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Abstract— Gas Insulated Transmission Lines (GITL) are a 

means of bulk electric power transmission at high voltage 

long transmission system. Gas insulation line consists of 

tubular aluminium conductors encased in a metallic tube 

that is filled with a mixture of Sulphur Hexafluoride(SF6) 

and Nitrogen (N2) gases for electrical insulation. This paper 

presents the optimum size and the parameters of the 

transmission line for different voltage levels. Finite Element 

Method Magnetics (FEMM) software is used for 

GITLmodel. GITL has been developed that is more 

economically viable and its design optimized both for 

installation and operation. These new possibilities can 

mitigate power flow problems, reduce the risk of failure of 

electrical transmission systems and enable the installation of 

optimum solutions regarding technical, economical and 

environmental aspects. 
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I. INTRODUCTION 

Gas-Insulated Transmission Lines (GITL) are power 

transmission systems for the transmission of very high 

power ratings over long distances. Generally Power plants 

are situated away from the load areas , and power is 

transmitted through a network of transmission system , it 

may be either overhead or underground transmission lines. 

For transmitting high voltage over long distances with some 

pre-imposed conditions and restrictions such as 

electromagnetic field interaction, charging currents of the 

capacitance formed between the conductor and the 

transmission line  etc. Over 40 years this technique is used 

in many countries such as Frankfurt airport area Germany, 
Yalong River Hydropower Development Company China, 
Switzerland, Kaprun mountain area Austria, Wehr mountain 

area Germany, Bangkok switchyard Thailand, and also in 

Switzerland.[1]. 

II. SYSTEM DESIGN 

Basically Gas Insulated Transmission Line (GITL) 

comprises of four main components in its construction viz. 

current carrying conductor, enclosure, insulation medium 

between the conductor and the enclosure i.e. mixture of SF6 

and N2 gases, and epoxy resin insulators to fasten the 

physical connections of the conductor and the enclosure 

.Usually the connection between the active elements are 

only a few meters in length. Since the required electrical 

shapes for enclosure are often complicated, castings are 

extensively for both active component and for the flanges 

used for interconnecting lines.  Generally the conductor and 

the enclosure is made up of aluminium to maintain light 

weight of the installation. 

 
Fig 1: GITL unit 

 As per Indian standards, GITL can be used for 

transmission levels ranging from 66kv to 400kv with a 

current level upto 5000A. Worldwide this system is being 

adopted for voltage levels ranging from 420kV to 550kV 

with a typical current rating of 3150A. Also by adopting a 

conductor and enclosure of more thickness by a small 

margin the current rating can be easily expanded upto 

4000A. The transmission line capacity may reach upto 

2200MVA to 3800MVA making the GITL a high end 

transmission system. The gas pressure in the GITL has a 

universal standard value of 7 bar abs. making it a low 

pressure transmission system. The insulating media being a 

mixture of 80% nitrogen and the remaining 20% being SF6 

gases. 

 In order to determine the optimum dimensions of 

the GITL heat problems caused by joule loss in the 

conductor and the eddy current loss in the enclosure have to 

be investigated. Finite-element method (FEM) is a reliable 

and simple method which couples the electromagnetic and 

thermal fields. While actually the heat transfer coefficient is 

varies at different locations of the enclosure surface, thus the 

results are also unsatisfactory. The following table depicts 

the data of a typical GITL. 

Type Value 

Nominal voltage 420 kV / 550 kV 

Nominal current 3150 A / 4000 A 

Lightning impulse voltage 1550 kV / 1600 kV 

Switching impulse voltage 1050 kV / 1200 kV 

Power frequency voltage 630 kV / 750 kV 

Rated short time current 63 kA/3s 

Rated gas pressure 7 bar 

Insulating gas mixture 80% N2, 20%SF6 

Table 1: Technical Data Of Gitl     

The GITL has many exceptional advantages above 

other transmission methods. Out of the many advantages 

some of them are ability to transmit bulk power, high level 

of ampacities, high overloading ability, low resistive and 

capacitive drops, absence of external electromagnetic fields, 

self cooling, non-inflammability, no ageing, lower total life 

cycle cost, auto-reclosure property, etc. A gaseous mixture 

for insulating purpose have reduced the cost of cable with an 

advantage of elimination of requirement of phase angle 
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correction even for a long distance transmission line.  The 

transmission line can either be buried under or placed on the 

ground. This can also be installed in a shared structure as a 

line running parallel to highway road or a train track.    

III. KILOMETRIC PARAMETER CALCULAION FOR GITL 

In the Gas Insulated transmission line, the resistance offered 

by the outer enclosure should be minimum since a current is 

induced in it which is almost equal in the magnitude and 

opposite in angle to the phase current. Therefore the 

parameters of the line are decided according to the positive 

sequence circuit. The model of GITL is shown in fig. 3 it 

shows the different parameters to be calculated for the line. 

 
Fig. 2: model of GITL for small element „dx‟ at positive 

sequence. 

Rph = resistance of the phase conductor per kilometer. 

Ren  = resistance of the enclosure per kilometer. 

L = inductance of the circuit per kilometer. 

C = capacitance of the circuit per kilometer 

g = conductance of the circuit per kilometer.   

The cross-sectional view of the GITL indicating the 

inner and the outer diameter of the phase conductor and the 

enclosure is shown below. 

 
Fig. 3: one phase and enclosure of GITL 

Kilometric resistance R 

Rtotal   =   Rph     +      Ren   (Ω/km) 

Rph    =  ρph      +      Sph    (Ω/km) 

ρph  = resistivity of the phase conductor (Ωmm
2
/km) 

Sph  = area of the phase  conductor   

Sph = π (rout
2
 – rin

2
) mm

2 

rout = outer radius of the phase conductor (mm) 

rin  = inner radius of the  phase conductor (mm) 

ρen  = resistivity of enclosure (Ωmm
2
/km) 

Sen  = area of the enclosure   

Sph = π (Rout
2
 – Rin

2
) mm

2 

Rout = outer radius of the enclosure (mm) 

Rin  = inner radius of the  enclosure (mm) 

Kilometric inductance, L 

L = Lph + Lmf
  
+ Len 

Lph = internal inductance of phase conductor. 

Lmf  = inductance due to magnetic field between phase 

conductor and magnetic field. 

Len  = internal inductance of conductor. 

Kilometric capacitance, C 

C = 2πЄ0 / ln (Rin / rout ) 

Є0 = permittivity of the insulating gas mixture. 

IV. DESIGN FOR LINE CAPACITANCE USING FEMM 

The technical data used for execution of finite element 

method magnetic are taken from the trial and error basis. For 

this purpose numbers of practices done in FEMM software.  

. 

Fig. 3: simulation of one phase and enclosure of GITL in  

FEMM Software 

Value of relative 

permittivity (Єr) 

Capacitance 

nF/km 

1.02 56.55 

1.05 58.21 

1.07 29.32 

1.15 66.53 

1.20 67.59 

1.25 69.30 

1.5 83.16 

2.5 138.00 

3.04 168.60 

Table 2: Kilometric values of capacitances 

With trial and error basis, the values of relative 

permittivity of mixture of Sulfur hexafluoride and Nitrogen 

gasses are determined. The first value of table 2 is the 

approximate result for kilometric capacitance of a 

transmission line capacitor with respective value of 

permittivity.  

V. RESULTS AND DISCUSSION 

Standard sizes are available in different projects going on in 

worldwide. On the basis of Trial And Error, our conclusion 

is shown in table 3, which gives the clear idea for optimum 

and perfect size of the conductor and enclosure for particular 

400kV Gas-Insulated Transmission Line. FEMM software 

gives the idea about high voltage distribution on enclosure 

made up of Aluminium alloy.  Table 3 shows the optimal 

size of conductor and enclosure with different values of 

capacitances. The enclosure diameter of 600 mm and 

conductor diameter of 220 mm with capacitance of 

56.55nF/km is the optimum and perfect match for 400 kV 

gas insulated transmission line.  
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Enclosure 

diameter (mm) 

Conductor 

diameter (mm) 

Capacitance 

nF/km 

200 140 109.908 

300 160 90.266 

400 180 71.060 

500 200 61.926 

600 220 56.555 

700 240 53.008 

800 260 50.485 

900 280 48.597 

1000 300 47.129 

Table 3: Optimal size of conductors and enclosures 

A model of pi type network transmission line is 

being used for simulation. A linear load is used is used to 

analyze the voltage sag in different loading conditions. The 

voltage regulation of the system using XLPE and the system 

using GITL are analyzed in terms of the voltage regulation 

in per unit. 

The system is designed using the Indian standards 

with nominal voltage of 400kV and maximum voltage rating 

of 420kV and the system frequency being 50Hz. The section 

being of 150 km in length and the line is connected to a 

400kV generating system from both the ends. For the 

transmission line the load is the distribution system. The 

voltage rating of the system, frequency, length, and the 

value of the loads are the same for both XLPE system and 

the GITL system but other parameter differ for the 

simulation purpose. 

VI. CONCLUSION 

The use of perfect sizing is quite limited in World as of 

limited use of GITL. But with the significant increase in the 

need of power and growing population it is very necessary 

to up to date the technology. Therefore an alternative to the 

overhead line is necessary. GITL is a suitable option for the 

future need considering all the aspects and the results clearly 

show that there is accuracy and precision required for 

enclosure and conductor diameters to improve the system 

profile of voltage. It has been concluded from the simulation 

that perfect combination gives far better voltage profile and 

minimum of capacitance of transmission line. Using the 

simulation model, the permittivity is also define very clearly 

for different capacitances for GITL, and it can be said that 

the use of optimum and perfect GITL would be 

advantageous for the future interconnections of transmission  

system and also for upcoming transmission network. 
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