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Abstract

The switchgears are vital component in energy system which protects, regulates and isolates the
electrical transmission line by making or breaking the high voltage circuit with the use of circuit
breakers. During the operation of switchgear internal arc is a failure criterion which is a result of a short
circuit current. To quench this arc, the internal arc chamber is used which encapsulates the energy
generated and protects the further transmission system and appliances. The gas insulated switchgears
used for medium voltage application are enclosed inside the metal chambers and thus design of these
chambers becomes crucial as they handle high pressures and temperatures. This fact is also exacerbated
by the condition that metal chambers are prone to sudden increase in pressure due to internal arc
phenomenon. The type testing process used for validating the design of chamber against internal arc is
time consuming, costly and thus shall be performed with no margin of error. The paper aims to establish
the standardized approach to calculate the instantaneous pressure and temperature rise inside the gas
tank of switchgear which are otherwise impossible to approximate given the short timeframe in which
internal arc occurs by using the approaches discussed in the CIGRE committee reports.
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Introduction

Switchgears are the important components of the power system regulating, protecting and controlling the
electrical circuits to which they are connected. The main switching action inside the switchgear is
obtained by the use of circuit breakers. These circuit breakers are housed inside gas chambers and
insulating medium is provided in the chamber which in most of the cases is either air or the SF6 gas.
This study is limited for the SF6 gas insulated switchgears. SF6 gas insulated switchgears(GIS) are
prone to the structural failure due to generation of internal arc emanating from the short circuit current
which is created when the current inside the switchgears flow from the unintended path. Study of this
failure becomes critical especially when the GIS are used for the higher voltages and current ratings i.e.
for medium and high voltages (1KV -66KV). The energy generated during the internal arc fault at such
voltage and current ratings is of massive amount and the chamber housing the switchgear component
should be robust enough to contain this energy till it is being vent out via exhaust mechanism. The
chamber shouldn’t fail structurally as it can cause mishaps and accidents resulting in damage of life and
property. Therefore the design of these chambers is of paramount importance.
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Validating the design of this chamber is not an easy task as the simulation of the short circuit current is
difficult to achieve practically. Even though the tests are available where actual short circuit is generated
and the strength of chamber is tested, these tests are cost and time intensive and thus are not always
feasible to do. The only way remains of the virtual analysis of the chamber by creation of a CAD model
and simulating the pressure and temperature rise and thereby ascertaining the behavior of the chamber
for increased pressure. These pressures and temperature rise can’t be instrumented and measured by
available devices in the market as rise of pressure due to arc generation is for an infinitesimal period say
1/1.5 seconds and due to practical difficulties in achieving the short circuit condition. Thus there should
be a way to calculate the maximum value of pressure and temperature rise inside the chamber during
internal arc fault.

There are several methods to do this. These methods are discussed by the CIGRE committee conference
proceedings. This paper aims to provide the feasible way of calculating the pressure and temperature rise
by resorting to the basic method approach discussed in CIGRE committee reports.
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Figure 1 - Generation of internal arc in chamber of switchgears [5]

Calculation of temperature and pressure rise:

Considering a three phase switchgear system with rated voltage of 33kV and rated current of 2500A and
short circuit current rating of 31.5kA (a general rating of medium voltage (MV) switchgears). The
pressure and temperature rise is due to the conversion of electrical energy produced into the heat energy
which in turn heats up the gas inside the chamber and increases its pressure and temperature. Thus first
step is to calculate electrical energy generated during the internal arc fault.

To sustain the short circuit current of 31.5kA, the short circuit drops up to 2.7kV.

Thus the electrical energy produced is given as
(We) = (Ur.irtusisturit)At[1] .....(1)
Where, At is time after which the pressure relief flaps will open and uyxand ix are the individual phase

voltages and currents.
The values of ug, Us, urcan be calculated by using following formulae:
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UR= Urm SIN ((Dt)
Us= Usm sin (ot+271/3)
Ur= Urm sin (ot+47w/3)

And the values of i, is,itcan be calculated by using following formulae:

IR= Irm sin (ot-¢)
Is= Ism sin (ot+27/3-¢)
It= Itm sin (ot+471/3-9)

Where ¢ is the power factor, o is the angular velocity of AC and t is the time between generation of
arc and the opening of pressure relief systems.

Substituting above vales in equation (1), one can ascertain the total amount of electrical energy being
generated inside the chamber.

The heat generated as a result of this arc energy is given as,

AQ =Kpx Wel [1] .....(2)

Where, Kp(thermal transfer coefficient) = 0.4[1]
The temperature rise in chamber is given by the formula:

Temperature rise (AT1)= a0 [1] ....3

mlxCvl

Where, m; is mass of air inside the chamber, AQ1is the heat generated obtained from the equation (2).
The volume of chamber and density of gas (p)will be known.Due to presence of various electrical
equipment inside the chambers the volume is effectively reduced. The reduction factor for MV
switchgear below 1250A is 0.8 and for above 1250A, it is 0.7.

Hence, one can calculate the resulting mass of air (m;) accordingly. Substituting all the available values
in equation (3), the temperature rise is obtained.
The pressure rise inside the chamber is given as:

Pressure rise (AP;) = (X1 _1)XT;11X601XT1 [ ....4

Where, K; is adiabatic index of gas, Cv1is specific heat capacity of gas at constant volume.
Substituting all the available values in equation (4), the pressure rise is obtained.

This will be the maximum gauge pressure obtained for the chamber at event of an internal arc
generation.

Thus this pressure and temperature values can then be used to simulate the condition of tank at an
event of short circuit using the analysis software.
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Figure 2 - Event of an internal arc fault

Conclusion

1. The primary objective of this paper was to specify the feasible method of calculating the pres-
sures and temperatures generated at an event of internal arc as they are impossible to approx-
imate experimentally.

2. Calculations and results are based on the basic method approach given by the CIGRE commit-
tee report and thus possess a strong technical background.

3. These values obtained can then be used to simulate the arc generation condition and the
chamber could be thoroughly analyzed for the failure and unwanted conditions and according-
ly design changes could be made.

4. Physical tests being capital and time intensive, the designers often tend to bypass them but re-
quire operating conditions for simulating the results which could be provided by this method.

5. This method will reduce the time required for validating the design of chamber and could en-
hance the safety of design if suitable factor of safety is considered for the values obtained. \
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