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 

Abstract— Several methods have been proposed and 

investigated so far on mitigation of Very Fast Transient 

Overvoltages (VFTO) in Gas-Insulated Switchgear (GIS). The 

state-of-the-art methods are primarily based on dissipation of the 

energy associated with electromagnetic waves that the VFTO 

originate from and are composed of. Present paper reports on an 

alternative concept of VFTO mitigation based on the principle of 

controlling voltage conditions preceding voltage breakdown in SF6 

gas that leads to VFTO generation. The paper introduces different 

control algorithms and shows how the algorithms can limit VFTO 

maximum value and total number of voltage breakdowns during 

operation of the GIS disconnector. The concept is applied for 

mitigation of VFTO in ultra-high voltage (UHV) GIS. As the study 

case, an 1’100 kV test set-up is used as recently reported for 

Wuhan (China) GIS station, with the disconnector characteristics 

obtained from 1’100 kV development tests. 

 
Index Terms— Very Fast Transient Overvoltages (VFTOs), 

Gas-Insulated Switchgear (GIS), disconnector switch (DS), 

transients, switching, mitigation, controlled breakdown 

I.  INTRODUCTION 

ERY Fast Transient Overvoltages (VFTO) originate from 

voltage breakdowns in SF6 gas that inherently accompany 

any operation of Gas-Insulated Switchgear (GIS) disconnector 

[1]. The VFTO process is characterized mainly by the VFTO 

peak value, frequency of its main components, and the number 

of occurrences during the disconnector opening or closing 

operations. The frequency components of VFTO are related to 

the time duration of the voltage breakdown in SF6 gas and to 

the travelling wave conditions along the GIS. The VFTO peak 

values result from the voltage conditions at the time instance 

just preceding of the voltage breakdown (spark ignition) and to 

the travelling wave conditions along the GIS as well [2]. Fig. 1 

presents an example of VFTO waveform obtained from 

development tests of 1’100 kV disconnector. 

Analysis and mitigation techniques related to VFTO attract 

high attention among industry and academia, specifically in 

recent years when the power grid faces the advent of extra-high 

voltage (EHV) and ultra-high voltage (UHV) class GIS. For 

these high voltage levels the VFTO peak values can exceed the 
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GIS insulation withstand voltage and thus can become a design 

factor of the GIS components [3]. It implies that the VFTO 

generated during the disconnector operations needs to be 

accurately investigated to ensure proper design of the GIS 

components and to support a decision making process on the 

potential application of VFTO mitigation techniques. In some 

GIS solutions the VFTO needs to be mitigated in order to 

maintain the VFTO peak values within the limits that are 

acceptable for a specific design of components. 

 

 
Fig. 1  Example of, VFTO waveform obtained from development tests of 
1’100 kV GIS disconnector (1 p.u. = Vr∙√2/√3, Vr – rated voltage) 

 

A.  Methods of VFTO attenuation 

Several methods have been proposed so far for mitigation of 

VFTO originating from the GIS disconnector operations. Also, 

review works, such as [4] and [5], have been published, giving 

an overview of the state-of-the-art methods. The state-of-the-art 

methods of VFTO mitigation include disconnector equipped 

with a resistor inserted in the disconnector contact system [6], 

and application of magnetic rings of different types (ferrite [7], 

[8], [9], amorphous [10], or nanocrystalline [9], [11], [12], [13]) 

in the GIS busducts. With respect to the methods based on the 

energy dissipation in the magnetic materials, recently a new 

magnetic material was proposed and tested for VFTO 

attenuation as reported in [14]. The recently published new 

methods include also resonators with a sparking element, with 

the resonance frequencies that are fitted to the main VFTO 
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components [15], the GIS busbars equipped with surge arresters 

[16], and the disconnector with a new arrangement of the 

contact system [17]. All of these methods are based on a 

common principle of attenuation of the energy associated with 

the electromagnetic waves that constitute or have constituted 

the VFTO. 

A state-of-the-art method on VFTO mitigation that to some 

extent involves controlling of the voltage conditions that 

precede the voltage breakdowns in the disconnector contact 

system, is based on reducing the voltage associated with the 

trapped charge (the so-called trapped charge voltage, TCV) that 

remains at the load-side of the disconnector after the opening 

operation is completed [4], [18], [19]. The most severe voltage 

conditions for the disconnector type testing are defined in [20], 

for the first voltage breakdown during the closing operation for 

the TCV = -1.1 p.u. (where 1 p.u. = Vr∙√2/√3; Vr – rated 

voltage). According to [4], [18], [19], the TCV can be 

controlled by proper disconnector design. The most common 

design changes that are reported for controlling of the TCV are 

related to the disconnector moving contact speed. 

B.  Controlling of voltage ignition in switching devices 

It is known from previous works in the subject that the 

voltage breakdown can be controlled in a switching device. 

Applications of selected techniques of voltage breakdown 

control have already been implemented in MV switching 

devices in vacuum [21]. One of the solutions is to introduce a 

trigger electrode into the contact system of the vacuum 

interrupter chamber to initiate additional voltage flashovers 

between the contacts at the assumed time instances. Also, 

triggered spark gaps are in use for dielectric tests of HV 

insulation to conduct tests with voltage impulse chopped at any 

time instance on the front or on the tail [22]. This method is also 

used in HV trigatrons, for which specific operating 

characteristics are discussed in [23] as dependent upon the 

detailed construction of the device. 

Different phenomena are recognized as potentially useful to 

ignite a voltage breakdown in the contact system of the 

switching device. Experiments with laser-triggered electrical 

breakdown with a proposal of different triggering electrode 

configurations are reported for gases [24] and for liquids [25]. 

The voltage breakdowns induced by microwaves are reported 

in [26]. 

C.  Paper overview 

This paper presents a concept of VFTO mitigation by means 

of controlling voltage conditions that precede the voltage 

breakdowns in the GIS disconnector contact system. The 

analysis is presented of the VFTO mitigation for different 

control algorithms applied to 1’100 kV test set-up as recently 

reported for the Wuhan (China) GIS station [27]. The Wuhan 

test set-up has been thoroughly described in [19], [27], [28], 

[29], [30], and the disconnector design-specific characteristics 

has been recently described in [27]. In the present paper we 

outline the test set-up briefly and focus on the VFTO mitigation 

analysis with the use of the proposed control algorithms. 

The paper is organized as follows: Section I gives the 

overview of the state-of-the-art methods of VFTO mitigation in 

GIS. It shows how the new method that we propose in the 

present paper fits to the previously published works in the 

subject. Techniques of controlling voltage breakdown in gases 

and vacuum are outlined and medium-voltage application of 

these techniques is indicated. Section II presents the VFTO 

generation process and the control algorithms that we analyze 

in the present paper. Section III describes the test-set-up used 

for VFTO analyses. Section IV reports on the results of 

simulations of the VFTO distributions and the total number of 

voltage breakdowns during the disconnector closing operation. 

Section V offers conclusions. 

II.  CONCEPT DESCRIPTION: VFTO MITIGATION BY 

CONTROLLED VOLTAGE BREAKDOWN IN DISCONNECTOR 

CONTACT SYSTEM 

A.  VFTO generation process with no control algorithm 

To illustrate the concept presented in this paper, in this 

section we assume a simplified simulation case with an 

illustrative, simplified Breakdown Voltage Characteristics 

(BDV) of the GIS disconnector. The BDV characterizes the 

disconnector dielectric strength at any time instance of the 

disconnector operation and it is strongly dependent on the 

disconnector design (insulation distances, design of shielding 

elements, contact system design, gas pressure) as well as on the 

travelling curve of the disconnector moving contact. In Section 

IV we applied the control algorithms presented in the present 

Section II for the test set-up described in Section III. 

Fig. 2 illustrates the disconnector opening (see Fig. 2a) and 

closing (see Fig. 2b) operations, with the opening time of 0.12 

s and the voltage withstand of 3.5 p.u. for the fully opened 

contacts, with no control algorithm employed. For simulation 

of the disconnector operation process, we employed the method 

that is thoroughly described in [28]. Along the present paper, 

the disconnector source-side 50 Hz voltage uS is depicted in 

green color, the disconnector load-side step-wise voltage uL is 

depicted in blue color, and the BDV characteristics are depicted 

in red or brown colors. 

 

 

 

Fig. 2  Voltage waveforms illustrating disconnector opening (a) and closing (b) 

operations with simplified Breakdown Voltage Characteristics assumed; uS – 

disconnector source-side 50 Hz voltage, uL – disconnector load-side step-wise 
voltage, BDV – Breakdown Voltage Characteristics, TCV – Trapped Charge 

Voltage. 
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Fig. 3  Voltage waveforms illustrating disconnector closing operation with different control algorithms employed for controlling voltage breakdown ignitions; 
a) BDV modification, b) BDV modification starting from zero uS, c) BDV modification starting from zero uS then released and then again modified, 

d) voltage breakdown ignitions at fixed time intervals, e) voltage breakdowns initiated according to (1) with Aconst = 1.7 p.u., f) voltage breakdowns 

initiated according to (1) with Aconst = 1.3 p.u.; uS, uL, BDV – same notation used as in Fig. 2 

 

For the illustrative process shown in Fig. 2, only few voltage 

breakdowns (spark ignitions) occur. It can be noticed that the 

trapped charge voltage (TCV) at the disconnector load-side, 

that remains after opening operation is completed (see Fig. 2a) 

have significant value, however lower than the maximum 

possible value of -1.1 p.u. Through design modifications of the 

disconnector the TCV can be controlled to maintain its level as 

significantly lower than the maximum possible -1.1 p.u. [4], 

[18]. 

Fig. 2b illustrates closing operation for the same parameters 

as used for the opening operation shown in Fig. 2a, also with no 

control algorithm employed. Here, the worst-case scenario is 

assumed for the TCV, i.e. TCV = -1.1 p.u., which is in 

compliance with IEC recommendations for type testing [20]. 

The assumption of TCV = -1.1 p.u. remains unchanged in the 

subsequent simulations reported in the following sections. 

The first voltage breakdown during the closing operation 

(see Fig. 2b) occurs in the maximum (amplitude) value of the 

source-side 50 Hz voltage uS. This reproduces the real 

disconnector behavior, where the BDV decreases significantly 

slower as compare to the 50 Hz variation of the source side 

voltage uS. 

For both operations shown in Fig. 2, the last occurrence of 

the voltage breakdown for the opening operation (see Fig. 2a) 

and the first one for the closing operation (see Fig. 2b) are 

observed for the highest voltage difference at the disconnector 

contact system (thus producing the highest VFTO, not shown 

in the figures). The subsequent voltage breakdowns occur for 

significant, however lower and decreasing voltage values. 

B.  Control algorithms 

Fig. 3 illustrates a set of control algorithms that are discussed 

in the present Section II for the purpose to illustrate the concept 

presented in this paper. The algorithms shown in Fig. 3 are then 

applied in Section III for simulation of VFTO in a real 1’100 

kV test set-up. All of the simulations shown in Fig. 2 (no control 

algorithms, reference case) and in Fig. 3 (control algorithms) 

were performed for the same voltage conditions and for the 

same starting time of the disconnector operation process (phase 

angle of the source-side voltage uS
 at the disconnector operation 

start). 

The control algorithms shown in Fig. 3 are of two principle 

types. Fig. 3a,b,c show the algorithms where the BDV is 

modified for selected time ranges (which causes that the voltage 

breakdowns occur at different time instances than in the 

reference case where no algorithm is employed), while Fig. 

3d,e,f show the algorithms where the voltage breakdowns are 

initiated at given time instances (depending on the time and 

voltage conditions). 

In the subsequent paragraphs, a description of each of the 

algorithms illustrated in Fig. 3 is given. The algorithms are 

grouped according to the data that is required to be available as 

an input for the algorithm realization (source side 50 Hz voltage 

uS and/or load side voltage uL). 

The performance of each of the algorithms also relies on the 

prior knowledge of the disconnector BDV characteristics 

(which is dependent on particular disconnector design and can 

be determined based on the disconnector development or type 

tests as reported in [27]). Thus, each of the control algorithms 

discussed below has two principle versions: with or without 

prior knowledge of the disconnector BDV. 

    1)  Input data: uS – not available, uL – not available 

Fig. 3a shows the control algorithm where none of the 

voltages are measured and no prior knowledge on the 

disconnector BDV is available. The BDV is modified at a 

randomly selected time instance and kept at lower level until 

the end of the disconnector closing operation process. For 

illustration purposes, the simulation parameters are selected so 

that the first voltage breakdown occurs at the time instance of 

the maximum value of the source-side voltage uS, i.e. for the 
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highest possible voltage across the disconnector contact system 

(worst-case scenario). Even for this worst case scenario, the 

subsequent voltage breakdowns occur for the decreased 

voltages as compare to the reference case with no modified 

BDV (as shown in Fig. 2b), leading to lower subsequent VFTO.  

Modification of the BDV in a way shown in Fig 3a leads to 

increased number of voltage breakdowns as compare to the no-

control reference case shown in Fig. 2b (as the sparks are being 

ignited earlier and more frequently in the process), however 

with lower VFTO values. 

    2)  Input data: uS – available, uL – not available 

Fig. 3b shows a similar algorithm as the one shown in Fig. 

3a and discussed above. The only difference is that now the 

BDV modification starts from the time instance of the source-

side voltage uS zero crossing. This ensures that the first VFTO 

occurs with significantly decreased voltage across the 

disconnector contact system as compared to the worst-case 

scenario shown in Fig. 3a. The time instance when the BDV 

modification starts is selected so that the first voltage 

breakdown occurs prior to the time instance when the voltage 

breakdowns would have started with no control algorithm 

employed. 

Fig. 3c shows further modification of the algorithms shown 

in Fig. 3a and Fig. 3b. The BDV is modified starting from the 

same time instance as for the algorithm shown in Fig. 3b. This 

causes that the load-side voltage uL is reduced to approximately 

zero value at the first voltage breakdown. Then, after the 

subsequent zero crossing of the source-side voltage uS, the BDV 

is released to its normal condition, and yet again the BDV is 

modified at one of the subsequent zero crossings of uS. The 

second BDV modification can favorably be done for the zero 

crossing of uS just before the time instance when the ignitions 

would start anyway for the normal BDV conditions. 

This algorithm allows for lower number of voltage 

breakdowns as compare to the algorithm shown in Fig. 3b (as 

the BDV is now not modified when the sparks would not have 

occurred anyway). 

Fig. 3d shows a different algorithm as compared to the ones 

previously described. Here, the voltage breakdowns are ignited 

at the time intervals of fixed length. The time intervals are short 

enough to ensure that the voltage across the contact system for 

any of the voltage breakdown is sufficiently low. The algorithm 

starts at the time instance of the source-side voltage uS zero 

crossing that precedes the time instance when the voltage 

breakdowns would have occurred in the case when the BDV 

would not be controlled. 

    3)  Input data: uS – available, uL – available 

Fig. 3e and Fig. 3f show the control algorithm for which the 

voltage breakdowns are ignited when the following condition is 

met: 

 

         |𝑢S(𝑡) − 𝑢L(𝑡)| + |𝑢S(𝑡)| = 𝐴(𝑡) < 𝐴const        (1) 

 

where uS(t) – is the disconnector source-side 50/60 Hz voltage, 

uL(t) – is the disconnector load-side voltage, A(t) is a function 

of voltage across the contact system | uS(t)- uL(t)| superimposed 

on the instantaneous value of the source-side voltage uS(t); Aconst 

is a pre-assumed constant value to which the A(t) is compared.  

According to (1), the voltage breakdowns are ignited when 

the voltage across the disconnector contact system 

superimposed on the instantaneous value of the source-side 

voltage exceeds the pre-assumed constant value Aconst. As the 

VFTO forms around the uS, the formula (1) allows to control 

the voltage conditions preceding voltage breakdown that leads 

to VFTO generation. To represent different voltage conditions, 

Fig. 3e and Fig. 3f illustrate the algorithms for Aconst = 1.7 p.u. 

and Aconst = 1.3 p.u. respectively. For the case with Aconst = 1.3 

p.u. the VFTO peak values are expected to be lower and the 

number of sparks higher than for the case with Aconst = 1.7 p.u. 

C.  Summary on control algorithms 

It can be seen in Fig. 3 that application of any control 

algorithm presented leads to lower voltage across the 

disconnector contact system and thus to lower expected VFTO 

values. As the voltage breakdowns occur at lower voltage 

conditions, higher number of voltage breakdowns are expected.  

When the BDV is known from prior-tests, the start of the 

control algorithm can be properly selected, to avoid voltage 

breakdowns at relatively high voltage conditions and at the 

same time to minimize number of additional voltage 

breakdowns introduced to the process. This should take into 

account statistical variation of the BDV as well as a possible 

inaccuracy of the control timing. Igniting the voltage 

breakdowns at the time instance of the source-side voltage uS 

zero crossing allows to avoid high voltage across the 

disconnector contact at the time of the spark ignition, thus 

minimizing the corresponding VFTO. Without prior knowledge 

of BDV, the algorithms can be used as well, however risking 

that the first voltage breakdown occurs at the most severe 

source-side voltage uS conditions (as shown in Fig. 3a). 

III.  TEST SET-UP FOR VFTO ANALYSES 

This section outlines the GIS test set-up layout and the 

disconnector BDV characteristics assumed for the VFTO 

analyses reported in Section IV. 

A.  Test set-up layout and parameters 

Fig. 4 shows the test set-up established in 2009 by State Grid 

Corporation China (SGCC) in Wuhan 1’100 kV GIS station in 

China and used in the present paper. Several research works 

have been published so far based on the outcome of the 

measurements obtained in this test set-up (e.g. [19], [28], [29], 

[30], and most recently [27]), presenting analyses of different 

aspects of VFTO generation process in UHV GIS. In the present 

paper we modeled the Wuhan test set-up based on the principle 

rules published in e.g. [31], [32] and for the layout parameters 

published in [29], [30]. 

B.  Disconnector Breakdown Voltage Characteristics (BDV) 

Fig. 5 shows the BDV determined in [27] based on the full-

scale measurements conducted for an 1’100 kV disconnector as 

used by ABB at development tests (see Fig. 5 in [27]). In the 

present paper, we implemented this characteristics in the model 

of the test set-up of Wuhan station as shown in Fig. 4. As the 

BDV shown in Fig. 5 is non-symmetrical, in the simulations we 
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assumed the negative branch as serving for the lower voltage 

withstand in terms of the absolute voltage values (thus leading 

to higher expected VFTO). 
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Fig. 4  Test set-up of Wuhan 1’100 kV GIS station according to [29], [30]; 
lengths assumed in Section IV for simulations; measuring point M corresponds 

to M1 in [27]; DT – disconnector under test, the picture is reproduced here from 

[28] © 2013 IEEE, and the diagram is reproduced here from [27] © 2016 IEEE. 

 

In Fig. 5 the time instances of the BDV crossing 2.2 p.u. 

and 2.4 p.u. are indicated. The 2.2 p.u. is the lowest BDV, 

for which the voltage breakdowns can occur. The value of -2.4 

p.u. was assumed in the present paper as the value beginning 

from which the control algorithm starts to initiates voltage 

breakdowns. 

 

 

Fig. 5  Breakdown Voltage Characteristics of 1’100 kV disconnector obtained 

in development tests BDV as reported in [27] (see Fig. 7 in [27]); maximum 

possible arcing times can occur for 2.2 p.u. (marked as 0.49 ms for positive- 
and 0.55 ms for negative BDV). 

IV.  SIMULATION RESULTS FOR 1’100 KV GIS WITH DIFFERENT 

CONTROL ALGORITHMS OF VOLTAGE BREAKDOWN 

Simulation results presented in this section were performed 

for the Wuhan 1'100 kV test set-up as shown in Fig. 4, and for 

the 1’100 kV disconnector for which the measured BDV 

characteristics is shown in Fig. 5 [27]. The control algorithms 

were used as illustrated in Fig. 3. Each of the algorithm was 

applied for the closing operation, for which the VFTO 

distributions as well as the total number of sparks occurring in 

the operation process were calculated. For each of the 

simulation case, the control algorithm started for the condition 

when the absolute value of BDV decreased below 2.4 p.u. to 

ensure that the spontaneous breakdowns (without any algorithm 

employed) will not occur before the algorithm starts. 

Following the work presented in [27], the VFTO were 

calculated for selected location within the test set-up, denoted 

as M in Fig. 4. 

A.  Simulation results for VFTO distributions 

Fig. 6 shows simulation results of VFTO distributions for 

four simulation cases: with no control algorithm as shown in 

Fig. 3a (see Fig. 6a), for the control algorithm with the modified 

BDV as shown in Fig. 3c (see Fig. 6b), for the control algorithm 

with the spark ignitions at fixed time intervals of 2.5 ms as 

shown in Fig. 3d (see Fig. 6c), and for the control algorithm 

where the sparks are ignited according to (1) as shown in Fig. 

3e,f (see Fig. 6d). 

 

 

 
Fig. 6  Distributions of VFTO obtained for point M in test set-up shown in Fig. 

4, for closing operations of disconnector BDV shown in Fig. 5, for the control 

algorithms illustrated in Fig. 3: a) No control, b) BDV modified as per Fig.3c, 
c) Sparks ignited in equal time intervals 25 ms as per Fig. 3d, d) Sparks ignited 

according to A(t) as per Fig. 3e,f with Aconst = 1.1 p.u. 

 

 
Fig. 7  Distributions of VFTO obtained for point M in test set-up shown in Fig. 
4, for closing operations of disconnector BDV shown in Fig. 5, for the control 

algorithm illustrated in Fig. 3e,f where sparks are ignited according to A(t) with: 

a) Aconst = 1.3 p.u., b) Aconst = 1.5 p.u., c) Aconst = 1.7 p.u., d) Aconst = (1.1, 1.3, 1.5, 
1.7) p.u. 

 

-2.2 p.u.

(0.55 s, -2.2 p.u.)

2.2 p.u

(0.45 s, 2.2 p.u.)

-2.4 p.u.

2.4 p.u.

(0.65 s, -2.4 p.u.)

-2.5

-1.5

-0.5

0.5

1.5

2.5

0.00 0.20 0.40 0.60

B
D

V
 [

p
.u

.]

Time [s]

 BDV+

 BDV-

0 0.5 1 1.5 2 2.5
0

1

2

3

4

5

6

VFTO [p.u.]
P

ro
b

a
b

ili
ty

 [
%

]
0 0.5 1 1.5 2 2.5

0

1

2

3

4

5

6

VFTO [p.u.]

P
ro

b
a

b
ili

ty
 [

%
]

0 0.5 1 1.5 2 2.5
0

5

10

15

VFTO [p.u.]

P
ro

b
a

b
ili

ty
 [

%
]

0 0.5 1 1.5 2 2.5
0

5

10

15

20

VFTO [p.u.]

P
ro

b
a

b
ili

ty
 [

%
]

0 0.5 1 1.5 2 2.5
0

5

10

15

20

25

VFTO [p.u.]

P
ro

b
a

b
ili

ty
 [

%
]

0 0.5 1 1.5 2 2.5
0

5

10

15

20

25

VFTO [p.u.]

P
ro

b
a

b
ili

ty
 [

%
]

0 0.5 1 1.5 2 2.5
0

5

10

15

20

25

30

VFTO [p.u.]

P
ro

b
a

b
ili

ty
 [

%
]

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

A
c
 [p.u.]

V
F

T
O

m
a

x
 [

p
.u

.]

𝐷𝑇 

b) 

a) b) 

d) c) 

a) b) 

d) c) 

This is the author's version of an article that has been published in this journal. Changes were made to this version by the publisher prior to publication.
The final version of record is available at  http://dx.doi.org/10.1109/TPWRD.2017.2676178

Copyright (c) 2017 IEEE. Personal use is permitted. For any other purposes, permission must be obtained from the IEEE by emailing pubs-permissions@ieee.org.



 

 
6 

The maximum value of the VFTO (VFTOmax) simulated for 

the no control reference case can be read out from Fig. 6a as 2.3 

p.u., which is in agreement with the corresponding value in [27] 

and with the measurement results reported in [28] for the same 

simulation conditions (see text below Table IV in [27]). 

Fig. 7a,b,c show distributions of VFTO for the same 

conditions as for Fig. 6, with the control algorithm in which the 

sparks are ignited according to formula (1) as shown in Fig. 

3e,f. Different values of Aconst are assumed. Fig. 7d shows the 

maximum VFTO values (VFTOmax) obtained for each of the 

Aconst assumed (from Fig. 6d and Fig. 7a,b,c), showing the 

increase of VFTOmax with the increase of the Aconst 

parameter. 

 
Fig. 8  Number of sparks obtained for point M in test set-up shown in Fig. 4, 

for closing operation of disconnector BDV shown in Fig. 5, for the control 

algorithms illustrated in Fig. 3.  

 
TABLE I 

Summary of simulation results shown in Fig. 6-8; VFTOmax is the 

maximum value obtained in the VFTO distributions in Fig. 6-7, 

nmax is the total number of voltage breakdowns occurring in the process. 

Algorithm 

(see Fig. 3) 

VFTOmax [p.u.] 

(see Fig. 6, 7) 

nmax [-] 

(see Fig. 8) 

No control 

(see Fig. 3a) 
2.30 101 

BDV modified 

(see Fig. 3c) 
1.60 319 

Equal time intervals 

(see Fig. 3d) 
1.35 264 

A(t) < Aconst = 1.1 p.u. 

(see Fig. 3e,f) 
1.15 266 

A(t) < Aconst = 1.3 p.u. 

(see Fig. 3e,f) 
1.30 174 

A(t) < Aconst = 1.5 p.u. 

(see Fig. 3e,f) 
1.40 172 

A(t) < Aconst = 1.7 p.u. 

(see Fig. 3e,f) 
1.55 131 

 

B.  Simulation results for number of sparks 

Fig. 8 shows the total number of sparks ignited in a single 

closing operation process, for the same control algorithms as 

previously applied and shown in Fig. 6 and Fig. 7. 

Table I summarizes the VFTOmax (as shown in Fig. 6 and Fig. 

7) and of the total number of sparks (as shown in Fig. 8) for 

each of the algorithm employed (as illustrated in Fig. 3). It can 

be seen that by selection of the voltage breakdown control 

algorithm, the VFTOmax and the number of sparks in the process 

can be controlled. Decreased VFTOmax leads to increase of the 

number of voltage breakdowns in the proces (see Table I, row 

1 vs. rows 2-7). This can be further controlled by proper 

selection of the control algorithm parameters (see Table I, rows 

4-7). 

V.  CONCLUSIONS 

Currently, high attention among industry and academia is 

given to investigation of methods for attenuation of Very Fast 

Transient Overvoltages (VFTO) in Gas-Insulated Switchgear  

(GIS), specifically for EHV and UHV class GIS. Most of the 

state-of-the-art methods are based on the energy dissipation of 

the electromagnetic waves associated with VFTO. 

A novel concept was presented in this paper by means of 

which the VFTO mitigation is achieved by controlling of the 

voltage conditions preceding voltage breakdowns in the 

disconnector contact system. Examples of control algorithms 

are presented, firstly for an illustrative simulation case, and then 

applied for the real 1'100 kV test set-up. The analysis of the 

control algorithms impact on the VFTO mitigation process was 

performed for a model of 1’100 kV Wuhan GIS station in China 

with the Breakdown Voltage Characteristics of 1’100 kV 

disconnector obtained from development tests reported in [27]. 

It has been shown that by controlling the voltage conditions 

at which the voltage breakdowns occur during the disconnector 

operation process, the VFTO as well as the number of voltage 

breakdowns can be controlled. With the control algorithms 

presented, limiting of the VFTO peak values causes an 

increased number of the voltage breakdowns at the same time. 

The control algorithms presented in this paper assume full 

control over the time instances of the voltage breakdowns. 

The work presented can serve as a base for development of 

the GIS disconnector with a voltage breakdown control system. 

As the voltage breakdown characteristics is dependent upon the 

detailed construction of the GIS disconnector, final evaluation 

should be performed for specific design of the GIS disconnector 

contact system. The application of the control algorithms 

presented can then lead to more optimized design of the 

disconnector and more reliable substation solution. 
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