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but spilt oil also contaminas the ground. In many
countries, environmental legislation requires from the grid
owner to clean thground oftenbeingmore expensive tima
a new transformer.

The saméappens if the offilled transformer tank ruptures
or leaks due to an internal failure or external damaes
is especially bad imground water protectionareas,near
rivers and lakes, or in public and national parks.
Another benefit of the dryype chnology is that it is nen
flammable, norexplosive and se¥xtinguishing in case of
external fires. It istherefore also excellently suited to
install in firerisk zones like forests or bush areelsse to
buildings, or above parking lotghere drop®f burning oil
cancause extensive damage.

ABSTRACT

The development of a dtype transformer for pole
mounted application and its major features allowing to use
it as an outdootransformer without need for an enclosure
was presented at CIRED 2011 [1]. Meanwhile extensive
testing of theoutdoor performance of theansformer has
continued and field installation of pilot units has taken
place.Tests have been performed at both,dbmanding
KIPTS outdoor test station in South Africa and under
cortrolled harsh conditions of aali-fog chamber.The
applied test conditions are used for proposing typical test
procedures for such kind of transformef@esting with
respect to fire behawr was additionally performed.

INTRODUCTION

A dry-typeoutdoor 3phase 10&VA, 15.0/0.4kV, Dynl1,
distribution transformer has been developed for pole
mounted application. This transfornmeoflP00 protection
degree, i.ewithoutenclosurelt is therdore fully exposed

to ambient and environmental conditions, i.e. rain, snow,
and sun, ando depositsfrom air contaminatioror living
organisms

Dry-type transformers are usually not able to operate under
such demanding conditions and either a ventilabedn
case opollutedambient anonventilatedenclosuravith a

heat exchanger is needed. Usamgnclosurdessapproach _
allows to maintain dimensigrand weight comparable to S
those of existing polemount installationSil-immersed
polemounts catherefore in most casdxe replaced by dry
type ones and retrofit is possible.

‘ DI i
Fig. 1: 100kVA, 15/0.4kV dry-type polemount trarfisr-
mer for outdoor installation

Although there is a general trend to go to more underground TRANSFORMER SPECIAL DESIGN

and cablebased systemsand having the distribution
transformers installed at secondary substatiomerhead
distribution isvery common in many countries and in rural

The development of thdry-type polemountransformer
requires some special consideratiofihereare four major
featuresFirst, in order to eliminate thriskof contanina

areas. It is an easy, fast and cost efficient way to set up antion or ingress of animals betweerilspthe air gap between
electricity distribution grid and providgower. primary and secondary windigg typical of drytype
Polemount transimers areguite easy to access and since transformers is eliminated and replaced with solid
often installed in remote areas, yhare exposed to insulation This is important for ensuring longterm
vandalism and theft. Theft of oil and copper is an unplea reliability in anoutdoor transformer.

sant, but widespread practice in many counttieseasing Epoxy resin which is usually used for dgype transformers

oil and copper prices make theft even more attractive. When is not suitable for outdoor application and would quickly
theft occurs, it is not only that there will be an outage in degrade under solar UV radiation and wet conditions. A
power supply and that the transformer has toepéaced, hydrophobic cycloaliphatic epoxy (HCER)therefore used
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to encapsulathe windingsnakingthe second featur&his IEC6007611 was prepared for ditype transformers of us
type of epoxy provides superior outdoor performance in  ual desigrwith an air duct between primary and secondary
other applications like insulators, current transformers, or coils. The Paschen criteri was applied for desiing the

reclosureslt is outsandingin terms ofresisting fire,UV solid insulatiorof the polemount transformer coilgith the
rays erosion anaxternal tracking voltageover any potential voith thesolidinsulation being
The third special featurie thatthe primary andecondary below the Paschen voltadet rated voltage Instrument
bushingterminak and thevoltage adjustmertaps, which transformers use a similar design and it appeedye more
arecast together with the windisgare fully integrated to appropriate to apply the test conditions for partial discharge
prevent the risk of water penetratioralong interfaces as definedor instrument transformeis IEC618691.
Simulations and experimental testing were done to control

the externalelectric fields, optimize the desigand avid TESTING

any tracking on theoil surface A last feature is the core’s

special protectiomgainst corrosion Solid insulation

The transformer isradedunder thename® P o | eIDtr 'y S Testing of a new pruct with a required lifetime of 30
no-load lossis below the Ao loss class value according to  years under nominal conditions is not possilled
EN505411. Aluminum is used for the windings, whichis  accelerated testing has to be done. Increased voltage stress
much less attractive for theft than copper and more difficult \yas thereforeapplied. Fig. 2 shows the test conditions

to remove from the casted coils. which have been passed without failures.
Two coilswere tested with increased applied voltémea
STANDARDS FOR DRY-TYPE POLEMOUNT longer duration, one at 1.79t (300h) and the other at

1.73*Ur (1100h). In both cases the current was monitored,
but no indicabn of an increase of leakage current and a
deterioration of the insulatiomas observedlhese results
give high confidence that the required life of 30 years will
easily be achievedhe longest test period hasansformer
installedat KIPTS At the time of prparation of this paper

it was energizefbraboutl 5’ 00Q hour s

The IEC6007611 standard applies fadry-type power
transformes. The standard defes environmental classes,
whichspecifyenvironmental conditions in terms of humidi
ty, condensation, pollutoand ambient temperatu@ass
E2 is the most demanding and allotfiequent condensa
tion and heavy pollutioch however this always applies to
indoor installations or installations with enclosures.

Recentlyastandard fopower transformers favind turbine Note that in case of applied voltage testihg entirearea
applications (IEC600746) has been established and an betweenthe primary and secondary winding is tested with
additional environmental class E3 for operation oftype the respective voltagehereas ithecase of induced voka

transformes under more severe conditions was introduced. getestingthere will be a voltage gradient along the coil and
The E3 testing requires a humidity above 95%, with-con only the insulatn at the end of the coils is tested with full
dudivity of water béng in the range 3-8 S/m. The voltage.

temperaturés chosen so that condensation takes place and

) > Climatic class C2and mechanical strength
the transformer is kept for 6 hours under these conditions
without being energizedVithin 5 minuteshe transformer A C2 thermal shock test was performed and passed. The

shall be submitted to a 15 minduced voltagdest at 1.1 transformers are therefore suitable dperation, transport
times the rated voltage. The tespissed if no flash over ~ @nd storage at ambient temperaturesodmmS"C. In the
occusand visual inspection does not show serious tracking 2 test the coil is first cooled down-25°C and afterwards
For IPOO outdoor installations, we consider neither E2 nor Very quickly, by using twice the rated current, heated up.
E3 as being a sufficient test for showing the performance of Large thermal gradients between conductors and surround

adry-type transformer under such conditions. ing insulation materials will arisereating high mechanical
20 stress in the coil. Since the construction of the polemount
18 * %> transformer with its solid insulation and the integrated
16 bushings differsonsiderablyfrom standard transformers,
5 14 the C2 test is very relevam showing the mechanical
3 12 rigidity of the coils.
g 10 e
S os Outdoor performance
B + applied . ;
g 067 " ;Zﬁ.fed Testing has been done botin a demanding natural
041 —— required life environment as well as in an artific@ewhich allowed for
02 . . . .
00 ‘ ‘ . ‘ ‘ control and interiy of ambient conditions
1.E+00 1.E+01 1E+02 1.E+03 1.E+04 1E+05 1.E+086 Outdoor testing at KIPTS
_ L _ testngrme® _ Theharsh outdoor envikoebegme nt
Fig. 2: Lifetime testing ofbolid msulatlon_between primary nsulgor Pollution Test Staan (KIPTS)nearCape Town,
and secondary coil. All tests passed without damage SouthAfrica is located about 30 metersm the sea The
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locationprovides an environment that includes plefigx- (Fig. 4)[2], which allows controlled and accelerated cycling
posure tdJV, about 15 rainy days per mon#trongwind, between priodswith salt fog, clean fog and UV radion
sanderosion, industrial palition, saltladenmoisture and (Fig. 5) We consider consecutive periods with altering
wildlife. It is well-knownin the industryfor testingand qua conditions to represent a more realistic picture ofitteral
lification of MV outdoor component®.g.insulators or in environment than a test with constant conditiong, a
strument transformer$he 15kV transformeshown in Fig. 1000 hourssdt-fog test. In natue there are also periods

3is energized from the secondaigeand gerated under with strong or weak wind, day and night, and condensation
no-load conditionsThe test duration has passed 1.5 years. of fog may occur mainly in early morning houfde test
15 Z 7 N\ J™ coils have gone througiimost 10Qestcycles.

2h

m salt fog
m clean fog
uv

4h cooling

Fig. 5: 12 hours cycle for accelerategjing in sakfog
chamber

Since the chamber is not able to carry sufficient weight,
| L —— itwas not possible to test a full transforniee coils were
‘ . i tested by grounding the secondary winding and applying an

Fig. 3: Polemount dntype transformeinstalledat KIPTS AC voltage to theshortedprimary winding.The man test
test station in South Africahe Atlantic Ocean is seenin ~ Was performed with a voltage of 15 kV phaseground.
the background. With this setup the field distribution on the surface of the
) ) _ coils is not fully identical withthecase of a delta connected
The transformer was observed with a UV videmnera in transformer with 15kV phas®e-phase voltage since there is
order to detect corona discharges. No significant corona was g voltage gradient between HV bushings along the. coil
detectedThe unit was carefully inspectedter %2 year in However,the voltage between HV and LV terminals and
operation and having passed there severainter season. between taps and LV terminalshigher than the intended
It did not show any substantial degegonly along some  3.phase applicatiorAdditionally, the regionat the end b
mold linesthere were signs of a small amountaicking the coils is heavily stresseflestirg of earliercoil desigrs

activity and salt deposits and some corrosion occurred on has showriracking after a feveycles already and pointed
steel parts Also after 1.5 years and having passed two gyt thewesk points

winter and one sumer seasaithe transformer is still in

perfectcondition Polymeric materials are sensitive to UV radiafiaiich

o can break molecular bonds armglickly degradethe
Testing in a sdt-fog chamber . polymer. Theartificial UV sourcein the clamberallows to
Coils and model cores were tested in af@jtchamber have upto 50times higher intensitgompared taaural

UV radiaion. The exact amount of UYadiationdepends
on the positioning and exposure of the test object with
respect to the UV lampsskide parts are less exposed than
the front sides, making it easier to identify differences due
to degradation by UV. The four UV lamps are supplied with
a power of 1200V each causing a temperature rise in the
chamber 0f40-50°K. Note that the temperature of the
directly irradiated surfaces of thest objects increase
significantly moreThe combination of periods with strong
UV radiation and with salt fogvhile applying a high
voltagemakes it avery demandingest procedure.

while for drinking water it is 100 times less. There are a
number of IEC standards for outdoor insulating conepts

) ) e which also request testing with fog created from water of
Fig. 4: Drawing of climatic slt-fog chamber used for i creased electrical conductivity. Depending on the
testing of drytype polemount transformer co[B8] standar d, the val @eG®BemIfy
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too highof conductivity is used, flashover quickly occurs  The test is passed if the temperature of the air outlet of the
instead of dry band discharge activity with the related aging test chamber remains belovgizenvalue(Fig. 7).

of the components. Based on experience, we have therefore

selected a conductivity of’80nS/cm as being most  FIELD INSTALLATION S

appropriate fothe salt fog period and@00ns/cm for the
clean fog period. The nozzles vaporizé& ram of water
per second.

The first 20 commercial utsi, threephase transformers with
a 100 kVA power rang and with 15 or 28V primary
voltage, are destined for the Italian utility, ENBEig. 8
shows a dntype polemount transformer installed in the grid
of ENEL Distribuzioneln this case the transfoemmainly
supplies a farm with livestock. The farm has ak@d

| Oty photovoltaic plant on its rooBy June 2013 the transformer
Y will be 9 months in operation.
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Fig. 8: Dry-type polemount transformer installed in the
cyce number region of Brescia, Italy
Fig. 6: Current during dry, safiog and clean fog periods
(top) and current during 20 last cycles (bottom) DISCUSSION AND CONCLUSION
The current is measured dugi the whole test cycle. The introduction of dmtype outdoor transformers for
Besides its capacitive component, it consists ofcihié polemount application is a major step in providing

internal leakage current and the surface currentsf@glt equipment with increased safety for people, property and
clean fog and dry periods can easily be recognized from the the environmentSince it is not attractive for theft of oil or

current intensity(Fig. 6). Especially during the #afog copper, it also ioreases security of supply and reduces
period, quite large variatisnin amplitude can be seen. In ~ Service and replacement needs. N
order to pass the test, the current should shetween Being directly exposed t@ll kind ofweatherconditionsand

cyclesa more or less stable value and no trend to increase pollution, the transformer design has special requirements
and significantly distinguistsdrom standard drgype trans

Eire resistance formers.The development therefonevolves a number of

A fire resistance test for class F1 according to IEC7600 innovations like the use of solid insulation between primary
11 was performed and passed. A coil with core leg is placed and secondary windings or the use of cycloaliphatic epoxy.
above a container filled with 3@m of ethyl alcohol. The
alcohol is It and burns the coil for about 20 minutéfe

coil is additionally heated by an electric heater at 750°C.

Dry-type transformers without enclosupeotection for
outdoor application are nean the marketTherearealso
no appropriate testing procedures argsat this time We
have presented in this paper our testing and qualification
methods and believe that they could make the base for a
K. future standard for such products. We consider a
200 _ ImeT’|m” i combination of aone or 1.5year outdoor testing in a
350 femperdiure-fse suitable test station like KIPTS and testing in a chamber
300 with saltfog and UV irradiation (100 cycles of 12 hours
;S duration) to givea representative picture of the perfor
150 AN mance of the transformer.
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Temperature-Rise in the chimney

Fig. 7. Tenperature rise during F1 test. It remains well
below the maximum permissible temperature rise.
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