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1. Introduction When anti-contamination design of the insulator is made, it is indispensable to determine contamination degree. The contamination degree is generally determined by measuring equivalent salt deposit density (ESDD) on the insulator surface which are removed from the existing transmission lines and/or field testing stations. In addition to ESDD, non-soluble material deposit density (NSDD) should be measured, especially in case that much dust or sand is expected to accumulate on the insulator surface in such an area as desert. Besides, chemical analysis of the contaminants needs to be carried out to identify substances of the contaminants because contamination withstand voltage is influenced by the kind of such substances. This report describes how to measure ESDD and NSDD, and how to make chemical analysis of the contaminants. 2. Necessary tools to measure insulator contamination degree (For measurement of both ESDD and NSDD) a) Conductivity meter b) Beaker c) Measuring cylinder d) Absorbent cotton e) Filter paper f) Funnel g) Desiccator h) Balance i) Distilled water (conductivity under 10 µS/cm) j) Gloves Specifications of measuring tools are shown in Table 1. Portable tools are recommendable for measurements at exposure sites. Table 1 Recommendable specifications for measuring tools Tools Conductivity meter



Balance



Item Measuring range



Performance 1µS/cm - 20 mS/cm



Accuracy of conductivity



± 2%



Resolution of temperature



0.1 °C



Capacity Resolution



60g 0.001g



3. Measuring of ESDD and NSDD Measuring and calculation procedure is shown as follows. ATTENTION: Please don t touch the insulator surface of measurement parts until contaminants on the insulator surface are removed. 3.1 Measuring ESDD (1) Measuring procedure a) Beaker, measuring cylinder, etc. shall be washed enough to remove electrolyte prior to the measurement. Gloved hands also shall be washed cleanly. b) Distilled water of 100-300 cm³ shall be put into a beaker (Conductivity of solution after dissolving contaminants should be less than 1mS/cm because much water is required to dissolve low soluble material such as Bassanite). c) Absorbent cotton shall be immersed into the distilled water. d) The contaminants shall be wiped away separately from the top and bottom surface of the insulator with the squeezed cotton by gloved hands. e) The cotton with contaminants shall be put back into the beaker as shown in Fig. 1. The contaminants should be dissolved into the water by shaking and squeezing the cotton in the water. f) Wiping shall be repeated until no further contaminants remain on the insulator surface. If contaminants remain even after several time wiping, contaminants shall be removed by a spatula, and be put into water containing contaminants. g) Attention should be taken not to loose the quantity of the water (i.e. the quantity shall not be changed very much before and after collecting contaminants). If water decreases apparently, water is added. h) The conductivity of the water containing the contaminants shall be measured with the conductivity meter. Besides, at the same time, the temperature of the water shall be measured. i) The water containing contaminants after measuring ESDD shall be filter out by funnel and filter paper and dry it. And then the above filter paper containing contaminants shall be put into plastic bottle and sent to a key-station for measuring NSDD. (details are described in "3.2 Measuring NSDD". If contaminants can not be easily removed, measuring of NSDD is performed by another insulator.).



Fig. 1 Wiping of contaminants on insulator surface



b (Factor depending on temperature θ)



(2) Calculation of ESDD a) The conductivity and temperature of the water containing the contaminants shall be measured. b) The conductivity correction shall be made using the formula (1), this calculation is based on clause 16.2 and clause 7 of IEC Pub. 60507. where: σ20 = σθ[1- b (θ-20)] ------------------------------------------------------------(1) θ is the solution temperature (°C) σθ is the volume conductivity at temperature of θ °C (µS/cm) σ20 is the volume conductivity at temperature of 20 °C (µS/cm) b is the factor depending on temperature of θ, the formula (2), Fig. 2 and Table 1 are approximations. b = -3.200×10-8 θ3 + 1.032×10-5 θ2 -8.272×10-4 θ + 3.544×10-2 --(2) 0,035
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Fig.2 An approximation of the factor b
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c) The ESDD on the insulator surface shall be calculated by the formula (3) and (4), this calculation is based on clause 16.2 of IEC Pub. 60507. Relation between σ20 and Sa (Salinity) is shown in Fig.3. Sa = (5.7σ20 S/m )1.03= (5.7σ20 uS/cm 10-4)1.03-------------------------------(3) ESDD = Sa V / A-----------------------------------------------------------------(4) where: Sa = Salinity (kg/m3 = mg/cm3) σ20 S/m is the volume conductivity at temperature of 20 °C (S/m) σ20 uS/m is the volume conductivity at temperature of 20 °C (µS/cm) ESDD is Equivalent salt deposit density (mg/cm2) V is amount of distilled water (cm³) A is the area of the cleaned surface (cm2)
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Fig.3 Relation between σ20 and Sa
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3.2 Measuring NSDD Measuring procedure should be chosen by quantity of insoluble material and/or adhesion of contaminants. (1) Procedure A (for low NSDD and removable contaminants) The water containing contaminants after measuring ESDD shall be filter out by funnel and filter paper ,and dry it. And then the filter paper containing contaminants shall be put into plastic bottle we supply and sent to a key-station for measuring NSDD. Measurement of NSDD shall be carried out by weighing residuum in the water containing the contaminants. Weight scale shall be performed it at a keystation. But filtering and drying shall be performed at measuring stations. Residuum* shall be obtained by filtering water with filter paper completely as shown in Fig. 4. Note: * Weight of residuum can be calculated by the following formula. Weight of residuum = (Weight of filter paper with residuum after drying) - (Weight of filter under dry condition) (2) Procedure B (for high NSDD and/or adhesive contaminants) Measuring of NSDD should be performed on exposed insulators (before ESDD measuring). Contaminants on insulator surface shall be removed by a spatula, and put into distilled water. Contamination solution shall be shaking for several minutes and then filtered. Drying the filter paper and measuring NSDD are same to the procedure A.



Fig. 4 Procedure of measuring NSDD



3.3 Analysis of contaminants The following chemical analysis shall be performed on insulator units. - Quantitative chemical analysis on soluble and non-soluble material * Procedure of chemical analysis is shown in Fig. 5. Note: * Soluble materials Na+ ,Ca2+ ,K+, Mg2+ , Cl-, SO42- ,NO3Non-soluble materials SiO2, Al2O3, CaO, ZnO, Na2O, K2O Removing of specimen insulator High NSDD and/or adhesive contaminants



Low NSDD and removable contaminants
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Measuring ESDD (Measuring conductivity and temperature of the solution)
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Analysis of soluble material



SiO2, Al2O3, CaO, ZnO, Na2O, K2O Na+, Ca2+, K+, Mg2+



Fig. 5 Procedure of chemical analysis of contaminants



Cl-, SO42-, NO3-
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5.0 Insulator Characteristics 
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