CHAPTER 6

HOW TO PROTECT INSULATOR FROM CONTAMINATION AND FLASHOVER

6.1 Method of elimination of flashover and leakage current 

Upgrading High Voltage Insulators Using INSILCURE

Our partners have significant expertise solving problems for the flashover of overhead line insulation in polluted environments. Replacing conventional insulators with appropriately dimensioned silicon-rubber composite types has considerably reduced this problem. In substations, however, with multiple ceramic insulator, bushing, and housing designs, replacement is not practical, yet the need for a permanent, maintenance-free solution remains. INSILCURE has been developed to solve the problem of pollution flashover.
The INSILCURE system takes an engineered approach, comprised of:

· A detailed audit of all insulation in the yard to define the characteristics of every insulator and assess its suitability to operate under the existing ambient conditions
· For insulators identified as under-dimensioned for the pollution severity of the site, the design and application of INSILSHED HTV silicon-rubber shed extenders to create profiles and creepage distances to ensure reliable, maintenance-free performance

· Coating the insulators and shed extenders with INSILCOTE RTV silicon-rubber to provide the insulator surfaces with uniform hydrophobic properties to further enhance their resistance to flashover.
INSILSHED Extenders
INSILSHED extenders are made of true HTV silicon-rubber material with inherent hydrophobic characteristics and tracking, erosion and UV resistance, and are attached to the insulators by means of an RTV silicon-rubber adhesive. Even uncoated, the sheds are capable of operating in the most extreme environments.

The dimensional design of the extenders and the number and placement in relation to each insulator is critical to the long-term performance. These findings are based on over 25 years' experience in ceramic and polymeric insulation design. All key geometric parameters, such as creepage distance and shed spacing-to-projection ratios, are given due consideration. The upgraded insulators comply fully with the profile requirements of IEC 60815


Figure 6.1 
INSILCOTE Coating

The INSILCOTE coating has been in used in the harshest environments since its introduction in 1991. Its extremely hydrophobic characteristic prevents the formation of a continuously wet, conductive insulator surface. Even when severely polluted, the low molecular-weight silanes in the coating diffuse into the contaminating layer, maintaining the water repellency and inhibiting leakage current activity.

The coating vastly improves insulator performance and, in many cases, will independently represent a permanent solution to pollution flashover. However, any substation is only as reliable as the weakest insulator in the yard. So for those units deemed grossly under-dimensioned for the prevailing conditions, the combination of shed extenders and coating ensure that all insulators are of adequate standard, and ensure you of acceptable system security.
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Figure 6.2 

The life span of the coating depends on how well the insulator design stands up to the severity of the environment in question. Increasing both the quality of the profile and the creepage distance to a suitable level with INSILSHEDS can prevent flashovers well as reduce stress on the coating. Consequently the life span can extend nearly indefinitely.

Eliminating Maintenance

With an insulator-washing program, the cleaning interval must be fairly short, necessitating repeated outages. Live-line washing incurs the danger of precipitating flashovers on surrounding insulators by wetting them with overspray. And uneven wetting of large-diameter current transformers or surge arresters, for example, can also lead to equipment breakdowns.

The main drawback of a washing approach, however, is establishing the right timing. Unless you introduce involving some form of artificial wetting or complex condition monitoring, unseasonal rain or fog can cause unexpected flashover. Further, washing is totally ineffective in areas subject to "instantaneous" pollution, like conductive fog conditions. The upgraded INSILCURE insulator is always prepared for the unexpected climatic event and, with its inherent surface hydrophobicity, resists the effects of marine salt fogs and acidic mists.

The application of silicon grease, with its water-repellent properties and ability to encapsulate contaminants, extends a longer maintenance interval than required by washing. The highly labor- intensive and costly task of replacing the grease, though, makes this by far the most expensive option. Add to this the long outages required, the threat of insulator flashover or damage if the layer is not renewed in time, potential health risks, and environmental disposal problems, and greasing loses any appeal.

Used independently, shed extenders can increase the creepage distance and/or improve the insulator

profile, but expertise in insulator design is required to ensure their correct application. The disadvantage of extenders is that the difference in surface properties of the ceramic insulator and the polymer extender can create severe voltage distortions, which can result in partial discharges and flashover. The INSILCURE system guarantees uniform surface characteristics.

Benefits

Despite a higher initial investment, the life cycle cost of the INSILCURE system is significantly less than undertaking regular insulator maintenance. More important, the INSILCURE system considerably lowers the risk of flashover.

Demonstrated Value

The INSILCURE system:

· Represents a permanent pollution flashover solution for substations, in stark contrast to the limited effectiveness of washing programs and the prohibitive fiscal and environmental costs of greasing.

· Identifies the "weak links" in the yard, and elevates the quality of all the insulators to an acceptable standard.

· Provides insulators with a uniform, highly hydrophobic surface characteristic to prevent flashovers induced by both pre-deposited pollution layers and instantaneous conductive fog contamination.

6.1.2 Prevent And Eliminate The Expense Of Insulator Flashovers With Si-Coat 570 
HVIC Insulator flashover results from contamination that settles on the insulator surface. When combined with environmental moisture, leakage current develops which can lead to flashover. Older methods to prevent flashover such as frequent water washing or greasing are time consuming. 
Instead, coat your insulators with Si-COAT 570 HVIC; the coating which has proven itself to give the best flashover protection for years upon years – even in the most adverse of conditions. Si-COAT 570 HVIC is a one-part, room temperature vulcanizing (RTV) organosiloxane coating. 
It’s unique and patented formulation provides a highly hydrophobic surface for its entire life. Because itis a Si-COAT product, it is not affected by UV light, corona discharge, chemical contaminants, salt, extreme temperatures or corrosive environments. Si-COAT 570 HVIC is engineered with exact amounts of non-reactive fluids and ingredients with The benefits are twofold: 
Superior retention of hydrophobicity, ensuring a tremendously long life span, and a more robust self-cooling mechanism to protect the surface from physical damage in the case of dry band arcing. 
No heat is required to cure Si-COAT 570. This means the free fluid in the coating does not react during curing. Thus, more free fluid is available – dramatically enhancing coating performance. Si-COAT 570 HVIC applies very smoothly and easily. This translates into a material saving and enhanced performance characteristics. Choose Si-COAT 570 HVIC for the world’s most reliable protection against flashover.Also available in a VOC free formulation. precise particle sizes for optimum performance and reliability. 
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Figure 6.3
6.2 How to prevent contamination on insulator (Cleaning insulator)
USM's two step process of cleaning and silicone coating helps prevent flashovers without interrupting service.  

Step#1

USM cleans insulators by gently blasting with a very soft, finely powdered limestone compound.  This eliminates the need for outages and will not damage the insulator's glazing.  The light dust film is non-toxic and is safely blown away with high-pressure dry air.  No mess is left in the substation yard.
Step #2

For longer term flashover protection, USM coats the insulators with a specially-formulated dielectric silicone grease or silicone elastomer coating.  Protective silicone coatings greatly reduce the frequency of cleaning.   
6.3 How To Calculate & Choose Insulators Under Heavy Contaminates 

High voltage insulator coating HVIC Coatings & Service for High Voltage Insulators.

Reasons to Coat

For long-term, cost effective maintenance, only silicone coatings provide a virtually maintenance-free system to prevent excessive leakage current, tracking, and flashover. Silicone is not affected by ultraviolet light, temperature, or corrosion. Our Siltech 100HV high voltage insulator coating product presents a smooth finish with superior tracking resistance. Because the coating is highly water-repellent, contaminants cannot film out over the surface.
Siltech Silicone Coatings can eliminate or reduce:

· Regular insulators cleaning

· Periodic re-application of greases

· Replacement of components damaged by flashover
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Figure 6.4

Our silicone coatings have proven effective in all types of conditions, from salt-fog to fly ash. They are also useful to restore burned, cracked, or chipped insulators. May be used on precipitators up to 500°F. Our Installation and Service group utilizes state-of-the-art coating technology with proven process controls to assure minimal material loss and fast service. We offer coating services and/or sale of material and applications worldwide. 

What makes Midsun 570TM HVIC better than other Coatings?

 

There are three important aspects of Midsun 570TM HVIC that make the coating unique over all other coatings.  These are as follows:

 

1. Significantly greater resistance to the development of leakage current. 
2. No settling of fillers. 
3. Twenty-five percent less coating needed for an application. 
 

Apart from these features, Midsun 570TM HVIC behaves identically to all other coatings with respect to resistance to ultra-violet, moisture, acid rain, salt-fog, ozone, hot and cold temperature, wind erosion and application.

 

These three key features will now be explained in detail.

 

1.  Significantly Greater Resistance to the Development of Leakage Current

 
Most HVIC products contain alumina tri-hydrate (ATH) filler.  As such, the formulation of these products begins with the premise that coatings will loose their hydrophobicity in service resulting in the flow of leakage current in the wet and polluted layer on the surface of insulators.  When the conditions of moisture and pollution on coated surfaces that have lost their hydrophobicity result in a leakage current exceeding about 1.0 mA, dry areas in the wet and polluted layer develop from the heat generated by the leakage current.  When this takes place, the voltage across the insulator appears across the dry areas in the wet and polluted layer and localized arcing begins.  The heat generated by the arcing thermally degrades all coatings, so a mechanism is needed to slow down the thermal degradation of the coating during dry band arcing, and to do this, ATH is put into the compositions in varying amounts.
 
The mechanism of ATH in a composition is such that when dry band arcing develops in the wet and polluted layer, the ATH filler absorbs heat from dry band arcing.  In absorbing heat, the ATH filler releases its molecular water thereby cooling the surface, which helps to prevent heat decomposition of the coating.  However, in doing so, the molecular water is released in the form of steam and its passage through the coating by sputtering actually destroys the surface smoothness.  As a result, the surface begins to roughen with dry band arcing and eventually the surface begins to accumulate more pollution in these roughened regions.  As the pollution layer accumulates and under wet conditions, the coating looses its characteristic property of hydrophobicity at an earlier stage and dry band arcing begins sooner than usual.  This process progressively begins earlier with each dry band activity accelerating the degradation process.  Eventually, the coating becomes ineffective and flashover of the insulator occurs.  

All silicone rubber coatings contain a small amount of low molecular weight fluid that is mobile within the rubber layer.  This fluid diffuses to the surface of the coating and imparts hydrophobicity, or the characteristic property of non-wetting to coated insulators.  The amount of free fluid that is available in a coating depends greatly on how the coating is formulated.  However, by adding ATH or other fillers to the composition, these fillers actually displace silicone rubber resulting in a reduction in the amount of fluid that is available to impart hydrophobicity to the surface of the coating.  Generally speaking, coatings have about 40 to 50 percent by weight of ATH in their composition. 

 

The premise behind the Midsun 570TM HVIC composition is that dry band arcing will not occur on the surface.  This is made possible by formulating the coating with quartz flour filler and not with ATH and in a reduce amount in order to produce a coating that has more free fluid.  This increased amount of free fluid ensures against the loss of hydrophobicity under service conditions.  Laboratory tests in a salt-fog chamber have conclusively demonstrated that Midsun 570TM HVIC maintains its hydrophobicity for a much longer period of time under severe laboratory conditions of salt-fog than other commercial coatings and this result is only possible because of the increased level of free fluid in Midsun 570TM HVIC.  
 
However, if by chance hydrophobicity is temporarily lost in service, the quartz flour filler has a high thermal conductivity that will aid in the heat dissipation during dry band activity.  In making this modification to the formulation, other advantages that lead to lower overall cost is realized as a further consequence of this formulation change.

What is the basis for the premise that dry band arcing will not occur in service?
 

After years of field applications and observations in very polluted environments, no dry band arcing has ever been observed on Midsun 570TM HVIC in service.  

 

2.  No Settling of Fillers

Alumina tri-hydrate filler, because of its molecular structure, is incompatible with the molecular structure of liquid silicone rubber.  As such, this filler is not held in suspension in the liquid composition because of dissimilar molecular bonding.  The analogy of silt in water can be used to view the presence of ATH in liquid silicone rubber.  The heavier particles will tend to settle very rapidly to the bottom of the container and compositions having large grain size ATH will show a very rapid settling, thereby exhibiting a shelf life of less than six months and requires constant stirring during use.  Compositions with small size ATH will also show settling but not at the same rate.  However, because quartz flour filler has a similar molecular structure and bonding as the liquid silicone rubber composition that it is suspended in, no settling of this filler occurs during storage and use.  

 

The settling of ATH to the bottom of the container obviously affects the composition of the product during spray application, and as the bottom of the can is reached, clogging of spray nozzles always will occur.  Not only is the composition of the coating that is being applied different from start to finish, the sedimentation at the bottom of the can, which is largely ATH, often results in waste.  In addition, long time storage (in excess of six months) will require power mixing in order to disperse the ATH into the composition.

 

The time lost in mixing in the field, constant cleaning of mixing equipment and of nozzle blockages, and waste of product at the bottom of the can, all result in added cost to an application project.  Midsun 570TM HVIC is unique in that none of these will occur in the field resulting in faster spray application with no waste resulting in cost savings in an application project.  It has been estimated that a 10 percent saving in cost from labor and waste product can be realized in using Midsun 570TM HVIC.   

3.  Twenty-five Percent Less Coating Needed for an Application
Because of the larger amount of free fluid that is available for hydrophobicity in Midsun 570TM HVIC, considerably reduced coating thickness will perform as well as other coatings.  Normally, coating suppliers specify a coating thickness of 0.5 mm thickness.  Midsun 570TM HVIC needs only to be applied to a thickness of only 0.375 mm, resulting in a reduction of 25 percent in material cost. 

 

The Bottom Line

 

The bottom line in using Midsun 570TM HVIC is a 35 percent saving in cost in an application project.  Furthermore, and unlike other coatings, Midsun 570TM HVIC is warranted against flashover for a ten year period.  In addition,  Midsun 570TM HVIC has a service life expectancy of at least 20 years.  With a long list of users now approaching a ten-year service history, how can anyone go wrong in using Midsun 570TM HVIC. 

6.4 Methods To Improve Performance

For ceramic insulation, the single most important parameter of contamination performance is creepage or leakage distance. High leakage distance, except for “poorly designed insulators” will improve performance. The goal for both ceramic and nonceramic transmission line insulations is to have acceptance while maintaining a short connected length- a length equal to or less than that required for switching or lightning.

For new transmission lines or new substation, consideration should be given to use of nonceramic insulators in both contaminated and noncontaminated areas. In contaminated areas, the pollution performance is paramount. In noncotaminated areas the weight and mechanical strength can be used to decrease capital and maintenance cost. 

For an existing   line or station, the following measurement can be taken:

1. Non ceramic insulators: As for new lines and stations, if contamination is severe, nonceramic insulation is an option, although the cost of retrofitting may be large for transmission lines. SiR insulators appear to be superior to the other formulations.

2. RTV coatings: RTV silicone coated insulators appear to have the same contaminated performance as SiR nonceramic units. They are appropriate for both line and station insulators.

3. High leakage od fog type insulators: insulators such as the fog type units offer increased leakage per unit of insulator length. Leakages to length ratios of 2.9 to 4.5 are available.

4. Insulator configuration: for transmission lines, V-string insulators outperform vertical strings.

5. Semiconducting Glaze insulators:   These insulators are appropriate for both station and line insulators. However, RTV coatings are superior.

6. Greasing/washing: As a least resort, the insulators can be greased with silica or a hydrocarbon (in Greater Britain, about 3 mm thick) and/or washed periodically. Grease must be removed and reapplied periodically- a time consuming and messy job. RTV coatings are better and generally more cost effective. 

6.5 Method Used for Insulator Cleaning
The method used for insulator cleaning is dependent on the insulation material, construction, weather or not line is energized and on the type of contaminant to be removed.

 Method of Cleaning

The methods/techniques commonly employed are as given below:

a) Energised Condition

i) High Pressure Water Washing

ii) Medium Pressure Water Washing

iii) Low Pressure Water Washing (Flood Wash)

iv) Low Pressure Water Fixed Spary Nozzle

v) Compressed Air Dry Cleaning

vi) Wiping (Hot Cleaning)

b) Deenergised Condition

All of the methods given above may be employed in addition to hand cleaning and low pressure water method

Transmission Line Insulators

 Porcelain and glass insulators with galvanized hardwares are the most common insulators required to be cleaned. Any technique used for cleaning should ensure no damage or deterioration of the item to be cleaned. It is also advisable to consult the manufacturer of the insulator prior to taking up cleaning. The insulator to be washed so that the watersheds just cleaned will maintain adequate insulation. On vertical insulators the washing should be started from the bottom and work upwards. Polymer insulators do not require washing as often as porcelain or glass insulators. They may be washed if caution is used during the washing procedure along with the manufacturers approval. Polymer insulator may be cleaned by methods other than water washing.

a) Deenergised Condition

They may be hand washed rags or wiping cloth in mild detergent water. This should be followed by a low-pressure flood rinse with clean water to remove any residue. Solvents or harsh abrasives are normally not recommended. Wetting agents or additives can be used to improve the washing action of the cleaning water. Solvents may be used provided all cleaning residue are removed by the final clean water rinse and only after manufacturers approval.

b) Energized Condition

Compressed air / dry abrasive involve the use of compressed air and dry abrasive cleaning media. The abrasive cleaning compound often consists of ground corncob mixed with ground walnut or pecan shells. Powered silica or lime may be added to the compound or used alone to increase the abrasiveness. The actual cleaning process is similar to sand blasting wherein pressurized air stream is used to bombard the insulator surface with abrasive media. After cleaning the contaminant and abrasive residue remaining on the insulator surfaces are blown off with dry, clean, compressed air. Abrasive cleaning techniques are not recommended for silicon rubber insulators since they can temporary destroy the surface hydrophobicity of the polymer.

 Techniques / Methods Employed for Cleaning in Deenergized Condition

Two methods viz. hand cleaning and low-pressure water method have been employed. The low-pressure water method is similar to the high-pressure water method and is described under the cleaning done during the energized condition. However the other method viz. hand cleaning is described below.

Hand Cleaning

Cleaning insulators by hand wiping is very through and effective but it is very crumblesome, time consuming and expensive process that requires equipment outages. Hand wiping is generally used only when washing is impracticable because of inaccessibility of heavy vehicles, height or design of structure or type of contamination. Hand wiping is normally used on stationed insulator high pressure washing is impractical due to proximity of energized equipment or ineffective due to hardness of surface deposits. The Lineman carries a personnel grounding device, necessary rags, steel wool or non-abrasive nylon pads etc., safety and body belts and adjustable safety lifeline if required.
Techniques for Cleaning During Energized Condition

 High Pressure Water Method

High-pressure water washing utilizes a narrow stream of water with typical pressure ranging from 2750 - 6900 kPa (400-1000 psi) at the nozzle. Four types of nozzles are most commenly used with high-pressure water ooz Hand Held Jet, Remote Control Jet ( / Pea Shootor), Fixed Spray and Helicopter Mounted.

i) Hand Held Jet Nozzle

This is the most common type of nozzle used for high-pressure washing. The lineman either climbs the tower or uses an aerial lift to raise the hose and nozzle to the washing position. The Lineman may connect a detachable hose and nozzle to a standpipe permanently installed on the tower.

ii) Remote-Controlled Jet Nozzle

This comprises of a nozzle mounted on a truck mounted boom. Both the nozzle and the boom are controlled from a console connected to the boom turret. This system allows positioning of the water stream when it is difficult to perform washing from a tower (such as for outer V string insulators of high voltage transmission line.

iii) Fixed spray nozzle

Two basic washing systems are used.

a) Spray washing - for calm wind conditions

b) Water screen washing - for strong wind condition

For spray washing, the electrical apparatus is divided into groups and nozzles are firmly fixed on piping arranged around apparatus insulators. The apparatus is washed sequentially from one group to another according to preset washing order. Table1 given provides general information on this system.

For water screen washing, nozzle is installed on the windward side of the apparatus. Washing water is discharged upwards and carried onto the insulators by the strong winds.

 iv) Helicopter Mounted Nozzle

This washing method involves the use of a self-contained high-pressure wash system borne by a helicopter. The system is controlled by a wash operator or by the pilot. The helicopter hovers in place with the nozzle positioned to direct the water stream.

 Medium Pressure Water

This technique has proved to be effective. This system involves many of the same procedures used in the hand-held and remote-controlled jet nozzle procedure. Besides effective washing being maintained, the advantages of this system are less equipment demand, less manpower fatigue than with high pressure method and increased production. Decreased leakage current through the water stream was evident as the method was tested. The pressure used for this method is in 2070-2760 kPa (300-400 psi) range.

Low-pressure Water (Flood Wash)

Some transmission towers are also piped to direct a water stream to flood the suspension insulators. The piping is generally brought down through the tower to ground level where a tank and pump unit are connected. The frequency of such washing is decided from the consideration of degree of contamination present. The pressure at the ground level pump is usually 1380 kPa (200 psi) with a pump output of the 2524L/S (40 gal/m) per nozzle. Factors such as nozzle size, pipe size and tower height should be considered while selecting pump capacity and pressure.
 Low-pressure Water Fixed Spray Nozzle

Low-pressure washing employs a fixed spray nozzle system operating at low-pressure typically 350-1030 kPa (5-150 psi). These systems are primarily used where frequent washing is required. Because of the low pressure and spray nozzle system, the effectiveness in removing contaminants other than sea salt is diminished. This system is generally more suited for installation in or near sea coast areas mainly to remove sea salt contamination. This method can be used for contaminants that are found inland (refer Table 2).

Compressed Air Dry-Cleaning

This system of cleaning insulators requires the use of compressed air and a dry-cleaning compound. The system consists of an air compressor capable of supplying a minimum of 0.052 m3/sec. (110 ft3/min) at 860 kPa (125 psi), an air dryer, a pressure blaster, an applicator wand, adequate supply hoses and cleaning compound. Commonly abrasive-cleaning compounds consists of ground corncob mixed with ground walnut or pecan shells. In some cases power limestone is added for the increased abusiveness.

To clean insulators, the cleaning compound is directed on to the insulator surface through a specially designed applicator wand. The wand comprises of a hot stick/nozzle combination that permit to work on energized line.

The cleaning process is very similar to sand blasting in that a high-pressure stream of air is used to bombard the surface of the specimen to be cleaned with the cleaning medium. By choosing the proper medium virtually any contaminants would be removed from the insulator surface. However proper care has to be taken to prevent glaze erosion or deterioration of the galvanized hardware. CO2 pellets are commonly used as non-abrasive components. In the CO2 process, the pellets of frozen CO2 strike the surface of the insulator penetrating through the contaminant to the insulator surface. The pellet then sublimates into as gas, which blasts the contaminant from the surface. There is no abrasive action to the insulator.

An air dryer should be used between the air compressor and the air blaster to remove moisture from the compressed air.

 Wiping (Hot Cleaning)

The need for hot cleaning depends upon the level of contamination and risk of flashover during washing. This method could also be used prior to hot washing with a view to reducing the possibility of flashover. The lineman who is performing the hot cleaning may do this task from a ladder or the ground in a bucket truck or from a steel tower. The technique requires one hot stick, which is hooked into an eye of the hammock to be positioned around the insulator and to engage a second eyelet in the hammock with the hook or the second hot stick. When this is accomplished, the porcelain could be cleaned with a seesaw motion. The hot stick with the hammock shell be kept tight enough so that eyelet does not drop from the hammock's loop. Generally cleaning begins adjacent to the energized conductor and ends at the tower. The hot stick employed is approximately 19 mm (0.75 in) in diameter and 3050 mm (10 ft) long. The end loop is attached to the stick with a bolt and nut.

Cleaning Equipments

Hotline washing of insulators is one of the most successfully process of cleaning of insulators being adopted worldwide. For washing the insulators from ground dematerialized water of very high resitivity is required. Equipments of washing are of three types.

i) Skid mounted: In this type of model whole washing unit is mounted on a skid frame, which can be carried in a truck anywhere.

ii) Trailer mounted: In this type of model whole unit is mounted on a trailer, which can be towed away with the help of a truck/tractor.

iii) Truck mounted with extended boom: In this type of model whole unit is mounted on a truck with extendable boom which can carry nozzle near the insulator and washing can be performed at a close distance.
 Main components of washing unit are as follows:
a) Tank

b) Disel engine

c) Pump

d) Hose

e) Hose reel

f) Hand held wash gun

g) Constant resitivity monitor

h) Portable resitivity tester

i) Automatic low water shut down

j) Automatic Throttle controller

k) Tool storage compartment

Hot line washing shall be carried out as soon as the pollution level approaches the designed limit. For details manufacturers of the cleaning equipment may be consulted. However details regarding the quality of water to be used are given below:

Quality of Water

Water of high resistivity or low conductivity should be used in cleaning energized insulators. Rainwater, snow melt, and steam plant distillate are known in general to have good resistivity characteristics. Constant testing of resistivity of water is very important as resistivity quickly changes with temperature. Water of poor resistivity in the range of 750-1000 microcms can be purified by deionizing systems or filtering. A resistivity greater than 1500 micro cm is desirable. No soaps or detergents should be added to the water. Cleaning is accomplished by the impact of the water and rinsing. Continuous monitoring of the quality of water is essential. Contaminants monitoring systems usually require a probe within the tank. The probe constantly measures the conductivity of the fluid. A light or audible warming and pump throttle control can be integrated with the monitor circuit.

Cleaning by Employing Helicopters

Hot line washing with helicopter is very speedy method of cleaning the polluted insulators. By using this method a considerable stretch of line can be washed in a very little time. In this method there is no need of using demenarilized water for cleaning of insulators. Washing could be carried using ordinary water. In this method washing is carried out at 1000 psi at a very close distance, hence washing is more effective as compared to washing from ground. Most helicopters mounted cleaning equipments utilizes water at a high pressure and in turn a lower volume of water flow. Typical equipments today uses a two-cylinder gasoline engine to drive a 1000 psi output pump or a hydraulically driven pump from a pto from the helicopter engine. The water tank used is lashed in passenger seat of the helicopter or carried underneath as a load. A 2.06 mm nozzle is used with this higher output pressure. The equipment used with the helicoper may vary as the function of helicopter is to provide access to the item to be cleaned.

Technical Considerations for Energized Cleaning with Water

 Leakage Current

Leakage Current is the current that flows through normally non conducting elements such as hoses and should not be allowed to exceed the safe value. The safe value of let-go current for the average person is given in IEC 479-2. However 8-9 mA is believed to be a safe value for a average male. The level of 1 mA is the approximate perception threshold current that a person detect as a slight tingling sensation in his hands or fingers due to current flow. When the nozzle grounding braid is properly grounded no appreciable current flow through a person body during the washing operation. Neverthe less one must not exclude the possibility of opening of nozzle grounding braid or its disconnection. For this reason leakage current in the wash stream should be limited to 2 mA, if possible wash operator's hands and feet should be at the same electrical potential. When washing from a tower, this accomplished by the structure. The factor that influence the leakage current in the wash stream are nozzle conductor distance, water resistivity, water pressure, nuzzle orifice diameter.
 Working Distance

Nozzle to conductor distance is the most important parameter that influences the leakage current and the washing effectiveness of the water stream. Washing effectiveness and the magnitude of the leakage current decrease with increasing nozzle to conductor distance. In situations where the wash distance is limited by tower dimensions de-mineralized water can be used.

 Water Resistivity

Water resistivity is another important parameters that influences the leakage current of the water stream. A low value of water resistivity could lead to insulator flashover or injury during washing. Water having a resistivity greater than 1500 ohms is widely used and can be usually obtained from city hydrants. De-mineralized water of 50000 ohms/cm or greater resistivity is also used and is usually obtained from steam power plants or from mobile de-mineralising equipments. The resistivity of water varies inversably with temperature i.e. as the temperature of water increases its resistivity decreases. Therefore it is necessary to measure resistivity periodically before hot washing.

 Water Pressure

Water pressure is dependent on the working distance and may be adjusted accordingly i.e. lower pressure may be used with increasing distance. (Safe working distance shall always be maintained). The cleaning effect is directly related to the water force or impact of water on the insulators.

 Nozzle Orifices

The size and design of the nozzle orifice makeup (size and performance) of the water stream. The nozzle orifice more nearly follows the water pressure concerns but interrelates each of the other three parameters. Parameters analysed for washing is given in Table 3 below.

Fixed Nozzle

Performance of hot line washing with fixed nozzle is affected by such factors as water volume, stream size, force, water resitivity and wind condition other factors are design and mounting arrangement of insulators. Therefore it is valuable to perform an experimental study on the electrical characteristics covering the particular condition expected in a given situation.

 Quantity of Wash Water

When the water physical variable (WPV) is low, washing is not effective, and the withstand voltage remains low. As the WPV increase, withstand voltage rises. Then, as the WPV is further increased, water starts to bridge the sheds of insulators and the withstand voltage decreases. An experimental study, supplemented by manufacturer's data, should help in determining the optimum quantity of water.

Effect of Wind

Even when the appropriate WPV is used, water spraying may lose its efficiency under a strong wind. It may therefore be necessary to develop a spray nozzle that can ensure high washing withstand voltage under a strong wind. A proper combination of jet nozzles and spray nozzles, used widely in Japan, may be a solution.

Water resistivity

Withstand voltage decreases as the water resistivity is lowered and shows a marked decrease when the specific resistivity of the water falls below 1500Wcm (591 Win).

 Washing Interval

It is necessary to establish a proper washing interval so as not to cause a flashover accident during hot line washing. The insulator should be washed before the predetermined limit of contamination level is reached. The indication of when washing should begin can be found by monitoring the contaminant accumulation on pilot insulators by measuring the equivalent salt deposit (ESDD).

 Helicopter Mounted Nozzle

Because this wash system is self-contained, isolated, and ungrounded, the spray nozzle can be safely positioned very close to the insulators to be cleaned. Performance of helicopter mounted wash systems are directly influenced by the proximity of the nozzle to the target. But, as can be seen for other high-pressure water systems, performance is also influenced by such factors as water resistivity, water volume, and wind conditions. Care shall still be taken to maintain safe working distances to other parts of the helicopter, including conductive and nonconductive parts of the heliwash operation.

Quantity of Wash Water

The amount of wash water carried on-board the helicopter is limited by the capabilities of the aircraft. Therefore, heliwash systems output a lower volume of water by operating at higher water pressure (usually about 6895 kPa-1000 psi), and utilizing smaller jet nozzle orifices (usually 0.125 in or less). In combination with the close proximity of the nozzle to the wash target, this produces a highly effective and efficient wash stream blast at the contaminants.
Effect of wind
In general, any high-pressure water spraying method will lose its effectiveness and efficiency under windy conditions. But, heliwash spraying will remain effective and efficient if the helicopter can continue to maneuver within a few feet of the wash target. However, if obstructions or other right-of-way congestion prevents such proximity, the wind may break up the wash stream. Further, if the wind is strong and/or gusty, the pilot may decide that safe flight operations are not possible.
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