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ESDD measurements on long-rod ceramic insulators subjected to industrial type contamination Jacek Wańkowicz



Tabela 1. Parameters characterizing the entire long-rod insulators and their profiles.



Long-rod insulators 1. Section length H, mm 2. Nominal creepage distance L, mm 3. Shed diameter D, mm 4. Rod diameter d, mm 5. Ratio p/a between spacing and shed overhang 6. Creepage factor C.F. 7. Inclination of sheds αg/αd 8. Difference (a-a1) between two consecutive shed overhangs, mm 9. Form factor ƒ 10. Shed profiles



LP 75/17 1080 2100 175 75



VKLS 75/21 1270 3350 195 75



LPZ 75/27 1245 3000 175/150 75



LPZ 75/27W 1370 3540 200/160 75



1,0 2,3 18/10



0,8 3,1 37/28



1,1 2,8 18/10



1,3 3 18/10



6,9



9,2



12,5 9,05



20 10,17



Site no.1 The site is located in the vicinity of a metallurgy copper plant in which the blast furnace technology of copper melt is applied. The fall of dust in this area was measured and found to be in the range of 0,30,5kg/m2 year. The thickness of conductive deposits on upper surfaces of insulator sheds often exceeds 1-2mm. The natural contaminant deposited on the insulators may be characterised as so called industrial type layer, 80 to 90% of which consists of insoluble substances like oxides (SiO2, AL2O3, Fe2O3) and heavy metal sulfides. The remaining 10 to 20% of the dust consists of easily dissoluble carbonates of the MgCO3 type. Nonlinearity of the ESDD=f(DDD) relationship shown in Fig. 1 is the consequence of such contaminant composition. The area according to IEC-60815 standard belongs to a so called 4th pollution zone (very heavy). 1988/89 Month February March April May June July August September October November December January February March April May June July August September



LPZ 75/27W 1988/89 Big sheds Small sheds Month ESDDU ESDDU 2 mg/cm mg/cm2 November 0,15 0,32



LP 75/17 ESDD mg/cm2 0,035 0,0005 0,02 0,0004 0,025 0,04 0,05 0,04 0,09 0,01 0,01 0,04 0,04 0,045 0,035 0,017 0,02 0,04 0,07 0,009



ESDD mg/cm2 0,19



December 0,05 0,105 0,07 January 0,03 0,4 0,08 February 0,25 0,42 0,22 March 0,27 0,56 0,26 April 0,14 0,35 0,20 May 0,065 0,14 0,09 June 0,05 0,22 0,075 July 0,035 5,9 0,085 August 0,035 0,055 0,03 September 0,105 0,25 0,14 October 0,11 0,054 0,039 ESDDu – refers to upper surfaces of sheds



VKLS 75/21 ESDD mg/cm2 0,105 0,05 0,07 0,0006 0,115 0,10 0,12 0,05 0,13 0,035 0,03 0,22 0,13 0,13 0,25 0,16 0,05 0,06 0,06 0,05



Big sheds ESDDU mg/cm2 0,035



LPZ 75/27 Small sheds ESDDU mg/cm2 0,025



ESDD mg/cm2 0,02



0,01 0,01 0,105 0,21 0,02 0,055 0,01 0,035 0,022 0,145 0,038



0,015 0,02 0,13 0,26 0,10 0,16 0,01 0,04 0,035 0,10 0,055



0,009 0,01 0,06 0,18 0,05 0,06 0,008 0,023 0,045 0,06 0,024



Site no.2 The site is located in the vicinity of a thermal power plant in which the lignite coal is used as fuel. Deposits in insulator surfaces originate mainly from fossils but their thickness is usually not exceeding 0,2-0,5mm. The natural contaminant deposited on the insulator surfaces may be characterised as so called industrial type layer and its solubility into water is lower than that for the contaminant taken from the site no.1. In Fig. 2 solubility of contaminants from sits no.1 and 2 are presented where κv represents the volume conductivity while M is a content of industrial dust into the water. Nonlinearity of the κv=f(M) relationship shown in Fig. 2 can be explained by significant content of insoluble substances in the contaminant. The area according to IEC-60815 standard belonges to so called 3rd pollution zone (heavy). 1988/89



Month May June July August September October November December January February March April May June July April September



Thermal Power Plant "Pątnów" LP 75/17 VKLS 75/21 2 ESDD mg/cm ESDDmg/cm2 0,011 0,003 0,026 0,011 0,024 0,03 0,042 0,025 0,013 0,004 0,038 0,031 0,037 0,034 0,012 0,009 0,014 0,009 0,019 0,01 0,017 0,01 0,011 0,013 0,028 0,027 0,042 0,060 0,029 0,028 0,036 0,028 0,029 0,065



Fig. 2. Solubility of contaminants taken from sites no. 1 and no. 2.



Figure 1. The relationship of salt deposit ESDD and dust deposit density DDD for industrial type pollution layers.



Site no. 3 The site is located in the vicinity of a heat plant in which black, hard coal is used as fuel. Owing to environmental protection due to implementation of special investment program the area is relatively clean and according to IEC-60815 standard belongs to so called 2 pollution zone (medium). Deposits on insulator surfaces originate partially from fossils and partially from pollutants being a result of activity of the other local industry. 1988/89 Month



May June July August September October November December January February March April May June July April September



Heat Plant"Czechnica" LP 75/17 VKLS 75/21 ESDD mg/cm2 0,004 0,022 0,001 0,005 0,013 0,004 0,005 0,004 0,009 0,035 0,037 0,009 0,01 0,01 0,005 0,004 0,011



ESDD mg/cm2 0,002 0,011 0,001 0,002 0,006 0,003 0,004 0,002 0,012 0,055 0,039 0,006 0,006 0,006 0,006 0,002 0,01



Site no.4 The site is located not far from the center of Wrocław city. Insulators were installed about 25m about ground i.e. on a stand constructed on the roof of the hv hall which belongs to the Wrocław University of Technology. The area is clean an subjected mainly to communication pollutants. According to IEC-60815 standard it belongs to so called 1st pollution zone (light).



LP 75/17 ESDD mg/cm2 0,008 0,003 0,002 0,002 0,002 0,006 0,002 0,001 0,01 0,009 0,008 0,004 0,004 0,004 0,002 0,015 0,013



City Zone VKLS 75 /21 ESDD mg/cm2 0,004 0,004 0,002 0,002 0,002 0,006 0,004 0,002 0,005 0,009 0,01 0,005 0,007 0,009 0,003 0,011 0,012



Conclusions 1. ESDD values measured for very heavily polluted long-rod insulators (site no.1) were strongly dependent on their profiles. Good self cleaning properties were observed for insulators characterised by the ratio of p/a not less than 1 (see table 1), small inclination of sheds αg/αd (18/40) and the CF factor smaller than 3. In the case of alternating sheds insulators characterised by the a-a1 difference equal to 25mm performed better than that equal to 40mm. 2. ESDD values measured for insulators operating under light and medium pollution conditions hardly depend on insulator profiles. They are rather dependent on intensity and physical properties of contaminants characterising the areas. 3. Presented results of the ESDD measurements confirmed that besides areas characterised by very heavy contamination the application of selection method of long-rod insulators using the length of their creepage distances is well justified.
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