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Fig. 2

ducing the same. The composite insulator (1) comprises an insulating elongated core (2), a pro-
tective layer (3) surrounding the elongated core (2), the protective layer (3) comprising an outer
surface (4) with a shed profile and an adhesive primer layer (5) disposed between the elongated
core (2) and the protective layer (3) for adhering the protective layer (3) to the elongated core (2),
the adhesive primer layer (5) comprising a coupling agent (6) and particles (7) of a low resistivity
material. The method for producing a composite insulator (1) comprises preparing a first solution
comprising a solvent, a coupling agent (6) and particles (7) of a low resistivity material, applying
the first solution on at least a part of an envelope surface of an insulating elongated core (2) and
thus forming one or more first adhesive primer layers (5) and applying a protective layer (3) onto
the first adhesive primer layer (5) on the elongated core (2), wherein the protective layer (3) com-
prises an outer surface (4) with a shed profile.
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Insulator with resistivity gradient

Technical field

The present invention relates to a composite insulator and a method for producing the same.
Background

A frequently used type of insulator are hollow core insulators, consisting of a fiber reinforced
epoxy cylindrical or tapered elongated core, combined with a silicone rubber housing
exhibiting various types of shed profiles. The two ends of an insulator separate two different
voltages, for example Ground and the DC system voltage. Under DC voltage the electric field
distribution inside and around composite insulators depends on the resistivity and the
geometrical shape of all insulation materials, including the surrounding air. The sheds are
designed to increase the surface flashover distance along the insulator. However, local
variations in the electric field in the insulators may lead to partial discharges when leakage
paths develop which reduces the life span of the materials in the insulators or results in a final
catastrophic failure of the insulator due to surface flashover or puncture of the insulator.

High voltage insulators can for example use shielding electrodes attached to the voltage-
carrying fittings to avoid increases in the electric field at the ends of the fittings.

US 2011/0017488 Al explains that the materials of an insulator are severely loaded by an
inhomogeneous distribution of an electric field over its surface. One of the reasons is the
structural configuration of the insulator. Particularly in the area of the fittings, the field
strength varies because of the transition from the insulating materials of the sheds and of the
insulator core to a metallic material, because of the transition to the ground potential on the
mast, tower or pole cross member and to the conductor potential, where the conductor cables
are attached. In order to prevent a local field disturbance caused thereby, in particular field
strength peaks, it is possible to use so-called geometric field control. The geometry of the
workpieces, in particular live parts, is smoothed out by rounding corners and edges. The
document shows a composite insulator, comprising a core, a protective layer surrounding the
core, and a field control layer disposed between the core and the protective layer in at least
one section of the insulator. The field control layer has a stratum with a length, and the field
control layer contains a proportion of particles, as a filler, influencing an electric field of the
insulator. The proportion of the particles influencing the electric field differs over the length
of the stratum. The field control layer is generally composed of the same material as the
protective layer covering it.

DE10201210137 A1l discloses that localized coatings or coatings of insulating materials, such
as polymers, can be applied as field control layers with intercalations of dielectric and/or
ferroelectric materials as a means of homogenizing the electric field and avoiding local field
disturbance. The document discusses using plasma coating techniques which allows a resistive
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material or mixture of resistive materials to be applied directly to the core of a composite
insulator and also different geometric structures of the field control layer such as stripes.

The production methods of insulators with electric field control layers requires many steps
which are time consuming and can be expensive in terms of time and equipment needed.

Summary

It is an aim of the present invention to at least partly overcome the above problems, and to
provide an improved composite insulator.

The present disclosure aims to provide a composite insulator with a time and cost-effective
manufacturing process and which exhibit desired properties in robustness and the electric
field profile.

This aim is achieved by the device as defined in claim 1 and the method defined in claim 13.

According to an embodiment of the disclosure, it comprises a composite insulator, comprising
an insulating elongated core, a protective layer surrounding the elongated core, the protective
layer comprising an outer surface with a shed profile, and an adhesive primer layer disposed
between the elongated core and the protective layer for adhering the protective layer to the
core, the adhesive primer layer comprising a coupling agent and particles of a low resistivity
material. In other words, the adhesive primer layer, which provides robustness to the insulator
by providing good adhesion between the core and the protective layer, is also an electric field
controlling layer. The protective layer is of a high resistivity material. A composite insulator is
provided, which simultaneously exhibits a low resistivity/resistance at the base and high
resistivity at the shed tips as well as provides a robust structure which is easy to manufacture.
In other words, the resistivity is lowered axially but kept high where the protective layer meets
air. This will lead to a more homogeneous electric field distribution under DC stress and hence
higher dielectric withstand. The electric field towards the surroundings is thus controlled with
the help of leakage currents in the system by designing a leakage current axially.

According to some aspects, the composite insulator is for high-voltage direct current, HVDC,
applications, and wherein the particles of a low resistivity material are distributed in the whole
adhesive primer layer. Under DC stress such a low resistive layer will cause a well-controlled
leakage current along the axial direction of the primer layer. The leakage current will provide
a controlled field distribution along the axial direction of the insulator. A controlled field
distribution can contribute to a reduction of the maximal electrical stress. By reducing the
maximal electrical stress, the device gets more reliable.

According to some aspects, the particles of a low resistivity material are evenly distributed in
the whole adhesive primer layer. This simplifies the manufacturing process since the adhesive
primer layer can be applied in the same manner over the whole core. For example, the
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adhesive primer layer can be applied in one solution by painting, dipping, or spraying the
whole elongated core and then evaporating the solvent. An even particle distribution will
provide a more homogeneous field distribution along the axial direction of the insulator,
compared to an uneven distribution.

According to some aspects, at least part of the adhesive primer layer comprises the particles
of alow resistivity material and at least part of the adhesive primer layer is free of the particles
of a low resistivity material. In the ends of the insulator, where fittings may be arranged, there
may be a transition from insulating material to a metal material, a transition from ground
potential or a transition to a conductor potential. In this area the electric field strength in an
insulator is especially affected. Using an adhesive primer layer infused with particles of a low
resistivity material in this area stabilizes the electric field and reduces discharges.

According to some aspects, wherein the surface resistivity of the adhesive primer layer
comprising particles of a low resistivity material is between 10® and 10'* Q/square, and
preferably between 10'° and 102 Q/square. The total resistivity is, according to some aspects,
between 10° and 10 Q preferably between 10 and 103 Q.

According to some aspects, the particles of the low resistivity material comprises particles of
any of, or a combination of: Cr,O3 iron oxides, such as Fe;0s; or Fe30a, TiO;, ZnO, ZnO
microvaristors, SiC, CuO, Carbon Black, graphene/graphite oxide and thermally reduced
graphene/graphite oxide. The specific combination will be based on the desired resistivity of
the final adhesive layer.

According to some aspects, the proportion of particles of a low resistivity material in the
adhesive primer layer is high enough for creating a percolated particle network and < 40 vol%.
It should be noted that this value is for dry adhesive primer layer and not straight after
application of it, when the adhesive primer layer has not yet dried.

According to some aspects, the adhesive primer layer has a thickness of between 0.01 and
500 micrometer, and preferably between 0.1 and 100 micrometer. It should be noted that this
also, is a value for dry adhesive primer layer; i.e. dry film thickness. There is a relationship
between the thickness of the adhesive primer layer and the proportion of particles of a low
resistivity material. To reach a desired electric field profile for the insulator, a thin layer with
a higher proportion of particles may give the same electric field profile as a thicker layer with
a lower proportion of particles. A thin layer may be desirable for materials savings reasons but
then there might be a need for such a high proportion of particles of a low resistivity material
so that the adhesion properties are not good enough for robustly adhering the protective
layer. So, according to some aspects, when designing the insulator, the proportion of particles
of a low resistivity material and the thickness of the adhesive primer layer will be jointly
determined.

According to some aspects, the coupling agent comprises at least one of: silanes, titanates,
orthosilicate esters or metal orthoesters. These are good coupling agents between, for
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example, inorganic fibers to polymer matrices by the creation of covalent bonds. In other
words, silanes can coat fibers to create better adhesion to a polymer matrix.

According to some aspects, the protective layer comprises a high resistivity polymeric base
material. The protective layer comprises a high resistivity material such that it is not
conducting in the insulator. Polymeric base material is chosen depending on characteristics. A
non-reactive, stable insulating material is desirable in the insulator.

According to some aspects, protective layer comprises silicone rubber. Silicone rubber has
good resistance to extreme temperatures and operate normally from -55 to 300 °C. Silicone
rubber also offers high tear strength and high dielectric strength at high voltage. Silicone
rubber is also hydrophobic, which is useful when the insulator is used in an environment
where it can get wet, for example by rain.

According to some aspects, the elongated core comprises a glass fiber reinforced composite
tube. A glass fiber reinforced composite tube is a light weight, robust and cheap insulating
elongated core.

According to an embodiment of the disclosure, it comprises a method for producing a
composite insulator. The method comprises preparing a first solution comprising a solvent, a
coupling agent and particles of a low resistivity material, applying the first solution on at least
a part of an envelope surface of an insulating elongated core and thus forming one or more
first adhesive primer layers and applying a protective layer onto the first adhesive primer layer
on the elongated core, wherein the protective layer comprises an outer surface with a shed
profile. This method provides an efficient method, without many and complicated steps, for
producing the composite insulator discussed above. The advantages of the resulting
composite insulator have been previously discussed.

According to some aspects, applying the first solution comprises spraying, dipping, or painting
the first solution onto the envelope surface of the elongated core. Spraying, dipping or
painting are efficient methods to apply the first adhesive primer layer which does not require
any complicated or expensive equipment.

According to some aspects, the first solution is applied on one or more parts of the envelope
surface. The method comprises applying a second solution, the second solution comprising
the solvent and the coupling agent and is without the particles of a low resistivity material, on
the remaining parts of the envelope surface thus forming one or more second adhesive primer
layers and wherein the protective layer is applied onto the first and second adhesive primer
layers. Thus, there is adhesive primer layer over the whole envelope surface and at least one
part of the adhesive primer layer comprises particles of a low resistivity material and at least
one part of the adhesive primer layer does not comprise any particles of a low resistivity
material. It should be noted that the term “whole envelope surface” means the parts where
the protective layer will be placed and may exclude some part in the ends. The ends may for
example be cut off after production or be used to fasten the insulator upon installation and
does then not need any adhesive primer layer.
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According to some aspects, applying the second solution comprises spraying, dipping or
painting the second solution onto the envelope surface of the elongated core. Hence, when
there is adhesive primer layer over the whole surface of the elongated core, some parts with
particles of a low resistivity material and some parts without, the different parts can be
applied separately with for example spraying or painting.

Brief description of the drawings

The invention will now be explained more closely by the description of different embodiments
of the invention and with reference to the appended figures.

Fig. 1 shows a perspective view of a composite insulator with a shed profile.
Fig. 2 shows a cross section of a composite insulator with an adhesive primer layer.

Fig. 3a-c illustrates different shapes of the elongated core.

Fig. 4 shows a block diagram of the method.
Fig. 5 illustrates an extrusion process for applying a protective layer to the elongated core.

Fig. 6 illustrates an enlarged view of an adhesive primer layer comprising a coupling agent and
particles of a low resistivity material.

Detailed description

Aspects of the present disclosure will be described more fully hereinafter with reference to
the accompanying drawings. The device and method disclosed herein can, however, be
realized in many different forms and should not be construed as being limited to the aspects
set forth herein. Like numbers in the drawings refer to like elements throughout.

The terminology used herein is for the purpose of describing particular aspects of the
disclosure only, and is not intended to limit the invention. As used herein, the singular forms

a”, “an” and “the” are intended to include the plural forms as well, unless the context clearly
indicates otherwise.

Unless otherwise defined, all terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this disclosure belongs.

Figure 1 shows a perspective view of a composite insulator 1 with a shed profile. Figure 2
shows a cross section of a composite insulator 1 according to some aspects of the disclosure.

Figure 2 illustrates a composite insulator 1, comprising an insulating elongated core 2 and a
protective layer 3 surrounding the elongated core 2. The protective layer 3 comprising an
outer surface 4 with a shed profile. The shed profile is illustrated in figures 1 and 2. The shed
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profile comprises either a series of concentric disc shapes or concentric disc shapes that are
continuously connected and thus forms a spiral along the elongated core 2. The sheds, i.e. the
disc shapes, can have different radiuses or the same radius with respect to each other. The
size and shape required for the sheds will depend on the use and is thus up to the system
designer to choose. The diameter and length of the elongated core 2 is also up to the system
designer when using the composite insulator 1.

An adhesive primer layer 5 is disposed between the elongated core 2 and the protective layer
3 for adhering the protective layer 3 to the core, the adhesive primer layer 5 comprising a
coupling agent 6 and particles 7 of a low resistivity material. See figure 6 for an enlarged view
of a part of the adhesive primer layer 5 with the coupling agent 6 and particles 7. In other
words, the adhesive primer layer 5, which provides robustness to the insulator by providing
good adhesion between the core and the protective layer 3, is also an electric field controlling
layer. The protective layer 3 is of a high resistivity material. A composite insulator 1 is
provided, which simultaneously exhibits a low resistivity/resistance at the base and high
resistivity at the shed tips as well as provides a robust structure which is easy to manufacture.
In other words, the resistivity is lowered axially but kept high where the protective layer 3
meets air. This will lead to a more homogeneous electric field distribution under DC stress and
hence higher dielectric withstand. The electric field towards the surroundings is thus
controlled with the help of leakage currents in the system by designing a leakage current
axially. Adding low resistive particles into the adhesive primer layer 5 will reduce the effective
resistivity of the coupling agent 6. The reduced resistivity will cause an increased leakage
current in the axial direction of the primer layer. If the leakage current in the primer is
substantially larger than the leakage current in the surrounding media it will, according to
ohm’s law, determine the axial field distribution.

The composite insulator 1is, according to some aspects, for high-voltage direct current, HVDC,
applications, and the particles 7 of a low resistivity material are distributed in the whole
adhesive primer layer 5. The presence of particles in the whole adhesive primer layer 5 will
provide a reduced resistivity of the primer along the full length of the adhesive primer layer
5s. This will ensure a favourable field distribution. The composite isolator is, for example, a
bushing. A bushing is an insulated device that allows an electrical conductor to pass safely
through a grounded conducting barrier such as the case of a transformer or circuit
breaker. According to some aspects, the particles 7 of a low resistivity material are evenly
distributed in the whole adhesive primer layer 5. This simplifies the manufacturing process
since the adhesive primer layer 5 can be applied in the same manner over the whole core. For
example, the adhesive primer layer 5 can be applied in one solution by painting or spraying
the whole elongated core 2 and then evaporating the solvent. An even distribution of particles
in the primer will create a constant resistivity of the primer that in turn will provide an even
field distribution along the axial direction of the primer, assuming a constant primer thickness.
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According to some aspects, at least part of the adhesive primer layer 5 comprises the particles
7 of a low resistivity material and at least part of the adhesive primer layer 5 is free of the
particles 7 of a low resistivity material. It should be notes that in the method described below,
the part of the adhesive primer layer 5 comprising the particles is called the first adhesive
primer layer 5 and the part which is free of particles is called the second adhesive primer layer
5. This is only a way to name them to distinguish between the parts with or without the
particles. The particles 7 of a low resistivity material are according to some aspects present in
the ends of the elongated core 2. In the ends of the insulator, where fittings may be arranged,
there may be a transition from insulating material to a metal material, a transition from
ground potential or a transition to a conductor potential. In this area the electric field strength
in an insulator is especially affected. Using an adhesive primer layer 5 infused with particles 7
of a low resistivity material in this area stabilizes the electric field and reduces discharges.

According to some aspects, wherein the surface resistivity of the adhesive primer layer 5
comprising particles 7 of a low resistivity material is between 10% and 10 Q/square, and
preferably between 10'° and 102 Q/square. The resistivity should not be so low that the
leakage current causes too large losses or local heating, but should be low enough to affect
the electric fields of the insulator. According to some aspects, the particles of the low
resistivity material comprises particles of any of, or a combination of: Cr,03 iron oxides (Fe;Os,
Fes04), TiO2, ZnO, ZnO microvaristors, SiC, CuO, Carbon Black, graphene/graphite oxide and
thermally reduced graphene/graphite oxide. The resistivity of the adhesive primer layer 5 can
be adjusted by both changing the low resistivity material and changing the amount of particles
7 of a low resistivity material. Thus, an adhesive primer layer 5 can display the same resistivity
but with different particles 7 of a low resistivity material and with different amount of
particles. An advantage of a material with field dependent resistivity that are reduced with an
increased field is that the material will suppress high fields.

The proportion of particles 7 of a low resistivity material in the adhesive primer layer 5 is,
according to some aspects, high enough for creating a percolated particle network and < 40
vol%. Again, the proportion will depend on the low resistivity material chosen.

There is a relationship between the thickness of the adhesive primer layer 5 and the
proportion of particles 7 of a low resistivity material. To reach a desired electric field profile
for the insulator, a thin layer with a higher proportion of particles may give the same electric
field profile as a thicker layer with a lower proportion of particles. A thin layer may be desirable
for materials savings reasons but then there might be a need for such a high proportion of
particles 7 of a low resistivity material so that the adhesion properties are not good enough
for robustly adhering the protective layer 3. So, according to some aspects, when designing
the insulator, the proportion of particles 7 of a low resistivity material and the thickness of the
adhesive primer layer 5 will be jointly determined. According to some aspects, the adhesive
primer layer 5 has a thickness of between 0.01 and 500 micrometer, and preferably between
0.1 and 100 micrometer
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There are many different coupling agents 6. The requirements for a coupling agent 6 used in
an insulator is that it is non-conductive and that it provides good adhesion. According to some
aspects, the coupling agent 6 comprises at least one of: silanes, titanates, orthosilicate esters
or metal orthoesters. Commonly used organosilanes for binding silicone rubber to various
substrates are  methacryloxypropyltrimethoxysilane, 3-aminopropyltriethoxysilane,
allyltrimetoxysilane or polyvinylmethoxysiloxane polymers. Silanes are, for example, used as
coupling agents 6 to adhere fibers such as glass fibers and carbon fibers to certain polymer
matrices, thus stabilizing the composite material.

The protective layer 3 comprises a high resistivity material such that it is not conducting in the
insulator. The protective layer 3 material is chosen depending on characteristics. The
protective layer 3 comprises, according to some aspects, a high resistivity polymeric base
material. The resistivity of the high resistivity material is between 10 and 10 QOm, and
preferably between 5*10'% and 10> Qm. The resistivity of the polymeric base material can be
tuned by the amount, distribution and surface treatment of inorganic filler particles, such as
silica and aluminium trihydrate, ATH.

The protective layer 3 comprises, according to some aspects, silicone rubber. Silicone rubber
has good resistance to extreme temperatures and operate normally from -55 to 300 °C.
Silicone rubber also offers high tear strength and high dielectric strength at high voltage.
Silicone rubber is also hydrophobic, which is useful when the insulator is used in an
environment where it can get wet, for example by rain. When dirt and/or water collects on
the sheds, electrical discharges can happen between the sheds and the silicone rubber then
erodes. The silicone rubber can for example be filled with a flame retardant, ATH, which
increases the resistance to electrical erosion.

The core gives robustness, stiffness and strength to the insulator. It may also be quite large
and thus easily becomes heavy to handle. The elongated core 2 is, according to some aspects,
hollow and insulating. According to some aspects, the elongated core 2 comprises a glass fiber
reinforced composite tube. A glass fiber reinforced composite tube is a light weight, robust
and cheap insulating elongated core 2.

The insulating elongated core 2 comprises, according to some aspects, different diameters
along the elongation. Different examples can be seen in figures 3a, 3b and 3c. In one example,
the insulating elongated core 2 comprises two cylindrical parts with different diameters and a
conical part between the two parts to connect them, as shown in figure 3b. According to some
aspects, the insulating elongated core 2 with different diameters along the elongation is
hollow and comprises for example glass fiber reinforced composite tube as described above.

Figure 4 shows a block diagram of a method for producing a composite insulator 1. The
method comprises preparing a first solution comprising a solvent, a coupling agent 6 and
particles 7 of a low resistivity material, applying the first solution on at least a part of an
envelope surface of an insulating elongated core 2 and thus forming one or more first adhesive
primer layers 5 and applying a protective layer 3 onto the first adhesive primer layer 5 on the
elongated core 2, wherein the protective layer 3 comprises an outer surface 4 with a shed
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profile. This method provides an efficient method, without many and/or complicated steps,
for producing the composite insulator 1 discussed above. The advantages and alternatives of
the resulting composite insulator 1 have been previously discussed. Alternatives for the
coupling agent 6 and the elongated core 2 has also been discussed above when discussing the
composite insulator 1. The solvent is used so that the adhesive primer layer 5 is easy to apply
and the solvent is evaporated before applying the protective layer 3. Examples of solvents that
can be used are methanol, ethanol, isopropanol, water, volatile cyclic PDMS oligomers,
heptane. The above values for the adhesive primer layer 5 is for when the layer has dried.

As said, the solvent is used so that the adhesive primer layer 5 is easy to apply. According to
some aspects, applying the first solution comprises spraying, dipping, or painting the first
solution onto the envelope surface of the elongated core 2. Spraying, dipping or painting are
efficient and simple methods to apply the first adhesive primer layer 5 which does not require
any complicated or expensive equipment. Itis common to apply a primer layer onto substrates
for obtaining a good adhesion between the primed layer and the insulating silicone rubber. By
combining coupling agents and conductive particles in the same primer you simultaneously
obtain a good adhesion as well as a desired resistivity during one processing step.

As also explained above, in some uses there may not be a need for particles 7 of a low
resistivity material in the adhesive primer layer 5 over the whole elongated core 2. According
to some aspects, the first solution is applied on one or more parts of the envelope surface.
Thus, the particles 7 of a low resistivity material are present in the adhesive primer layer 5
that is applied in one or more parts of the elongated core 2. In this case, the method comprises
applying a second solution, the second solution comprising the solvent and the coupling agent
6 and is without the particles 7 of a low resistivity material, on the remaining parts of the
envelope surface thus forming one or more second adhesive primer layers 5 and wherein the
protective layer 3 is applied onto the first and second adhesive primer layers 5. Thus, there is
adhesive primer layer over the whole envelope surface and at least one part of the adhesive
primer layer 5, i.e. the first adhesive primer layer 5, comprises particles 7 of a low resistivity
material and at least one part of the adhesive primer layer 5, i.e. the second adhesive primer
layer 5, does not comprise any particles 7 of a low resistivity material. It should be noted that
the term “whole cylindrical surface” and “remaining parts” means the parts where the
protective layer 3 will be placed and may exclude some part in the ends. The ends may for
example be cut off after production or be used to fasten the insulator upon installation and
does then not need any adhesive primer layer 5.

When there is adhesive primer layer 5 both with and without particles 7 of a low resistivity
material, i.e. the first and second adhesive primer layer 5, the first and second adhesive primer
layers 5 are applied separately. Both layers may be applied in the same way so, according to
some aspects, applying the second solution comprises spraying, dipping or painting the
second solution onto the envelope surface of the elongated core 2. Hence, when there is
adhesive primer layer 5 over the whole surface of the elongated core 2, some parts with
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particles 7 of a low resistivity material and some parts without, and the different parts can be
applied separately with for example spraying or painting.

There are different ways to apply the protective layer 3; for example, molding or through an
extrusion process. Figure 5 illustrates an example of an extrusion process. According to some
aspects, applying the protective layer 3 comprises extruding the protective layer 3, through
an elongated nozzle 8, in a helical shape around the elongated core 2 and thus forming a
continuous layer with an outer surface 4 with a shed profile. In today’s helical extrusion
process, silicone is continuously fed into an extruder where the material is plasticized and
pushed through a nozzle. Nozzles with different shapes can easily be exchanged in order to
produce different shed geometries. According to an aspect of the disclosure, the extruded
profile is then pressed against the rotating composite core, or in other words composite tube,
previously coated with the adhesive primer layer 5 to ensure good adhesion and to design a
desirable electric field profile. By moving the extruder along the tube, a helical shed profile is
obtained. After extrusion the complete insulator is moved to a hot air oven for crosslinking of
the silicone into a rubber.

According to some aspects, the composite insulator 1 comprises top and bottom metal end
fittings, i.e. flanges. The fittings are for example made of aluminum. The layer comprising
particles of low resistivity is, according to some aspects, electrically contacted to the metallic
flange both at the bottom and the top of the insulator. A possibility for providing such a
connection is to use a low resistive glue or a low resistive tape for connecting the insulator to
the flanges so that the glue or tape bridges the gap between the low resistivity layer and the
flange. The glue could be an epoxy with low resistivity. A possibility to further reduce the
resistivity of an epoxy based glue is to fill with low resistive particles, for example the same
type of particles as used in the adhesive primer layer above. The glue could also be filled with
metallic particles such as silver particles.

An example of a composite insulator 1 according to above is a glass fiber reinforced composite
tube coated with an adhesive primer prior to the extrusion of the protective layer 3, to ensure
excellent adhesion of the silicone rubber. A slightly conductive filler is added to the primer, in
order to obtain a thin low resistivity adhesive primer layer 5. High resistivity silicone is then
extruded on top of this layer. An alternative for the high resistivity silicone is to add it onto
the internal structure using injection molding or casting.

In the following, a second embodiment of a composite insulator 1 is disclosed. The second
embodiment shares all features, where applicable, with the composite insulator 1 and
manufacturing method as disclosed above except for that the particles 7 of a low resistivity
material is now not present in the adhesive primer layer 5, but in the base of the protective
layer 3. In other words, in the embodiment below, the electric field influencing particles 7 of
a low resistivity material is now mixed in with the high resistivity base material of the
protective layer 3 at the base of the protective layer 3 instead of being mixed into the adhesive
primer layer 5.
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Aspect 1. A second composite insulator, comprising:

e an insulating elongated core 2;

e a protective layer 3 surrounding the elongated core 2, the protective layer 3
comprising an outer surface 4 with a shed profile, wherein the shed profile
comprises shed tips, and wherein the protective layer 3 comprises a high
resistivity base material; and

e an adhesive primer layer 5 disposed between the elongated core 2 and the
protective layer 3 for adhering the protective layer 3 to the elongated core 2;

wherein the protective layer 3 comprises a first part, the part closest to the adhesive primer
layer 5, which has a lower resistivity than a second part, the part closes to the shed tips.

Aspect 2. The second composite insulator according to aspect 1, wherein the first part
comprises particles 7 of a low resistivity material and the second part is free of the particles
of the low resistivity material.

Aspect 3. The second composite insulator according to aspect 1 or 2, wherein the protective
layer 3 has a total thickness from the part abutting the adhesive primer layer 5 to the shed
tips, and wherein the first part comprising the particles 7 of a low resistivity material
comprises at least 1% of the total thickness and wherein the second part, free of particles 7 of
a low resistivity material, comprises at least 1% of the total thickness.

Aspect 4. The second composite insulator according to any of aspects 1 to 3, wherein the
second composite insulator is a bushing for high-voltage direct current, HVDC, applications,
and wherein the particles 7 of a low resistivity material are distributed evenly in the first part.

Aspect 5. The second composite insulator according to any of aspects 1 to 3, wherein the first
part extends axially through the whole protective layer 3 or through at least one part of the
protective layer 3.

Aspect 6. The second composite insulator according to any of aspects 1 to 5, wherein the
surface resistivity of the first part of the protective layer 3, comprising particles 7 of a low
resistivity material, is between 10'° and 10'* Qm, and preferably between 10! and 5-10*2Qm.
The surface being the surface of the first part towards the second part of the protective layer.

Aspect 7. The second composite insulator according to any of aspects 1 to 6, wherein the
resistivity of the second part of the protective layer 3, without particles 7 of a low resistivity
material is lower than the resistivity of the first part.

Aspect 8. The second composite insulator according to any of aspects 1 to 7, wherein the
particles of the low resistivity material comprises particles of any of, or a combination of: Cr,03
iron oxides, TiO2, ZnO, ZnO microvaristors, SiC, CuO, Carbon Black, graphene/graphite oxide
and thermally reduced graphene/graphite oxide.
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Aspect 9. The second composite insulator according to any of aspects 1 to 8, wherein the
proportion of particles 7 of a low resistivity material in the first part of the protective layer 3
is high enough for creating a percolated particle network and < 40 vol%.

Aspect 10. The second composite insulator according to any of aspects 1 to 9, wherein the
total thickness of the adhesive primer layer 5 is between 0.01 and 500 micrometer, and
preferably between 0.1 and 100 micrometer.

Aspect 11. The second composite insulator according to any of aspects 1 to 10, wherein the
protective layer 3 comprises a high resistivity polymeric base material.

Aspect 12. The second composite insulator according to aspect 11, wherein the protective
layer 3 comprises silicone rubber.

Aspect 13. The second composite insulator according to any of aspects 1 to 12, wherein the
elongated core 2 comprises a glass fiber reinforced composite tube.

Aspect 14. A method for producing a second composite insulator, the method comprises:

e preparing a solution comprising a solvent and a coupling agent 6;

e applying the solution on at least a part of an envelope surface of an
insulating elongated core 2 and thus forming one or more adhesive primer
layers 5; and

e applying a protective layer 3 onto the adhesive primer layer 5 on the
elongated core 2 by an extrusion process, wherein the protective layer 3
comprises a high resistivity base material and an outer surface 4 with a shed
profile, the protective layer 3 comprises a first part, the part closest to the
adhesive primer layer 5, which comprises particles 7 of a low resistivity
material and a second part, the part closes to the shed tips, which is free of
particles 7 of a low resistivity material;

wherein the extrusion process comprises co-extruding, with at least one elongated nozzle,
high resistivity base material mixed with particles 7 of a low resistivity material and high
resistivity base material without particles 7 of a low resistivity material.

Aspect 15. The method according to aspect 14, wherein co-extruding comprises extruding high
resistivity base material mixed with particles 7 of a low resistivity material at a side of the
elongated nozzle that extrudes at the adhesive primer layer 5 and extruding high resistivity
base material without particles 7 of a low resistivity material at a side of the elongated nozzle
which extrudes the shed tips.

Aspect 16. The method according to aspect 14, wherein co-extruding comprises an elongated
nozzle subdivided into two separated parts, a first part extruding high resistivity base material
mixed with particles 7 of a low resistivity material at a side of the elongated nozzle that
extrudes at the adhesive primer layer 5 and a second part extruding high resistivity base
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material without particles 7 of a low resistivity material at a side of the elongated nozzle which
extrudes the shed tips.

In the following, further embodiments of a composite insulator 1 are disclosed. The
embodiments share all features, where applicable, with the composite insulator 1 and
manufacturing method as disclosed above except for that the particles 7 of a low resistivity
material is now not present in the adhesive primer layer 5, but in a low resistivity layer
disposed between the elongated core and the primer layer. In other words, in the
embodiments below, the electric field influencing part of the disclosure is in a low resistivity
layer disposed between the elongated core and the primer layer. With this approach, a low
resistive layer giving a favorable field distribution along the axial direction of the elongated
core and a primer layer providing good adhesion properties towards the protective layer is
provided. The low resistive layer can be built up from a few different types of materials, some
examples listed below:

e Painting a thick ‘conductive layer’ on the insulator, i.e. the elongated core. In this
example, a paint (epoxy, polyester or polyurethane based) filled with low resistive
particles according to above can be used. The adhesive primer layer without the
particles of low resistivity is then applied on top of the conductive paint. The paint
thickness of the paint is 50 to 300 um and preferable 100 to 200um thick.

e Using a conductive outer liner of polyester fibers and epoxy/vinylester/polyester resin
filled with low resistivity particles according to above, or veil of polyester or glass fibers
filled with low resistive particles impregnated with a thermoset resin, on the outer
surface of the elongated core. The adhesive primer without low resistivity particles is
applied on top of the conductive outer liner. The liner thickness is 50 um to 1000 um
and preferable 100 to 300 thick.

e The top and bottom aluminum end fittings, i.e. flanges, are connected by conductive
adhesive tape filled with low resistive particles, wound or taped on to the elongated
core prior the adhesive primer is applied. The tape thickness is 5 to 500 um and
preferable 50 to 100 um thick. For example, conductive Acrylic tape filled with Cr203
iron oxides, such as Fe203 or Fe304, TiO2, ZnO, ZnO microvaristors, SiC, CuO, Carbon
Black, graphene/graphite oxide and thermally reduced graphene/graphite oxide may
be used. The tape is connected to both end fittings. The tape is either continuous
between the end fittings or there are several tapes. The tape is, according to some
aspects, applied in a wound spiral pattern or as several stripes directly across the
elongated tube. The tape is according to some aspects applied to cover the whole
surface of the elongated tube or such that there is a gap between the tapes.

¢ Winding or taping of carbon fibers or carbon fibers/thermoset prepreg on the
elongated core before applying the adhesive primer. The carbon fibers are low
resistive and no adding of particles of low resistivity is needed. The amount of carbon
fibers is chosen to give a chosen surface resistivity.
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All type of conductive layers has a surface resistivity in the range 10% and 10'* Q/square, and
preferably between 10'° and 102 Q/square. It should be noted that the tapes described above

can be wound in any pattern over the elongated core.
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Reference list:
1. composite insulator

elongated core

protective layer

outer surface, with a shed profile
adhesive primer layer

coupling agent

No ok wbN

particles of a low resistivity material
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Claims
1. A composite insulator (1), comprising:
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¢ aninsulating elongated core (2);

e a protective layer (3) surrounding the elongated core (2), the protective layer
(3) comprising an outer surface (4) with a shed profile; and

¢ an adhesive primer layer (5) disposed between the elongated core (2) and the
protective layer (3) for adhering the protective layer (3) to the elongated core
(2), the adhesive primer layer (5) comprising a coupling agent (6) and particles
(7) of a low resistivity material.

The composite insulator (1) according to claim 1, wherein the composite insulator (1)
is a bushing for high-voltage direct current, HVDC, applications, and wherein the
particles (7) of a low resistivity material are distributed in the whole adhesive primer
layer (5).

The composite insulator (1) according to claim 1 or 2, wherein the particles (7) of a low
resistivity material are evenly distributed in the whole adhesive primer layer (5).

The composite insulator (1) according to claim 1, wherein at least part of the adhesive
primer layer (5) comprises the particles (7) of a low resistivity material and at least part
of the adhesive primer layer (5) is free of the particles (7) of a low resistivity material.

The composite insulator (1) according to claim 1 or 2, wherein the surface resistivity of
the adhesive primer layer (5) comprising particles (7) of a low resistivity material is
between 108 and 10'* Q/square, and preferably between 10° and 102 Q/square.

The composite insulator (1) according to any preceding claim, wherein the particles of
the low resistivity material comprises particles of any of, or a combination of: Cr,03
iron oxides (Fe;0s, Fes04), TiO;, ZnO, ZnO microvaristors, SiC, CuO, Carbon Black,
graphene/graphite oxide and thermally reduced graphene/graphite oxide.

The composite insulator (1) according to any preceding claim, wherein the coupling
agent (6) comprises at least one of: silanes, titanates, orthosilicate esters or metal
orthoesters.

The composite insulator (1) according to any preceding claim, wherein the proportion
of particles (7) of a low resistivity material in the adhesive primer layer (5) is high
enough for creating a percolated particle network and < 40% by volume.
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The composite insulator (1) according to any preceding claim, wherein the adhesive
primer layer (5) has a thickness of between 0.01 and 500 micrometer, and preferably
between 0.1 and 100 micrometer.

The composite insulator (1) according to any preceding claim, wherein the protective
layer (3) comprises a high resistivity polymeric base material.

The composite insulator (1) according to claim 10, wherein protective layer (3)
comprises silicone rubber.

The composite insulator (1) according to any preceding claim, wherein the elongated
core (2) comprises a glass fiber reinforced composite tube.

A method for producing a composite insulator (1), the method comprises:

e preparing (S1) a first solution comprising a solvent, a coupling agent (6) and
particles (7) of a low resistivity material;

o applying (S2) the first solution on at least a part of an envelope surface of
an insulating elongated core (2) and thus forming one or more first
adhesive primer layers (5); and

¢ applying (S3) a protective layer (3) onto the first adhesive primer layer (5)
on the elongated core (2), wherein the protective layer (3) comprises an
outer surface (4) with a shed profile.

The method according to claim 13, wherein applying (S2) the first solution comprises
spraying, dipping or painting the first solution onto the envelope surface of the
elongated core (2).

The method according to claim 13 or 14, wherein the first solution is applied on one or
more parts of the envelope surface, and the method comprises:

e applying (S4) a second solution, the second solution comprising the solvent
and the coupling agent (6) and is without the particles (7) of a low resistivity
material, on the remaining parts of the envelope surface thus forming one
or more second adhesive primer layers (5);

and wherein the protective layer (3) is applied onto the first and second adhesive
primer layers (5).

The method according to claim 15, wherein applying (S4) the second solution
comprises spraying, dipping or painting the second solution onto the envelope surface
of the elongated core (2).
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