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Ageing properties of silicone rubber materials for high voltage applications
 Michael G. DanikasDemocritus University of ThraceDepartment of Electrical and Computer EngineeringPower Systems Laboratory67100 XanthiGREECE
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Silicone rubber characterized by thermal stability, resistance to UV-radiation and hydrophobicity
 Ageing is a problem Subjected to a variety of stresses (electrical,
 thermal, mechanical load, pollution, humidity, UV radiation etc.)
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The silicone rubber suspension insulator
 Consists of A fibre reinforced polymer (FRP) rod Silicone rubber weathersheds Metallic fittings at both ends of the FRP rod
 for the transfer of the load
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Composition of silicone rubber
 Silicone rubber matrix strongly resembles that of quartz
 Organic groups filling two valences of each silicone atom
 Crosslinking takes place at room temperature or by vulcanizing at elevated temperatures
 Viscosity of silicone rubber determines the mode of processing and affects the properties of the vulcanisate
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Polymer matrix of silicone rubber
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Hydrophobicity of silicone rubber
 It is due to low molecular weight (LMW) polymer substances able to migrate through the bulk rubber to the surface
 Surface energy of LMW polymer is low and it is driven out of the surface
 Migration through the micro-cracks Silicone rubber – because of its polymer
 matrix – resists discharges and weathering
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Resistance to discharges
 Excellent resistance to low-energy discharges Rather more problematic to high-energy
 discharges This is improved by adding ATH fillers Silicone rubber used with ATH fillers,
 antioxidants, UV stabilizers, coloring pigments etc.
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Problems areas in suspension insulators
 Poor bonding between FRP rod and the housing material
 Poor bonding between weathershed and insulation of FRP rod
 Formulation and manufacture of insulating material itself
 Inadequate attachment of FRP rod to the metallic fittings
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Mechanical Ageing
 As the glass fibres elongate, the bonding between fibres may deteriorate
 Mechanical strength related to the type of glass fibres and matrix resin
 Brittle fracture – fracture transverse to the axis of the FRP rod occurring near metal caps – rod exposed to acid
 Brittle fracture depends on glass fibre Fracture pattern simulated with a mechanical
 stressing of the rod together with an attack by an acid
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Acid coming from outside (because of humidity) or through polymeric weathershed material or through imperfections in the adhesion between metal end fittings and the silicone rubber
 Also possibility for acid liquids to come from internal discharges
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96 hour test / simultaneous stressing from tensile load and attck from acqueous nitric acid (BUT this is a discriminatory test – not a test for long-term mechanical performance)
 Other tests with hydrofluoric acid / mineral acids (with mechanical stressing)
 Should bear in mind: No single load can describe the characteristics of a silicone rubber insulators – the mechanical strength being dependent on quality of end fittings and of FRP rod
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Electrical ageing / Field experience and natural ageing testing
 Silicone rubber may have an advantage relative to other housing materials (CA resin, PTFE, EPM) because of hydrophobicity
 Silicone rubber does not degrade as rapidly as epoxy resin – it tends to remain hydrophobic
 (CEGB Insulator Testing Station, 34.5 kV, 230 kV, 500 kV, Houlgate et al. (1990))
 According to these authors the creepage lengths of silicone rubber and ethylene propylene insulators need only be 2/3 and 7/8 respectively the creepage length of a vertical string of cap and pin insulators
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Swedish Testing Station (Vlastos et al.) (1) Silicone rubber performs better than porcelain or
 glass (2) Ageing of SR – SR preserves good electrical
 insulating properties (3) SR preserves its hydrophobicity better than
 EPDM (4) Leakage current activity of SR insulators lower
 than than of EPDEM insulators (5) Reduction of contact angle in SR insulators seems
 to be due to an increase of surface roughness
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Hydrophobic vs. hydrophilic surfaces
 Loss of hydrophobicity after intense dry band arcing BUT possible recovery
 SR must have sufficient ATH filler to withstand the heat of dry band arcing without deterioration
 Recovery of hydrophobicity requires that SR surface must remain dry for a few hours (24 hours? 48 hours?)
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Laboratory ageing
 Silicone rubber should be evaluated at lower (250 μS/cm) rather than higher fog conductivities (1600 μS/cm) – if a correlation between service performance and laboratory testing is to be obtained
 A rather good test by Schneider et al. (1991) including UV-radiation, electrical and thermal stresses, salt and rain spray (conductivity of 50-70 μS/cm)
 Test with UV-radiation and high temperature (Gorur et al. (1991) – SR showed the least change in surface ageing compared to EPR
 Application of dust and clean fog test for flashover voltage in non-ceramic materials indicated SR as better than EPR or porcelain (Gorur et al., 1993)
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The role of interfaces
 Role of voids between FRP rod and the silicone rubber housing possibly detrimental
 Void discharges contribute to deterioration of a SR insulator
 Not much research has been done investigating the role of interfaces
 What is the variation of breakdown strength of silicone rubber with gap spacing? What is the electrical behaviour of built-in interfaces?
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Built-in interfaces
 RTV silicone rubber was used Gap spacings used of 5, 10 and 20 mm In order to avoid any flashovers, the whole
 arrangement was put into a test cell with a fluid of permittivity higher than that of the silicone rubber
 500 kV, 500 kVA transformer was used Voltage (50 Hz) increased at 5 kV/6 min to
 breakdown
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Electrode arrangement with interfaces (perpendicular and parallel)
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Gap spacings - Interfaces
 Gaps of 5, 10 and 20 mm used The average breakdown strength values are
 the average of 5 measurements each Worth noting: in the case of an interface
 parallel to the field, the breakdown in the majority of the cases occurred through the polymer and not along the interface
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The variation of breakdown strength with gap spacing must be taken into account in designing insulation systems with RTV silicone rubber
 This cautions us from using breakdown strength values directly from technical standard tests (e.g. DIN VDE 0303)
 Inspection of damaged samples revealed – with or without interface – mostly a carbonized channel uniting the two electrodes
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Variation of breakdown strength with gap spacing
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Breakdown voltages for a 20 mm gap with perpendicular interface
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Breakdown voltages for a 20 mm gap with parallel interface
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Carbonized path followed in the case of interface parallel to the field in only two of the five cases
 Breakdown depends on the energy localized in a breakdown initiation point and on the morphological properties of the material in the neighborhood of the deterioration source
 Treeing was observed – bulk disorders can become concentration points of discharges or active sites of charge build-up
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With the interface parallel to the field most of the breakdowns occurred outside the interface
 What does this mean? Depending on the manufacturing process, interfaces parallel to the field are not necessarily weak links for the insulation
 Also in the past similar conclusions were reached by Kelley and Hebner (1981) and Becken (1968)
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Average breakdown strength values of RTV silicone rubber with built-in interfaces
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Tentative explanation: if the interface is carefully manufactured, then the probability of the location of breakdown in the interface is not higher than the probability of breakdown in any other place of the dielectric
 In order to quantify the influence of the interface, a term “interface efficiency” can be introduced referring to the quotient of the average breakdown strength values with and without interface
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Conclusions
 Silicone rubber is a good housing material and a viable alternative to traditional materials such as porcelain and glass
 It possesses hydrophobicity, which under certain conditions, is easily recovered
 Mechanical and electrical aspects need further study, for example dynamic loads should be investigated with more detail as well as the recovery of hydrophobicity
 A parallel to the applied field interface – if properly built – may not cause additional problems to the electrical behaviour of a silicone rubber construction
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