 
located. . 

The drawing illustrates an intermediate stage in the 
production of an electrical bushing and ?rst of all the 
steps leading to the position shown will be describel. In 
the ?rst operation a central conductor 1 was aligned by 
means (not shown) in the floor 3 of a casting mould 2. A 
hollow metal cylinder 4 was then pushed on a ?rst cen 
tering tube 5, and the latter was slid on to the conductor 1. 
The casting mould was then ?lled with a grainy ?ller 
material F up to a level N1, and this was enough to ?x 
in place the cylinder 4‘ su?iciently. After that a second 
centering tube 6, on to which a second larger diameter, 
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hollow cylinder 7 had previously been pushed, was 
pushed over the ?rst centering tube 5 and the mould was 
?lled with the ?ller F up to the level N2, this being enough 
to su?iciently support in place the cylinder 7. If there are 
more than two cylinders the operations are repeated as 
described above. The cylinders are provided with ?anged 
ends formed by turning over the rims of the cylinder ends, 
these flanges aiding in holding the cylinders ?rmly in the 
?ller material. 
A further, outermost cylinder 8 has radial bushes 9 

which, in the complete product, provide voltage connec 
tions. This cylinder is preferably introduced into the cast 
ing mould 2 before the introduction of the centering tube 
5, and is attached to the wall of the mould and centered 
by means of screws 10 inserted through the wall of the 
mould to engage the bushes 9. 

Continuing now from the situation as illustrated in the 
drawing, in a ?rst variant of the process the mould 2 is 
entirely ?lled with ?ller, whereupon the tubes 5, 6 are 
withdrawn and further ?ller F is introduced until the 
space previously occupied by the tubes has been ?lled in, 
whereupon the casting resin is introduced. This variant is 
used mainly in the case of cylinders whose Walls are 
impermeable to ?ller. 

According to a second variant of the process the tubes 
5, 6 are withdrawn at the same time and at the same rate 
as the level of the ?ller F rises in the mould, in such a 
way that the lower ends of the centering tubes are always 
just above the surface of the ?ller. This second variant 
is used mainly in those cases where the cylinders have 
apertured walls permeable to the ?ller. For example, the 
apertures may be perforation-s in a solid ‘wall or be the 
spaces in a braided or mesh wall. By this method the open 
ings in the cylinder walls must be larger than the greatest 
grain diameter of the ?ller, to prevent any screening effect. 
When the mould is ?nally ?lled with the filler F, a 

casting resin is introduced and then hardened to produce 
the required bushing. These steps are described in greater 
detail below. 

The screws 10 in the bushes 9 of the outermost cylinder 
8 are withdrawn only after the casting resin has at least 
gelled. This is to ensure that no resln can penetrate into 
the bushes which, as already mentioned, function as elec 
trical connections and in particular as earth connections. 

Before the conductor 1 is introduced into the casting 
mould it is preferably treated as follows. Near the upper 
end a short length 11, about 5 to 10 cm. is roughened 
and degreased. The remainder of the conductor surface 
is then coated with a parting agent 12, for example a 
silicone oil. Over this parting layer 12 and also on to 
the roughened surface 11 of the conductor there is then 
applied an electrically conductive coating 13‘ which can, 
for example, be a layer of silver. At the end of the process 
above described, a conductor treated in this fashion is 
bonded to the cast resin body ?rmly and gastightly at the 
degreased area 11, whereas over the remainder of the 
length there is left a freedom for sliding movement be 
tween the conductor and the resin body, so that longitu 
dinal extensions of the conductor 1 are not transmitted 
to the resin body. Differences in expansion between the 
resin body and the conductor 1 may destructively affect 
the insulation if the two are bonded along the whole 
length of the conductor. The conductive silver coating 13 
prevents ionisation in the boundary layer 12 because the 
coating is electrically bonded to the conductor at the area 
11 and this has the result that the two surfaces of the 
layer 12 are always both at the some potential. 
The tubes 5, 6 and so forth ?t slidably within each 

other at their upper portions 5a, 6a and so forth. As can 
be seen from the drawing, the lower portions of the tubes 
are of reduced diameter to accommodate the cylinders, 
the reduction in radius of the lower portions being greater 
than the wall thickness of the cylinders, so that when a 
set of tubes are nested together annular spaces 14 are‘ 
formed between adjacent tubes to accommodate the cylin 
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ders. Alternatively, the upper portions of each tube can 
have projection guide members around its outer periph 
eries to slide along the inner surface of the next outer 
tube. 

Preferably there are used to provide the supporting and 
locating e?ect large-grained ?llers, particularly quartz 
and calcite, whose maximal grain size is between 1.2. and 
1.5 1mm. and there are preferably used hardening casting 
resin mixtures containing ?llers, particularly based on 
epoxide or polyester resins. The resin mixture can, if de— 
sired, contain a further ?ller whose average grain size is 
less than one-?fth and preferably approximately %00 of 
the average grain size of the filler previously used as a 
supporting agent. In this way the amount of ?ller can be 
increased (-up to 70 to 80% by volume) so that in the ?nal 
product the insulation body has about the same ooe?icient 
of thermal expansion as have the conductor and the metal 
inserts. 
The steps of introducing and hardening the casting 

resin proceed as required with the application of pressure 
and vacuum. The casting mould, already ?lled with ?ller, 
is closed at the top and, if necessary, evacuated (1 mm. 
Hg) and ?lled with an inert gas, for example CO2} This 
evacuating and ?lling process is repeated several times, 
and then the casting resin mixture is introduced if neces 
sary under pressure (10 atm. g.). For the introduction of 
the resin the casting mould is provided with the necessary 
connections in its cover and ?oor, and by these connec 
tions the mould can if desired be connected to a suitable 
casting apparatus (not shown). The resin is then hard 
ened under the conditions prescribed for the particular 
mixture. A casting apparatus particularly suitable for the 
purpose is described and shown in French patent applica 
tion 1,386,652 (British patent application 5145/64). 
The following examples describe resin mixtures and 

?llers which give particularly good results in regard both 
to the manufacturing process and to the electrical prop 
erties of the completed high-voltage bushing: 

Example 1 
For locating the cylinders in place and for ?lling up 

the casting mould there was used a dried mixture of 
quartz sands in which the grain sizes were between 0.5 
and 2.0 mm. 
The casting resin mixture had the following composi 

tion: 
To 100 parts by weight of a polyglycidyl ether resin 

liquid at room temperature and having an epoxy content 
of 5.3 epoxide equivalents per kg. (prepared by reacting 
epichlorohydrin with bis-(4-oxyphenyl)-dimethylmethane 
in the presence of alkali) together with 100 parts by 
weight of hardening agent in the form of a modi?ed mix 
ture of polycarboxylic acid anhydride, said mixture be 
ing liquid at room temperature, there were added with 
agitation, at a temperature of 80 to 100° C. and under a 
vacuum of 30 mm. Hg, 300 parts by weight of a calcite 
obtainable under the name “Omya BLR-Z” (Pluess 
Staufer, Oftringen) and having an average particle diam 
eter of 5 microns, and the whole agitated for about an 
other hour. To the resulting mix-ture there were added, 
after cooling to room temperature and breaking the vac 
uum, 1.7 parts by weight of tris-(-dimethylamino-meth 
yl-)-phenol as accelerator and 10 parts by weight of a 
polypropylene glycol known commercially as Polypropyl 
englykol P 425, of average molecular weight 425. The 
casting resin mixture was now ready for application. 

Example 2 
For pre-?xing the cylinder and for ?lling up the casting 

mould a quartz sand mixture as in Example 1 was used. 
The casting resin mixture had the following composi 

tion: 
To 100 parts by weight of a polyglycidyl ether resin 

liquid at room temperature and having an epoxy content 
of 5.3 epoxide equivalents per kg. (prepared by reacting 
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epichlorohydrin with bis-(4-oxyphenyl) -dimethylmethane 
in the presence of alkali) together with a hardening agent 
in the form of 80 parts by weight of hexahydrophthalic 
acid anhydride, which is a solid .at room temperature, 
there were added, with agitation at a temperature of 80 
to 100° C. and under a vacuum at 1 mm. Hg., 250 parts 
by weight of a calcite obtainable commercially under the 
name “Ornya BLR-2” (Pluess-Stauier, Oftringen) and 
having an average particle diameter of 5 microns, and the 
agitation was continued for about another hour. After 
cooling to room temperature and breaking the vacuum 
there was added to the mass thus obtained 1 part by 
weight of tris-(-dimethylamino-methyl-)-phenol as accel 
erator. The casting resin was now ready for use. 

Example 3 
For pre-?xing the cylinder in place and ?lling up to 

mould a mixture of quartz sands as in Example 1 was 
used. 
The casting resin mixture had the following composi 

tion: 
To 100 parts by weight of 9‘-(3,4-epoxycyclohexyl)-2,3 

epoxy-8,l0-dioxaspiroundecane together with a hardening 
agent in the form of 95 parts by weight of hexahydro 
naphthalic acid anhydride there were added with agita 
tion, at a temperature of 80 to 100° C. and under a vac 
uum of 1 mm. Hg., 290 parts by weight of a calcite 
obtainable commercially under the name “Omya BLR-2” 
(Pluess-Staufer, Oftringen) having an average particle di 
ameter of 5 microns, and the whole agitated for a further 
hour. After cooling to room temperature and breaking 
the vacuum there were added to the resulting mixture 12 
parts by weight of an alcoholate prepared by reacting 
0.82 g. of sodium with 100 g. of 3-hydroxymethyl-2,4 
dihydroxypentane. The casting resin mixture was now 
ready for use. 
What is claimed is: 
1. A process for producing an electrical bushing in 

which a conductor member extends through a plurality 
of radially spaced apart cylinders coaxial with said con 
ductive member comprising the steps of coaxially align 
ing in a mould a central elongate conductor member, a 
plurality of conductive cylinders and a plurality of tubes 
disposed alternately with the cylinders to space the latter 
from each other and from the central conductor mem 
ber; introducing a ?ller material into the mould to sup 
port the cylinders therein whilst withdrawing the tubes 
from the mould whereby the positions of the cylinders 
with respect to the central conductor member are main 
tained; adding a casting resin into the mould; and harden 
ing the ‘resin to produce a bushing. 

2. A process for producing an electrical bushing in 
which a conductor member and a conductive cylinder 
through which the member extends are embedded in a 
cast resin, comprising the steps of aligning an elongate 
conductor member in a mould for receiving a casting 
resin mixture; locating in the mould an electrically con 
ductive, apertured, hollow, cylinder surrounding and 
spaced from the conductor member by means of a tube 
disposed between the conductor member and the cylin 
der; introducing a ?ller material into the mould to at 
least a level sut‘?cient to support the cylinder in its spaced 
apart relationship with the conductor member, withdraw 
ing the tube from the mould as the ?ller material is so 
introduced; introducing a casting resin into the mould; 
and hardening the resin to produce a bushing. 

3. A process for producing an electrical bushing in 
which a conductor member and a conductive cylinder 
through which the conductor member extends are em 
bedded in a resin comprising the steps of aligning an 
elongate conductor member in a mould for receiving a 
resin; locating in the mould an electrically conductive 
hollow cylinder surrounding and spaced apart from the 
conductor member by means of a generally tubular mem 
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6 
ber disposed between the conductor member and the 
cylinder; introducing a ?ller material into the mould to 
at least a level sufficient to support the cylinder in its 
spaced apart relationship with the conductor member; 
withdrawing the tubular member from the mould; intro 
ducing ?ller material into the remainder of. the mould; 
introducing a resin into the mould; and hardening the 
resin to produce the bushing. 

4. A process as claimed in claim 3 in which the resin 
is mixed prior to introduction into the mould, with a fur 
ther ?ller material the grain size of which is less than 
one ?fth the grain size of the ?rst-mentioned ?ller ma 
terial. 

5. A process as claimed in claim 3 in which the resin 
is mixed, prior to introduction into the mould, with a 
further ?ller material the grain size of which is about 
one hundredth the grain size of the ?rst-mentioned ?ller 
material. 

6. A process for producing an electrical bushing in 
which a conductor member and a conductive cylinder 
through which the conductor member extends are em 
bedded in a cast resin, comprising the steps of coating 
2. portion of an elongate conductor member with a part 
ing agent; applying a coating of conductive material over 
said parting agent and onto said member to form an elec 
trical connection therewith; aligning the conductor mem 
ber in a mould for receiving a resin; locating in the 
mould an electrically conductive, hollow cylinder sur 
rounding and spaced apart from the conductor member 
by means of generally tubular member disposed between 
the conductor member and the cylinder; introducing a 
?ller material into the mould to at least a level su?icient 
to support the cylinder in its spaced apart relationship 
with the conductor member; withdrawing the tubular 
member from the mould; introducing ?ller material into 
the remainder of the mould; introducing a resin into the 
mould; and hardening the resin to produce the bushing. 

7. A process for producing an electrical bushing in 
which an elongate conductor member extends through a 
plurality of radially spaced apart conductive cylinders 
coaxial with the member, comprising the steps of locat 
ing an elongate conductor member in a mould; sliding 
over the conductor member a ?rst tube and a ?rst hol 
low, conductive cylinder slidably ?tted upon the tube 
and having a portion projecting therefrom the internal 
aperture through said ?rst tube having a cross-section 
corresponding to the cross-section of the conductor mem 
ber to provide a close ?t on the latter; introducing a 
?ller material into the mould to a level below said ?rst 
tube to support the projecting portion of the ?rst cylin 
der; sliding over said ?rst tube a second tube and a sec» 
ond, hollow, conductive cylinder slidably ?tted upon said 
second tube and having a portion projecting therefrom, 
the internal aperture through said second tube having a 
cross-section corresponding to the cross-section of said 
?rst tube to provide a close ?t on the latter; introducing 
further ?ller material into the mould to support the pro 
jecting portion of the second cylinder; repeating the last 
two steps for as many further tubes and conductive cylin 
ders as are required; withdrawing all the tubes from the 
mould; introducing ?ller material into the remainder of 
the mould; introducing a resin into the mould; and hard 
ening the resin to produce the bushing. 

8. A process as claimed in claim 6, in which further 
?ller material is added into the mould as the tubes are 
withdrawn to ?ll the space occupied by the tubes. 

9. A process for producing an electrical bushing in 
which a conductor member extends. through a plurality 
of radially spaced apart, cylinders coaxial with said con 
ductive member, comprising the steps of coaxially align 
ing in a mould, a central elongate conductor member, a 
plurality of hollow, conductive cylinders and a plurality 
of tubes disposed alternately with the cylinders to space 
the latter from each other and from the central conductor 
member; introducing ?ller material into the mould to 
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support the cylinders therein; ‘withdrawing the tubes from 
the mould; adding further ?ller material to occupy the 
space vacated by the tubes; introducing a casting resin 
into the mould; and hardening the resin to produce a 
bushing. 

10. A process of manufacturing an electrical bushing 
having a conductor extending therethrough comprising 
the steps of making a plurality of tubes having ?rst por 
tions thereof adapted to ?t snugly one within the other 
for locating the tubes coaxially about an axis at increas 
ing radial distances from the axis, and having second por 
tions thereof of reduced diameter compared to the re 
spective ?rst portions; making a plurality of hollow cylin 
ders of electrically conductive material and having in 
ternal diameters corresponding to the external diameters 
of said second portions to enable a cylinder to be closely 
?tted onto each second portion and each cylinder hav 
ing a wall thickness less than the di?erence in outer diam 
eter between the ?rst and second portions of the tube 
onto which it is adapted to ?t; aligning in a mould said 
tubes and the cylinders ?tted thereto with each cylinder 
projecting beyond its associated tube towards the bot 
tom of the mould; introducing a ?ller material into the 
mould to support the cylinders therein; Withdrawing the 
tubes from the mould leaving the cylinders held in posi 
tion therein by the ?ller material; introducing a casting 
resin into the mould to surround the cylinders and the 
conductor member; introducing ?ller material into the 
remainder of the mould; introducing a resin into the 
mould; and hardening the resin to produce the bushing. 

11. In a method of locating a plurality of conductive 
cylinders for an electrical bushing in a mould in a pre 
determined radially spaced apart relationship with a 
central conductor member, the steps of sliding a plurality 
of cylinders of different internal diameters onto tubes 
having ?rst portions of different external diameters and 
second portions of greater external diameters than the 
respective ?rst portions and of di?erent internal diam 
eters whereby the second portions may be nested one 
within another and the cylinders may be supported on 
the ?rst portions in radially spaced apart relationship; 
aligning the nested tubes with the cylinders ?tted thereto 
in a mould with the ends of the cylinders near the bot 
tom of the mould spaced progressively further away from 
the bottom of the mould from the inner to the outer 
cylinder; and introducing a ?ller into the mould to sup 
port the cylinders therein upon withdrawal of the tubes 
therefrom. 
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12. The method according to claim 11 in which the 

conductive cylinders are provided :with apertures and the 
?ller material has a grain size less than the size of the 
apertures in the cylinders. , 

13. A process for producing an electrical bushing in 
which a conductor member and a conductive cylinder 
through which the conductor member extends are em 
bedded in a resin, comprising the steps of aligning an 
elongate conductor member in a mould; sliding over the 
conductor member a tube and a hollow conductive cylin 
der slidably mounted on the exterior of the tube and 
having a ?anged end projecting from the tube for posi 
tioning near the bottom of the mould when the tube is 
?tted on the conductor member; introducing a ?ller ma 
terial into the mould to cover the ?anged end of the 
cylinder to support the cylinder; withdrawing the tube 
from the cylinder; introducing ?ller material into the 
remainder of the mould; introducing acasting resin into 
the mould; and hardening the resin to produce the bush— 
mg. 

14. A process for producing an electrical bushing in 
which a conductor member and a conductive cylinder 
through which the conductor member extends are em 
bedded in a resin, comprising the steps of locating a ?rst 
electrically conductive, hollow cylinder in a mould by 
attaching it to the mould; aligning an elongate conduc 
tor member so as to extend through said ?rst cylinder, 
locating in the mould a second electrically conductive, 
hollow cylinder of lesser diameter than said ?rst cylin 
der between the latter and the conductor member by 
means of a tube disposed between the conductor mem 
ber and said second cylinder; introducing a ?ller into 
the mould to at least a level su?‘icient to support the 
cylinder in its spaced apart relationship with the con 
ductor member; withdrawing the tube from the mould; 
introducing ?ller material into the remainder of the 
mould; introducing a resin into the mould; and harden 
ing the resin to produce the bushing. ' 
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