CHAPTER 4
FLASHOVER CHARACTERISTICS

4.1.1 Contamination flashover on power systems
Insulator contamination poses a particular threat to transmission lines, because a contamination flashover is generally flowed by a second flashover within a short time several successive contamination flashovers can occur and make it necessary to deenergize the line. This is particularly common for transmission lines in heavy contamination areas during periods of wet weather. After these periods, when the contamination insulator surfaces dry out, the insulation strength is recovered.

Nowadays, there are increasing signs that insulation contamination will be an important consideration. This trend is accelerated by factors like the expansion of power systems over coastal areas and the reduction of switching-surge insulation requirement caused by improved circuit breaker design.
4.1.2 Research In The Filed Of Contamination Flashover  
The flashover mechanism of contamination insulators is extremely complicated. Therefore, contamination studies have been done under some simplified assumptions on the flashover mechanism which are a compromise between tow objectives:

(1) Duplicate natural phenomena.

(2) Shorten study time.

 This can create many different research and testing philosophies.
4.1.3Flashover Characteristics For Various   Insulation Configurations In Uncontaminated Conditions
4.1.3.1 Insulators And Air Gaps
Flashover characteristics of a group of basic insulation configurations.These curves are sufficient to set minimum clearances for power frequency voltage in the initial design stages. Generally, the power-frequency flashover strength of EHV-UHV insulation lies between the rod-rod and rod-plane curves unless special field grading is employed. For the curves, a standard deviation, σ, of 2 percent can be used to determine a withstand voltage. At the 3σ level the withstand voltage would be 94 percent of the critical flashover voltage (CFO).
4.1.3.2 Meteorological Correction Factors
The standard meteorological conditions for the power frequency tests are:

Air temperature                                  250 C
Barometric pressure                           760 mm Hg
Humidity (vapor pressure)                 15.2 mm Hg
(Absolute humidity)
Rainfall resistivity                                15.0 g/m3
Rate of precipitation                            17800 Ω cm
Angle of precipitation                          450
4.1.3.3 Effect Of Air Density 
The relative air density, δ, for any other barometric pressure and temperature can be calculated from the relation:

                                                                         δ = 0.386   b                 
                                                                                 273+t

where  b = barometric pressure (mm Hg), t = temperature (0C)
As the relative air density increase, the breakdown strength of the air increase,
                                 V = δ V0   

Where V= critical flashover voltage at any relative air density, V0  = critical flashover voltage at standard temperature and pressure.
Provides a nomogram to calculate average relative air density with altitude above sea level.
4.1.3.4 Effect Of Humidity  
In general, strength increase with humidity unless condensation form on electrode or insulator surfaces. The breakdown voltage,V,at any vapor pressure is usually described by 
                     V =   V0  / H
Where V0  = breakdown voltage at standard condition (15.2mm Hg vapor pressure)

            H = a humidity correction factor which depends on gap geometry 

Humidity is usually measured with the wet- and dry- bulb thermometers of a sling psychrometer. A psychrometer chart reduces the measurements to vapor pressure.
4.1.3.5 Effect Of Rain On Clean Insulation
The critical flashover voltage for clean dry condition is defined as 1 p. u. To find the critical flashover voltage at any rain rate, one multiplies the reference value by the corresponding correction factor. Critical flashover voltage also depends on water resistivity. The correction factor curves used a project EHV for rain resistivity. The curve corrects the per uni critical flashover voltage versus water resistivity for the case of a rain rate of 15 mm per minute
4.1.4 Survey Of Contamination Performance Of Power Transmission Systems
The pollution source extends over only a limited  portion of the transmission system. It was concluded that in the region with “spot contamination “, general atmospheric conditions were quite contamination-free and that the practice in insulation design of power transmission systems shown in Table 4.1 ha been satisfactory.
TABLE 4.1. Insulation level of power transmission systems based on current practice in USA and Canada
	System voltage 

KV
	BIL 

KV
	Number of insulator Units for transmission line

(146X254mm standard)

	15.0
	110
	

	23.0
	150
	

	34.5
	200
	

	46.0
	250
	

	69.0
	350
	4-6

	115.0
	450
	7-9

	138.0
	550
	8-10

	230.0
	825-900
	12

	287.5
	1050
	15

	245.0
	1175-1300
	18

	500.0
	1550
	24


4.2 String Flashover Characteristics 
The string flashover characteristic of the 132 KV transmission lines is summarized on table 4.2.  

Table 4.2
	Area
	Number of units
	Flashover,kv

Dry
	Flashover,kv

Wet
	Impulse flashover

positive
	Impulse flashover

Negative 

	Asir
	9
	485
	320
	775
	760

	Baha
	11
	635
	395
	1090
	1040

	Bisha
	16
	660
	440
	836
	924

	Jizan
	18
	650
	495
	905
	905

	Najran
	2
	550
	380
	890
	890

	Tihama
	20
	680
	540
	995
	945


The actual string flashover characteristic of the 132 KV overhead transmission lines are those given on table 4.1 divided by the correction factors as given on table 4.2.

An effective way of preventing flashover troubles in transmission lines is to increase the leakage distance over the entire surface of the insulator string.

The insulators strings are such that:

1. The power frequency wet withstand voltage must be larger than the highest voltage of the switching surge.

2. The critical impulse withstand voltage must be near the maximum electrical potential rise of the tower during a direct lighting stroke.

A lighting flashover resulting in a sustained power follow will lead to an outage. However, not all lighting flashovers results to a sustained power follow. The percentage of flashovers that results in power follow depends on the type and length of the insulation path, magnitude of the power follow current, and the magnitude and duration of the lightning surge current  

4.3 Insulator   Flashover Step By Step 
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