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$EVWUDFW  $ VWDQGDUG *,6 GLVFRQQHFWRU LV GHVLJQHG WR
VZLWFK D VPDOO FDSDFLWLYH FKDUJLQJ FXUUHQW  $V WKH
FRQWDFW YHORFLW\ LV ORZ D ODUJH QXPEHU RI UHLJQLWLRQV
RFFXUV GXULQJ D VZLWFKLQJ RSHUDWLRQ  (DFK UHLJQLWLRQ
UHVXOWV LQ RYHUYROWDJHV ZLWK YHU\ KLJK IUHTXHQFLHV DQG
PDJQLWXGHV ORZHU WKDQ WKRVH UHVXOWLQJ IURP RWKHU
VZLWFKLQJRSHUDWLRQV7KHVHDUHWKHVRFDOOHGYHU\IDVW
WUDQVLHQWV 9)7  9)7 FDQ SODFH D GLHOHFWULF VWUHVV RQ
WKH WUDQVIRUPHU ZLQGLQJV 7KHUHIRUH WKH WUDQVIRUPHU
VKRXOGEHDFFRUGLQJO\GHVLJQHGWRZLWKVWDQGWKLVVWUHVV
(073VLPXODWLRQVFRQVLGHULQJGLIIHUHQWPRGHOLQJZHUH
SHUIRUPHG DQG FRPSDUHG ZLWK *,6 GLVFRQQHFWRU
VZLWFKLQJODERUDWRU\WHVWVIRUPRGHOYDOLGDWLRQ
7KLV PRGHOLQJ WRJHWKHU ZLWK D KLJK IUHTXHQF\
WUDQVIRUPHU PRGHO ZDV XVHG WR HVWLPDWH WKH VWUHVVHV
UHVXOWLQJIURPWKH9)7DWWKHWUDQVIRUPHU
,WVKRXOGEHHPSKDVL]HGWKDWWKH9)7LVIXQFWLRQRIWKH
DFWXDO*,6OD\RXW,QWKLVZD\IRUVSHFLILF WUDQVIRUPHU
DSSOLFDWLRQV D 9)7 VWXG\ PLJKW EH D SURILWDEOH LQSXW
IRUWKHWUDQVIRUPHUGHVLJQ
7KLV SDSHU SUHVHQWV WKH UHVXOWV RI WKH VLPXODWLRQV DV
ZHOODVWKHFRPSDULVRQZLWKWHVWV
$ERYH SURFHGXUH KDV EHHQ VKRZQ WR EH HIIHFWLYH DQG
KHOSIXO WRRO IRU LQVXODWLRQ FRRUGLQDWLRQ DQDO\VLV DQG
HYDOXDWLRQ RI WKH 9)7 YROWDJH VWUHVVHV RQ WKH +9
WHUPLQDO RI WKH WUDQVIRUPHU GLUHFWO\ FRQQHFWHG WR WKH
*,6 7KHVH YROWDJH VWUHVVHV PD\ EH XVHG IRU WKH
WUDQVIRUPHUZLQGLQJLQVXODWLRQGHVLJQ
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I. INTRODUCTION
Disconnector switch operations are often associated with
high frequency transients (VFT’s).
In the past a lot of experience was obtained with VFT’s /1
and 2/. However, up to now VFT simulations and
investigations have been focussed inside the GIS.
Therefore, for GIS this phenomenon is well understood and
it is considered as a parameter for GIS design.
However, most of the simulations have been carried out
representing power transformers as a lumped capacitor.
The present work intends to show the effect of these
transients on the transformer through VFT simulations
together with a transformer high frequency model. In this
way, the impulse transfer is simulated as well as the high
voltage impulse at the transformer winding.
The work consists of two steps:
1
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Validation of the GIS model for VFT simulations.
The GIS model was adjusted through fitting the
simulations results with test results.
2. Simulations with the validated GIS model connected
to a high frequency transformer model.
The main aim of this study is to obtain a helpful tool to
improve the transformer insulation design.
II. VFT MODEL ADJUSTMENT ACCORDING TO
DISCONNECTOR LABORATORY TEST
In order to clarify this phenomenon, it is necessary to
characterize more precisely the very fast transient
overvoltage in a GIS. With this purpose and based on lab
test results, a modeling for EMTP simulations was
adjusted. The approach is shown and discussed in this
paper.
 7HVW'HVFULSWLRQ A Test Duty 1 /3/ Switching of a very
short portion of bus duct – was performed in a High
Voltage Laboratory by means of the test circuit in figure 1.
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Fig. 1. Test circuit for test duty 1 /3/

The voltage of the source side is U1=U/ 3 =350kV,
while at the load source is U2=-494kV DC.
With the disconnector under test (DT) in the open
position, the load side was charged by DC voltage for 1
minute via the closed auxiliary disconnector (DA). Before
starting a closing operation, the DC voltage source was
disconnected by DA.
A record of the VFT characteristic is shown in figure 2. The
peak value of the transient voltage was 1.5 p.u. and the time
to peak was less than 200ns.
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Voltage

3HDN YDOXH ± the peak value of 1.42 pu was
obtained here. In the measurements this value was
up to 1.5pu.
(QGYDOXHThe end value of the oscillations was
around 1pu for test as well as for the simulation
7LPHWRSHDN– it was 230 ns for the simulation and
200ns for the test.
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Fig. 2. Measurement of Very fast transient for test duty 1
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  (073 0RGHOLQJ The best approach to the test
measurements was achieved with the following modeling:
-

-

-

*,6EXVEDU is modeled as a surge impedance of
60Ω with its associated length.
*,6 6SDFH ,VRODWRU  is modeled as a capacitance
of 10 pF.
%XVKLQJ  On the test it was used a bushing with
porcelain insulator. Therefore we modeled the
grading shield as a capacitor in series with a
resistor. This component leads to a reflection point
side the GIS, which is taken into consideration using
two different surge impedances for the bushing.
&DSDFLWRU DQG 9ROWDJH 'LYLGHU – they are
modeled together according to /4/ as a series circuit
of an inductor Li and a capacitor C with an ohmic
part R. This connection is in parallel with the
capacitance Cp.
&RQQHFWLRQEHWZHHQFDSDFLWRUDQGWKHEXVKLQJ –
it is represented as a surge impedance of 500Ω with
a corresponding length of 7m. The simulation
equivalent circuit of the test shown in fig. 1 is
presented in fig. 3.

0
0

2

III.
TRANSFORMER
PROCEDURE

G1

5

STRESS

ESTIMATION

  +LJKIUHTXHQF\WUDQVIRUPHUPRGHO
The transformer is modeled in detail. The windings are
represented through capacitances (series and parallel),
inductances (self and mutual) and resistances (ohmic and
equivalent). Fig. 5 shows schematically an example of a
transformer high frequency model /5/. This model represents
one phase. Therefore, for the triphase simulations, it is
necessary three of this model, one for each phase. The points
X1 nad X0 are the low voltage terminals and the points H1
and H0 are the high voltage terminals.
;
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Fig. 4. VFT EMTP simulations.
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  &RPSDULVRQ 6LPXODWLRQ [ 0HDVXUHPHQW The curve
obtained by means of EMTP simulation is shown in fig. 4.a.
The following evaluation shows the similarity to the test
results (fig. 2):
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Fig. 3. Equivalent circuit for simulation
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Fig. 5 - High frequency transformer model
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The procedure consists in performing EMTP simulations
with the GIS model as presented in Item II together with
transformer high frequency model (item III (1)). The GIS is
connected to the point H1 and the generator to the point X1,
for each phase.
The overvoltages in the transformer HV terminals, resulting
from these simulations, are then used for more detailed
analyzes of the transformer windings insulation design
according to transformer manufacturer internal design
programs. From this, local stresses in the insulation between
adjacent turns and adjacent coils are evaluated and compared
with local insulation withstand limits. Resonance effects are
direct addressed, as frequency analysis is also included in the
verification. Based on this integrated methodology, the
transformer windings insulation design will be improved and
also correlated to more specific stresses associated to system
transients.
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transformer T2
9ROWDJHDWWKH7UDQVIRUPHU+LJK9ROWDJH6LGH
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IV. APPLICATION TO AN ACTUAL GIS, NAMELY
TUCURUÍ, BRAZIL
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The procedure was applied to the transformer for the
TUCURUÍ substation, ELETRONORTE, Brazil /5/. A
schematic diagram of the substation is presented in fig. 6.
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Fig. 8. VFT Overvoltage at the low voltage side of the
transformer T2

T1 - Yd1

Air/SF6

Surge Arrester



Circuit Breaker (close)

&%

SF6/Oil

*
T2 - Yd1

Fig. 6. Simplified Diagram for study
The disconnector D1 in fig. 6 is switched. The circuit
breaker CB1 is open, therefore it is represented by its
equalization capacitors. The voltage under investigation is
the voltage at the transformer T2. This permitted us to
model the transformer T1 as an equivalent capacitor, while
for the transformer T2 the high frequency model (fig. 5)
was applied.
The schmatic model shown in Fig. 6 is mono-phase, but the
the simulations were performed considering a three-phase
system. In this way the high voltage side and low voltage
side connections were also simulated.
They are:
- High voltage side connections: Y
- Low voltage side connections: delta
The GIS was to the high voltage side connected, point H1
in Fig. 5. The generator is connected to the low voltage
side, poit X1 in Fig. 5.
The resulted voltages at high and low transformer sides are
shown in figs. 7 and 8 respectively.
Fig. 7. VFT Overvoltage at the high voltage side of the

The insulation level of the transformer is analyzed,
improved and adjusted for Tucuruí project through
manufacturer internal design programs using the
overvoltage simulation results as input data.
The analysis of the simulated stresses showed that the
safety margin of the transformer insulation level is
adequate for the considered case.
VI. CONCLUSIONS
The proposed procedure is an effective and helpful tool for
evaluation of VFT voltage stresses on the HV terminal as
well as on the winding of a transformer directly connected to
a GIS.
The analysis of these voltage stresses is recommended to
improve and adjust to specific case the transformer insulation
design.
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