CHAPTER 5

CONTAMINATION TESTS

5.1 CONTAMINATION TEST METHODS

Contamination test methods can be roughly classified into three categories: (1) salt-fog (2) wet-contaminant, and (3) clean fog test.

An outline of each method is shown in table 4. There are significant differences between these test methods, which may lead to disagreement in test results.

5.1.1 The Salt-Fog Test:
In the method, the insulator is energized at the service voltage which is held constant through the test, and subjected to a salt fog whose salinity, ranged from 2.5 to 160 g/m3

Of salt per cubic meter of the solution, defines the severity of the contamination condition. The fog is produced by arrays of nozzles on opposite sides of the insulator, directing a fog of droplets at the insulator by means of compressed air.
5.1.2Wet-Contaminant Test Method:
In this test, the insulators are contaminated by spraying the contaminant mixture. Voltage is applied 3 to 5 minutes after the end of the contamination procedure while the insulator still wet. The test voltage is raised until flashover occurs. The type of contaminant has the proportions of 40 grams of Kaolin per liter of water and various amounts of salt to create the desired salt deposit density on the insulator surfaces.

5.1.3Clean fog test method:
This test method can be separated into two types. (1) In some fog test, insulators are contaminated, dried, and then wetted by clean-fog. Test voltage is applied to the insulators when the leakage resistance has reached its lowest value. This method has been mainly developed in Germany, under the name “pre-deposit method”. (2) In the second type of test, voltage is applied to dry contaminated insulators and then a wetting condition is applied. This can be regarded as a reasonable simulation of natural conditions; however, it is more complicated than other methods.

TABLE 5.1 .Comparisons Of Test Methods
	Test method 
	Contamination condition
	Time to flashover or test duration
	Surface condition during test
	Remarks

	Salf-fog
	Contamination and wetting are applied simultaneously by spraying salt water.

Degree of contamination defined by amount of salt in solution
	Testing time is 1 hour
	Nearly pure resistive impedance due to the conducting layer on the surface
	Flashover strength linear with string length

	Wet contaminant

(1)light mixture
	Defined by amount of dry contaminants
	Flashover after 20-30seconds
	Wet changing to dry, resistive and also capacitive impedance in the “half-dry condition”

	Small regular disks perform better than large disks. 

	(2)heavy mixture
	Defined by surface conductivity
	Fashover within 4-5 seconds
	Wet also at instant of flashover, resistance close to the initial value
	Flashover strength nearly proportional to leakage distance.

	Clean-fog

(1)slow wetting
	Define by amount of dry contaminant
	Test time=2hours.flashover usually after 1 hour
	Dry changing to west, capacitive and resistive impedance designed as “dynamic impedance”
	Nonlinear, large disks are better than small disks.

	(2)quick wetting 
	Defined by amount of dry contaminant
	Test ime 30-60

Flashover usually occurs within 30 minutes
	Dry changing to wet, nearly resistive impedance due to the fast wetting process
	Linear, leakage distance is the main factor


5.1.4 Discussion Of Test Methods:
Each test method essentially simulates a different phenomenon. A factor which is important for the one method may not be significant for other methods. There is no direct relationship between salt-fog, wet-contaminated, and clean-fog test methods and one single method cannot simulate the breakdown phenomena created by the others.

For practical design, it is   very important to choose the test method which can simulate the particular natural condition found in service. This means that nature is the ultimate standard to be used in contamination studies.
5.2 Detection of Contamination on Composite Insulators
Laser-induced fluorescence spectroscopy for detection of biological contamination on composite insulators

A new technique for remote detection of biological contamination on high-voltage outdoor insulators has been investigated. The technique, which is based on laser-induced fluorescence (LIF) spectroscopy, has been applied to study surfaces of real silicon rubber insulators from a distance of approximately 60 m. Measurements were performed outdoors on a number of clean, as well as, biologically contaminated insulators. Several types of biological contamination were included, as five of the studied insulators had become covered when installed in Sweden, and another three had been contaminated by fungal growth in laboratory. Fluorescence spectra obtained from the surfaces of the described insulators are presented and the applicability of the technique is discussed and compared with photographic methods.

There is a number of reports on biological contamination of composite insulators about half of them from tropical climate. Different types of silicon rubber (SIR) insulators, epoxies and blends of silicone and ethylene-propylene-diene monomer rubber (EPDM) have been found to support growth of bacteria, algae, fungi and lichen. However, so far there is not much information published on the growth on EPDM insulators.

This study is a step in a process of investigating the influence of biological growth on insulator performance. More specifically, the aim is to develop a method that can be used to remotely detect and measure/characterize growth and growth distributions.

Studied insulators

The present study included eight insulators partly covered by biological contamination and one clean reference insulator. The insulators have been divided into three categories, A-C, according to their design. Type A and B are of line suspension type, while insulators of type C are of apparatus type and have a hollow core. All insulators have sheds and sheath of SIR. However, the formulation differs between the three categories. The three insulators A have been installed in a 10 kV distribution system in Sweden for approximately 12 years, where they have become covered by a rather thick green growth. However, at the time of the measurement, the growth had turned brown/grey, as the insulators had been kept in laboratory for 6 months. Three of the four insulators B had been exposed to fungal spores and kept in a climate chamber for approximately two years. This treatment leads to colonization of the insulator surfaces by fungi in spot-like manner. The insulators of the third type, C, have been installed in a test station 30 km south of Gothenburg, Sweden, since 1995. They had become covered by a greenish growth on the surfaces shaded from direct sunlight. During the measurements, the insulators were placed about 60 m away from the truck. To get a better view of the growth, which mainly were located on the upper side of the sheds, the insulators had to be turned up-side-down, tilting away from the point of observation. The insulators C were supported by a wooden structure, and tilted an angle of 30 degrees.

Type A and B were fixed using horizontal metal rods and tilted 60 and 50 degrees, respectively. As a safety precaution, a board covered with black paper was put behind the insulators, hindering the laser beam to propagate further.

5.3 Design and Construction of a Pollution Monitor for Power Line Insulators
Pollution monitoring methods

Generally speaking there are three methods currently in use for monitoring the pollution on electric insulators for power distribution lines. These can be classified as either direct or indirect methods depending on whether the pollution measurement is performed in the power network or in a special location away from the power network..

(i) In the first method, known as the equivalent salt deposition density (ESDD) method, the insulator to be studied, after having been exposed to the atmosphere for a certain period of time, is washed with a given quantity of distilled water. Then, the electrical conductivity of the solution so obtained is measured. The equivalent weight of NaCl that yields the same conductivity is determined and the ESDD is the equivalent amount in milligrams of NaCl per square centimetre deposited on the insulator surface.

(ii) In the second method, the insulator is placed in a special electric circuit to measure its leakage resistance after having sprayed its surface with distilled water.

(iii) The third method consists of a special test ring suspended between insulator chains and the tower. These chains are permanently energized from high-voltage power lines. A monitor is connected in series with each insulator chain to measure the leakage current. This allows recording of the leakage current and burst current drawn by the insulator chain corresponding to a given pollution level and weather conditions. High burst amplitudes and high repetition rates correspond to high pollution conductivity

The first and the second method are costly and difficult to automate. Besides, they only provide an approximate idea of the average degree of pollution and do not prevent line insulator flash-over. However, leakage current monitors are easy to automate and can be effective in flashover prevention.

The third method has the drawback of interfering with the insulator chain, by the interruption of the ground path because of the insertion of an extra insulator unit. The equipment proposed here is based roughly on the third method and it uses a novel technique for monitoring the leakage and burst currents.

Also, the National Grig Company has developed a continuous integrated charge measurement (ICM) system which is being used at a natural pollution testing facility at Dungeness, Kent, UK. This interesting device could be conveniently used with some of the above monitoring equipment, or the one proposed here, to collect meteorological data and thus constitute part of a complete monitoring–prevention system.

 The transmitter module

The proposed system is based on the idea of conducting the leakage current, associated with the degree of pollution, via optical fiber, from a transmitter module, installed next to the power line insulator, to a receiver module located in a safe position below the actual power line (figure 2). The transmitter module modulates the signal and through the optical fiber, transmits the information. One big advantage of this module is that it does not require an external power supply and it is protected against current peaks and dielectric breakdowns.
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Figure 5.1  The equipment installed on a power line tower.
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Figure 5.2  Details of the conductor ring and transmission

module in the insulator chain.
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