
Arch. Metall. Mater. 68 (2023), 1, 237-242

DOI: https://doi.org/10.24425/amm.2023.141499

P. Papliński 1, H. Śmietanka1, P. Ranachowski2*,  
Z. Ranachowski 2, K. Wieczorek3, S. Kudela Jr4

Degradation Processes in Shield-Centring Elements of Surge Arresters

This paper presents the results of testing samples of shield-centering elements from medium-voltage surge arresters. The ele-
ments were made of TSE glass textolite. The elements have been dismantled from different operated surge arresters, which were 
subjected to discharge currents (short-circuit currents) of different intensity and duration. The discharge currents led to degradation 
of the tested elements with various degrees of advancement. The degradation was investigated using microscopic methods and 
energy-dispersive X-ray spectroscopy (EDS). Changes in the content of elements of the surface of textolite materials – as the deg-
radation progresses – were documented.

It was found that high discharge current flows resulted in melting of the organic binder, epoxy resin, especially its surface 
layer. Partial charring and even burning of the resin was noticeable. Furthermore, it was found that with increasing degradation 
on the surface of the TSE laminate, the carbon and oxygen content, which are part of the organic resin, decreases. Simultaneously 
the amount of silicon, calcium and aluminium, which are present in the glass fibres, increases. The charring effect of the resin and 
the formation of conductive paths result in a decrease in the performance of surge arresters and their subsequent failure.
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1. Introduction

The issue of surge protection for electrical and electronic 
systems, networks and equipment is of particular importance. 
Overvoltage damages the insulation of equipment and other com-
ponents of the electricity network and cause disruptions in their 
operation. As a result significant economic costs are incurred. 

Power systems and supporting equipment, which include 
surge arresters, are exposed to overvoltages during operation. 
This is caused by a voltage rise above the rated voltage. The 
uncontrolled voltage rise can be the result of environmental 
disturbances (lightning), switching and casual surges generated 
in the system, as well as other disturbances during system opera-
tion. The above-mentioned voltage rise cannot be predicted and 
avoided [1,2]. Yet, the devices installed in substations should 
operate faultlessly also under disturbance conditions. Especially 
sensitive to overvoltage are transformers, which play a key role 
in the power system. They are threatened with breakdowns in the 
winding insulation, which entails costly repairs. The economy 
and safety of this equipment requires extended protection against 
unacceptable high surges. Overvoltage protection has been 

used in various forms for about 120 years [3]. Since the 1970s, 
non-directional surge arresters based on ZnO varistors, which 
are essentially resistors with strongly nonlinear voltage-current 
characteristics, have been widely used [4,5].

Typical surge arresters, in particular medium voltage surge 
arresters, have a closed design and have a uniform polymer 
housing around the internal components. The varistor pile is 
enclosed in a tube-shaped shield-centring element, usually 
made of glass textolite [5,6]. The advantage of such a design is 
high mechanical durability, with relatively low mass, while the 
disadvantage is poor varistor cooling. In addition, if no suitable 
countermeasures are provided in the design, there is a risk of ex-
posing the polymeric material to the effect of partial discharges, 
which may occur between the inner wall of the shield-centering 
element and the varistor pile under the influence of external 
contamination. Long-term practice proves that short-circuit cur-
rents cause partial discharges inside surge arresters. As a result, 
inside the structure of surge arresters the temperature rises high 
locally. It causes mainly degradation of glass textolite, which 
is used for construction of the tube being the shield and setting 
element of the device. 
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2. Subject and methodology of tests

This paper presents the results of investigations into the 
stages of degradation of the shield-centering elements of surge 
arresters, under the influence of the flow of high short-circuit 
currents. The research is a continuation of tests carried out by the 
authors since 2012 [7]. The tested elements, made of glass-epoxy 
laminate, i.e. glass textolite TSE, were taken from medium voltage 
(MV) surge arresters. The textolite elements, which are the subject 
of these investigations, were dismantled from various operating 
surge arresters, through which flowed discharge (short-circuit) 
currents of different intensity and duration. They have caused 
observable and documentable degradation in the material of 
shield-centering elements with various degrees of advancement. 

Optical microscopy (OM), scanning electron microscopy 
(SEM) and energy-dispersive X-ray spectroscopy (EDS) were 
used in this study. The EDS method allowed to record and docu-
ment the changes in the elemental composition (elemental con-
tent) of the textolite surface layer as the degradation progressed. 
In order to make the results of the research reliable and fully 
comparable, the analyses were carried out on the same surface 
areas, 4.0 mm2, for all the samples with different degrees of 
degradation.

The textolite roving support was made of fibre bundles of 
special ECR glass. This type of glass is characterised by good 
electrical properties such as low conductivity and high chemical 
resistance. Typical glass of this type contains more than 58% 
SiO2, about 22% CaO, less than 12% Al2O3 and smaller amounts 
of other additives (ZnO, MgO, TiO2 and other metal oxides) [8]. 
The calcium present in the elemental composition comes from 
CaCO3, a flux and stabiliser, while aluminium comes from 
Al2O3, improving chemical resistance, which are used in the 
glassmaking set. The presence of mobile sodium ions Na+ (e.g. 
from a flux like Na2CO3) is minimised. Glass fibres with diam-
eters ranging from 3 to 20 mm (usually between ten and twenty 
micrometres) are used [9].

TSE glass textolite has a relatively high resistance to 
elevated temperatures – up to about 180°C. The roving sup-
port fibres have a much higher temperature resistance than the 
laminate binder – an organic epoxy resin. Under the influence 
of high temperature, the degradation of the textolite material 
should therefore mainly concern its organic phase.

Fig. 1 shows not operated domestic (Polish) surge arrester 
whose shield-centring element has become a reference sample.

3. Tests results

Fig. 2 shows the reference sample for the material under 
investigation. The fibres of the textile support were covered with 
a layer of transparent epoxy resin and were under the surface 
of the textolite. Fig. 3 shows the EDS test results of the surface 
of the initial material, for which the elemental composition was 
determined. The epoxy resin, the laminate binder present on the 
surface of the material, contained 76.6% carbon (C) and 23.4% 

oxygen (O) by weight; the hydrogen (H) content was omitted – 
as it cannot be recorded using the EDS technique. The elements 
present in the fibreglass textile support – primarily silicon (Si) 
and calcium (Ca) – were not recorded, because they were covered 
with the organic resin layer.

Fig. 2. OM image of the surface of textolite taken from an unexploited 
surge arrester, magnified 40 times. The textile weave made of fibreglass 
under the transparent resin layer can be seen

Fig. 3. EDS spectrum obtained for the textolite surface from an unex-
ploited surge arrester. Only carbon and oxygen, derived from the organic 
epoxy resin, were recorded

Fig. 1. Unexploited domestic MV surge arrester from 2018, after sec-
tioning and removing the silicone elastomer cover – at the bottom. The 
cut-out fragment of the shield-centring element served as a reference 
sample – at the top. In the centre, the pile of varistors is visible
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The flows of discharge currents cause a local rise in tem-
perature inside the surge arresters. A number of flows of such 
currents, in certain areas of the shield-centring elements, lead to 
increasing the degradation of the laminate. This was expected 
to be particularly true for the organic phase – epoxy resin. Dur-
ing the examination of the components of the operated surge 
arresters, many areas affected by degradation were identified. 
However, it was found that, depending on the intensity and 
duration of the discharge currents – and therefore the generated 
temperature – there were significant differences in the images of 
the microstructures and the degree of degradation of the laminate.

As a result of the flow of discharge currents and a local rise 
in temperature, the organic binder – epoxy resin – was melted and 
charred in some areas of the shield-centring elements. After the 
surface layer of resin has melted, fibre bundles from the textile 
support appeared on the surface of the material – Fig. 4. Fig. 5 
presents the results of EDS analysis of the material surface in 
the area of slight degradation, with determined elementary com-
position. The surface of the material contained, besides carbon 
(78.0%) and oxygen (18.6%), also 1.6% of silicon and 1.0% of 
calcium, which came from these roving glass fibres on the surface 
of the laminate. Also minor admixtures of aluminium (Al) and 
magnesium (Mg) came from the glass. The degree of textolite 
degradation was not yet high and hence a small proportion of 
silicon and glass admixtures.

Fig. 4. SEM image of the textolite surface with weak degradation, 
magnified 30 times. Bundles of light-coloured roving fibres can be 
seen, which appeared on the surface of the laminate after the top layer 
of epoxy resin has melted

Fig. 5. EDS spectrum recorded for the textolite with slightly visible 
degradation in the form of a small content of elements present in the 
glass roving support (silicon, calcium, aluminium and magnesium)

As the degradation effects progressed, more and more areas 
of charred epoxy resin were observed as a result of the discharge 
currents – Fig. 6. These areas kept increasing and the degree of 
charring of the organic phase intensified. Even where the resin 
was not yet heavily carbonised, its outer layer was melted to such 
an extent that the textile support was more and more noticeable 
on the surface. The fibre bundles can be seen particularly well 
in the SEM images – Fig. 7.

Fig. 6. OM image of the surface of the textolite with visible degrada-
tion, magnified 40 times. A part of the sample is clearly charred, and 
the shining fibre bundles of the roving support emerged on the surface 
after melting of the top resin layer

Fig. 7. SEM image of the textolite surface with advanced degradation, 
magnified 50 times. In the top layer of the material the resin is melted 
to a large extent. Bundles of bright roving fibres emerge from under it. 
There are also melted indentations in the resin

EDS analysis of the textolite with advanced degradation 
– Figs 6 and 7 – indicated an already pronounced content of 
the glass roving in the elemental composition of the material 
surface. The content of carbon (74.1%) and oxygen (16.9%) 
were reduced by several percent. This proves a significant loss of 
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the organic phase – epoxy resin in the top layer of the textolite. 
At the same time, the amount of elements present in the glass 
increased: silicon to 4.6%, calcium to 2.9% and aluminium to 
1.4% – Fig. 8. In total, they accounted for about 9% by weight 
of the laminate surface, excluding the oxygen part. The tempera-
ture rise resulting from the discharge currents, in some areas of 
the shield-centring elements, must therefore have been large,  
exceeding 200°C.

Fig. 8. EDS spectrum recorded for the textolite with advanced degrada-
tion effect. Significant proportion of elements present in the glass textile 
support: silicon, calcium and aluminium is visible

As a result of the flow, especially over a long period of 
time, of strong discharge currents, there must have been a large 
local growth in temperature – even reaching 300°C. As a conse-
quence, the degradation of the organic epoxy resin increased in 
some areas of the shield-centring elements. Fig. 9 shows an OM 
image of the textolite from an operated surge arrester, where the 
charring of the resin has reached a high level. This is evidenced 
by the change in colour of the textolite to much darker. Frag-
ments of the material showed a high variation in the degree of 
degradation. The temperature was then only high in specific areas 
of the shield-centring elements. In these areas, strong or even 
very strong degradation of the laminate effects were observed. 

A number of flows of high discharge currents led to significant 
melting of the organic epoxy resin, especially of its top layer 
partial charring and even burning. As a result, numerous fibre 
bundles from the roving textile support are clearly visible in the 
SEM images – Fig. 10. Consequently, elements from the glass 
are a significant component in the elemental composition of the 
surface layer of the material.

Fig. 10. SEM image of the surface of the textolite with very strong 
degradation, magnified 30 times. The resin on the top layer has been 
considerably melted. Numerous bright bundles are visible on the sur-
face, as well as individual glass fibres with areas of damaged roving

Fig. 11 shows EDS analysis of a very heavily degraded 
surface of the textolite. The carbon content remained at 68.0%, 
compared to the original value of 76.6%. The amount of ele-
ments present in the glass increased significantly: silicon to 
8.4%, calcium to 5.5% and aluminium to 2.6% – a total of 
16.5% (excluding oxygen). The epoxy resin from the surface 
layer of the laminate has melted and has been partially charred  
and burnt. 

Fig. 11. EDS spectrum recorded for the textolite with very strong deg-
radation. There is a significant proportion of elements present in the 
glass roving: silicon, calcium and aluminium. Oxygen is present in both 
– organic and inorganic phases

High local temperature rise led to very strong degradation 
of the laminate in some areas of the shield-centring elements of 
surge arresters. In extreme cases, the organic epoxy resin melted 
and was charred, cracked or even burnt out. An example of very 

Fig. 9. OM image of the textolite surface with strong degradation, mag-
nified 40 times. A fragment of the sample material has been considerably 
charred – the colour of the textolite has changed. Bright fibre bundles 
of the roving textile support can be seen. When the top layer of resin 
melted, these were found on the surface of the laminate
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severe damage to the textolite structure and exposure of the 
textile roving support is shown in Fig. 12. 

Fig. 12. SEM image of the textolite surface with very strong degrada-
tion, magnified 60 times. The resin on the top layer of the material has 
largely melted; it is charred and burnt. As a result, the roving support 
has become visible

Changes in the elemental composition (content of ele-
ments) of the textolite surface layer for successive stages of the 
material degradation are presented in TABLE 1. The data were 
obtained on the basis of EDS X-ray spectroscopy, without taking 
hydrogen into account. The decreasing content of carbon and 
oxygen, which are included in the epoxy resin, is evident. This 
is a consequence of its loss from the top layer of the laminate as 
degradation processes increase. At the same time, the amount of 
silicon, calcium and aluminium, which are components of the 
inorganic glass roving support of the laminate, rises. It is increas-
ingly exposed on the surface of the textolite as the degradation 
of the organic binder progresses. 

It should be emphasised that despite the loss of total carbon 
on the laminate surface, it becomes conductive. The resin – which 
is a dielectric – becomes increasingly carbonised, creating longer 
and more effective conductive paths at the surface of the varistors 
in the surge arrester. This results in a reduction of the operating 
parameters, and, after some time, a failure of this device may 
be expected.

3. Conclusions

Tests have been carried out on shield-centring elements 
of various MV surge arresters, through which discharge (short-
circuit) currents of varying intensity and duration flowed. They 
caused degradation of varying intensity in the textolite elements. 
Six stages of degradation were distinguished. They were defined 
as: initial, weak, visible, moderately strong, strong and very 
strong. Both microscopic observations of the sample surface and 
EDS X-ray spectroscopy showed that the degradation mainly 
affects the organic binder – epoxy resin. It melts and is gradually 
carbonised, cracked or even burned out. As a result, the glass 
textile support of the laminate is exposed. It was found that as the 
surface degradation of the shield-centring element increases, the 
amount of carbon and oxygen, which are part of the epoxy resin 
as an organic binder, decreases. On the other hand, the content 
of silicon, calcium and aluminium, which are the components 
of the inorganic textolite roving support, increases.

From the point of view of the function of a surge arrester, 
the charring of the epoxy resin is particularly undesirable. Con-
ductive paths are then formed at the surface of the varistor pile. 
It causes shunting of varistors and, consequently, lowering of 
operating parameters of the device, such as continuous operat-
ing voltage and rated voltage [5]. The progressing degradation 
processes of the shield-centring elements lead to the damage of 
the surge arrester.

Further work of the authors will be focused on finding 
countermeasures to limit the epoxy resin degradation process 
caused by the flow of high currents that char the inner parts of 
the centring elements. 
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