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ABSTRACT are new,some aspectsneed speciahttenton. First, in

contrast to distribution applications, the transformer
generallyneeds to be equipped with anload tap changer
(OLTC). The availability of an OLTC is therefore a key
requirement. In ordeto not negatively affect theverall
safety of theinstallation it also needs to be of dgpe
technology.

Secondasmentionedhbove present substations amainly
outdoor substations. The use of dype technology can
also offer benefits in such cases, e.g. no risk for water

The development of a dtype transformer fothe 72.5kV
voltage clas wasalreadypresented at CIRED 2011 [1].
Since then, large interest has been shown by many utilities
as well as industries, because of the benefits inherent to the
dry technology, meaning superior safety for pepple
property andthe environment. Thesedtures make tree
transformersparticularly suitable for installations irthe
following applications: urban substations, substations
located close to or in public or private buildings or in ok e R
caverns power generation plantsyater protection areas contamlngtlon byeakmgon,_ or reduced fire r|s_k in forest
and for ndustrial applicationsespecially in the chemicals, ~ O industrial areas, at buildings or at heavily populated
oil and gas segments Iocatlon_s. For outdoor installation (_)f dtype_ transformers
The availability of adry-type on-load tap changehas approprlate encIo_sm_Jres are required, w_|th an IP degree
supportedthe introduction of the HiDry’? transformer reflecting the specific conditions of the &in.

product in the markeFirst installations, routine and type Third, transformer retrofit in existing substatiamsjuires
tested have taken place and are presented in the paper the drytype transformeto havea similar footprintas the

The transformers are used in different indoor and outdoor previously installeail-filled transformeyin order to fit into

applications. the available spaceThe experience so far has shown that
this is often the cas€orth extension or retrofit of existing
INTRODUCTION substations may require transformeos be installed in

parallel Thanks to higldesignflexibility, it is possible to

The dry.type transformer fothe 72.5 kVsubtransmission match the characteristaf eXiSting oitilled unitsin many
voltage level offers all general features of dntype cases
transformersThe major benefit is the lack of flammable

liquids, which are typically used in dilled power
transformers. The driype transformer isonexplosive and
selfextinguishingln case of an external fire its combustible

mass is much smaller and muchslemoke is created. The
transformer is therefore ideally suited for indoor and
underground installations.

At subtransmission voltages, substations are mostly outdoor
installations. In case of indoor installatiop@S switchgear
equipment is used and thkansformers are often placed
outdoos, making suclinstalationsimpractical or evenot
possibleIf an indoor installation of an éjilled transformer

is required,adherencedtfire protection regulations can be
very costly

The drytype transformer ishanging these limitations and _ .
will allow safe and compact indoor and underground Fig. 1: Dry-type subtransmissiamnansformer66 kv / 10 MVA
substationi the future This increasgthe possibilities and Whenevaluating thease fousing of dry-type transformers
flexibility for substation design and redwsiesuranceosts it is important to consider all aspects and costs related to the
and other liabilities. Thanks to having air msjor the whole system installation and not just the costs of the
insulation medium, the technology is highly reliable end  transformer.Corsiderable savings can be achieved if all
not exposed to the risk of gas leakage related to the use ofinstallation and operation related costs are considered,
special insulation gases. including civil works, infrastructure costs and costs of

Since drytype transformerfor the 72.5V voltage level energylossesand maintenance.
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72.5KV DRY -TYPE TRANSFORMER

Dry-type transformers fothe 72.5kV voltage class are
available with the followingharacteristics

Rated power
Primary voltage
Lightning impulse
voltage

up to 63 MVA

up to 72.5 kV

325 kV for IEC

350 kV for ANSI/IEEE
190kV for GOST

140 kV for IEC

140 kV for ANSI/IEEE

Short duration AC
withstand voltage

85KkV for GOST
Secondary voltage up to 36 kV
Connection group YorD
Partial discharge <10pC

Insulation class F (155°C) or H (180°C)
Environmental class | E2

Climatic class Cc2

Fire class F1

Cooling AN, ANAF, AFAF, AFWF
Tappings 17 podtions (+ 8 x 1.25%)
Enclosure IP21 (indoor) to IP54 or

IPX4D (outdoo)
Table 1: Characteristics of 72.5 kV ditypetransformers

72.5 kV drytype transformers are available with vacuum
cast coil (VCC) oRESIBLOG® coil technology. The VCC
technology uss fol disk windings together with avell
provenand high qualit epoxy resin and silica fillerasting
techrology. The ABB uniqueRESIBLOG®R transformers
are cast resin ransformers reinforced by gladther
filament. Due to this reinforcementhey offer superior
mechanicastrength, making them most suitabléhia event
of extraordinary loading cycles or shaitcuit current.
RESIBLOG® transformerffer excellent performance in
very coldclimates and can be operatedeahperatureas
low as-60°C.

In eithercasethedesign and productioof the transformer
is completedwith special car@and attentionMain design

differentiators arerelated to the strgghened and high
quality insulation, special H¥erminals, control of electric

If !
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Fig. 2: Dry-typeon-load tap changdor the72.5 kV voltage level

fields, use of rounded components and shields, appropriate
dielectric distances and special supports to increase
creepage distance and avadkage currents. The windings
can be made either with aluminum or copper conductor.

No IEC or ANSI/IEEE standard existsirrentlyfor dry-
typetransfamers with voltage class of 72.5kVherefore
the respective standards for diype and odimmersed
trangormersareapplied, whenever relevant

ON-LOAD TAP CHANGER

The OLTC used in HiDr¥ is based on drype, oilfree
technology, using vacuum interrupters for switching. A
linear configurations chosen. This configuratidras been
usedfor dry-type OLTG at lower voltagesor many years
and is well proven Accordingly, the HV windings are
designed for suchlinear typeof OLTC.

The OLTC consist of a separate unit for each phase,
mounted in front of the respective transformer coil. The
phases are commonbperated from a single drive via a

common shaft (Fig. 2).

Theactualsolution offes 17 positionsanda tapping range

of +10%, with a maximum voltage steg 900V. The
maximum currenis 500A. The ratings of the OLTC will be
extended in futureThe numbenof electricaloperations are
100800, but improvements are ongoing and the number
will further increaseVery little maintenances required
with a drytype OLTC The actual product allows
atmospheresf pollution level II.

Theconnection between thaps of thedry-type transformer
and the OLTC contacts éone usingnsulated cables. The
insulationbetween individuatables and betweencables
andground haso be properly dimensioned for withstanding
the operational and lightenirignpulsevoltage levels

HV CONNECTIONS

The high voltage connection to the transformer itself is very
straightforward It can beachievedwith insulated or non
insulated cableor directlyfrom thebusbas. Thetype of
connectiordepends on the specific installation. If a cable
coming to the transformerthe cable termiation can
directly be mounted othe transformer coilf an overhead
line is coming to a building a wall bushing is needed for
entering the buildingFig. 3).

The transformer itself does not have any bushingill

Fig. 3: Different types of HV connectionsable with cable
termination (left), connection with neinsulated cable (middle),

consisting of a switching unit for each phase and a common drive wall bushing (right)
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therefore not be affected by problems related to bushings Industry: ABB Cordoba (Spain)

which areoften experienced withil-filled transformers. _
A wall bushing is also needed in case an enclosure wall ABB operatesa well-fknown_fagtor()j/ E’rghe!“ﬁpezgfl
needs to be passed and a cable connection is not possibleMMersedpowertransformersn Cordoba Spain In

For many indoor installationan enclosure will not be an upgrade.ofl tg.e ent|bre glectnca(lj msta#latmrv}zas
necessary and fencing of the transformer for security pronouncedl?chu 'Cr:]g jubstatlo_ns an mg Ogl\(iceg
reasos is sufficient componer of the Cordoba project are ry

transformergFig. 5), of ratings 12 MVA, 6620 kV, and
) equipped with a drgype onload tap changeiThe OLTC
ON-GOING PROJECTS ANDINSTALLATI ONS provides 17 positions and voltage step$ 1.25% The
In the following exampleswe present a selection of installation is indoor and wiout enclosureThe two
customer projects showing different installation and transformers were delivered at the end of 2012.
application possibilities. Utili tv (Brazil

Grid Operator : Red Electrica de Espda (Spain)

A 1 6k¥A, 66/0.44 kVVCC transformemwasdelivered
in 2012 for outdoor installationon the Canary Islands
Spain An IPX4D enclosure is usefFig. 4), withstanding
the tough and corrosivearitimeconditions on the island
close to the sedased on customer requirements,|\wed R, T ' A p ]
shings are used for the connection of the high voltage. This W ¢
allows delivery of the transformer fully assembled with the
enclesure anceasy andjuick connectiorio the high vol

tage withoutneed for disand reassembly ofhe enclosure.

The transfomerinstallation is in connection with a Smart
Grid installation, using #lywheel for energy storage and
supportingvoltage and frequencstability in the grid.

Anotherinstallationis in Salvador de Bahia in Brazil, one
of the citieshostingthe2014FIFA SocceWorld Cup.For
this purposehte Fonte Nova Stadium weemolistedafter
60 yearss being replaced bg new stadiun(Fig. 6).

.

dry-type transformers

The building include a substatiorfFig. 7) with two VCC
transformersrated25 MVA, 69 kV primary voltageand
adjustable for two levels of secondary voltage: 11.95 kV or
13.8 kV. They are provided with OLTC, offering +#2 x
1.25%.The indoor installation is without enclosure.

Fig. 4: HiDry"*transformer mounted iautdoorenclosure

Although the above installationadfixed one, it can readily 5 -1
been seen that the ease of transportation, erection and, |

connection, together with the absence of oil, makes such a —_L
transformer installation the perfect choice for moveable | S S | et 2 1
substations. ‘ |

Fig. 7: Layout of substatiom Fonte Nova stadiuptocatedbelow
main access thestadium

Thetransformers supply the power to the stadium during the
games as well as to theurrounding cityarea The tans
formers veredeliveredend of 2012.

This is a typical example where the safety features of dry
type transformers alloa saé compacinstallation close to
the loadjn facilities where thousands of people are present
The end user, which belongs to the Coélbkeoenergia
Group part of Iberdrola was particularly impressed
attractedoy the drytype solution.

Fig. 5: 12 MVA, 66kV HiDry’? trarsformerduring assembly
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G rmard | / Industry: Sandvik (Sweden)
o e o
S =Tow F— Another examplés alsofrom SwedenatSandik Materials
e = TechnologyA 15MVA, 42,5/3,%V transformenf voltage
= _;—q.. class 72.%V and using RESIBLOC coils is installeédr
1= distribution purposes The installation is outdoor with an

IP23 enclosure

By repladng anolder oil transformemith a dry-type one,
the customereducs the fire riskon his plant andilso
reducesnaintenanceosts.The transformer fits into the bay
< of the existing tansformer. The transformer is being
| delivered in early 2013.

Fig. 8: Final assembly 025 MVA HiDry 4ransformer and OLTC

Utili ty: Ulricehamns Enerqi(Sweden)

A local utility in SwedenUIricehamns Energis installing
a 16 MVA, 45/11kVHiDry transformer 72.5kV voltage
class is requiredThe transformer uséRESBLOC caoils,
especially suitable for the low temperatwenditions in
Swaden. Itis equipped witn OLTC with voltage steps of
+/-7x1.67%. The installatiois an outdoor installation.

— e & A

Fig. 10 Location of the oil transformdreingreplacedoy a dry
type one

DISCUSSION AND CONCLUSION

The introduction of dntype transformers for
subtransmissiomapplicatiors is a major stepni providing
equipment with increased safety for people, property and
the environmentit allows to use new concepts be used

for substation installations in buildings or underground
applications

At the subtransmission voltage level, in masisesan
OLTC s neededAs the reference cases show, OLTCs
Fig. 8 Transformer wittoutdoorenclosureand attache®LTC also availablein a drytype version

Besides the typical indoor applicationsolutiors for
outdoorinstallations are easiBchievedising enclosures of
appropriate IP degree Transportation, erectiorand
installation of transformers is easy and fast and the required
footprint is similar tothat of oil-filled transformers of
comparable ratings.

The opportunity to usea drytype transformerin
combirationwith existingoil-filled ones operating them in
paralle| allows to gradually changexisting substation®
the safe drtype technology when the end of lifeefisting
transformers is reached.

The transformer &s a IPX4D enclosurée. is protected
from splashing ater and against contact wittire-like
devices Ulricehamns Energi decided forn aoil-free
transformer due to installation in an environmentally
sensitive area. The transformer is deliddiirally installed

in the enclosureThe OLTC is mounted in a separate
enclosurewhere it iseasilyinterconnected witithe trans
former enclosure. This modular concefows easy trans
portation andast installatiorof the separate components
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Fig. 9: Viewsof thel6MVA transformer inside the enclosure
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