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A Study on Characteristics of 1000kV GIS Substation UFTO
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Abstract: The ultra fast transient overvoltage (UFTO) of GIS and HGIS substation
is calculated and analyzed to ensure safe and reliable UHV power transmission
project. The results show that on-off short line of GIS substation disconnector
may generate up to 3 p.u. or so UFTO, which is likely to impose threat to GIS body,
insulation and secondary equipment. The about 500Ω parallel on-off switch
resistor is recommended for GIS substation. The main transformer in the GIS
substation is connected with GIS through overhead lines and the UFTO of
transformer is not high. The UFTO falls within the range, so it is acceptable not to
install parallel resistor at HGIS substation disconnector.
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1. Features and Causes for Ultra
Fast Transient Overvoltage (UFTO)

The UFTO refers to the transient
overvoltage when front time is
between 3ns and 100ns. When the
disconnector in the GIS operates,
UFTO may arise. Therefore, it is called
switching overvoltage of disconnector.

In the GIS, the line connecting
disconnector and breaker is very
short and its capacitance is small. The
oscillation frequency of transient
overvoltage is extremely high when
the disconnector cuts the line. The
typical waveform of UFTO put forward
by IEC 60071-1:1993 and GB
311.1-1997 is shown in Fig.1. The
frequency of oscillation wave at the
beginning can reach 300kHz -
100MHz.

Fig.1 Typical waveform of UFTO

The pre-breakdown or severe
breakdown between contacts will
occur many times because moving
contacts move slowly. The
pre-breakdown may occur if one
contact approaches the other during
the process of switch on. The first
breakdown must arise at the peak of
power frequency voltage due to slow
operation speed. The breakdown
current charges capacitive load (short
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line) to power supply voltage; the
potential difference between contacts
declines; spark discharge goes out and
residual charge remains at the short
lines. A subsequent breakdown is
similar to reclosure, which leads to
UFTO with high voltage amplitude.
That goes for the opening process.

2. Damage Caused by UFTO

The UFTO with steep wave front and
high amplitude is likely to damage
three kinds of equipment:① GIS body;
② a piece of equipment with winding,
such as power transformer; ③
secondary equipment.

The damage is more severe for
Chinese UHV power transmission
pilot project 1000kV GIS substation.
The higher system rated voltage is, the
lower the ratio of lightning impulse
withstand voltage (LIWV) to system
rated voltage represented by Un

becomes. Compared with 500kV GIS,
if rated voltage of 1000kV GIS
increases by 1 time, relative values of
UFTO are basically the same while
absolute value of 1000kV GIS
increases by 1 time with rated voltage.
However, insulation level of 1000kV
GIS only increases by 55% than 500kV
GIS. Hence, UFTO imposes more
serious damage to UHV GIS than
500kV GIS.

To date, typical waveform of UFTO test
has not yet been confirmed according
to the IEC insulation match standards.
It is generally accepted that the
comparison can be made between
UFTO and LIWV. GIS’s LIWV is 2400kV,
so the UFTO should not exceed
2087kV (amount to 2.32 p.u) with
consideration of 15% safety margin.

As for GIS, IEC 60071-2:1996
stipulates that insulation safety
margin shall be greater and 20% is
better. Given that front time of UFTO is
shorter than that of lightning impulse
wave, withstand voltage of GIS
insulation improves slightly.
Consequently, safety margin shall be
15%.

The UFTO wave front is extremely
steep; its voltage is distributed
unevenly in the transformer winding.
The high voltage drop will generate
between winding turns at initial part,
causing damage to turn-to-turn
insulation. The UFTO mainly damages
turn-to-turn insulation of power
transformer. The distribution of UFTO
in the turn-to-turn insulation is
related to UFTO frequency and
winding structure of power
transformer. At present, internal
structure layout of transformer and
turn-to-turn insulation level are not
given by manufacturer. The UFTO and
insulation safety margin can be
determined by manufacturer through
investigation into UFTO amplitude
and waveform of high voltage end.

UFTO has ever caused damage to over
420kV GIS, power transformer and
secondary equipment both at home
and abroad.

The Jindongnan 1000kV transformer
is connected with GIS bushing through
overhead lines. The middle distance is
long and UFTO attenuates rapidly,
imposing no threat to power
transformer. The paper focuses on the
damage to GIS body by UFTO.

3. GIS Wiring and Equipment
Capacitance
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The main wiring of UHV GIS
substation is shown in Fig.2. The
substation adopts double-breaker
double-busbar wiring method. One
outlet and one transformer are
selected. The outlet is connected to
double breakers while main
transformer is connected to busbar by
means of temporary lines. The wave
impedance of GIS is 91Ω and wave
speed is 290m/us.

Fig.2 Main wiring of Jindongnan UHV
GIS substation

4. GIS Substation UFTO Calculation

The residual voltage of load side is
taken as -1.0 p.u. The voltage at power
supply side is +1.0 p.u when switch
on.

The overvoltage generally arise at the
short line. If power supply side of
manipulated disconnector is
connected with no-load busbar, high
overvoltage even highest overvoltage
is likely to arise at no-load busbar end
owning to wave reflections.

The frequency of GIS disconnector
switching overvoltage is very high,
which is determined by the distance
between short line end and negative
reflection point closest to power
supply side circuit (such as CVT,
power transformer). As a matter of
fact, overlays of many kinds of

frequencies form the waveform of GIS
disconnector switching overvoltage.
The overvoltage with maximum
amplitude ranges from 4MHz to 5MHz
in the project.

1) The current project of Jindongnan
GIS substation has only two series,
one of which is temporary connection
(without breaker). The UFTO with
highest amplitude arises at the short
line and highest amplitude is 2369kV
namely, 2.64 p.u.

Fig.3 presents GIS wiring,
disconnector position and UFTO at
different positions of GIS. The
Maximum UFTO waveform on short
line in the GIS is shown in Fig.4.

Fig.3 UFTO in the GIS

Fig.4 Max UFTO on short line in the
GIS

If the disconnector is on or off from
line side, the UFTO on GIS is 1761kV,
which is less than that from
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transformer side. Therefore, this
paper focuses on transformer side.

2) The Jindongnan GIS substation is
bound to extend in future and breaker
series will increase to 4 series or 6
series even more. The length of
busbar will be longer correspondingly.
The study takes 4 breaker series as an
example to make calculation (UFTO
distribution is shown in Fig.5). The
length represented by the letter l is
15m while the amplitude of UFTO at
no-load busbar end - UVFTO is up to
2994kV.

Fig.5 UFTO distribution

Actually, UUFTO and busbar layout
(such as position of CVT and arrester )
are related to the length. The relation
between length and UUFTO is shown in
Tab.1.

Tab.1 Relation between UFTO and
no-load busbar length

The length is 15m; there are 4 breaker
series; disconnector of load side is in
open circuit, the UUFTO waveform of
no-load busbar terminal (the
maximum value is 2795kV, which
amounts to 3.11 p.u) is shown in Fig.6.

Fig.6 UUFTOof no-load busbar terminal

The wiring method is likely to appear
during operation. Its UFTO is harmful
to GIS insulation so measures should
be taken.

3) The Jindongnan 1000kV
transformer is connected with GIS
bushing through overhead lines. The
middle distance is long and UFTO
attenuates rapidly. The UFTO
amplitude on the transformer is very
low (The maximum value is 925kV)
and rises slowly (see Fig.7). The front
time is more than 1.5μs. It poses no
threat to transformer insulation.
Because the front time exceeds the
limit, it should not be called UFTO and
disconnector switching overvoltage is
more suitable. However, the paper still
adopts the former name.

Fig.7 UFTO waveform of transformer

5. Restriction of Disconnector
Parallel Resistance on UFTO

The disconnector (RDS) with parallel
(on-off switch) resistor imposes
obvious restrictions on UFTO. Fig.8
presents internal structure of
disconnector and operation process.
The on-off switch resistor can share
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one resistor.

Fig.8 Disconnector with parallel
resistor

The relation between parallel
resistance (RDS) and UFTO amplitude
(UUFTO) is shown in Fig.9. The UFTO
waveform with or without
500Ωresistor is shown in Fig.10. From
Fig.9, as the parallel resistance
increases, UFTO amplitude decreases.
The UFTO amplitude varies slightly
between 300 and 1000Ωand is within
the range.

Fig.9 Relation between UFTO and
parallel resistance

Fig.10 UFTO waveform with or
without parallel resistor

The relation between the voltage on
RDS (UR) and RDS is shown in Fig.11.
RDS is proportional to UR .

Fig.11 Relation between the voltage
and parallel resistance

The waveform of current (iR) on the
parallel resistor is shown in Fig.12.
Fig.13 shows the change of energy
absorption (ER). The current lasts for
about 10μs at each pre-breakdown or
severe breakdown.

Fig.12 Current waveform on parallel
resistor (500Ω)
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Fig.13 Energy absorbed by parallel
resistor

The relation between access time of
parallel resistor (tR), UTFO and ER

when RDS = 500Ωis shown in Tab.2.
When tR =5μs or 1000μs, the UUFTO

difference is 6% and 2% for ER. Even
though access time of parallel resistor
increases, UUFTOand ER vary a little. For
each severe breakdown, the minimum
access time is 1000us.

Tab.2 Relation between tR, UTFO and
ERwhen RDS =500Ω

The relation between ER and RDS at
each severe breakdown is shown in
Fig.14. The ER is proportional to RDS.
ER changes slightly when RDS ranges
from 300 to 1000Ω.

Fig.14 Relation between absorbed
energy by parallel resistor and
resistance

The RDS shall be 500Ωthrough the
above analysis.

The actual access time of parallel

resistor depends on movement time
of disconnector contact. The distance
between contacts of different GIS
disconnectors is different. The speed
of moving contact is described as
follows by referring to Japan’s
experience: closing switch is about
1.2m/s while opening switch is
1.3m/s or so; the whole process needs
269-292ms. When severe breakdown
occurs and the current passes through
the on-off switch resistor, the time is
7-10 cycles and ER is 15-20kJ. ER is
around 40kJ if mix process (on+off
switch) is considered.

The energy absorbed by on-off
resistor should be more than 45kJ for
mix process (on+off switch ) or more
than 25kJ for only switch on process
or switch off process in light of certain
safety margin and Japanese
experience.

The allowable value of absorbed
energy is closely related to moving
process of disconnector contact. The
moving process of disconnector may
be different, so the above value should
have margin.

6. HGIS Substation UFTO
Calculation

The Jingmen substation adopts hybrid
GIS (HGIS) and its main wiring is
shown in Fig.15. The substation uses
the wiring method of double breakers
double busbars. The paper studies
one outlet and one main transformer.
The outlet is connected to
double-breaker series while main
transformer is connected with busbar
through temporary line. The busbar is
open air insulation; breaker and
disconnector series use GIS.



WWW.HIMALAYAL.COM.CN

T: 86 21 61016212 Himalayal, always by your side. Copy right © HIMALAYAL
info@himalayal.com Page:7 All right reserved.

Fig.15 Main wiring of Jingmen HGIS
substation

1) The Jingmen HGIS substation
adopts two breaker series. The UFTO
distribution in the substation when
operating disconnector at transformer
side is shown in Fig.16. The maximum
UFTO is 1938kV (2.16 p.u.). Its
insulation safety margin is 23.8%.

If the 500Ωparallel resistor is installed
to Jingmen HGIS substation
disconnector, the maximum value falls
to 1051kV. The parallel resistor can
absorb around 1.29kJ energy at each
severe breakdown.

Fig.16 UFTO distribution of Jingmen
HGIS substation

2) The Jingmen HGIS substation is
bound to extend in future and breaker
series will increase. The study takes 3
and 4 breaker series as examples to
make calculation. The UFTO frequency
is extremely high and the protection
range of MOA is limited. The effect is
poor. The arrester is not installed at

the busbar.

When there are three breaker series
at Jingmen HGIS substation, the UFTO
of breaker is 1813kV (2.02 p.u.). The
insulation safety marge is 32.4% in
accordance with GIS’s LIWV
(2400kV).

When there are three breaker series,
the UFTO of breaker is 1851kV (2.06
p.u.). The insulation safety marge is
32.4% in accordance with GIS’s LIWV
(2400kV).

The maximum UFTO of Jingmen HGIS
is 1938kV(2.16 p.u.) through
analyzing all kinds of connection and
operation methods, which is lower
than that of GIS substation. The UFTO
falls within the range, so it is
acceptable not to install parallel
resistor to HGIS disconnector.

7. Conclusions

a) If parallel resistor is not connected
with GIS disconnector, the maximum
amplitude of UFTO can reach 2795kV
(3.11p.u.). That value exceeds the
limit and imposes threat to GIS
insulation. Hence, measures should be
taken to solve the issue.

b) The GIS disconnector with parallel
resistor can restrict the UFTO
effectively. The maximum UFTO
reduces from 2795kV to 1008kV.

c) Considering the change of parallel
resistance, the recommended value
for parallel resistor is 500Ω.

d) In light of mix process (on+off
switch) and certain safety margin, the
energy absorbed by parallel resistor is
40kJ or so and more than 45kJ
respectively. In light of only opening
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process or closing process and certain
safety margin, the energy absorbed by
parallel resistor is 20kJ or so and
more than 25kJ respectively.

e) If the transformer of GIS substation
is connected with GIS bushing by
means of overhead lines, the UFTO
amplitude of the transformer is not
great and rises slowly. The front time
is similar to lightning impulse. It
imposes no threat to the transformer
insulation.

f) The maximum UFTO of HGIS
substation is up to 1938kV, which is
lower than that of GIS substation. The
UFTO falls within the range, so it is
acceptable not to install parallel
resistor at HGIS substation
disconnector.
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