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Influence of Switching Conditions on the VFTO
Magnitudes in a GIS

V. Vinod Kumar, Joy Thomas M., and M. S. Naidu

Abstract—Estimation of Very Fast Transient Overvoltage theirrise-times, effect on various components etc., with ease and
(VFTO) has been carried out using EMTP for various switching  reasonable accuracy even before the actual commissioning of
conditions in a 420 kV gas insulated substation. The variation the GIS.

of VFTO peak along the GIS bus nodes for disconnector and . .

circuit breaker switching operations as well as the variation of A420 k_V G_IS has be_en tak_en up for the S'mUIfT“On of VFTO
VFTO peak with different magnitudes of trapped charges have during switching of various disconnectors and circuit breakers.
been studied. The results indicate a distinct pattern of variation A one line diagram of the 420 kV GIS is shown in Fig. 1. This
of VFTO peak along the nodes of the GIS bus in the case of substation has 4 main generators (G1 to G4) and 4 Auxillary
disconnector switch operation as compared to that of circuit ganarators (GAL to GA4) feeding the three buses and there are
breaker operation. It has also been noticed that the variation of th taoing feeder li f th bstati For the si
VFTO peak levels are not in direct proportion to the trapped r.ee outgoing feeder lines rolm € Substa '9”; or' e simu-
charge present on the HV bus. lation work, the whole substation has been divided into three
sectionsyiz., the main generator lines, the auxillary generator
lines and the outgoing feeder lines. Computer simulations have

been done using EMTP software.

Index Terms—bisconnector switch, EMTP, gas insulated substa-
tion, trapped charge, very fast transient overvoltages.

I. INTRODUCTION The Various Components of the 420 kV GIS and Their

N GAS Insulated Substations (GIS), a large number of rg_quwalent Circuits

strikes occur across the switching contacts when discon-Since VFTO contain predominantly high frequency compo-
nector switch or circuit breaker is operated. Each strike leadstents ranging from hundreds of kHz to tens of MHz, most of
generation of a VFTO [1]. VFTO thus generated have rise-tim components have their capacitances dominating the other
in the range of a few ns and is followed by high frequencgarameters [6].
oscillations [2], [3]. Even though their magnitudes are lower The typical length of a GIS bus is much smaller than that
than BIL of the system, they contribute to reduction in the liféf an ordinary substation and also, at high frequencies, in the
of insulation in the system due to their frequent occurrencégnge of few hundreds of kHz to MHz, the GIS bus acts like a
Also under VFTO, the dielectric strength of Sk presence transmission line with a finite transit time, propagation velocity
of free metallic particles is reduced considerably and may le&fid surge impedance. The value of surge impedance of GIS bus
to flashover and thereby a ground fault [2]. VFTO can also invhich is modeled as transmission line can be obtained from the
fluence the insulation of other GIS equipments such as trariglation.
formers where the inter-turn insulation may be stressed with a b
higher voltage than under chopped lightning impulse voltages Z =60In <E> Q 1)
of same peak value [4], [5]. Hence, there is a need to estimate
the magnitudes of VFTO generated during switching operationdere,a is the diameter of the HV bus artds the inner diam-
in GIS. eter of the enclosure. For the 420 kV GIS modeled, the surge
Since the VFTO magnitude depends on the location of ti@pedance value is found to be 6426].
switching point, the substation layout as well as the magnitudeElbows, spacers and spherical shields are modeled by a
of trapped charge on the HV bus, it is necessary to study thkimped capacitance of 15 pF.

influence on the VFTO magnitudes. Power transformer with mounted bushing is modeled as
lumped capacitance to ground of 1250 pF whereas surge
Il. COMPUTER SIMULATION arresters are modeled as lumped capacitance to ground of 50 pF

. [7].
The fact that measurement of VFTO at such high frequenciespisconnector switches are modeled differently under open

is quite difficult and demands skill and utmost prudence, makgsy closed conditions. When opened, they are modeled as

computer simulation of the above switching operations attragy, transmission lines in series with a capacitance. The surge
tive. Also, simulation enables to estimate the VFTO magnitUd‘?ﬁ]pedance of each of the transmission lines is taken 2@ 69

and capacitance 20 pF. The capacitance to ground is taken as
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Fig. 1. Single line diagram of the 420 kV substation.

a transmission line with the same parameters as before but piecewise nonlinear function in EMTP. The mathematical equa-

capacitance to ground is taken as 88 pF.

tion for the above is given by [6]

The spark is modeled as an exponentially decaying resistance

(Roc—t/T) in series with a small resistance) of 0.5 to take

care of the residual spark resistance. This isimplemented using a

R = Roe~ %) 4y (2)



KUMAR et al: INFLUENCE OF SWITCHING CONDITIONS ON THE VFTO MAGNITUDES IN A GIS 541

s " N N L s . N N N "
29 a0 at 82 33 34 35 38 a7 38 -0 » a0 3 -3 33 4 as 8 a7 28
ime(us) tmefus)

Fig. 2. VFTO waveforms for switching condition 1 at node M226. Fig. 3. VFTO waveforms for switching condition 1 at node M229.

Ry is taken ad x 10 MQ andT as 1 ns. The above equation
gives aresistance whose value varies from very high valy&)(M
to a low value of 0.52 within 30 ns.

Bushings are modeled with a lumped capacitance to ground
of 500 pF whereas earth switches are modeled as lumped capac-
itances of 45 pF each.

Circuit breakers are also modeled differently under open and
closed conditions. The open circuit breaker is modeled as two
transmission lines in series with a capacitance of 2800 pF and
a 17$ resistance in series between them. The capacitance to
ground is taken as 200 pF. The closed circuit breaker is mod- R
eled similar to the open circuit breaker with the capacitance and
resistance combination replaced by a transmission line having 4. VFTO waveforms for switching condition 2 at node M26.
a surge impedance of 30. The capacitance to ground is also
replaced by 20 pF.

The overhead line whichis connected to the GIS is considered
to be of infinite length. Hence, it is modeled as a transmission
line terminated with a resistance to ground of value equal to the
surge impedance of the overhead line (350 so that there is
no reflection from this end.

33 a4 a5 3 a7 38
ima{us)

Ill. RESULTS AND DISCUSSION

Though simulation of 61 different switching conditions have
been done for different trapped charge magnitudes of 0.3 p.u.,

1.0 p.u. and 1.2 p.u., results of only two specific conditions have Bow s w wo_a s @ v
been presented and discussed here. The conditions considered
are Fig. 5. VFTO waveforms for switching condition 2 at node M29.

1) All generators connected and the disconnector switch be-
tween M226 and M229 operated with circuit breaker ba/ariation of VFTO Peak Along the Nodes

tween M26 and M29 kept open. A trapped charge of Fig. 6 shows the variation of the VFTO peak magnitudes
1.0 p.u. is assumed on the HV bus. along the nodes for disconnector switch operation, i.e., for con-

2) Allgenerators connected to the bus and the circuit breakgtion no. 1.) Fig. 7 shows the variation of the VFTO peak mag-
between M26 and M29 operated. A trapped charge fftudes along the nodes for circuit breaker operation, i.e., for
1.2 p.u. is assumed on the HV bus. condition no. 2.)

In the case of disconnector switching operation (Fig. 6), the
VFTO Waveforms VFTO peak increases in the line where the switching is done
The VFTO waveforms for the disconnector and circuifoutgoing feeder line %= 2) till an open circuit breaker is en-
breaker switching conditions are shown in Figs. 2-5. VFT@ountered. Beyond this location, there is found to be a sharp
waveforms have been computed for the same switching cageuction in the VFTO peak. The VFTO peak once again shows
ditions at all the other GIS bus nodal points also. It has bean increasing trend along the nodes and reaches a high value at
observed that close to the switching point, VFTO waveform h#ige junction of the GIS with the overhead line. On the contrary,
steeper front and higher frequency of oscillation as compariedthe case of circuit breaker switching operation (Fig. 7), the
to a farther away observation point. VFTO peak has a steady increasing trend in the outgoing feeder
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Fig. 7. Variation of VFTO levels for circuit breaker operation.
Fig. 6. Variation of VFTO levels for disconnector switch operation.

where as for circuit breaker operations maximum VFTO peak

line (where the switching is done) till the junction of GIS withoccur near the junction of GIS with the overhead line.
the overhead line. Also, it is found that the VFTO peak magni-
tudes are higher in the case of circuit breaker operation as cdm€Ct of Trapped Charge on the VFTO Levels
pared to that of disconnector switching operation. It can alsoThe trapped charge left on a floating section of switchgear
be observed that there is a distinct signature pattern of the peiapends on the disconnector switch design and is usually less
VFTO magnitude variation for the disconnector switching opethan 0.3 p.u. for a slow speed disconnector switch [8]. In the
ation as opposed to the circuit breaker switching operation aloc@se of high speed disconnectors, the maximum trapped charge
the outgoing feeder lines (where the switching has been dowelld be as high as 1.0 p.u. [9] whereas for circuit breakers it
as seen from Figs. 6 and 7. Similar patterns have been obsersedld be as high as 1.2 p.u. [10].
for all the switching conditions simulated. These signature pat-In order to understand the exact influence of the trapped
terns will be of use in determining the relative stress levels echarge on the VFTO levels, the variation of the VFTO mag-
countered by various GIS components for different switchingitudes for the same switching case but for different trapped
conditions and for studying their long term aging behavior. charge magnitudesjz. 1.0 p.u. and 0.3 p.u. were computed

In the case of disconnector switching operation, VFTO pedér disconnector switching operations. For circuit breaker
is found to be highest when the disconnector switch betweswitching operation, trapped charges of 1.2 p.u., 1.0 p.u. and
G320 and G317 is operated with the circuit breaker betwe8rB p.u. were used.
G307 and G304 kept open and all the generators except G3 erFig. 8 shows the variation of the difference in VFTO peak
ergized. Its value is 2.1 p.u. (hode G305). In the case of calong the nodes when the trapped charge is changed from
cuit breaker operation, the VFTO peak magnitude is found @3 p.u. and 1.0 p.u. for the case wherein the disconnector
be maximum for circuit breaker between GA204 and GA20sWwitch between M226 and M229 is operated and the circuit
operated and only GA2 line is connected and energized wittbeeaker between M26 and M29 kept open with all the gener-
trapped charge of 1.2 p.u. Its value is 2.87 p.u. at the node M3&rs connected and energized. The variation is found to be
on the outgoing feeder X% 3. the highest for the outgoing feeder line=X 2 whose value is

It has been seen that VFTO peak magnitudes are higher cl0s&4 p.u. at the node M224 (% 2). The maximum variation
to the switching point for disconnector switching operationis 0.135 p.u. and 0.105 p.u. for the main generator lines G4
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Fig. 8. Variation of difference in VFTO levels for disconnector switching™ig- 9. Variation of difference in VFTO peak levels for circuit breaker
operation. operation.

(X = 4) and auxillary lines GA4 (X= 4), respectively. Even at the junction of the GIS with overhead line in the case of cir-
though, the trapped charge is increased by 0.7 p.u., the p&ak breaker operation. Also, close to the switching point, VFTO
VFTO magnitude has increased by only 0.54 p.u. Similar tret¢veform has steeper front time and higher frequency of oscil-
is observed for other switching conditions also. lations as compared to a farther away observation point. There
Fig. 9 shows the variation of the difference in VFTO pealé also a distinct pattern of variation of VFTO peak along the
along the nodes when the trapped charge is changed frofafles of the GIS in the case of disconnector switch operation
0.3 p.u. to 1.2 p.u. for the case wherein the circuit breakaf compared to that of circuit breaker operation. The circuit
between M26 and M29 is operated with all the generatopseaker operation results in the highest VFTO level amongst all
connected and energized. The maximum variation of tfiée switching operations done. o .
VFTO peak levels in the outgoing feeder line is found to be When the trapped charge on the line is increased, there is
close to 0.75 p.u. for the line M2 (% 2) at the node M224. an increase in the VFTO levels, but the increase is not propor-
The maximum variation is 0.16 p.u. and 0.19 p.u. for maitonal to the magnitude of the trapped charge. The influence
generator line (%= 4) and the auxillary generator line (¢ 4), of trapped charge on the VFTO magnitudes is more in the line
respectively. where the switching is done. The variation of the difference in
Itis found that the influence of trapped charge on VFTO mageak VFTO at different nodes have the same pattern as that of
nitudes is more at the nodes in the line where the switchingthe plots showing the variation of VFTO peak magnitudes along
done. Itis also observed that the increase in peak VFTO magfiie nodes for circuit breaker operation unlike for disconnector
tudes are not proportional to the increase in the trapped chaggeration.
magnitude.
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