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Abstract:  

Lightning overvo ltage’s which cause prob lems, temporary  and permanent fau lts, on substations may arise from back flashover or  

shielding failu re flashover on overhead lines being connected. The impact of overvoltages in GIS can be worse than AIS (A ir 

insulated substation). Since GIS substation require long term outages before repairs can be made. To analyze lightning 

overvoltage’s, numerical simulat ion by using MATLAB Simulat ion software and in IEEE working group on modeling and analysis 

of system transients have provided modeling guidelines for every fast front transients in GIS substations for digital simulation. This 

work presents the analys is of lightn ing  overvoltage apply ing simplified models for 800 kV GIS substation by applying simplified 

models. The GIS being considered here is connected to an overhead line through cables.  The sensit ivity analysis of lightning 

overvoltage has been evaluated using MATLAB. The tower foot ing resistance and cab le length can gives the variation of 

overvoltage in GIS substation. The existing surge arrester installed at GIS terminal will significant ly reduce the risk o f lightning 

overvoltages in substation.  The additional surge arrester being installed at the connection point between 800 kV GIS and transformer 

cannot make the overvoltages decreased. This means the additional surge arrester installed is not necessary. The effect ive mean to 

reduce the maximum lightning overvoltage is to reduce the footing resistance. 
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1. INTRODUCTION 

 

1.1 GAS INS ULATED S UBSTATION         

 

Air insulated transmission and distribution substations suffer 

variations in the dielectric capability of air to withstand varying 

ambient conditions and deterioration of the exposed 

components due to oxid izat ion and the corrosive nature of the 

environment. The size of the substation is also substantial due 

to the poor dielectric strength of air. The size of the containers 

of the components in the substation is a direct function of the 

dielectric strength of the insulating medium. The container size 

is thus large with a poor insulation like air or n itrogen. The use 

of a gaseous medium with higher dielectric strength like 

Sulphur Hexafluoride (SF6) instead of air helps in manifold  

reduction in the size of the substation component. The 

substations which use such components which are gas insulated 

are called Gas Insulated Substations (GIS). Metal encapsulation 

and SF6 gas insulation of the live high voltage substation 

components in a GIS result in reduced space requirement to 

one-sixth, as compared to a conventional air insulated yard 

substation. Gas Insulated Substations (GIS) is a compact, multi 

component assembly enclosed in a ground metallic housing in 

which the primary insulating medium is compressed Sulphur 

Hexafluoride (SF6) gas. Demand for electrical power has 

become one of the major challenges faced by the developing 

countries. Considering the relatively low per capita of power 

consumption, there is a constant need for power capacity 

addition and technological up-gradation whereas no 

conventional energy systems have proved to be good 

alternative sources for energy. In developing countries like 

India most of the additional power has been met by 

conventional electrical sources. Hence, the emphasis has shifted 

towards improv ing the reliability of transmis sion and 

distribution systems and ensuring that the innovations are not 

harmful to the environment. In a Gas Insulated Bus -duct (GIB), 

alive parts are enclosed in Compressed SF6 gas chambers, 

which are div ided into a number of compartments or bays 

according to the layout or configuration of its several 

components In most cases the circuit breakers in GIS employ 

SF6 as the interrupting medium as well as the insulating 

medium, but there are hybrid installation (especially at lower 

voltages) in which breakers  use vacuum interruption. The gas 

pressure required for SF6 to serve as an interruption medium is 

much greater than the pressure required for it to be insulation 

medium. In early generation SF6 installat ions, a dual pressure 

approach was required – one gas pressure in those areas where 

SF6 is only an insulating medium, and a higher pressure inside 

the breaker interrupting compartments that was complicated 

and expensive and required high maintenance. The dielectric 

strength of SF6 gas at atmospheric pressure is approximately  

three times that of air. It is incombustible, non toxic, colorless 

and chemically  inert. It has arc-quenching properties 3 to 4 

times better than air at equal pressure; space requirement is 

only 10 to 25 percent of what is required in a conventional 

substation. 

 

1.1.1 Need of Gas Insulated Substation  

The increase in demand for electricity and growing energy 

density in metropolitan cit ies have made it necessary to extend 

the existing high voltage networks right up to the consumers. 

Stepping down the voltage from transmission to the distribution 

level at the substation located near the actual consumers not 

only produces economic advantages, but also ensures reliable 
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power supply. The following are the main reasons for use of 

gas insulated substation,  

 GIS has small ground space requirements  

 Gas insulated substations have easy maintenance (nearly 

zero maintenance) 

 Less field erection time & less erection cost 

 For underground powerhouse of Hydro electric power 

project where space constraint is a major issue 

 For fast growing major cit ies where land availab ility is 

costlier 

 Non-flammability & non-exp losive, oil-free & less 

pollution 

 SF6 doesn’t harm the ozone layer and also it chemically 

stable. 

 

1.1.2 Development of GIS  

Reliab le and economical power transmission and distribution 

are key functions for the future electric power supply. High 

voltage switchgear and equipment for voltages above 1 kV up 

to 800 kV are safety elements within the electrical energy 

supply and therefore subjected to a very high standard of 

availability and reliability. Gas insulated switchgear is used in 

industrial areas to fulfill high-energy demands by space saving 

design with a min imum of cost. Only SF6 insulated switchgear 

is able to fulfill these requirements. With the use of SF6 the 

modern technology the world’s first SF6 high-voltage gas 

insulated switchgear was introduced into the market 1968, 

using SF6 as the insulating and arc-quenching medium for the 

first time ever. SF6 switchgear installed in Canada in a 550kV 

substation with 100kA as the highest breaking capacity ever 

achieved in one of the steps of development since then  

consistent research and development and innovative energy led 

to the third generation of nowadays compact and overall 

optimized switchgear. GIS technology is typically of modular 

design and filled with a min imum of SF6. It can be used for 

indoor and outdoor application. 

 

It has the following major features: 

 Factory pre-assembled and tested units 

Operating life > 50 years  

Major inspection not before 25 years  

 Motor-operated self-lubricated mechanisms 

 Minimal cleaning requirement Corrosion-resistant 

 Low fau lt-probability / high availability  

 Protected against aggressive environmental conditions 

 Seis mic resistant 

 Space requirement less than 20 % of comparable AIS.  

 

1.2 PROBLEM FORMULATION 

The GIS is connected to a overhead transmission line through 

cables and the sensitivity analys is of Lightning Overvoltage 

have been evaluated. And the factors like tower Footing 

Resistance, cable length gives the variation of overvoltages in 

GIS substation. The existing Surge Arrester installed at junction 

of 800kV will significantly reduce the risk of Lightning 

Overvoltages. The additional Surge Arrester will decrease the 

overvoltage but it is not to an extent. The effective mean to 

reduce the maximum Lightning Overvoltage is to reduce the 

Footing Resistance and the additional Surge Arrester being 

installed at the connection point between 800kV GIS and 

Transformer will reduce the maximum Lightning Overvoltages. 

So the main thing to reduce the maximum Lightning 

Overvoltage is by reducing the Footing Resistance. 

 

1.3 OBJECTIVE OF THIS  PAPER  

The main object ive of this paper is the analysis of Lightning 

Overvoltages for 800kV Gas insulated Substation by applying 

simplified models. The GIS is connected to a overhead 

transmission line through underground cables and the 

sensitivity analysis of Lightning Overvoltage have been 

evaluated. And the factors like pole Footing Resistance, cable 

length and additional Surge Arrester installed gives the 

variation of overvoltages in GIS. Finally the main objective of 

this is to reduce Lightning Overvoltages for 800kV GIS 

substation. 

 

II.GENERATION OF LIGHTNING OVER VOLTAGES  

& TYPES  OF OVER VOLTAGES  

The voltage stresses on transmission network insulation are found 

to have a variety of Origins. In normal operation AC (or DC) 

voltages do not stress the insulation severely. Over voltage 

stressing a power system can be classified into two main types:  

 

2.1 External Overvoltage: These are generated by atmospheric 

disturbances of these disturbances; lightning is the most common 

and the most severe.  

 

2.2 Internal Over voltages: generated by changes in the operating 

conditions of the network. Internal over voltages can be divided 

into  

(a) Switching overvoltages and  

(b) Temporary overvoltages. 

 

Lightning Overvoltages which cause problems, temporary and 

permanent faults, on   substations may arise from 

backflashover or shielding failure flashover on overhead lines 

being connected.   The impact o f overvo ltages in GIS can be 

worse  than   AIS (A ir Insulated substation) , since GIS 

substation  require  long  term  outages  before repairs  can  be 

made. Lightning Overvoltage is a phase-to-ground or phase-to-

phase overvoltage produced by one specific lightning discharge. 

The Lightning Overvo ltages have duration between 1 and 100 

microseconds and a wave front between 1 and 5 microseconds. 

The wave shape of the MV is  different from the voltage 

produced at the point of contact of the lightning stroke. The 

Lightn ing condit ion and the apparatus specificat ions are 

shown the steepness of the stroke current and their rates of 

decay were determined based on the guide lines. Lightning is 

produced in an attempt by nature to maintain a dynamic balance 

between the positively charged ionosphere and the negatively 

charged earth. Over fair-weather areas there is a downward 

transfer of positive charges through the global air-earth current. 

This is then counteracted by thunderstorms, during which positive 

charges are transferred upward in the form of lightning. During 

thunderstorms, positive and negative charges are separated by the 

movements of air currents forming ice crystals in the upper layer of 

a cloud and rain in the lower part. The cloud becomes negatively 

charged and has a larger layer of positive charge at its top. As the 

separation of charge proceeds in the cloud, the potential difference 

between the centers of charges increases and the vertical electric 

field along the cloud also increases. The total potential difference 

between thet  wom a in charge centers may vary from l00 to 1000 

MV. Only a part of the total charge-several hundred coulombs-is 
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released to earth by lightning; the rest is consumed in inter- 

cloud discharges. The height of the thundercloud dipole above 

earth may reach 5 km in tropical regions. 

  

III. EQUIVALENT CIRCUIT FOR GIS: 

The electrical equivalent circu it for 800kV GIS is shown in fig 

3.5 

 

Fig 3.5 Equivalent circuit d iagram of 800kV GIS 

3.1 SUMMARY:  

In this above equivalent circuit models for each GIS 

components i.e Footing Resistance, Tower surge impedance 

and Surge arrester is presented and the corresponding 

calculations for the simulat ion is presented.

  

 

IV.RES ULTS AND DISCUSS IONS 

simulink model by using the modeling components as already 

studied in section 3.5.The system is basically consists of current 

control parameters, Surge Arresters, Transformers, cables, etc. 

The 800 kV GIS substation being studied as shown in fig 4.1 

involved in the location of installation of two Surge Arresters. 

The first location is at the connection point of GIS. The second 

location is at primary side of Transformer. Sensitivity analyses 

of Lightning overvoltages for the existing system have been 

studied.  In first case the Lightning Current at 34.4kA has been 

used and the peak overvoltage is measured. Later when the 

Lightning Current is at 200kA then the Footing Resistance is 

changed to 10Ω without adding additional Surge Arrester and 

then the Overvoltage is measured at GIS and Transformer and 

then those values are checked at different cable lengths and are 

tabulated. After that the Lightning Current at 200kA and 

Footing Resistance at 10Ω by adding Surge Arrester is checked 

and the overvoltage is measured at GIS and Transformer and 

then those values are also tabulated and lastly the footing 

resistance is reduced to 5Ω and the magnitude of Overvoltages 

has been analyzed. 

 

CAS E 1  

4.1LIGHTNING CURRENT AT 34.4 kA AND FOOTING 

RES ISTANCE AT 10Ω  

For a probabilistic d istribution of current peak values from the 

data collected in Thailand [11] for the Lightning Current of 

34.4 kA and footing resistance of 5Ω and the overvoltage at 

GIS and Transformer is measured. The maximum Lightning 

Overvoltages at the cable connected GIS is not more than 4MV.  

 

 
 

Fig 4.1: Eu ivalent simulink model of 800kV GIS when the 

Lightning Current is at 34.4 Ka 

 

Output for Lightning Overvoltage at GIS and Transformer 

when Footing Resistance at 10 Ω and lightning Current at 

34.4kA  

Scope1: over vol tage at GIS  

 
Fig 4.2: Overvoltage occured at GIS when Lightning current is 

of 34.4kA and  Footing Resistance at 10Ω  

 

From the figure 4.2 when the Footing Resistance is set at 10Ω 

and lightning current at 34.4kA then the maximum Lightning 
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Overvoltage occurred at GIS is 1.37MV and from fig 4.3 when 

the Footing Resistance is at 10Ω and MV is at 34.4kA the 

maximum Lightning Overvoltage at Transformer is 1.48MV.  

 

Scope 2: overvoltage at Transformer  

 

 
 Fig 4.3: Overvoltage occured at Transformer when Lightning 

Current is of 34.4kA and Footing Resistance at 10Ωow the 

footing is increased to 10Ω and the Lightning current occurred 

at 200kA is observed in case 2. The variation of overvoltagesat 

GIS and at Transformer are discussed in the next case. For the 

Lightning current of 120kA, the maximum Lightning 

Overvoltages from simulat ion at the cable connected GIS are 

shown in Table 4.1  

Table 4.1: Maximum voltage (MV) at cable connected GIS for 

Lightning Current of 120 kA  

 

Footing 

Resistance(

Ω) 

cable length (meters) 

 50 100 150 300 600 

10Ω  1.93M

V 

2.02M

V 

2.18M

V 

1.85M

V 

1.38M

V 

25 Ω  3.63M

V 

3.70M

V 

3.86M

V 

3.42M

V 

2.54M

V 

50 Ω  4.78M

V 

5.02M

V 

5.38M

V 

4.58M

V 

3.40M

V 

100 Ω  6.38M

V 

6.82M

V 

7.32M

V 

6.25M

V 

4.70M

V 

 

The maximum overvoltages at cable connected will be 

increasing constantly. Inorder to overcome this problem the 

Footing Resistance is increased and the overvoltage is 

measured at GIS and Transfoof overvoltages is discussed in 

next case. 

 

CAS E 2  

 

4.2 CONS IDERING FOOTING RES IS TANCE AT 10 Ω 

AND LIGHTNING CURRENTAT 200KA WITHOUT 

SURGE ARRESTER  

 

The measure of lightning current at 200kA and 10Ω is 

considered here without a Surge Arrester and the overvoltage at 

GIS and overvoltage at Transformer are shown in scope 1 and 

scope 2 In case 2 without adding additional Surge Arrester to 

the GIS circuit when the Footing Resistance is at 10Ω and 

Lightning overvoltage occurred at GIS and Transformer are 

observed and are tabulated.  

 

Output for Lightning Overvoltage at GIS and Transformer 

when Footing Resistance at 10 Ω and lightning Current at 

200kA without Surge Arrester  

 

From fig 4.4 the Footing Resistance is at 10Ω and the 

Lightning Current is increased to 200kA and when there is no 

additional Surge Arrester added to the GIS section then the 

maximum overvoltage occurred at GIS is 3.84MV and where as 

from fig 4.6 the Footing Resistance is at 10Ω and Lightning 

current is at 200kA without Surge Arrester then the maximum 

overvoltage occurred at Transformer is 4.15MV. From the 

above Case1 the Overvoltage is increased so in order to 

overcome this problem when the additional Surge Arrester is 

installed to the GIS circuit then the overvoltages can get 

reduced. This is discussed in case 3.  

Scope 1: overvoltage at GIS  

 
Fig 4.4: Overvoltage occured at GIS when Lightning Current is 

of 200kA and Footing Resistance at 10Ω without Surge 

Arrester 

Scope 2: overvoltage at Transformer  

 

Fig 4.5: Overvoltage occured at Transformer when Lightning 

Current is of 200Ka and Footing Resistance at 10Ω without 

Surge Arrester for the Lightning Current of 200kA, the 

maximum Lightning Overvoltages Occurred at GIS and at 

different cable lengths the overvoltages is tabulated in 4.2.   
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Table 4.2: Maximum Voltage (MV) at cable connected 800kV 

GIS for Lightning Current of 200kA without Surge Arrester 

Footing 

Resistance(Ω) 

cable length (meters) 

50 100 150 300 600 

10Ω  3.40 

MV 

3.48 

MV 

3.84 

MV 

3.27 

MV 

2.46 

MV 

25 Ω  4.64 

MV 

4.75 

MV 

5.21 

MV 

4.54 

MV 

3.44 

MV 

50 Ω  5.95 

MV 

6.12 

MV 

6.73 

MV 

5.73 

MV 

4.44 

MV 

100 Ω  9.17 

MV 

9.68 

MV 

10.3 

MV 

8.82 

MV 

6.89 

MV 

 

From the above table 4.2 the overvoltages at different cable 

lengths and at different resistances are calculated and tabulated. 

The maximum overvoltage is 3.84MV that  occurred at 50mts. 

This is happened when the Surge Arrester is not installed to the 

GIS circuit. 

CAS E 3  

4.3 CONS IDERING FOOTING RES ISTANCE AT 10Ω 

AND LIGHTNING  CURRENT AT 200KA WITH 

SURGE ARRESTER  

The measure of Lightning current at 200kA and 10Ω is 

considered here with a Surge Arrester and the overvoltage at 

GIS and overvoltage at Transformer are shown in scope 1 and 

scope 2 In case 3 the additional Surge Arrester is added to the 

GIS circuit when the Footing Resistance is at 10Ω and 

Lightning Current of 200kA then the following outputs are 

observed at GIS and Transformer 

 

Output for Lightning Overvoltage at GIS and Transformer 

when Footing Resistance at 10 Ω and lightning Current at 

200kA with Surge Arrester 

From fig 4.6 the Footing Resistance is at 10Ω and the 

Lightning Current is increased to 200kA and when additional 

Surge Arrester is added to the GIS section then the maximum 

overvoltage occurred at GIS is reduced to 3.78MV and the 

maximum overvoltage occurred at Transformer is reduced to 

4.10MV. From the above Case2 the Overvoltage is decreased 

from 3.84MV to 3.78MV at GIS 

 

Scope 1: Overvoltage at GIS  

 
Fig 4.6: Overvoltage occured at GIS when Lightnin Current is 

of 200kA and Footing Resistance at 10Ω with Surge Arrester 

Table 4.3: Maximum voltage (MV) at cable connected GIS for 

Lightning Current of 200kA when the Additional Surge 

Arrester is connected 

Footing 

Resistance(

Ω) 

cable length (meters) 

 50 100 150 300 600 

10Ω  3.36M

V 

3.44M

V 

3.78M

V 

3.23M

V 

2.42M

V 

25 Ω  4.58M

V 

4.70M

V 

5.14M

V 

4.40M

V 

3.40M

V 

50 Ω  5.88M

V 

6.04M

V 

6.63M

V 

5.65M

V 

4.35M

V 

100 Ω  8.98M

V 

9.24M

V 

10MV 8.73M

V 

6.58M

V 

From Table 4.3 when the Lightning Current at 200kA and 

Footing Resistance at 10Ω and cable length of 150mts then the 

maximum overvoltage occurred at GIS is shown. From the 

above table 4.3 the maximum Lightning Overvoltages at cable 

connected GIS with additional Surge Arrester at 800kV GIS is 

3.78MV. by comparing from case2 the overvoltage is reduced. 

From Simulat ion shows that the existing Surge Arrester 

installed at GIS terminal will significantly reduce the risk of 

Lightning Overvoltages in substation. But after adding the 

additional Surge Arrester also it cannot make the overvoltages 

decreased to the extent. So in order to overcome this we need to 

reduce the footing resistance. That is  discussed in next case.  

 

Scope 2: Overvoltage at Transformer  

 
Fig 4.7: Overvoltage occured at Transformer when Lightning 

Current is of 200kA and Footing Resistance at 10Ω with Surge 

Arrester the maximum Lightning Overvoltages shown from 

table 1, 2 and 3 g ive the higher overvoltages when the Footing 

Resistance is increased. That means the effective mean to 

reduce the maximum Lightning Overvoltage is to reduce the 

Footing Resistance. That is discussed in case 4 

CAS E 4  

4.4 CONSIDERING FOOTING RES ISTANCE AT 5Ω 

AND LIGHTNING  CURRENT AT 200kA  

The measure of Lightning Overvoltage at 200kA lightning 

current and 5Ω pole footing resistance is considered here with a 
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Surge Arrester and the overvoltage at GIS and overvoltage at 

Transformer are shown in scope 1 and scope 2 

 

Output for Lightning Overvoltage at GIS and Transformer 

when Footing Resistance at 5 Ω and lightning Current at 

200kA 

 

Scope1: overvoltage at GIS 

 

 

Fig 4.8: Overvoltage occured at GIS when MV is of 200kA and 

Footing Resistance at 5 Ω  

 

From case 2 and case 3 at 10Ω footing resistance and lightning 

current of 200kA without Surge Arrester the overvoltage is 

3.84MV and after adding the arrester the overvoltage is reduced 

to 3.78MV. The additional Surge Arrester being installed here 

cannot make the overvoltages decreased to the extent. The 

maximum Lightning Overvoltage shown in table I, II, III gives 

higher overvoltages when Footing Resistance is increased. This 

means that the effective mean to reduce the maximum 

Lightning Overvoltage is to reduce Footing Resistance. 

 

Table 4.4: Maximum voltage (MV) at cable connected GIS for 

Lightning Current of 200kA when footing resistance at 5, 10, 

25, 100Ω’s  

Footing 

Resistance

(Ω) 

cable length (meters) 

 50 100 150 300 600 

10Ω  3.34MV 3.33MV 3.35M

V 

3.31M

V 

3.32M

V 

 

25 Ω  

3.82MV 3.81MV 3.81M

V 

3.80M

V 

3.74M

V 

 

50 Ω  

5.26MV 5.25MV 5.26M

V 

5.26M

V 

5.16M

V 

100 Ω  10.031

MV 

10.033

MV 

10.02

MV 

10.02

MV 

10.01

MV 

 

From table 4.4 shows that the Lightning overvoltage at GIS is 

reduced when the footing resistance is reduced to 5Ω. Fig . 4.11 

shows the voltage for the Lightning current of 200 A, 5 Ω pole 

Footing Resistance at cable connected GIS and Fig 4.12 shows 

the voltage occurred at Transformer. After verify ing from case 

2 and case 3 the overvoltages reduced by 14.8% at GIS and 

14.4% at Transformer. 

Scope2: Overvoltage at Transformer  

 
 Fig 4.9: Overvoltage occured at Transformer when Lightning 

current is of 200kA and Footing Resistance at 5 Ω 

 4.2 SUMMARY:  

In the above sections the additional Surge Arrester being 

installed at the connection point between 800 kV at GIS 

terminal cannot make the overvoltages decreased to the extent. 

So in  order to overcome this if we reduce the footing resistance 

is decreased. Then the overvoltages are reduced much more 

than the surge arrester is added to the GIS circuit . So finally  

the effect ive mean to reduce the maximum Lightning 

Overvoltage is to reduce the Footing Resistance. 

 

V.CONCLUS IONS  

V.1 CONCLUS IONS : 

This work presents the analysis of Lightn ing Overvo ltage 

applying simplified models for 800 kV GIS substation. The 

GIS being considered here is connected to an overhead line 

through cables.  The sensitiv ity analys is of Lightn ing 

Overvo ltage has been evaluated using MATLAB. The 

tower Footing Resistance and cable length can give the 

variation of overvoltages in GIS substation. The exist ing 

Surge arrester installed at GIS terminal will sign ificantly  

reduce the risk of Lightning Overvoltages in substation. The 

additional Surge Arrester being installed at the connection 

point between 800 kV GIS and Transformer cannot make the 

overvoltages decreased to the extent. This means the 

additional Surge Arrester installed is not necessary as much. 

So the effective mean to reduce the maximum Lightning 

Overvoltage is to reduce the Footing Resistance. 

 

V.2 SCOPE FOR THE FUTURE WORK 

The present work was modeled for 800 kV Gas Insulated 

substations by using MATLAB software. The present work can 

also be extended by increasing the supply voltage up to 1000 

kV. The effect of Lightning Overvoltages in the Gas Insulated 

Substation can also be analyzed by using Pspice and Pscad 

softwares. 
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