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Abstract—In this research work circuit breakers is an important and critical factor in electrical power system. Taking into 

consideration the latest updates of the high voltage product will improve the efficiency and also reduce the size of the circuit 

breaker. If perhaps the dielectric strength of the insulating medium provided inside the circuit breaker is made higher. Last few 

years young researchers concentrate this works and learn an appropriate insulating medium with higher dielectric strength for 

switchgear applications. By nature SF6 gas having high dielectric strength comparatively air. Recently so many research analyses 

are carried out in the field of SF6 gas padding for high voltage signal outlet breakers. This sf6 circuit breaker is widely used in the 

outdoor unit. Most of the time circuit breaker may affected by the lightning by nature. In order to avoid the issue we wants to do 

the factory routine test as per the IEC standard by using 300kV lightning source to 22 kV Circuit breakers with the standard 

lightning impulse (1.2/50μs) waveform as per IEC standard. The experimental analysis gave the significantly improves the 

lightning behavioral instinct withstand and breakdown power of sf6 circuit breaker. 

 

Keywords:Insulators,Sulfurhexafluoride,Lightning impulse,Circuit breakers ,Breakdown durability, Isolation technology,gas 

insulator, Power conditioning. 

 
I. INTRODUCTION 

Circuit breaker is a excellent device for protect the electric power transmission and distribution line, 
which is used to on and off the power in the feeder during the fault condition [1- 3].This is the main 
consideration and create a impact to design the sf6 circuit in compact size for the external side. It is 
mainly depends up the insulation quality of the circuit breaker and dielectric quality of the system. High 
voltage circuit breaker having fixed and moving contact. During the fault occur in the circuit breaker 
electrical arcing will be generated between fixed and moving contacts due to the effort of 
ionization.During that time sf6 gas insulating medium provided in circuit breaker plays two major 
functions as an arc extinguisher and offers and supplies insulation between performing parts. When the 
restricting volt quality is higher than the dielectric strength will be very easy to quench the arc. 

In general dielectric strength of the insulating medium is comparatively greater than the air 
insulation, then automatically the size of the circuit breaker also reduced.Currently the research work 
is focused and learn a suitable area of suitable insulation medium with high dielectric power in high 
voltage switch gear equipments[4-10].Due to padding issues of the transmission line will affect the 
reliability of the system and end of the result in huge loss to consumer. In order to verify the insulation 
property of the circuit breakers by feeding AC power rate recurrence lightning impulse test (LI)carried 
by the IEC standards. We focusing LI test as per IEC 60060-1 by it verifies the surge overvoltage 
withstand capacity of circuit breakers [11-14]. 

In general lightning characteristics Considering that the high voltage routine circuit breakers are 
generally used for outdoor applications, analysis of lightning behavioral instinct strength relating in 
respect to IEC standard 60060-1 are usually required as factory routine tests. As per the IEC standard 
60060-1in the year 2010,LI analysis rising time T1=1.2 micro second with 30%.Tail time T2=50 micro 
second±20%,3%of test voltage and 10 % overshoot is acceptable.Compare with air and oil circuit 
breaker SF6 circuit breaker having higher breakdown strength [15-18].Many literature survey analysis 
will reflect the dielectric breakdown voltage is higher in sf6 rather than air. Even though some absence 
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are found to invigilation of real time 22kV medium voltage circuit breaker in the testing laboratory.In 
this paper is elaborately explain about the trial and error work executed in the 22kV circuit breaker 
prototype model for analyzing the lightning impulse withstand characteristics of all poles both positive 
and negative polarity applied voltage. We consider the IEC standards for measure the Velocity and 
streamer acceleration voltage inside the circuit breaker. 

 

II. TEST SPECIMEN - 22 KV CIRCUIT BREAKER 

 
 

 

 

 

 

 

 

 

 

 

 
Fig.1.Picture of circuit breaker test 22kV specimen used for super impulse withstand test 

Figure1 The test specimen of three phase,6 pole,22kV 800x600x300 mm SF6 circuit breaker 
lightning impulse with stand test carried All the pole of the circuit breakers are enclosed by silicon 
rubber bushing. To view the test chamber six organic glass sheets were provided on the circuit breaker. 
Circuit breaker chamber maintain the 50mm gap between the poles of two conducting parts. While 
carry out the study experiment the circuit breaker maintained in vacuumed and stuffed with sf6 gas and 
wait for 30 minutes.0.1Mpa pressure of sf6 gases maintained in the chamber. 

LIGHTNING IMPULSE EXPERIMENTAL WORKS 

 
 

 
 
 
 
 
 
 
 
 

Fig.2.Schematic diagram of lightning impulse experimental 

Schematic diagram of laboratory super impulse experimental setup used to understand the LI 
characteristics of circuit breaker having two physical stages namely DC charging device and 
discharging via three capacitance in same time the value of the discharge voltage is depends upon the 
air gap distance between two spears.LI generator is linked with high volt quality DC input. In order to 
change the polarity of the lightning behavioral instinct generator also to change the gap distance 
between the spark gaps, motorized control is used and also it is monitor through computer software. 

 

 

 

 

 

 
Fig.3.Picture of 3 Stage, 100X3 kV Lightning impulse Generator connected to the 22kV circuit breaker. 
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Photograph of lightning impulse generator with three stage capacitance charging in differ and 
discharge in unique time setup along with spear set up is shown in the figure3.In this experimental 
setup is fully operating by the principal of Marx Generator routine. It is linked with Lightning impulse 
capacitor with three stages. This Marx Generator circuit charges the capacitor bank in a basic concepts 
of dc charging of capacitance by separate in three capacitance and discharge in series manner with a 
time of 1.2/50 micro second of the standard lightning impulse. The lightning impulse voltage is 
measured by a Standard HV 400 pF measuring capacitor. The Wave forms are capture by Tektronix 
Digital storage oscilloscope integrated with PC at room temperature. 

 

III. A. LIGHTNING IMPULSE TEST CARRIED OUT 

Both positive and negative polarity super impulse test result is obtained by using 22kV circuit 
breaker in beautiful manner. The test procedure are followed by the IEC 60060-1 standards related 
break down voltage, front time and tail time were measured. During the testing time lower voltage is 
given to the equipment and step by step it is increased up to 10kV executions during the testing time. 
Voltage grew up until the breakdown of the specimen occurs. When conducting the test in R phase, y 
and b phase are short circuited and it is connected to the earth point. The step voltage of 10 kV is 
smaller when compared with the down and up method as per IEC, nonetheless it will help to evaluate 
the influence of the overshoot in the LI waveform. The time interval between any two successive LI 
shots is maintained at 5 minutes. 

 
IV. TEST OUTPUT AND ANALYSIS 

 

 Positive Lightning Impulse Test Result. 
 

At the time of testing of sf6 circuit breaker positive lightning impulse is carried out with instinct 
stress. Figure 4 (a, b, c) shows the resultant lightning impulse tolerate to capacity and breakdown 
waveforms following the application of LI voltage to the circuit breaker testing by separate phase of the 
poles R, Y and B by each. The system response screen shot of Positive polarity of 1.2/50micro second 
lightning operation is obtained by using test specimen. LI waveforms shown in figure 4 also shows the 
front side time (T1), peak value of applied voltage (Up) and tail time (T2) of the applied LI voltage 
waveform. By investigations of all three poles LI withstand capacity is almost no change and followed 
by IEC 60060-1.The front time of the tolerate waveforms are approximately one particular 16 micro 
seconds and the tail moments of the waveforms are around 53 micro seconds, which confirms matching 
with standard wave shape. 
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Positive LI breakdown Voltage (kV) 

breakdown quality when as opposed to traditional air 
protection. 

 

 A great evaluation of Positive LI Breakdown 
Voltage Characteristics 

50 

R -- 
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Fig. 4. Waveforms obtained at three different phases of 22 kV circuit breaker of Positive lightning impulse withstand and 

breakdown (a) R Phase (b) Y Phase (c) B Phase 

 

Furthermore it is comprehended that the R phase shows withstand volts of 73.66kV, while Y and B 
phase shows withstand volts of 70 kV. There is positively no huge contrast in endure voltage 
estimations of 3phase. Breakdown voltage conviction of three phases, for example, R, Y and B are noted 
as 74, 73 and 72 kV separately. Anyway critical distinction with time on time to separate qualities (T2) 
from the above wave structures is taken note. A large portion of the LI breakdown wave assortments 
affirm that the separate happened in the wake of achieving the pinnacle estimation of the connected 
voltage. Through the standards of withstand and separate voltage of electrical switch, unmistakably 
expansion of SF6 gas protection fundamentally improved great 

Figure.5 shows the least and most outrageous and average, benefit of positive breakdown volts obtained for circuit 
breaker test Specimen at R, Y and B poles. The experimental result shows that the LI breakdown voltage of the sf6 gas 
circuit breaker lies in the number of 70kV to 75kV with difference distance between the executing parts. 

 
 

 

Fig.6.Out put Analisis of (i) time to breakdown (ii) streamer velocity of circuit breaker specimen at all three 

phases under positive polarity waveform 

 

Super impulse waveform at positive polarity is evaluated time to break down values and 
corresponding termed console velocity and shown in figure 6 (i) and (ii) for all three poles like R, Y and 
B phase of circuit breaker. In general during the testing time increase in applied lighting impulse top 
voltage, a decrease in time to breakdown value is noted. The Measured peak value should go above 90 
kV and all the causes in every three stages, the breakdown time has decreases below one micro seconds 
and the stream concealed propagation is very fast.Comparision of these three phase when the peak 
voltage is less than 80kV R phase is slightly low. Figure 6 (ii) shows the two metallic fixed and moving 
parts of the chamber gap is maintained at 50 mm. From our routine followed by the terme conseillé 
velocity curve at different voltages, it is possible to extract the information about the acceleration volts 
of the lightning behavioral instinct streamer and it is also shown in figure. It truly is noticed that voltage 
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coming from all three poles lies in the product range of 80-90 kV, above which a sudden increase in 
streamer velocity is observed seen which goes above 50 km/sec. it is usually seen that once powerful 
tested potential apses a price epithetical overhead 85kV, previously melodramatic temperature is usually 
seen that once powerful tested potential apses a price epithetical overhead eighty five kV, previously 
melodramatic tempo more goes exceeding 95km/sec effectively three phases more goes exceeding 
95km/sec effectively three phases. 

 

 
 

 

 

Fig7: Breakdown waveforms obtained at three different phasesNegative lightning impulse withstand of 22 kV circuit breaker(a) R 
Phase (b) Y Phase (c) B Phase 

 

In this instance, circuit breaker test specimen was subjected to negative polarity lightning impulse 
stress. Figure 7 (a,b,c) shows the resultant super impulse withstand capacity and breakdown 
waveforms after the putting on LI voltage to the circuit breaker poles R, Y and B respectively. Front 
time of the withstand waveforms are approximately 1.4 micro seconds and the tail time of the 
waveforms are approximately 53 micro seconds, which verifies matching with standard wave shape. It 
is also comprehended that the R stage shows withstand voltage of 90 kV, whereas and B pole shows 
withstand voltage of 85 kV.There is not any big difference in withstand voltage principles of three 
poles. Break down voltage values of 3 poles such as R, Y and B are noted as 94,88and 88kV 
correspondingly. There is no big difference in time to breakdown values (T2) from the above 
waveforms is noticed. Most of the LI breakdown waveforms verify that the breakdown happened after 
achieving the top value of the applied voltage. From the principles of withstand and break down 
voltage of circuit breaker, it is clear that addition of SF6 gas insulation significantly improved the 
negative breakdown strength when compared with conventional air insulation. 
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Fig.6.Comparison of (i) time to breakdown (ii) streamer velocity of circuit breaker specimen at all 

three phases under positive polarity waveform 

The perfect time to find breakdown values and matching streamer velocity of the lightning impulse 

waveform at positive polarity is examined and shown in number6 (i) and 

(ii) for all three poles of circuit breaker. In general, regarding increase in applied lighting impulse 

optimum voltage, a reduction in the perfect time to breakdown value is noticed. When the volts peak 

value goes above 90 kV, then almost in all three stages, the breakdown the reduced below 1 micro just a 

few seconds and the streamer distribution is very fast. In peak voltage value lower than 80 kV, Y and B 

phase shows a little bit increased time to break down value when compared with R phase. Figure 6 (ii) 

shows the terme conseille propagation velocity evaluated with respect to 50logistic gap distance 

between any two metallic conducting parts inside the circuit breaker chamber. From the design followed 

by the terme conseille velocity curve at different voltages, it is possible to extract the info about the 

acceleration voltage of the lightning impulse terme conseille and it is also shown in figure. This is 

realized that acceleration volt quality of all three poles lies in the range of 85-90 kV, above which a 

sudden increase in streamer velocity is noticed which moves above 50 km/sec.Additionally It is 

additionally Also, it is noticed that when the applied voltage reaches a value of above 90 K, then a 

streamer Velocity also goes above 100 km/sec in every three phases. Streamer propagation is very fast. 

At peak voltage value less than 80 kV, Y and B phase shows slightly increased time to breakdown value 

when compared with R phase. Figure 6 (ii) shows the streamer propagation velocity evaluated with 

respect to 50 mm gap distance between any two metallic conducting parts inside the circuit breaker 

chamber. From the pattern followed by the streamer velocity curve at different voltages, it is 

possible to extract theinformation about the acceleration voltage of the lightning impulse streamer 

and it is also shown in figure. It is noticed that acceleration voltage of all three poles lies in the range of 

85-90 kV, above which a sudden increase in streamer velocity is noticed which goes above 50 km/sec. It 

is also observed that when the applied voltage reaches a value of above 90 kV, then the streamer velocity 

also goes above 100 km/sec in all three phases. 

 

In this instance, circuit breaker test example of beauty was subjected to negative polarity lightning 

impulse stress. Figure 7 (a,b,c)shows the resulting lightning impulse withstand capacity and 

breakdown waveforms after the putting on LI volts to the circuit breaker poles R,Y and B 

respectively. Front time of the withstand waveforms are approximately 1.4 micro seconds and the tail 

time of the waveforms are around 53 micro seconds, which confirms matching with standard 

wave shape. It is also understood that the R phase shows withstand volts of 90 kV, R,Yand B shows 

withstand voltage of 85 kV. There is not big difference in withstand volts values of three poles. 

 

Break down voltage values of 3 poles such as R, Y and B are noted as 94, 88 and 88 kV 
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correspondingly. There is no big difference with time to break down values (T2) from the above 

waveforms is discovered. Most of the LI breakdown waveforms confirm that the breakdown 

occurred after reaching the peak value of the applied volts. From the values of withstand and 

breakdown volts of circuit breaker, it is clear that addition of SF6 gas efficiency significantly 

improved the negative break down strength when in comparison with conventional air padding. 
 

Figure 8 shows the typical, minimum and maximum ideals of negative breakdown volts obtained for circuit breaker test 

specimen at different poles. It is obviously noted that generally negative LI breakdown voltage of the tested circuit 

breaker is based on the range of 75-95 kV with SF6 gas efficiency for the tested gas pressure and for the tested gap 

distance between the conducting parts. 
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Fig. 8. Comparison of negative LI breakdown voltage of circuit breaker specimen at all three phases. 

Period to breakdown values and corresponding streamer velocity of the lightning impulse waveform at 

negative polarity is evaluated and shown in Figure 9 (i) and (ii) for all 3 poles of circuit breaker. In 

general, with value to increase in applied negative lighting impulse maximum voltage, a reduction in 

time to breakdown value is noticed. If the voltage peak value will go above 85 kV, then almost in all 3 

phases, the breakdown time has reduced below one particular micro seconds and the streamer 

propagation is very fast. At peak volts value less than 85kV, all the 3 phases show similar time to 

breakdown characteristics. 
 

 

 
 

Fig. 9. Comparison of (i) time to breakdown (ii) streamer velocity of circuit breaker specimen at all three phases under negative polarity 
waveform 

 
 

Figure no 9 (ii) shows the negative streamer propagation speed evaluated regarding 50 millimeter gap 

distance between any two metallic conducting parts inside the circuit breaker chamber. From our pattern 
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by the streamer speed curve at different trouble, it is possible to do the information about the 

acceleration voltage of the lightning impulse breakdown voltage and it is also shown in figure. It really 

is noticed that negative speed voltage of all 3 poles is based on the range of 85-95 kV, above which a 

sudden embrace streamer speed is noticed which will go above 50 km/sec. This is also observed that in 

the case of R pole, negative breakdown velocity for identical applied voltage is slightly lower when 

compared with other two poles. 

Table 1. Testing acceleration voltage of LI streamer at positive and negative polarity 

 

Acceleration voltage (kV) R-Phase Y-Phase B-Phase 

Positive streamer 85 88 90 

Negative streamer 85 85 92 

 
 

Table1 shows the speed voltage values evaluated from the streamer propagation speed plots of all 
3 poles at both positive and negative polarity of LI voltage. It is clear from the results that both 
positive and negative high voltage of all 3 phases lies in the range of 85-90 kV. From the above fresh 
plan results of lightning behavioral instinct characteristics of real time 22 kV high volts circuit breaker, 
it is understood that addition of SF6 gas insulation has considerable effect in increasing the LI 
breakdown and withstand voltage characteristics when compared with conventional air insulation. 
However further in depth studies are required to confirm the improvement in dielectric characteristics 
at different gas pressures different electrode gap distances. 

In this research work mainly concentrate impulse withstands and breaks down strength of 22 kV 
circuit breaker both positive and negative polarities of the wave form are investigated. Research 
laboratory experiments were carried away at 1.2/50 microsecond lightning impulse waveform and the 
test example of beauty was filled with SF6 gas insulation. The results show that addition of SF6 
insulation certainly boosts the lightning impulse tolerate and breakdown strength of circuit breaker 
when in comparisons with conventionally used air insulation. Lightning impulse break down voltage 
of circuit breaker under negative polarity shows higher value when in comparison with positive 
polarity. Nevertheless there is no significant difference in acceleration volt quality of LI streamer at 
both polarities of waveforms. These preliminary results will be very much useful for switch gear 
developing industries while designing the basic insulation standard of circuit breakers filled with sf6 
insulation. 
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