were comparable or better than the
commercially available peroxide cured
silicone compound which is highly filled
with alumina trihydrate (E). For surfaces
treated with longer corona exposure
times (e.g. 150 sec.), recovery still
occurs and is complete after a 24 hour
period.

Beyond laboratory data which do not
allow one to predict product performance
under different and varying
environmental conditions, Raychem has
monitored the leakage currents of
various hybrid insulator designs and
ceramic insulators, pairing them in
service under different types of
environments. We have been conducting
tests at different locations around the
world. Figure 4 shows the typical
leakage current results from the Penghu
District in Taiwan. The pattern of leakage
current shows clearly that leakage
current increases during early morning
time and decreases during the middle of
the day (The rising sun reduces dew
formation). It can be inferred from these
results and those taken at other sites
that leakage current is higher on ceramic
insulators than the RayBowl

silicone rubber insulator. The results
demonstrated the superior performance
of Raychem RayBow! hybrid insulator in
the severe winter season. These results
also confirm the results we have
observed in other parts of the world.
Average leakage currents on ceramic
insulators with complex designs are
typically six to eight times higher than on
the Raychem hybrid insulator. This ratio
increases with higher pollution levels.

Tracking and Erosion Resistance
While in a hydrophobic state, silicones
will limit leakage current and surface
activity during wetting conditions with
contamination present. As hydrophobic
properties change, surface activity can
occur and become concentrated,
rooting at a specific area. As locally, very
high temperatures are generated
(>1000°C), the silicone polymer will start
to degrade. Under these conditions,
most neat silicones and certain silicone
formulations will generate a resistive
track when exposed to rooted arcing
activity on their surfaces. The track
forms from the carbon that is present
(for PDMS, there are at least 2 carbon
atoms for every silicon atom), so it
follows that some silicones are more
resistant than others based on the
constituents which make up the side-
groups and crosslink sites.

Track resistant additives, such as
alumina trihydrate (ATH), can be blended
into the formulation. However, as part of
the optimization process, the additive
loading level must be carefully evaluated.
The addition of ATH enhances the track
resistance, but adversely affects
processing and dielectric strength.
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Additional filler may also lessen
hydrophobicity. The literature indicates
that work by others with silicone
elastomer products found the need to
reformulate and to increase the filler level
to improve weathering characteristics,
demonstrating that the original
optimization to facilitate manufacturing
processing was inadequate. [8,11] A salt
fog chamber study of different cable
termination technologies indicated that
of the samples tested, the silicone
rubber product with the intentionally low
filler loading performed poorly, [12]
which may help explain the need for the
reformulation discussed in Ref. 11.

While the literature devotes a great deal
of discussion to hydrophobicity and its

recovery, little attention is paid to erosion

Figure 3. Advancing contact angle of the
surfaces of various silicone formulations
as a function of time after corona
treatment. Contact angles of untreated
surfaces ranged from 105 to 112
degrees. Samples A, B, C, and D are
experimental formulations which employ
the same silicone grade but different
fillers. Sample E is a commercially
available HTV silicone formulation.
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resistance. It has been suggested that
accelerated tests need to include “rest”
periods which permit hydrophobicity
recovery and various unsupported
claims are made to justify the position.
However, contamination does not occur
on a regular schedule, nor has any effort
been made to provide an engineering
basis for the introduction of real-time
“rest” periods into an accelerated test.
“Rest” periods clearly seek to exploit
hydrophobicity recovery properties of
silicone, yet such test data may mislead
users whose service environment may
consists of little or no contamination

Figure 4. Leakage current results from
Taiwan Power Company (Penghu
District)-Comparison of ceramic and
polymeric insulators. Average Current (in
mA) is monitored with time for the
RayBowl Protected Creepage, Hybrid
Insulator (triangle) versus a ceramic fog
bowl type insulator (square). Variations in
leakage current correspond to daily
environmental cycles (i.e. highest peak
occurs during early morning fog
periods). The leakage current is
approximately 6 to 8 times lower using
the silicone shed compared with the
ceramic insulator control.
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Figure 5. ASTM D2303, tracking and
erosion resistance test results for various
experimental silicone formulations
(samples A, B, C, and D correspond to
the same formulations shown in Figure
3). Sample D’ represents an optimized
silicone formulation. Test conditions are
shown on the right of the graph (sample
A was only tested for 420 minutes).

during a wet or rain season, followed by
sustained periods of contamination
during a dry season. In order to assure
themselves of adequate performance,
users must also evaluate the erosion
resistance of silicone products. It is
known that silicones used in conven-
tional weathershed designs can lose
hydrophobicity during contaminated
conditions, and if the material has poor
erosion resistance, it may suffer extreme
damage during periods of sustained
contamination. Users must take a
balanced view and not make product
selection based only on the positive
features without consideration of the
inherent

limitations that may exist. Ref.12 clearly
indicates what can happen to a material
with poor erosion resistance with
relatively short periods of contamination
exposure.

The ASTM D2303 and IEC 587 tracking
and erosion test (TERT) methods are
used during development of high voltage
silicone compounds to evaluate their
relative tracking and erosion resistance.
Although the TERT test may be severe,
it gives an indication of the material’s
resistance to arcing under extreme
environments (and where hydrophobic
recovery is not taken into account). At
Raychem, samples are tested according
to the step-voltage method (increasing
from 2.5 to 4 kV and holding) for
extended periods (up to 14 hours) or
until failure, as defined by ASTM D2303
tracking or erosion criteria. In this way,
samples are subjected to a bandwidth of
stress conditions, since damage for a
select sample may only occur for a
narrow set of conditions. TERT results
are shown for the four experimental
silicones (A, B, C, and D) in Figure 5.
Compound D’ represents a slight

formulation variation of D. The figure
illustrates significant improvements in
tracking and erosion resistance as
formulations are optimized.

The erosion resistance of the Raychem
silicone material used in the Hybrid
Insulator has been demonstrated in
several ways. In the ASTM D2303
Tracking and Erosion Test (TERT),
Raychem silicone materials consistently
withstand in excess of 7 hours following
the step

voltage method to 4 kV and holding.
While the standard only defines the test
method and not pass/fail criteria,
withstand performance in excess of 400
minutes represents superior
performance. Raychem products have
also been extensively tested in salt fog
chambers as well as in field trials in
extreme contamination conditions.

Moisture Vapor Transmission

Even though the surface is very hydro-
phobic, silicones have a higher moisture
vapor transmission rate than Raychem’s
polyolefin co-polymer insulation
materials. This is primarily attributed to
the very high free volume associated
with an amorphous polymer (low
molecular density) and the presence of
oxygen groups on the siloxane
backbone. The choice of fillers to
improve electrical, mechanical, and
weathering properties can influence both
the hydrophobicity and moisture vapor
transmission within silicone-based
formulations. Some fillers can lower the
moisture vapor transmission, but cannot
eliminate it. The semi-crystalline
polyolefins, with lower free volume, tend
to have much lower moisture vapor
transmission rates. The hybrid insulator
part, with a very resistant ceramic at its
core, is not sensitive to this property.

Weatherability

The claim is commonly made that
silicones cannot be damaged by UV
exposure, as the bond energy of the Si-
O backbone is higher than the energy
level in photons. While this is true in neat
systems, it is a simplistic statement that
fails to consider the overall situation. As
previously shown, silicone contains other
side-groups and crosslinks which
contain organic bonds that are
susceptible to UV attack. Sunlight in
combination with surface chemical
attack may also result in damage. Some
fillers may also worsen the UV resistance
of the polymer itself by acting as
catalysts, lowering the energy required
to break the Si-O bond. With the high
raw materials cost of silicones,
formulations range from 20%-80% by
weight of silicone, leaving a considerable
amount of the material that can also
suffer UV degradation.



The additives package required to ensure
good weathering resistance will depend
upon the grade and concentration of the
base polymer and components added to
improve ultraviolet (UV) resistance.
Because of its extensive materials
science expertise, Raychem is able to
properly formulate its materials to have
good weathering properties. Raychem
also evaluates silicone formulations over
a period of three years according in such
tests as ASTM D2565 (UV Weather-o-
meter) and ASTM G90 (EMMAQUA).
Results for the elongation of various
silicone formulations taken during
materials development are shown in
Figure 6. The properties measured over
this time serve as an indication of long
term UV durability (similar to
approximately 15 years in Florida
conditions). Formulation choices are also
made with respect to the types of
pollution (ozone, acidic, basic) which
may attack the silicone network.

Moldability

Silicone has very good hot tear strength
compared with other polymers. It offers
advantages in complex shapes and
novel mold designs. With an inherently
high materials cost, formulation
optimization to reduce cost without
sacrificing performance is essential as is
manufacturing efficiency. Raychem
utilizes a proprietary molding process to
produce no mold-line parts. This unique
process eliminates flash, which is a likely
initiation area for concentrated arcing
activity when dry band arcing occurs. It
has been shown that flash combined
with less than optimal processing
conditions can result in reduced
performance. [13]

Mechanical Properties

As an elastomer, silicone can expand
and recover at room temperature. This
allows component installation at ambient
temperature which has made it a prime
candidate material for the hybrid
insulator design. Compared with other
elastomers, such as EPDM, the
mechanical strength of silicones is still
somewhat inferior at room temperature
although many variations in properties
are achievable with different silicone
grades. [14] The addition of high levels of
fillers such as AL(OH); tend to harden
the material while mechanical properties
decay. Abrasion resistance of silicones is
also much lower than that of Raychem’s
polyolefin co-polymer materials. Product
designs must take into account the
properties achievable with a selected
silicone. In the hybrid insulator design,
the silicone shed is not a strength
member of the product; however, the
choice of silicone and the formulation
has been optimized such that it has the
necessary mechanical properties for
product assembly and consistent

performance over the life of the insulator
(e.g. acceptable stiffness and tear
resistance).

An advantage of silicones is that their
mechanical (and other physical)
properties do not vary much over a wide
temperature range and useful operating
temperature ranges have ranged from
-55°C to 230°C ; this range is
dependent upon what fillers are used
and tests must be performed to estimate
useful life expectancies under different
conditions (e.g. the IEC 216 Thermal
Endurance Test). Baseline values op-
tained on the silicone network can be
strongly influenced by the choice of fillers
used in a formulation. Again, silicone
insulation materials are heterogenous
systems consisting of many components
where each component may influence
the physical properties under varied
service conditions. Raychem takes time
to fully evaluate the effect of each
additive during the formulation of their
outdoor insulating silicone compounds.

resistance, moisture vapor transmission,
weatherability, moldability, and
mechanical properties were highlighted.

Raychem has recognized the
advantages and disadvantages of using
silicone compounds for over 30 years.
The choice of using a silicone for the
hybrid insulator shed resulted from a
series of design and processing
breakthroughs where the use of an
elastomer rather than a polyolefinic co-
polymer was desired. The silicone
compound was also formulated to retain
hydrophobic recovery with the added
benefit of extremely high tracking and
erosion resistance and excellent
weatherability. The protected creepage
and no mold- line design achievable with
the Raychem silicone allows the light-
weight and compact insulator to be used
in highly contaminated environments
with performance superior to that of
traditional, bulky ceramic designs.
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Conclusions

No one polymer material is universally
superior for all electrical insulation
applications. Polymer material
performance is a result of the interaction
and optimization of the polymer material
formulation, product design, and
manufacturing process. Polymer
materials are not generic, and
performance is not based solely upon
the claimed base polymer.

Raychem’s introduction of a silicone
elastomer outdoor insulating material
comes after many years of development.
As a Materials Science company,
Raychem understands that to formulate
a compound represents a long
optimization process to balance
processing, design, and performance
considerations. Materials are developed
and then extensively tested to ensure the
best performance possible over the life
of the product. In this paper, various
properties of silicones including
hydrophobicity, tracking and erosion

8000 10000 12000 14000 16000

As a materials science company,
Raychem has developed and qualified a
range of products based upon polyolefin
co-polymer and silicone elastomer
materials which allow full exploitation of
the best properties of each material. This
allows Raychem to offer multiple
solutions to user needs rather than a
single product for any and all
applications.

Figure 6. Elongation of various
experimental silicone formulations as a
function of exposure in an Atlas Xenon
Arc Weather-o-meter (ASTM D 2565).
No critical degradation of properties
(including TERT) was noted for the
above silicone compounds.
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Figure 1

Some applications, such as rail and
transit equipment, require products with
strong mechanical properties which
may not be available from all polymer
materials.

Introduction

There are a number of industry myths
regarding outdoor polymer materials
which may incorrectly influence user
perceptions and equipment selection.
This is further complicated by raw
material suppliers providing data, which
give insight into the chemistry of a
particular base polymer, but which do
not consider the overall product
“system”. When viewed from an overall
product perspective, the simple view of
base polymer chemistry may result in
misperception regarding actual product
performance. The objective of this paper
is to provide an overview of outdoor
polymer material considerations and to
highlight the complex formulation
optimization process that is required.
Polymer materials differ significantly and
are not generic. Likewise, no one base
polymer is adequate, in and of itself, nor
is any one material ideal for any and all
applications.

Industry “Myths” and Simplistic
Views of a Complex Process

There are a number of industry myths
which exist. Like most myths and
generalizations, these are either false or
subject to debate, depending upon
which assertions or assumptions are
made. What is clear is that these myths
are not universally true. Many polymer
materials can be made to perform well in
a harsh environment if the material is
properly formulated so its limitations are
minimized, the product designer
considers the limitations of the material
in the final product design, and the
manufacturing process does not
degrade the material. If the interaction
between material formulation and
product design is considered, the
desired performance can be achieved.
Silicone rubber has been

touted by many as a “superior” material.
While a properly formulated silicone
rubber utilized in an appropriate product
design for certain service conditions
manufactured in a process which does
not degrade the material can perform
well, the same silicone rubber may
perform badly under different service
conditions. As an example, silicone
rubber has poor tear strength and
abrasion resistance relative to other
polymer material candidates, and might
not be the best selection for applications
where mechanical properties are
important, such as high-speed trains
shown in Figure 1.

Much of the data used to support claims
labeled here as “myths” come from a
Very narrow or microscopic view of base
polymer chemical properties. Evaluation
of the product performance requires that
one examine the entire picture, to study
any and all possible weak links. If one
only concentrates on the positive

features and neglects the drawbacks,
then incorrect conclusions may be
drawn as a result of an unbalanced view.
The intent of the following sections is to
point out evaluation considerations to
insure that the desired level of product
performance is realized by the user.

Myth - Polymer Materials Are
Generic

The literature is rich with studies of num-
erous “EPDM” polymer materials versus
numerous “silicone rubber” materials,
with the common conclusion that
“silicones are better than EPDM”. Simply
stated, polymer materials are not generic.
Materials claiming the same base
polymer are not identical. Polymer
material formulation, product design and
manufacturing processes are all
different, and, therefore, the final
products will differ. Chemical analysis of
any two materials, from different
suppliers, with the same claimed based
polymer will show significant differences
in composition. The housing designs will
differ and the manufacturing conditions
will vary. Unlike porcelain which has
relatively standardized manufacturing
processes and test methods, polymer
material manufacturing and testing is
very unique among suppliers.

The notion of generic materials is an
artifact of the industry publication
guidelines, wherein specific suppliers or
products are not identified, and in the
absence of any meaningful way to label
or group the data, generic listings are
used. Given the high degrees of
variation in currently commercially
available polymer materials, generic
listings have no meaning and users are
cautioned against forming opinions on
product performance only on the basis
of the claimed base polymer.

Myth - (any) Silicone Is Best
Another myth which is prevalent is that
(any) silicone (rubber) is best and
outperforms other polymer materials.
There are, however, other polymer
materials, such as polyolefin co-
polymers, which are in common use,
with highly successful service histories in
a broad range of products. [1]

In independent testing, these co-
polymers have shown to outperform
several other material types, including
specific silicone rubber products. [2,3] It
is not any one polymer which is best, but
rather a properly formulated material in a
suitable product design manufactured
with process conditions which do not
degrade the compound which should be
desired.

Hydrophobicity Properties

This myth is supported by the desired
attributes of inherent hydrophobicity and
recovery capabilities. While hydrophobic



Table 1

Polymer Material Performance Factors

Performance Factor
Service life

Flashover

Erosion damage

Mechanical strength

Affected By
Material properties

Dry band formation

Loss of hydrophobicity

Material properties

properties are indeed important, such
arguments neglect the equally important
characteristic of erosion resistance.
Polymer materials subjected to
conditions which cause loss of
hydrophobicity can occur for sustained
periods of time. If the material surface
properties are damaged and remain in a
damaged state with poor erosion
performance, premature failure is a likely
outcome. Accelerated testing of various
polymer terminations [2] clearly showed
how a silicone rubber termination was
outperformed by both polyolefin co-
polymer and EPDM terminations. This
silicone rubber termination was reported
to intentionally have a low filler loading [4]
which has since been modified to
improve the weathering resistance. [5]

Improved By
Adequate formulation,
product design and
manufacturing process
control

Leakage current control
resulting from the inter-
action of the polymer
material and product
design

Material formulation with
adequate erosion resis-
tance

Adequate material for-
mulation, material
choice, design and man-
ufacturing processing

Thus, hydrophobicity alone does not
serve as the universal sole indicator of
performance.

One also sees the development of
customized, manufacturer specific tests
which seek to modify standardized tests
to allow “rest” periods which permit
materials with recovery tendencies a
chance to regain desired properties.
What has never been established in the
accelerated stress/real-time rest
customized test is any correlation to
actual service conditions. Itis
suggested that contamination exposure
consists of sustained periods of time
with little or no contamination and
sustained periods with contamination
that may not allow sufficient rest for
hydrophobicity recovery. In his
comprehensive book on insulator
technology, Looms suggests that
insulating materials spend a great deal of
time exposed to surface activity, [6]
which will cause surface damage and
loss of hydrophobicity. A hydrophobic
surface does not guarantee good
insulator performance. [7] This means
that erosion resistance is equally as
important, if not more so, than hydropho-
bicity properties.

UV Stability

Another attribute which is commonly
cited is that the silicone backbone Si-O
bond is not degraded by UV exposure,
and the implication is that silicone rubber
is not degraded by sunlight. This myth is
one which is cited out of context. While
there is no disagreement that the Si-O
bond requires more energy than is
available from UV photons alone to be
broken, what is not considered are other
concurrent forces at work, such as
chemical attack, which in combination
with UV exposure might cause damage.
Silicone rubber is not pure silicone, and
there are the pendent methyl (CH3)
molecules and vinyl groups which can
suffer from UV exposure without
reinforcement. Because of cost and
performance issues, pure silicone is not
used and fillers and additives of the
range of 20% to 80%, by weight, are
compounded with the base polymer.
While silicone, in and of itself, may not
suffer damage from UV exposure, the
silicone rubber product can suffer
damage from individual and combined
service stresses such as UV exposure
and chemical attack. Thornley [1]
reported that analysis of a material
containing silicone elastomers with 25
years actual service showed that UV was
the most prevalent damage mechanism.
This provides empirical data that
products containing silicone are
damaged by UV exposure.

Specific Product Evaluation

Rather than concentrating on evaluation
of “generic” materials which do not exist,
users would gain more meaningful in-
sights by comparison testing and
evaluation of product performance for
their specific service environment. While
this can be time consuming and
expensive, it is the only means currently
available to obtain meaningful data.

Filler and Additives Have A Major
Role

No one base polymer material alone has
all the necessary properties for an
outdoor insulating material. In addition,
compared to porcelain, raw material
costs are orders of magnitude higher.
Extending fillers to reduce raw material
costs and numerous additives are
utilized to reinforce desired electrical or
mechanical properties as well as
facilitate processing.

Numerous Concurrent Service
Stresses

In service, insulating materials are
subjected to numerous concurrent
stresses. [8] A partial listing of factors
influencing long-term performance
include: moisture, oxidation, chemical
attack, biological attack, outdoor
weathering, contamination, electrical
stress, mechanical stress, and thermal



Figure 2

24 kV class terminations with direct
connected surge arresters also
supporting the terminations in Germany
in service along side porcelain insulators.

stress. Surface aging processes include:
tracking and erosion, weathering,
moisture and heat, corona discharge,
and fungi. The bulk can suffer from
depolymerization, fatigue, chemical
attack and tree growth. Product
performance can suffer from interface
degradation from the factors cited above
as well as radial temperature gradients
during normal operation, such as cable
terminations and surge arresters, which
introduce interfacial shear forces.

Extending Fillers

In order to reduce cost, lower cost fillers
are blended in with the more expensive
base polymer. Depending upon the
specific formulation, fillers and additives
can comprise of the order of 20% to
80%, by weight, of the formulation. In
the extreme case of 80% fillers and
additives, only 20% by weight of the
formulation is the base polymer. With
such a range of base polymer, it is clear
that polymer materials with the same
base polymer cannot be identical.

Note that the materials developer has to
pay special attention to the fillers and
quantities used. In silicone rubber, a
common filler is silica combined with a
coupling agent. One side effect of silica
blending is that the end product has
increased stiffness. If elastomeric
properties are required, then a
formulation with a high filler loading may
not have the necessary product
attributes.

Additives

In addition to extending fillers, additives
are blended with as antioxidants,
plasticizers, pigments, cure agents,
catalysts, flame retardants, UV
stabilizers, tracking and erosion
resistance and processing aids. [9] The
combination of additives and fillers work
together as a system, not individually. All
ingredients must be compatible and
cannot degrade the overall material
performance. Additives and fillers play a
dominant role in product performance as
opposed to the base polymer. [7,10,11]
This issue is often overlooked by users
during evaluation of polymer materials.

Formulation and Product Design
Considerations

Performance is the result of the
interaction between the material
formulation, product design and the
manufacturing process. These
interactive aspects cannot be reviewed
individually, nor can one suggest that
performance is based upon any one
individually.

Complex Optimization Process
Recent publications have begun to
recognize the need for formulation
optimization, indicating inadequate initial

formulation in some products. [5,7,11].
Additive particle size and distribution can
also affect performance, further
complicating the optimization process.
[12] The formulation optimization
process is one which requires a great
amount of materials science and
expertise, and one which does not lend
itself to the notion of generic polymer
material formulations.

Insulators, surge arresters and cable
terminations each have unique functional
requirements. Products intended for
severe contamination applications might
also need different weathershed
geometry to withstand the effects of the
conductive coating. Formulation,
product design and manufacturing
process are interdependent tools that
suppliers have available to solve the
higher order optimization equation.

Worldwide Service Conditions
Polymer products tend not to be
designed for specific application
environments, which means that formul-
ations must be optimized to perform well
on a worldwide basis. The material
developer and product designer must
work closely together to insure that any
trade-offs made in the formulation
process are enhanced by the product
design. The additive package is a key
factor since considerable reinforcement
of the base polymer is always required to
achieve all of the desired material pro-
perties. [10] The product needs to be
designed to work well over a broad
range of conditions, including
contaminated applications.

Manufacturing and Installation
Process

Formulation optimization must also
consider the manufacturing process.
While the compounding must insure a
homogenous mixture, excessive
compounding can impart added heat
history to the batch, causing the onset of
degradation prior to installation. Molding
is @ common process used to convert
polymer raw material into final product
form. One additive often used to resist
tracking is alumina tri-hydrate [AL(OH)].
This additive works by thermal
decomposition and is consumed during
surface electrical activity. If the molding
temperatures approach the activation
temperature of the AL(OH), additive, its
presence is reduced and its effects
minimized. Likewise, manufacturing
process conditions can also otherwise
degrade polymer materials, reducing
field performance. [13] The
manufacturing processes must be
optimized not only for cost, but for
product performance. Cost and
performance are often opposing
attributes. Polymer products are often
installed adjacent to porcelain products,



and must withstand the same
environment, as shown in Figure 2.

For products which require field fitting of
the polymer material, such as cable
terminations, the formulation must
consider a broad range of installation
conditions and the realities of field work.
This can introduce additional
complexities into product formulation,
resulting in less than optimal
performance. [5] Users need to consider
the experience and service history of the
product supplier.

Qualification Testing

Polymer material myths exist because of
the lack of standardization of meaningful
polymer material tests, usage of
customized or modified test protocols
and frequent reformulation and/or design
changes by suppliers without
comprehensive requalification.

Lack of Adequate Standardization
Manufacturing and test requirements for
porcelain are standardized, yet despite
the existence of industry standards, the
qualification requirements for polymer
materials have failed to achieve the
same degree of maturity.

Since material properties and
characteristics differ, so will their
performance under a specific test
protocol. In order to gain competitive
advantage, suppliers have created their
own unique tests which can be
modifications of existing tests or the
creation of entirely new tests. As a case-
in-point, there is currently discussion
about the introduction of “rest” periods
within accelerated contamination tests to
allow materials with hydrophobicity
recovery tendencies the opportunity to
recover. This is significant for materials
with poor erosion properties. However,
there does not appear to be any work to
establish any correlation to specific field
conditions, and such a test might predict
different behavior that might be
experienced in a service environment
with sustained periods of contamination,
during the dry season.

Existing tests are often modified to suit a
different product form. Polymer
distribution class surge arresters are
subjected to a modified tracking wheel
test. [14] This protocol is a modification
of an insulator test [15] whereby the
accelerated voltage stress typically used
was reduced to the arrester’s MCOV
level, but the water conductivity was
increased to insure surface activity. No
efforts were made to establish any
correlation to the original test with the
modified conditions, and despite the
identification of known defect in the test
(use of both stepped index wheel and
continuous tracking wheel at the same

test conditions when it is well known that
the continuous

wheel represents a more severe test and
equivalency requires different water
conductivities [16]), the draft procedure
was adopted.

One or Two Stress Tests

Typical testing involves only one or two
concurrent stresses. In accelerated UV
testing, sample plaques are exposed to
UV for sustained periods of time without
any other stress. In tracking tests or
other accelerated contamination tests,
such as salt fog chamber, there are two
concurrent tests of voltage and
contamination. A proper qualification
process involves a vast number of tests
in order to try to demonstrate
performance under a large number of
stresses and concurrent stress pairs.
The synergistic damage effects of
multiple stresses does not occur in
typical standardized testing. Tracking
wheel testing is shown in Figure 3 which
combines voltage stress with pollution,
but does not consider UV exposure,
chemical attack or other common
concurrent stresses.

Attempts to address this issue have
resulted in the development of standards
which require multi-stress testing.

[17] In this test, samples are subject to a
regular schedule of repeated stresses, in
an attempt to expose the sample to the
variety of stresses encountered in
service. This test method does produce
anomalous results, such as extremely
high leakage currents. With the regular
rain exposure, chemical attack does not
occur. Test results can also be affected
by the weathershed geometry because
of the orientation of the water spray
nozzles within the test chamber. How-
ever, in the absence of other
standardized tests, this method provides
a minimum basis for performance.

Material End of Life Criteria

From a user perspective, end of life is
usually considered as the point in time
where the product fails and cannot
remain in service. While this is true from
a practical point of view, it is not from a
materials point of view. Just as buildings,
bridges and other structures are de-
signed with extensive safety factors, so
should a properly developed material.

For polymer materials, the end of life
criteria is established by the material
developer as a minimum set of physical
properties, after real-time or accelerated
aging, which are required to provide the
intended function. For polymer materials,
tensile strength, elongation and tracking
and erosion resistance are commonly
used properties which must be
considered in the context of the product
application. During Raychem

Polymer surge arresters in continuous
tracking wheel test. This test applies only
two concurrent stresses, voltage and
contamination. While such testing has
value, it is not totally comprehensive.



Figure 4

Products in long-term outdoor natural
aging test to verify expected
performance.

Figure 5
Substation fitted with polymeric insulation
to avoid outage from wildlife induced
flashover.

development, these properties are
measured after such testing as
accelerated natural and laboratory UV
exposure and heat aging. Additional
information can be found in a Raychem
life assessment study of its polyolefin co-
polymer material. [18]

Heat aging lifetime is predicted by the
Arrhenius method where the end of life
criteria is established for the application
and accelerated thermal aging data
developed for extrapolation of service life
at a nominal service temperature. For an
insulator which should only experience
ambient temperature changes, the
expected average lifetime temperature is
relatively low. For a cable termination,
the nominal operating temperature for
extruded dielectric cable is 90°C, with an
emergency overload rating of 130°C and
a 250°C short-circuit rating. Surge ar-
resters experience temperature
increases as a function of energy
absorption, with the onset of thermal
runaway of metal-oxide varistors of the
order of 250°C. Thus, end of life criteria
will differ greatly depending upon
application, which provides additional
support for the notion that polymer
materials are not generic and whose
performance can not be assumed to be
constant among different product
functions. Proper long term performance
can only be assessed by both
accelerated aging as well as natural
long-term aging as shown in

Figure 4.

User Evaluation

It may be almost impossible for users

to conduct any meaningful evaluation

of test data among competing products
where different tests and/or test
methods have been used. The only real
tool available is the users specific
experience with products in their unique
service environment or their own real-
time and accelerated testing. As this is
often impractical because of the
resources required, users then need to
rely on the suppliers data. Users need to
consider the polymer materials
background and history of the product
supplier, investigate the supply chain to
determine if the product supplier
exercises control over the entire process
and to carefully consider the
comprehensiveness of the testing and
test methods employed. Has the
polymer material competence of the
supplier been proven over many
decades, not just in elapsed time, but in
the diversity of products offered with a
worldwide installation base? Is test data
available from recognized independent
test institutes not only to provide some
assurance of impartiality of test data but
also confidence that the test procedures
were properly run with calibrated
apparatus? Beside material property
tests, are there adequate tests of the

material in product form, as
manufactured? Has the supplier
adopted a worst case approach, taking
the most severe requirement from
known standards as a composite worst
case condition?

Ultimately, it is the user and not the
supplier, who need to satisfy themselves
that the product performance has been
demonstrated. This is most difficult when
there are widely different positions
among suppliers as to what is necessary,
suppliers who are far removed from the
key areas of formulation, product design
and manufacturing processing. As
demands for increased network security
grow, users must insure that products
applied, such as in Figure 5, provide the
appropriate level of reliability.

Conclusions

1. There are a number of myths within
the industry regarding polymer
materials which are not universally
true.

2. Performance is the result of the
interaction between material
formulation, product design the
manufacturing process and the
application. Polymer material
formulation and product design is a
complex optimization process, and
polymer materials are neither generic
nor homogenous.

The required performance levels,
service conditions, product attributes,
manufacturing process and
installation conditions must all be
considered during the formulation
process. This requires a great deal of
knowledge and expertise in material
science, product design and
qualification testing.

3. The additive and filler package plays a
dominant role in product performance.
Polymer products can have filler
loading levels of the range of 20% to
80%, by weight. Such a range clearly
indicates that performance variation
will occur.

4. Tracking and erosion resistance
properties are equally as important, if
not more so, than hydrophobicity
properties.

5. Supplier expertise and experience
differ greatly. The product supplier



needs to exercise complete control
over the entire manufacturing process
including compounding.

6. End of life criteria is established by the
materials developer for specific
product applications for specific
formulations in order to assure that
the necessary physical properties are
retained after aging. This should be
product specific and does not easily
allow any material to be used in any
application without adequate
evaluation.

7. Users are ultimately responsible for
polymer product evaluation, and this
is complicated by the lack of
adequate standardized test methods,
use of unique or modified tests by
suppliers and varying philosophies
regarding material and product
qualification.
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