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Introduction

In typical high voltage substation are present
electronic devices such as: devices for overcurrent,
distance, ground-fault protection. They are very sensitive
for any transient state especially for transients caused by
lightning strike. Disoperation one of the crucial HV
substation or HV overhead transmission line can cause a
blackout. Circuit breakers are situated at the key points of
electrical energy transmission and distribution systems.
Their reliability has a decisive influence on the availability,
safety and economic efficiency of electrical supply
networks. Although most electronic equipment has some
limitations exist on the maximum voltage and shape of the
transient voltages that can be lead-in. Electronic
components and equipment can have an immediate failure
when subject to voltages larger than their maximum rated
values.

Transient voltages can also alter the characteristics of
an electronic component without any immediate sign of
damage. Unless there is a way to determine transient
voltages, such anomalies can remain undetected and
eventually lead to a premature and unexpected failure of a
component.

Transient voltages or currents can be measured or
calculated for lightning conditions. Electric and magnetic
field approximation is more complicated. There is no such
easy method as for example digital oscilloscope to record
transient electric or magnetic field in the air without any
results disturbances. Electric and magnetic field determines
inducted voltages and currents in HV circuits, so knowing
it level could be useful to naturally prevent high transient
voltages levels by changing devices agreement.
Additionally, there should be noticed that impulse electric
and magnetic field directly interact on electronic devices
and electronic systems.

Analyzed HV substation

Polish high voltage substations are projected and
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made according the structural design called KSU-3.

All  modifications concern required devices
localization for the specific relief. For calculation purposes
mathematical model was performed according the original
substation documentation [1, 2]. All steel conductors were
buried at 0.8 m depth in homogeneous soil.

Mathematical modeling and simulations were
performed by HIFREQ software, which is a part of
CDEGS package [4]. The model includes a grounding
network as well as simplified models of aboveground
elements such as metallic construction and bonding
network.

Quick view on the HV substation model is presented
in figure 1.

Detailed modeling procedure and mathematical
model with respect to the technical data and measurements
results were presented in the author's previously publicized
paper [5]. In quick overview analyzed and modeled HV
substation consists of:

- single busbar design with the busbar being split into
sections and interconnected via a bus section circuit-
breaker;

- two incoming circuits — one feeding each section of
busbar and two outgoing circuits feeding multi-radial
networks for overhead rural systems and ring circuits
for urban cable connected networks;

- two distribution substation transformers 110/15 kV 6%
16 MVA;

- grounding system consists of steel conductors with
cross section 80 mm?;

- steel conductors were buried at 0.8 m depth in
homogeneous soil (resistivity 100 Qm and relative
permittivity g =1).

Lightning current flow in the HV substation is strictly
correlated with the source type used for this purpose.
Generally in presented calculations lighting stroke model
will be represented as current source with selected shape at
an arbitrary height 22 m along the lightning channel and by
LEAD source implemented in HIFREQ software.
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Fig. 1. Simplified graphical representation of the HV substation mathematical model — 3D View [5]

In analysis, the surge current 100 kA (peak values) and
shape 10/350 us was used for simulation the first lightning
stroke.

This lightning current was described by typical
equation
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here | is the peak current 100 kA; 7 =0.930 correction
factor for the peak current; t is the time; 7 =19 us front
time constant; 7= 485 ps tail time constants.

Lightning source were connected to the HV
substation model in A point presented also on Fig. 1.

The LEAD energization is used to specify the current
to be injected into the network. Analyzed substation model
consist of 2014 segments which are representing analyzed
object. With the LEAD energize, a current of Rel + j Iml
is forced to flow into the origin of the energized conductor
towards its end [4].

The computation methodology assumes frequency
decomposition of the time domain current surge [4],
frequency domain computations for a single harmonic unit
current energize and superposition of the frequency
domain computations modulated by the amplitude of the
lightning current [8-10].

)

Calculation results

According to provided simulation Fig. 2 - 7 presents
electric and magnetic field calculations results in time
domain for selected points during direct lightning strike on
HV substation area:

- nearby HV/MV transformer No. 1 control box,
- nearby HV/MV transformer No. 2 control box,
- in HV/MV substation control room.
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Fig. 2. Electric field nearby HV/MV transformer No. 1 control
box at 0.01 m height
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Fig. 3. Magnetic field at 0.01 m height nearby HV/MV
transformer No. 1 control box
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Fig. 4. Electric at 0.01 m height nearby HV/MV transformer
No. 2 control box
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Fig.5. Magnetic field at 0.01m height nearby HV/MV
transformer No. 2 control box
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Fig. 6. Electric field at 0.01 m height in HV/MV substation
control room
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Fig. 7. Magnetic field at 0.01 m height in HV/MV substation
control room

Calculation results shows that highest electric and
magnetic field is observed nearby other metallic parts
which HV/MV substation is build off.

Curve of electric field have got oscillations which
probably are produced by travelling voltage wave in
grounding system [5].

Conclusions

A numerical procedure, based on the fields approach,
has been proposed to calculate the field strength caused by
lightning stroke into open area HV/MV substation.

The values of electric and magnetic fields reached
6 kV/m and 3.7 kKA/m adequately.

For detailed lightning hazard approximation it is
necessary to continue calculations with proposed method.
For specific electric and electronic devices used in
substation it is necessary to made additional calculation
with specially prepared model with high number of details
located nearby.

Obtained results correspond to other received inside
the building [7].
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This paper examines the electric and magnetic fields in an outdoor electric power substation 110/15 kV during lightning strike. The
results of calculation were presented in time domain. Transient voltages can be easily measured or calculated for lightning conditions.
Electric and magnetic field approximation is more complicated. There is no such easy method as for example digital oscilloscope to
record transient electric or magnetic field in the air without any results disturbances. Electric and magnetic field determines inducted
voltages and currents in HV circuits, so knowing it level could be useful to naturally prevent high transient voltages levels by changing
devices agreement. IIl. 7, bibl. 10 (in English; abstracts in English and Lithuanian).
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Siame straipsnyje publikuojami 110/15 kV pastotéje Zaibo srovés sukurty elektrinio ir magnetinio lauky tyrimai. Skaigiavimai
atlikti laiko masteliu. Zaibo srovés indukuotos {tampos gali biiti i§matuotos arba apskaigiuotos, tadiau elektrinio ir magnetinio lauky
dydziy reikimes jvertinti sunkiau. Elektrinio ir magnetinio lauky matavimo tikslumui jtakos turi parinktas matavimo metodas. Zaibo
i8lydzio srovés sukurti elektrinis ir magnetinis laukai pastotéje indukuoja jtampas ir sroves elektros irenginiuose. Elektros irenginiy
darbo salygas galima jvertinti zinant pereinamojo vyksmo elektrinio ir magnetinio lauky vertes. Il. 7, bibl. 10 (angly kalba; santraukos
angly ir lietuviy k.).
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