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ABSTRACT

Paper describes the first experiences gained dulegjgn
and the implementation of the first compacted higltage
power line with post line insulators in Sloveniagiproject
goal was to take the advantage of using the rofieay of
the existing obsolete 35 kV transmission line ey to
restore it and upgrade to 110 kV voltage levehmfuture.

INTRODUCTION

Electricity distribution and reliable energy supEyne of
the primary tasks of Slovenian power distributiompany
Elektro Gorenjska d.d.. Regarding environmentsliés,
planning and erecting of 110 kV lines is one of thest
critical and complex company issues. Exposed tdipub
opposition to erection of new HV power lines anifiedent
environmental resistances, Elektro Gorenjska ismwiune
to emerging spatial protection demands.

Based on the conclusions of network developmediestua
new 110 kV supply line should be introduced in Ks&a
Gora region. This region is well known as ski résor
organising word ski cup. Exploring different oppanities,
the refurbishment and upgrade of existent obs@BtkV
overhead lines to 110 kV operation become one ef th
acceptable solutions. Having in mind, that simple
substitution of rather light constructions of 35 &verhead
steel poles with typical 110 kV large steel lattipdons
would not be environmentally acceptable the new
technological approaches were investigated.

Already having disappointing experience with seyeitaic
rejection of building new 110 kV power line, the RS
overhead line Jesenice — Kranjska Gora was chasba t
the pilot project. The valley of the upper SavaeRjpartly
being a highly protected Triglav National Park asegery
sensitive to the way of placement of new objectse T
solution should provide minimal overall impactlirat way
that it would be acceptable to both environmentafigssion
and the local population. First time in Sloveniaswa
introduced the compacted overhead line made frewl st
poles with post line insulation.

The paper presents first experience gained duradesign
and erection of compact 110 kV transmission linth wost
line insulators. Compacted treatment was develaret
designed to be placed in an existing 35 kV powee li
corridors in a way to preserve the natural and deade
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painting as much as possible. Project in that wpyasents
first attempt of environmental and technologicaimjred
design of 110 kV overhead line in Slovenia.

PROJECT DESIGN PHASE

Tower design

The technical solution should provide minimal aler
impact in that way that it would be acceptable to
environmental profession and the local populatidsing
existing towers locations was one of the first digeis that
had defined the appropriate design of the overhead
tower. The existing suspension towers were made fro
double wood poles, and angle towers are steekdatti
towers. First the different tower designs was sddas
shown in Figure 1.
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Figure 1: Studied possible tower types.

The electromagnetic impact of a new 110 kV line on
environment was also studied in parallel. The irhphould

be inside regulated values in existing rout of wake
electric and magnetic fields were calculated fdfedent
tower types as shown in Figure 2. Note that in fégl
tower named ‘steber 1' use 35 kV voltage, and st r
towers110 kV voltage in calculation.
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Figure 2: Calculated electric fields of differeotver types.
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The results showed the conformity of the solutegarding
Slovenian EMS regulation.

Trying to remain approximate dimensions of existing
wooden towers the decision to use rigid post lisglliators
on new polygonal towers was taken. Figure 3 shdwes t
strong similarity with the existing pillars. Dimeaarally
speaking, the towers are near existing, which piexwius
with a minimum of visual changes in spatial antthésefore
seen as a viable option to implement.

1.

i

Figure 3: Similarity between 110 kV and 35 kV tower

The decision was confirmed by obtaining environraknt
permission based on similarity of towers.

Conductor selection

Basic decisions when planning new or uprating edst
connection is required transmission capacity. Ugbgilthe
network developers starting point for planning powe
capacity at 110 kV level is 100 MW. That power itesg
from the conductors 240/40 ACSR transmission capaci
Analysis of actual needs often reveals that sudialin
delegated power is not really needed and can béesma
That is more true to particular 110 kV substatidesigned
to cover the distribution power demands with transiers

in range 20 MVA [1]. So for the pilot project it ideen
decided that in long term prognosis for next 30rgea
conductors 120/20 ACSR can be used. With that decis
major reduction in tower strength and consequently
reduction in tower weight can be achieved.

Tower heads

On the basis of longitudinal overhead line profile
determine two average (wind) spans to determineired,
statically tower strength. These are the 125 mlat@im.
To determine dimensions between conductors in theed
we use special simulations rather than standardtienuto
determine required distances. To employ verticthdce as
most critical we made simulation of ice sheddirgrseios.
Considered model is illustrated in the Figure 4sd&hon
the simulations we choose the mutual vertical sppaci
between conductors to be 3 m for both average spans
Horizontal distance is check based on the condsctor
movement in wind. Consider two conductors on the le
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conductor works full wind (600 Pa), on the rightyo®0%
of the full wind. Minimum required spacing is 14&.cso
we can use post line insulators directly fixed aners.

Case A Case B

1 2 3 4 1 2 3 4

Case C Case D

Figure 4: An example of loads handled guides

Steel pole

The choice of wind and gravity span is carried @uthe
basis of the analysis of longitudinal profile. Batata are
important for determining the mechanical propertiethe
tower. For gravitational span were taken valudiin8s the
wind span. Mechanical tensioning of conductor is 90
N/mn?. As we approach the dimensions of the existing
pillars, in first design stage was made rough pagd
tower static design. The basic dimension, the steel
thickness, the polygon number was determined. Later
final design stage statically calculation were mawe final
adjustments made and demonstrate that the tower
construction meets all requirements given by thadsrd
SIST EN-50341. The chosen steel material 355 hent i
twelve brackets is used. By this approach towessmaee in
class from 900 kg to 1300 kg. Dimensions are given
Figure 5.
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Figure 5: Steel pole dimensions.



Post line insulation

Although the subject is renewal of 35 kV transnuadine
in first, the installation of longer insulators thallow
operation at 110 kV voltage level is required. Sild
standard atmospheric lightning impulse 1,2180s 550 kV

and standard switching overvoltage is 230 kV. As an

electrical demand is relative easy to satisfy tieemanical
properties require special treatment.
therefore satisfy the so-called combination of hanmial,
vertical and transversal
It turns out that the critical are ice sheddingdeawhich
most affects to the longitudinal forces. Detailedlgsis of
the calculations showed that the standard EN50844. ik
behind the progress of technology. Critical isdbé&nition
of way to determine force on isolator. Using cleski
approach the forces overcame allowed given fronésr
manufacturer. It turns out in fact that the londihal forces
using flexible calculation are significantly smalkes the
conservative European approach in the forces adiounl
Figure 6 illustrate the used concept of flexibhelilt should
be noted that our insulator are fixed on tower aoidturn
able (pivot) insulators. The approach introduceghi®
calculation a flexible transmission line. This meare are
taking into account structures bending under diffietoads
that are acting on the structure. The flexible Iméright),
named M lll, can be imagined as steel poles, wiieee
bending of the pole is clearly evident.

M1 M 11 M Il
. C
C-clamp [S
I- post line insulato S
S- pole

Figure 6: Flexible line koncept study.

It turns out that the mechanical characteristicsuoneed
determine the length of the insulator to 1.25 mthedcore
diameter 63.5 mm (2.5"). That corresponds to taiics
analysis of the situation on the
Provided for the installation of a post insulatéigure 7, in

the event that post insulator is not enough mechani i
strong, or when the standard requires mechanically

reinforced insulation, the suspension insulatoads the
post line insulator.
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Insulator tmus
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route.

Figure 7: Post line insulator during conductor gbémg.

The safety factor for the insulators was taken ¢o2h
Permissible forces are check by for confirm allolsab
maximum design cantilever load. Insulators arechttd to
the column via a standard flange.

Foundation and pole erection

The steel poles are foundated by concrete bloakdfation
through anchoring bolt basket as show Figure 8a& Th
approximate foundations dimension are 2,6x2,6,20t@
3,3 mregarding soil characteristics. Working isiggmall as
show next figure 8b.

Figuré 8a and 8b: Foundation during and after works

The steel pole erection is made with appropridtendj
truck as show Figure 9. The final assemble andiereof
take only one day for three steel poles. Compassdmble
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time between steel lattice towers and steel pttesecond
type is much smaller.

Figure 9: Steel pole erection works.

Final appearance

The pilot project overcame our expectations. Weaeagh
that environmental experts and local people acdepte
realised line section with positive comment. Alstelis
almost the same as before and it is not a newdorei
structure in environment. To show difference thetyie
10a and 10b should be compared. The dimensiorgat t
ground are almost the same.

Figure 10a and 10b: Line before and after uprating.

CONCLUSIONS

From activities carried out in design and constamcphase
of project so far we can make the following conidos:

The use of such technologies is the appropriate
alternative to use existing middle voltage routevays for
uprating to higher voltage,

It is confirmed that uprate existing route of way i
much more acceptable as putting new one into space,

It is necessary to step out from classical desgnin
approach which too much times based on using tigtieel
constructions,

To obtain the optimal design of steel poles for
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concrete route of way the custom made steel polgisl be
easy constructed,

In determining internal distances between
conductors it is necessary to perform more sinhati
because control with classical mutual distancestuopus
give conservative results,

standard EN 50341 should require amendments
regarding the definition of loads on post line ilasors
introducing flexible lines,

The local people accepted new structure in their
space with positive attitude, because of small alisu
difference regarding existing line.

The constructed section is regularly monitoredaftet 1,5
years’ operating time on middle voltage no problems
occurred. Constructions of next sections are fafigun the
next years. .
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