VIO 97/ 45847 PCT/ SE97/ 00875
Transforner, reactor TECHNICAL FIELD 5 The present invention relates to a

power t r anWOR78847r eact or. For al | transni ssion and distri bBCTSEYTH08TS

~electric energy, transformers are used and their task is to allow exchange
of electric energy between two or nore electric systenms. A 10 transforner

Is a classical electrical product which has existed, both theoretically and

practically, for nore than 100 years. This is manifestly clear fromthe

Ger man patent specification DE 40414 from 1885. Transforners are avail able

in all po ro A up to the 1000 WA range. 15 Wth respect
to the vol a spectrumup to the highest transm ssion
vol tages which are belng used today. A transformer belongs to. an electrical

product gregpmikicgh, riegar di ng the fundanental node of operation, is
relatively 20 easy to understand. For the energy transfer between the
el ectric systens, electronmagnetic induction is utilized. There are a great

nunber f et peekendndneehtibasrelaelsmbeaopokeeSttAROESLIER) L¥a 88 .

practically describe the theory, calcul ations, manufacture, use, service
life, etc., of the 25 transforner. In addltpon there are a | arge nunber
of patent &@Gunéﬂt§rﬁabwdsngonoaadcdéssribuyibnpoﬁveaeeubﬁdiaaargyof t he

di fferent paahsrefrmdrls’ 2%l QLRE & gUEﬂﬁ§§ ch8k gxagp! llﬁ%ngkeﬂéPFQOB

tank, accessories, cooling, etc e invention relates ans?orner
bel ongi ng 9G350 SNEXEVePeFHRER tHWENSFORRELSs SWEERTACT BYEEEEEWeP r angi ng
from alé ewthramdfedmerA i af @laesd calaelteeR i prbduatr #hednvahkage

500 kv or | ated s U, thebl ot ih Iyoaald BRARLI R0y, e RR g Bhnn
present indd# veenss JEe dspmandfiestily [cdeal from the German patent
specification DE 40414 from 1885. Transformers are available
in all power ranges from the VA up to the 1000 MVA range.
15 With respect to the voltage range, there is a spectrum up to
the highest transmission voltages which are being used today.

A t;ansformer belongs to an electrical product group which,
regarding the fundamental mode of operation, is relatively

20 easy to understand. For the energy transfer between the
electric systems, electromagnetic induction is utilized.
There are a great number of textbooks and articles which more
or less theoretically and practically describe the theory,
calculations, manufacture, use, service life, etc., of the

25 transformer. In addition, there are a large number of patent
documents relating to successively improved embodiments of
the different parts of a transformer, such as, for example,
windings, core, tank, accessories, cooling, etc.

30 The invention relates to a transformer belonging to the so-
. called power transformers with a rated power ranging from a
few hundred kVA up to more than 1000 MVA with a rated voltage
ranging from 3-4 kV and up to very high transmission

voltages, 400 kV to 800 kV or higher.
35

The inventive concept which is the basis of the present
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description of the background art, however, mainly relates to power

ty ansf or mewe.97/45847 s wel | - known, reactors may be designed aBCESE{M8Bhase
and t hree-phase reactors. As regards insulation and cooling there are, in
principle, the same 5 enbodinents as for2 transforners. Thus, air-insul ated
and oil- insulated, self-cooled, oil cooled, etc., reactors are avail -

able. -Al'tho s Jkaye_o an ed
D1 4O cERRR Bk SBRVReoBECHLILLAR LRET, ARABTL Yl R, DEaleRLITES
is to a | ar povwex: Exansépapens .t 8s1ds weidtbnown BACESROUND W&, bdHE PROBLENS
In order todgasagRed a@w@&ntg&@nﬁhaézeahae%&eé gﬁaeédkéscéar%5 ad hl‘?egards
invention in_it er _context, and_hence descri

appr oach |n155%aﬁgéﬁ%eaﬁ én9n§§ﬁFFoﬁrPn éBdPFFBﬁlFBeth%h%d@%M?ages

af f or ded5 by endimentisi as Wbthtraﬂpiokmb@sthwhﬁélO&lﬁFinsﬁléEé@Iaﬂ@|dll-
conpl ete de | o] h Lar a or s it is currently designe

will first %@Hq?aﬂg§ﬁﬂl éfgﬁﬁgghWePﬁ iﬁggggﬁfisgcfb figc ?ﬁ?t%f?o'gah d

pr obl ens anqgi%naéi thgweh neagsers taveaboel windang dpekgphasesuandinay
eart hi ng, W&fwfcfé‘stllynéd Wth WatH R%a Wl%'ﬁ%ﬂ?f bn €t6n c8§et h@ﬁ@ (descrip-
transforner éﬁﬁﬁres ect to the gbove-nentioned, théré

conpr ehensi qq toefr rq"&dn&rttr &ﬁsFS’r felaroR §EheRk reaﬁaa%rgo

parti cullir| yyegumbmars t r ansf orners. Reference nay be nade, for exanple, to
the followwng: 30 The J & P Transfornmer Book. A Practical Technol ogy of
the Power Transformer, by A. C. Franklin and D. P. Franklin, published by
But t er wor t h<BAGKGRQWBP ART,1 JHE m&lg the internal electrical

insul ation of windings, 35 etc., the follow ng can be nentioned:

In order to place a power transformer/reactor according to

15 the invention in its proper context and hence be able to
describe a new approach in accordance with the invention in
addition to the advantages afforded by the invention with
respect to the prior art, a relatively complete description
of a power transformer as it is currently designed will first

20 Dbe given below as well in addition to the limitations and
problems which exist when it comes to calculations, design,
insulation, earthing, manufacture, use, testing, transport,
etc., of these transformers.

25 With respect to the above-mentioned, there is a comprehensive
literature describing transformers in general, and more
particularly, power transformers. Reference may be made, for
example, to the following:

30 The J & P Transformer Book, A Practical Technology of the
Power Transformer, by A. C. Franklin and D. P. Franklin,
published by Butterworths, edition 11, 1990.

Regarding the intermnal electrical insulation of windings,
35 etc., the following can be mentioned:
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Transfornerboard. Di e Verwendung von Transfornmerboard in

G ossl ei stWRAAMIMAST or mat oren by H. P. Moser, published byPAUVSEE/WREN AG
CH 8640 Rapperswil. 5 Froma purely general point of view, the primry
task of a power transfornmer is to aIIOM/é&change of electric energy between
two or nore electrical systens of, usually, different voltages with the

same frequengknstBrmbrbenyant heaa 206k OF FBhs FOAREIBESLA in
transforner core, i.n.the fo og;ng referred to as a core, often of |am -

nated ori enfE@SSHELSLURTS! Ry et . PTr¥ogey ¢ Rwpbished by finber
of core |inbeidmannact edHbB6OkrRappbirskiloget her form one or nore core

wi ndows. Transforners with 15 such a core are often referred to as core
transforners. Around the core linbs there are a nunber of w ndings which
are nornal | FGoEf & paFedy gengrpdappinteofnviaey, abbecpnimaty wiaskng.aAs far

as power tr N FHah sFoemeeNssr ped SBxMWhRAALB0S £ i al ways
concentricaﬁ?ﬁiafran ed gﬁ% 20g g?s?%ﬁ%ﬁtggggﬁggg ?ﬁeéFgﬁg?ﬁéoéﬁ%%%ycore
| i mbs. The &%é’eﬁna o PFefMOEEuSLPFtRASad| PYEFamScof) suayadty Aifferent
t aperi ng coneluayessedithomnhen samdeErequehky.up the wi ndow as effectively as
possible. 25 In addition to the core type transfornmer there is so-called

sheII-tK e transforner. These are often designed with rectangular coils and
arecta guleﬂ aaventignade power. teansdorimeratoppwésesr anstanafosmern t he

| over end ofcdie, 3 aby FUTARMiIPRES 2R BBIRs &' eo?ecmakesﬁ desighed
wth air coohlghto di ssipate the heat .frominherent |osses. For protection
agai nst contHfhe %%edgéi’ﬁe&'y Us¥add¥n Lt Bélegrrr BhrehagBRei €0FRel d of

the transforcompriides s afumer of core limbs, connected by yokes which

together form one or more core windows. Transformers with

15 such a core are often referred to as core transformers.
Around the core limbs there are a number of windings which
are normally referred to as primary, secondary and control
windings. As far as power transformers are concerned, these
windings are practically always concentrically arranged and

20 distributed along the length of the core limbs. The core
transformer usually has circular coils as well as a tapering
core limb section in order to fill up the window as
effectively as possible.

25 1In addition to the core type transformer there is so-called
shell-type transformer. These are often designed with
rectangular coils and a rectangular core limb section.

Conventional power transformers, in the lower end of the

30 above-mentioned power range, are sometimes designed with air
cooling to dissipate the heat from inherent losses. For
protection against contact, and for possibly reducing the
external magnetic field of the transformer, it is often

provided with an outer casing provided with ventilation
35 openings.



provided with an outer casing provided with ventilation 35 openings. WO

97/ 45847 PCT/ SE97/ 00875 4 Nbst of
the convenwoondss4power transformers, however, are oil-cool BGT/SENBTS t he

reasons for this is that the oil has an additional very inportant function
as insulating medium An oil-cooled and & |-insul ated power transformer is
5 therefore surrounded by an external tank on which, as will be clear from

the descripiioa® Bel ewe &eharehtgansl@ﬁﬁawér réJS%J:é(ve ta%.sefor

- meter-coolrailrpopge oil are _provid aﬁﬁaﬂ%§§fﬂe part o

description thhQnﬁogﬁ EB?trP€F€FSt8°6|Fh%$l}%dt he redhkfhaser s.
The wi ndi nganohdﬁliemmnsﬁfeweﬁ.mpbetfaﬁtrrednéts)ehoae Dhisdbat Sy ahediwRi | S

t ed I
i1 on, 1 A2 Gt eolted ot Bia iBNTE el obupe GetRRREC R | 68, i ¢ chi ng

bet ween 5heth@5§ﬁ@ﬁetﬁ@rﬁ@mndedsbyhaa aaveceahayabh deswiyhel, fas wiabbilvgy

with the ai ¢ rSCfrr%\ﬁll th)ﬂenh% Q-1 BRE 8n0hLER h d 0,.speci al
swi tch whi ch |§ operable in Phelggcﬁﬁl%% o gr%aﬁkehlﬁg%%ﬁd%ven t hat
swi t chi ng cdt W%%ﬁ pl ace for a transforner under vol t age, the changeover

switch is referred to as an on- load tap changer whereas otherwise it is
referred to de- er ed t p changer . arding oil -copled and
oi | -i nsul at & Boner E?éﬂ%?&@ﬁéﬁ? % ~£R814pgeP pgag ; 8Ee PRevVidfRtact s of
t he on-LBad tap changers are placed in special oil-filled containers wth

direct conne@id GpilRdwiy Patslo¥ Pole RBEriPESoRORE 3¢t 02" Phe most part

refer to oil-filled power transformers.

The windings of the transformer are formed from one or

15 several coils connected in series built up of a number of
turns connected in series. In addition, the coils are
provided with a special device to allow switching between the
taps of the coils. Such a device may be designed for tapping
with the aid of screw joints or more often with the aid of a

20 special switch which is operable in the vicinity of the tank.
In the event that switching can take place for a transformer
under voltage, the changeover switch is referred to as an on-
load tap changer whereas otherwise it is referred to as a de-
energized tap changer.

25
Regarding oil-cooled and oil-insulated power transformers in
the upper power range, the contacts of the on-load tap '
changers are placed in special oil-filled containers with
direct connection to the transformer tank. The contacts are

30 operated purely mechanically via a motor-driven rotating
-shaft and are arranged so as to obtain a fast movement during
the switching when the contact is open and a slower movement
when the contact is to be closed. The on-load tap changers as
such, however, are placed in the actual transformer tank.

35 During the operation, arcing and sparking occur. This leads
to degradation of the oil in the containers. To obtain less
arcs and hence also less formation of soot and less wear on



30 operated purely mechanically via a notor-driven rotating .shaft and are
arranged so as to obtain a fast novenent during the sw tching when t
contact | wW@@H4ss4ind a sl ower novenent when the contact|ESRQE Ewg§ed The
on-load tap changers as such, however, are placed in the actual transforner
~tank. 35 During the operation, arcing aﬁd-sparking occur. This leads to
degradation of the oil in the containers. To obtain less arcs and hence
also less f S r LARS
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range o ool_ed i nsul at ed power_ tranpsforners, f%e on- | oad
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t he above- meapi enatlgersbiRithwyitier eépectot Padbgs adati on of the oil because
of arcing during operation, etc., affect the 15 whole oil system Fromthe
poi nt of view of applied or induced voltage, it can broadly be said that a
vol t agel@hi @n thesilawesnpeyencrasgeachi aillngodtedi emdidai:lethsqlaaiéq/ ont o
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turns. Fromthe point of yiew_of electric Eotentl however
is conpletePFnGPFF§réﬁ@ péacedningidg fhRdFaBk: sThisnesns ol e

earth. Thi s alle#iesmeh¢Wored prbblemBewith respect to degradation of the

0il because of arcing during operation, etc., affect the
15 whole o0il system. '

From the point of view of applied or induced voltage, it can

broadly be said that a wvoltage which is stationary across a

winding is distributed equally onto each turn of the winding,
20 _i.e., the turn voltage is equal on all the turns.

From the point of view of electric potential, however, the
situation is completely different. One end of a winding is
usually connected to earth. This means, however, that the

25 electric potential of each turn increases linearly from
practically zero in the turn which is nearest the earth
potential up to a potential in the turns which are at the
other end of the winding which correspond to the applied
voltage.

30 This potential distribution determines the composition of the
insulation system since it is necessary to have sufficient
insulation both between adjacent turns of the winding and
between each turn and earth.

35 The turns in an individual coil are normally brought together
into a geometrical coherent unit, physically delimited from
the other coils. The distance between the coils is also



25 electric potential of each turn increases linearly frompractically
zero in the turn which is nearest the earth potential up to a potential in
the turns WBi%H58F7e at the other end of the wi nding which BETSEXHESE to t he
applied voltage. 30 This potential distribution determines the conposition
of the insulation systemsince it is necéssary to have sufficient

I nsul ation both between adjacent turns of the w nding and between each turn
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enter other metal objects - the other coils being included - may be

relatively hlgh The voltage difference is determined by the

15 voltage induced by magnetic induction as well as by the
capacitively distributed voltages which may arise from a
connected external electrical system on the external connec-
tions of the transformer. The voltage types which may enter
externally comprise, in addition to operating voltage,

20 lightning overvoltages and switching overvoltages.

In the current conductors of the coils, additional losses
arise as a result of the magnetic leakage field around the
conductor. To keep these losses as low as possible,

25 especially for power transformers in the upper power range,
the conductors are normally divided into a number of
conductor elements, often referred to as strands, which are
connected in parallel during operation. These strands must be
transposed according to such a pattern that the induced

30 voltage in each strand becomes as equal as possible and so
that the difference in induced voltage between each pair of
strands becomes as small as possible for internally
circulating current components to be kept down at a

reasonable level from the loss point of view.
35 '

When designing transformers according to the prior art, the
general aim is to have as large a quantity of conductor



externally conprise, in addition to operating voltage, 20 Iightning
overvol tages and sw tching overvoltages. In the current conductors of the

coils, addigdenassr! osses arise as a result of the nagneti c HoTesEayeosis el d
around the conductor. To keep these | osses as | ow as possible, 25

especially for power transformers in the upper power range, the conductors
are normal ly divided into a nunber of conductor elenments, often referred to
as strands, mhlch e connecgﬁd in parallel during Eeratlon These strands
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so- call ed teonisdmeney Midld@Ang iR aldgnetdsCicored as having as high a fill
factor as possible. The avail able space shall conprise., in addition to the
conductor material, also the 5 insulating naterial associated wth the
coil s, partI®h¢rﬂnﬁukﬂﬂ50nxﬂmﬂkﬂmﬂInanﬂiﬁswxmhdnparmbyIVw1ndhag apdal | i c
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outside of this as solid cellulose and liquid, possibly also
gaseous, insulation. In this way, windings with insulation

15 and possible support parts represent iarge volumes which will
be subjected to high electric field strengths which arise in
and around the active electromagnetic parts of the
transformer. In order to predetermine the dielectric stresses
which arise and achieve a dimensioning with a minimum risk of

20 breakdown, good knowledge of the properties of insulating
materials is required. It is also important to achieve such a

surrounding environment that it does not change or reduce the
insulating properties.

25 The currently predominant insulation system for high-voltage
power transformers comprises cellulose material as the solid
insulation and transformer oil as the liquid insulation. The
transformer oil is based on so-called mineral oil.

30 The transformer o0il has a dual function since, in addition to
the insulating function, it actively contributes to cooling
of the core, the winding, etc., by removal of the loss heat
of the transformer. 0Oil cooling requires an oil pump, an
external cooling element, an expansion vessel, etc.

35 _

The electrical connection between the external connections of
the transformer and the immediately connected coils/windings



outside of this as solid cellulose and |iquid, possibly also gaseous,
insulation. In this way, windings with insulation 15 and possi bl e support
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PCTI SE97/ 00875 8 is referred to as a bushing aimng at a conductive
connect ilén tItcnmﬁuldubeMﬁdinﬂédiunuenhauMﬂhehsama treeuizement sofbxf theed

power transf iy, ré ai%: é%cctxt(i qt %%’ d}fﬁg eush Rdiﬁgﬁ“e“
a separate conponent to the tan |gned st and
the insul at i ¥k éﬁ?%%@]t@%é?%ﬁﬁié’ Ipderngd m@n@@fcgp@@ beywers Ehsi de
of the tank,coils, between bushings and coils, different types of
switches and the bushings as such.
15
All the metallic components inside a power transformer are
normally connected to a given earth potential with the
exception of the current-carrying conductors. In this way,
the risk of an unwanted, and difficult-to-control, potential
20 increase as a result of capacitive voltage distribution
between current leads at high potential and earth is avoided.
Such an unwanted potential increase may give rise to partial
discharges, so-called corona, which may be revealed during
the normal acceptance tests, which partially are performed,
25 compared with rated data, increased voltage and frequency.
Corona may give rise to damage during operation. '

The individual coils in a transformer must have such a mecha-
nical dimensioning that they may withstand any stresses

30 occurring as a consequence of currents arising and the resul-
ting current forces during a short-circuit process. Normally,
the coils are designed in such a way that the forces arising
are absorbed within each individual coil, which in turn may
mean that the coil cannot be dimensioned optimally for its

35 normal function during normal operation.



while at the sane tine it should withstand the current |oads occurring and
the resulting current forces. 10 It should be pointed out that the sane
requi r ene @ 97/45841 he i nsul ati on system as descri bed above W&’% t he

W ndings also apply to the necessary internal connections between the
coils, between bushings and coils, di ff ePent types of switches and the
bushings as such. 15 All the netalllc conponents inside a power transformner
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insulation system shall have a low moisture content, the
solid part of the insulation shall be well impregnated with
15 the surrounding oil and the risk of remaining “gas" pockets
in the solid part must be minimal. To ensure this, a special
drying and impregnating process is carried out on a complete
core with windings before it is lowered into a tank. After
this drying and impregnating process, the transformer is
20 lowered into the tank which is then sealed. Before filling of
oil, the tank with the immersed transformer must be emptied
of all its air. This is done in connection with a special

vacuum treatment. After carrying this out the tank is filled
with oil.

25

In order to obtain the promised service life, etc., almost
absolute vacuum is required during the vacuum treatment. This
thus presupposes that the tank which surrounds the trans-
former is designed for full vacuum, which entails a

30 considerable consumption of material and manufacturing time.

If electric discharges occur in an oil-filled power trans-
former, or if a local considerable increase of the tempera-
ture in any part of the transformer occurs, the oil

35 disintegrates and gaseous products dissolve in the oil. The
transformers are therefore usually provided with monitoring
devices for detection of gas dissolved in the oil.



wi ndings. This inplies that the individual conductors nentioned above are
repl aced by thin sheets. Helical-wound 5 power transforners are

manuf act urwo 97ass84vol t ages of up to 20- 30 kV and powers of POP/SE®/REIS30 MN
The insul ation system of power transforners within the upper power range
requires, in addition to a relatively cohlicated 10 design, also speci al
manuf acturing nmeasures to utilize the properties of the insulation system
in the best possible way. In order to obtain a good insulation to be

obtai ned, the insylation systemshall have a | ow noisture content, the
solid part 8PTt WelPhtuFgapeRsshargebeovier| trmségme:esi awe rt:aamspdnsted

surr oundi ngw@.ltho&ﬁdoﬁ.me onSEleé iﬁgsamaeloﬂaéf PR& \gfénéfb sil i, part
must be m ni mal To ensur.e , a Specl al in process

is carried SHPCEMeR 5898?‘5?@ chetW’ h F\Fﬂﬁ?"ﬂ sV%%‘F’é‘F‘etF?a‘FIBeTMb Ted into a
tank. Af%er addii€idnyi nhiandsi appegoessnghpenpeSﬁrthéﬁnéf@nsri@ér&s bs 20

| d Led,  Bef f pil, the tank
W th the | maSPeagorr SAER,FAne° therBaBRTLE pplied for' pond Treoastnom one

in connectl&ﬁsﬁﬁpﬁlQHSpeC|al vacuum treatment. After carrying this out the
tank is filled with oil. 25 In order to obtain the prom sed service life,
etc., alnos abso te vacuum i s_required during the vacuumtreatnent. This
t hus presup XFOPﬁeggaﬁktﬂﬁ? hP¥AFE8EREsAFAeVEFdnEimeopemeuming
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tenpera- t uFeIHTIINI SHCESEf tohextensdiver wesourcess, the oil 35
di si ntegrates and gaseous products dissolve in the oil. The transforners

are therefor usually provi ded with nonitoring devices for detection of gas
di ssol ved |ﬁ§{ nguylating material in conventional power transformers

15 constltutes a large part of the total volume of the transfor-
mer. For a power transformer in the upper power range, oil
quantities in the order of several tens of cubic metres of
transformer oil are not unusual. The oil which exhibits a
certain similarity to diesel oil is thinly fluid and exhibits

20 a relatively low flash point. It is thus obvious that oil
together with the cellulose constitutes a non-negligible fire
hazard in the case of unintentional heating, for example at
an internal flashover and a resulting oil spillage.

25 It is also obvious that, especially in oil-filled power
transformers, there is a very large transport problem. Such a
power transformer in the upper power range may have a total
0il volume of several decades of cubic metres and may have a
weight of up to several hundred tons. It is realized that the

30 external design of the transformer must sometimes be adapted
to the current transport profile, i.e., for any passage of
bridges, tunnels, etc.

A short summary of the prior art with respect to oil-filled
35 power transformers follows hereafter in which both its
limitations and problem areas will be described:



VIO 97/ 45847 PCT/ SE97/ 00875 10 For
wei ght reasons | arge power transformers are transported w thout oil.
On-site i nNQAWI488470n of the transforner at the custoner redRETVEEIT/O8ES t ur n,
renewed vacuumtreatnent. In 5 addition, this is a process which,
furthernore, has to be repeated each tindlthe tank is opened for sone
repair work or inspection. It is obvious that these processes are very

ti me-consum 0 - rARRA 0 ' consi derabl e part of
t he total tipg’é OIIiglr %xral(nitﬁc%toure a% ?gpgigge\%h??éhgggﬁwgrsane time requiring

access to extensive resources. The insulating material in conventional

power transf-oreongsrilfes eanuitiait ;t%.nék lvmhrj.@ht E.%r tooholiBe Eotﬂlan\é@bi'ﬂélro‘c the
transfor- ne [ ower_transforner in t. upper. power _range, 0il

quantities i#\oﬁxglso%ram%r%mert é"r?gfeof’”('fg’bfzg’lﬁét'r QEEoﬁoFr gﬁ§PgF‘FréPnoi I
are not @nusapd .cotieing| mevhemieeli Isuppoatc devdicessoffi baribyst kididesel hOi |
Is thinly flau ar@r:gx' | l%e%r%' I I paL.n I{_is thus
obvi ous thaté%#'l t oget e&%ﬁ%ﬁaﬁ@'%& ] oglg%cg%\sgt %’E‘%’?gg g’hn H?ngaf‘f‘gl bl e

fire hazard $H%he WeROW Ui MnMisiae keansfermes, dzaspralabean
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that, especially in oil-filled power transfor : , ,
t ransport pr‘glbfl3 e‘fﬁ&glﬁ%q%ﬁﬁﬁ/\evr oY SRS MRnufectygéndy tﬁéééégmay

have a flft al podtesnds nndfitise e daactaammfdim}dﬁs(iomﬁt oES tﬁ:@dggﬁk ha¥e i’vl
wei ght of u r -t,_fgqtsé[ It J WA at_ the externa
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desi gn of the transtfornmer nu e aptte
transport profile, i.e., for any passage of bridges, tunnels, etc. A short

sunmary of then@ﬁh@llﬁréomﬁﬁ‘séh@%%‘d-déll@d PriddRF-e3% A0 14 m@NS TR Zer S
fol I 'ows heregééf{nénme |g Pg&uirletss the provision of an oil pump, an

15 external cooling element, an expansion vessel and an expan-
sion coupling, etc.; : '

- comprises an electrical connection between the external

connections of the transformer and the immediately connected
20 coils/windings in the form of a bushing fixed to the tank

wall. The bushing is designed to withstand any insulation

requirements made, both regarding the outside and the inside
of the tank;

25 - comprises coils/windings whose conductors are divided into
a number of conductor elementé, strands, which have to be
transposed in such a way that the voltage induced in each
strand becomes as equal as possible and such tha_t the
difference in induced voltage between each pair of strands

30 Dbecomes as small as possible;

- comprises an insulation system, partly within a
coil/winding and partly between coils/windings and other
metal parts which is designed as a solid cellulose- or

35 wvarnish-based insulation nearest the individual conductor
element and, outside of this, solid cellulose and a liquid,
possibly also gaseous, insulation. In addition, it is



timtations and problem areas will be descri bed: WO 97/ 45847

PCT/ SE9Q7/ 00875 11 An oil-filled conventional power transformer - conprises
an outer typglydgith is to house a transforner conprising PCHIEIIOWHer core
With coils, oil for insulation 5 and cooling, nmechanical support devices
of various kinds, etc. Very |arge necharmzal denmands are placed on the
tank, since, without oil but with a transformer, it shall be capable of

belng vacuumtr eat d to ractically full, vacuum The tank r i.res very
ext ensi ve nBRbFERE heeRestiay tiee gtadan Sysqem 9 8 fer na
di mrensi ons véthboWamblatﬁnenoomaéﬁy,enta|I consi derabl e transport
problems; - normally conprises a so-called pressure-oil cooling. This

cooling nethod requires the provision of an oil punmp, an 15 external
cool i ng el emefAemPHASER paAsEBNinbegrRt @f bRt expaon-kiash tammtiangent c. ; -

conpri ses aaueksﬁhaéaabycemmeaﬁa%o%wncéﬁk?e&@&rwltr@&m%Jmscaae the
t ransf or ner a the i di at el chonnected 20 coils/w ndings in the form of

a bushing fM*88iPg PhetPENKkTRBPFOTMAE HALhYRHEFES LT to withstand any

i nsul ati on reqU|renents made, both regarding the outside and the inside of

t he tank; 25 rls o 0 e-d VI to
a nunber of cSRa g,g ﬁ%%eﬁ Héﬁ%ﬁgngﬂéaﬁl 2ht ‘%aveé?h%sbfé afnlsposeazggl'lé{l
such a way unapopn@cﬁeppayéthnaaceanah parhislrdhechereess se-eapked as

possi bl £p an@orémia t@%hrk&ﬁgdhthhEQBSd'Ea NEHERGe¥S| 4RE CotRé Ve BACkLRAI T
of strands 3Q. .becomes as snall as possi bl e; - conprises an insulation

system par %}*ﬁPPhln a coil/wnding and partly between c0|Is/mAnd|ngs and
ot her

- comprises normally a monitoring device for monitoring gas
dissolved in the o0il, which occurs in case of electrical dis-

15 charges therein or in case of local increases of the tempe-
rature;

- comprises oil which, in the event of damage or accident,

may result in oil spillage leading to extensive environmental
20 damage.

25 SUMMARY OF THE INVENTION, ADVANTAGES

The object of the invention is to offer a transformer concept
within the power range which has been described under the
description of the backgroﬁnd art, that is, so-called power
30 transformers with a rated power ranging from a few hundred
kVA up to over 1000 MVA with a rated voltage ranging from 3-4
kV and up to very high transmission voltages, such as 400 kV
to 800 kV or higher, and which does not entail the disadvan-
tages, problems and limitations which are associated with the
35 prior art oil-filled power transformers according to what is
clear from the above-mentioned description of the prior art.
The invention is based on the realization that, by designing



metal parts which is designed as a solid cellulose- or 35 varnish-based
i nsul ati on nearest the individual conductor el enent and, outside of this,

solid cel | WOS3d584fd a |iquid, possibly also gaseous, i nsul ACTSHITOR7S
addition, it is WO 97/ 45847

PCT/SE97/00875 12 extremely inportant thaf the insul ation system exhibits a

very | ow noi sture content; - conprises as an integrated part an on-load tap
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not entail the disadvan- tages, problens and i mtations are
associ at ed weRrgtnoE the conductor. A power transformer accordlng to the

invention exhibits obvious considerable advantages in
relation to a conventional oil-filled power transformer. The

15 advantages will be described in more detail below. As
mentioned in the introductory part of the description, the
invention also provides for the concept to be applied to
reactors both with and without an iron core.

20 The essential difference between conventional oil-filled
power transformers/reactors and a power transformer/reactor
according to the invention is that the winding/windings thus
comprise a solid insulation surrounded by an external and an
internal potential layer as well as at least one electric

25 conductor arranged inside the internal potential layer,

designed as semiconductors. A definition of what is comprised

by the concept semiconductor will be described below.

According to a preferred embodiment, the winding/windings

is/are designed in the form of a flexible cable.

30 '
At the high voltage levels which are required in a power
transformer/reactor according'to the invention, which is
connected to high-voltage networks with very high operating
voltages, the electric and thermal loads which may arise will

35 impose extreme demands on the insulating material. It is
known that so-called partial discharges, PD, generally
constitute a serious problem for the insulating material in



35 prior art oil-filled power transfornmers according to what is clear from
t he above-nenti oned description of the prior art. The invention is based on
t he real i apbiowassahat , by desi gni ng WO 97/ 45847 PCT/SE97/00875

PCT/ SE97/ 00875 13 the winding or the windings in the transformer/reactor so
that it conprises a solid insulation surtéunded by an outer and an inner
potenti al -equal i zing sem conducting | ayer, within which inner |ayer the

el ectric co torqks 1o ossibility.is provided of | nt ai ni ng
t he eIectri%ﬂ%%éﬁélk%gfhgﬂkggﬁégﬁggﬁg'm?#h?ﬁvf%%eﬁﬁhﬂ?ﬁ%ﬁ ﬁﬂet%§2%% fc
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i nner most  pAAL ST d Ss grpduphdy dersadefdanfcwliFRofHaR by i merlead to

seni condsict @leadtarig Wreakdéoghhthiroubh ehadifitQlat PoROVWEE 1§ aRsihDi pEd

according t e . hnveqLl hi_hi ebvi ous consi derabl e advantages in
relationgtoqg&%bﬁgéﬁﬁﬁ%'aﬁe%?Ing%%gagﬂgwgre?ggﬁg?o?ﬁérEofhﬁxigggﬁdvﬁntages
W || be des@awssd tnanafioxmgat.ai | bel ow. As nentioned in the introductory
part of the description, the invention also provides for the concept to be
applied to reactoors both with and without an iron core. 20 The essenti al

di fference S T REh tiSon AR tET adilp e BagedePnt EBRsTBRKEESELGRCEBAE and

a_power 10yar¢f@rmj{dcmniwi_r@cw@nlrtgatlp 1ta£>|érlsné§ﬁlibee biréﬂigaié Eﬂérmaltl. |
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conduct or aranthddwrt ridieldavesrs mre seEicyredenoi ghel spdid dasujaedons
Se”?CO”dUCt0§féfé¥é%¥§J“ﬁﬂéﬂ%ﬁ%}%?ﬁﬁuéﬁin%oqQ&Eiﬁda%%o%ﬁﬁn&oﬂgeghe
sem conductoy w Il be described bel ow, L )
_ invention are integrated with the solid insulation to ensure
15 that these layers and the adjoining insulation exhibit
similar thermal properties to ensure good contact independ-
ently of the variations in temperature which arise in the
line at different loads. At temperature gradients the
insulating part with semiconducting layers will constitute a
20 monolithic part and defects caused by different temperature
expansion in the insulation and the surrounding layers do not
arise. The electric load on the material is reduced as a
consequence of the fact that the semiconducting parts around
the insulation will constitute equipotential surfaces and
25 that the electric field in the insulating part will hence be
distributed nearly uniformly over the thickness of the
insulation. -

According to the invention, it must be ensured that the

30 insulation is not broken down by the phenomena described
above. This can be achieved by using as insulation layers,
manufactured in such a way that the risk of cavities and
pores is minimal, for example extruded layers of a suitable
thermoplastic material, such as crosslinked PE

35 (polyethylene), XLPE and EPR (ethylene-propvlene rubber). The
insulating material is thus a low-loss material with high



According to a preferred enbodi nent, the w ndi ng/w ndi ngs is/are desi gned
inthe formof a flexible cable. 30 At the high voltage |evels which are
required iwoaTpssaer transforner/reactor according to the | ROBSEYT®§7Swhi ch
i's connected to- high-voltage networks with very high operating voltages,
the electric and thermal | oads which naﬂfhrlse will 35 inpose extrene
demands on the insulating material. It is known that so-called parti al
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. sem conducting |layers according to the invention are Integrate
solid insulation to ensure 15 that these |layers and the adjoining
i nsul ati®n &khibi knewni | pertder nbh pompecties witlernsdmsgied Gotadlles
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caused by dpkbmisat thefPeheét iSulation should be free from defects. In
_ these transmission cables, the potential lies, in principle,
15 at the same level along the whole length of the cable, which
provides a high electric stress in the insulating material.
The transmission cable is provided with one inner and one
outer semiconducting layer for potential equalization.

20 The present invention is thus based on the realization that,
by designing the winding according to the characteristic
features described in the claims as regards the solid
insulation and the surrounding potential-equalizing layers, a
transformer/reactor can be obtained in which the electric

25 field is kept within the winding. Additional improvements may
also be achieved by constructing the conductor from smaller
insulated parts, so-called strands. By making these strands
small and circular, the magnetic field across the strands
will exhibit a constant geometry in relation to the field and

30 the occurrence of eddy currents will be minimized.

According to the invention, the winding/windings is/are thus
preferably made in the form of a cable comprising at least
one conductor comprising a number of strands and with an

35 inner semiconducting layer around the strands. Outside of
this inner semiconducting layer is the main insulation of the
cable in the form of a solid insulation, and around this



eéxpansion in the insulation and the surrounding | ayers do not arise. The
electric load on the material is reduced as a consequence of the fact that
the seni cormlootassgr parts around the insulation will consti tREWSEIT/00875
equi potential surfaces and 25 ‘that the electric field in the insulating
part will hence be distributed nearly unilormly over the thickness of the
~insulation. According to the invention, it nust be ensured that the 30

insul ation i i}iélkf‘& ¥:|nt %t%r}e%%%%q%%%&hgeq_ above,, Thi sﬁéan be

achi eved by using as |nsu ation Tayers, manu ure &4Eh - aTﬁﬁy CERaE the
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sui tabl e thernoplastic material, such as crosslinked PE 35

(pol yethyl e X PE nd R | ene- propyl ene rubbher). The insulating
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stress in thvalneulﬁhaﬁg: ned®rkQém, and, in addlt:l.on, the resistance of

the semiconducting layer per unit of length in the axial
15 extent, R, of the cable shall exhibit a minimum value Rmin =
50 Q/m and a maximum value Rmax = 50 MQ/m.

The inner semiconducting layer must exhibit sufficient elec-
trical conductivity in order for it to function in a .poten-

20 tial-equalizing manner and hence equalizing with respect to
the electric field outside the inner layer. In this connec-
tion it is important that the layer has such properties that
it equalizes any irregularities in the surface of the
conductor and that it forms an equipotential surface with a

25 high surface finish at the boundary layer with the solid
insulation. The layér may, as such, be formed with a varying
thickness but to ensure an even surface with respect to the
conductor and the sclid insulation, its thickness is suitably
between 0.5 and 1 mm. However, the layer must not exhibit

30 such a great conductivity that it contributes to induce
voltages. For the inner semiconducting layer, thus, pmin =
10-® Qcm, Rmin = 50 uQ/m and, in a corresponding way, Pmax =
100 kQcm, Rmax = 5 MQ/m.

35 Such a cable which is used according to the invention is an
improvement of a thermoplastic cable and/or a cross linked
thermoplastic such as XLPE or a cable with ethylene propylene



The transm ssion cable is provided with one inner and one outer

sem conducting layer for potential equalization. 20 The present invention
i s thus baggh7assdrhe realization that, by designing the w RCT/SEITH8T di ng
to the characteristic features described in the clainms as regards the solid
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tivity prope???sre}ls:b ?mi'?fglﬁ‘%?b&f HFFRds &ats n§n°§n®aﬁF€6‘St‘her mal | oad.
Furt her, thefmeekxmencqnnu&nddnﬂnng doheHenyeweht iomishahewhatf appept tbo
ensure that Ao ROLENU S AT Do UAiEbmmdg 051 SUI VI LY. P, of
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15 It is essential and necessary for a winding in a power
transformer/reactor according to the invention that at least
one of the strands of the conductor is uninsulated and
arranged such that good electrical contact is achieved with
the inner semiconducting layer. The inner layer will thus

20 always remain at the potential of the conductor. Alterna-
tively, different strands may be alternately conducting with
electrical contact with the inner semiconducting layer.

As far as the rest of the strands are concerned, all of them
25 or some of them may be varnished and hence insulated.

According to the invention the terminations of the high-volt-
age and low-voltage windings can either be of joint type
(when the connection is to a cable system) or of cable

30 termination type (when the connection is to a switchgear or
to an overhead transmission line). These parts also consist
of solid insulation material, thus fulfilling the same PD
demands as the whole insulation system.

35 According to the invention the transformer/reactor can either
have external or internal cooling, external meaning gas or



shal |l exhibit a mninumvalue, Pmn =1 [err]cmand a maxi nrum val ue, Prmax =
100 k[err]Jcm and, in addition, the resistance of the sem conducting |ayer
per unit owologlsldh in the axial 15 extent, R, of the cabl e PSREEYURRi bit a

mninmumvalue Rmn = 50 [err]/mand a maxi num value Rmax = 50 Merr]/m The
i nner seni conducting |ayer nust exhibit Xufficient elec- trical
conductivity in order for it to function in a poten- 20 tial-equalizing

manner and hefeqcgysl LAk Non WAL SH0EGA 181 11 S ARIAL Ihdifi Y IRt e
inner layer. I'n this conhec- tion it 1s npportant that the layer has such
properties tLhgeiftceqlaRgzBsiig FRedgirdindies in the surface of the

conductor and that it fornms an equipotential surface with a 25 high
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silicone. The 1l npr ovenent conpri ses, | Nter alla, a new desl an ot as

regards the wemddhs elictaded féedds fagm thet Farrens-cabr¥lngscandegter

casing for nachanidac RIMEEGH @hedlsd1NG @RAheinBulation. Both from the

design point of view and the manufacturing point of view this
15 has considerable advantages: '

- the windings of the transformer may be formed without
having to consider any electric field distribution and the

transposition of strands, mentioned under the background art,
- 20 is omitted;

- the core design of the transformer may be formed without
having to consider any electric field distribution;

25 - no oil is needed for electrical insulation of the winding,
i.e., the medium surrounding the winding may be air;

- no oil is needed for cooling of the winding. The cooling
can be performed on ground_potential and as cooling medium a
30 gas or a ligquid can be used;

- no special connections are required for electrical connec-
tion between the outer connections of the transformer and the
immediately connected coils/windings, since the electrical

35 connection, contrary to conventional plants, is integrated
with the winding}



*A wi nding conprising such a cable will entail quite different conditions
fromthe insulation point of view fromthose which apply to conventi onal
t ransf or nwos¥mssaet or wi ndi ngs due to the electric field dPSTEERRBGN. To
‘utilize the advantages 10 afforded by the use of the nmentioned cabl e,
there are other possible enbodi nents asl?egards earthing of a trans-
former/reactor according to the invention than what apply to conventi onal
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conduct or . Ela{ééltl’rgn i ¢8 e EIFFF‘éF@HE‘ogtrands may be alternately conducting

with el®gctrical contact mnth t he i nner sen1conduct|ng | ayer. As far as the
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(when the ¢ nnect onis to ver head transm ssion
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According t v r.have external
or internal O]E:%g‘? é I}letn ee'he#] rreanl g ga %%%gs\ﬂeggﬁglgﬁgs ot
PCT/SE97/OOBﬂQﬁW§t1¢nunlﬁﬁﬁbol|ng on earth potentlal and i nternal meaning

gas or liquid cooling inside the w nding.
- by using the technique for insulation, according to the
15 invention, considerable possibilities are provided for
developing the magnetic circuit of the transformer, which was
given according to the prior art.

- BRIEF DESCRIPTION OF THE DRAWINGS
20

The invention will now be described with reference to the
accompanying drawings, wherein

Figure 1 shows the electric field distribution around a wind-
25 ing of a conventional power transformer/reactor,

Figure 2 shows an embodiment of a winding in the form of a
cable in power transformers/reactors according to the inven-

tion, and
30
Figure 3 shows an embodiment of a power transformer according
to the invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
35

Figure 1 shows a simplified and fundamental view of the elec-
tric field distribution around a winding of a conventional



Manuf acturing transfornmer or reactor wi ndings of a cable 5 according to
the above, entails drastic differences as regards the electric field

di stri but iwo9messaeen conventional power transformners/react BEESENHSponer
transforner/reactor according to the invention. The decisive advantage wth
a cabl e-formed winding according to the3thvention is that the 10 electric
field is enclosed in the w nding and that there |s thus no electrlc field

out si de t hep QUL LT e SEHE EQRIUES Q-1 GY ETih, n&z_ﬁ Widdisld] B LNeore

current-carfying conductor |'s present o in |ns ation.
Both from t&8dd s?-b]au‘-[b‘é?%e%fewwwl‘t W'acltiﬂl'nd-%snﬁ”h(ﬁre\“% this

15 has congidetabtefddiamageshe -sdhe mAdeh tigse Ofrrida dwan Yatitmye e be

f d without .h t d | ect field distribut dth
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onmtted;5- the core design of the transfornmer may be fornmed mnthout havi ng
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el ectrical insu I on- o0 urroundi ng t
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gas or a liquid can

eci a oppections are required for
el ectrical OGHHEER FFSH EﬂfﬂeaﬂgtﬁEgBHte?hEo heere £h¥§ﬁ§%?ﬂ§t§QﬁEf
and t hel® mmeghpaire pprtopfiethedwindiagwiadsuhjecsedceot tire chibghestcal 35
connecti on, € I t ent4.Qn n h Sl rage i 1 h. t he
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PCT/ SE97/ 00&B3atdve tea§hei 6R%E argnifothds/ vadclerernined gubstanipially
~necessary. by the electric fleld_dlstrlbutlon in the core window.

15 Figure 2 shows an example of a cable which may be used in the
windings which are included in power transformers/reactors
according to the invention. Such a cable comprises at least
one conductor 4 consisting of a number of strands 5 with an
inner semiconducting layer 6 disposed around the strands.

20 Outside of this inner semiconducting layer is the main insu-
lation 7 of the cable in the form of a solid insulation, and
surrounding this solid insulation is an outer semiconducting
layer 8. As previously mentioned, the cable may be provided
with other additional layers for special purposes, for

25 example for preventing too high electric stresses on other
regions of the transformer/reactor. From the point of view of
'geometrical dimension, the cables in question will have a
conductor area which is between 30 and 3000 mm? and an outer
cable diameter which is between 20 and 250 mm.

30
The windings of a power transformer/reactor manufactured from
the cable described under the summary of the invention may be
used both for single-phase, three-phase and polyphase trans-
formers/reactors independently of how the core is shaped. One

35 embodiment is shown in Figure 3 which shows a three-phase
laminated core transformer. The core comprises, in conven-
tional manner, three core limbs 9, 10 and 11 and the



1nstead, field conversion fromradial to axial field outside the
transforner/reactor can be realized simlar as for a traditional cable

t er mi nat i owp 945847 he nmanufacturing and testing technol ogy RETER708Feeded
for a power transformer according to the invention is considerably sinpler
than for a conventional power trans- fordder/reactor since the inpregnation,
drying and vacuum 10 treatnents descri bed under the description of the

backgr ound ) i 52 PrAyi ..frfﬂ:gbsd.' I rt
production ?%{r:r%g???&lg%oﬁglggfg\/gt%%@t%%hn%u%?%or yns%ﬁ% |o%l,°%§{g'c.3°§&hn§l}eo t he
15 inventi earecorBbdcrnd| eheosekes | Rave 2 dapering daPForsefbidiopi ng t he

magnetic circuit of the transfornmer, which was given according to the prior
art. BRI EF DESCRI PTI ON THE NGS 20 The invention wll now be
Gescribed wEPRCFBFEREALLY 5% OWRO AR oo | TR avb TR SV AIG (FORH o 1
shows the ewdthr chef cablledaséer ibohted. aasouisl cleand-tidd embudioferst shown
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wi nding in £ rmo e I'n power transtorne eact’or’s ‘according to

the inven- {TheninasymegtrvynAing SHEMslAnmRyibbepFResentofthe fkiaxy ansf or ner
according t g indenighyaat tae. oPhSERLFS ! hh&ind HEuBis SRR EMBGRAVENTS 35
g!gurg 1 ;homs a SI%D|IfI§a and Euadanentfl V|$§éqgoéhgoqgggilééécEﬁéeld
i stributi of SRFEFTE Ca SHCAGFAGY oV B9LBHT ent T oRY
10 figure with too many details, the connections of the windings
are not shown. Otherwise the figure shows that, in the
embodiment shown, spacing bars 17 and 18 with several
different functions are located at certain points around the
windings. The spacing bars may be formed of insulating
15 material intended to provide a certain space between the
concentric winding turns for cooling, supporting, etc. They
may also be formed of electrically conducting material in
order to form part of the earthing system of the windings.
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transforner/reactor mhere l1is awnding and 2 a core and 3 illustrates
equipotenth@% FQ@ .e., lines where the electric field rex/sSEbB8TE
magni t ude ower part of the winding is assuned to be at earth

potential. 5 The potential distribution ggterm nes the conposition of the
I nsul ation systemsince it is necessary to have sufficient insulation both
bet ween adj acent turns of the wi nding and between each turn and earth. The
figure thus CSRdMS that the 10 upper part of the winding is subjected to
the highest dielectric stress. The design and |ocation of a wi nding

(FLL1 Ve L0 1% SRS b Bt 08! Pt SiRSLA L ALY o Ui

exanpl e of a:mabmmaMaqﬁenn@pdb@nushatunhehwimﬁhdgﬁgindhngh cempiheé udeel i n
po“Br_trénsﬁﬂ{ﬁﬁﬁ§!Qﬁﬁﬁ&&&ﬁc%&%@&ﬁb”%o ﬁuEESr'”gﬁQE'QE uﬁycga@hcable

conprises at | east one conductof, 4 consistin of strands 5 with
an inner serfUBIRFQY rid)] §§EF€61§|§§6§€§e§réuﬁarﬁﬁeléYﬁﬁn&§) whthgemige of
this inner &ﬁfﬂdxmcmmj ip¥bgeditdles, s thag ERoUndNtHe Fakbenldyetr thereabse in

the formof a solid,insul.at surroundl t hi | pd_insukation is an
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for prevgntigigni ahdidifd §xiddexSidesses on other regions of the

transforner/reactor. From the point of view of geonetrical dinension, the
cables in question will have a conductor area which is between 30 and 3000
mP and an 021f X sRE &&a@ﬁcﬂ‘mmmdﬁbﬂo%tdmﬁﬁ &d c28@mmm, 30 The
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3. A power transformer/reactor according to one or more of
the preceding claims, characterized in that the second layer
(8) is arranged in such a way that it essentially constitutes
an equipotential surface surrounding the
20 conductor/conductors.

4. A power transformer/reactor according to one or more of
the preceding claims, characterized in that the second layer
(8) is connected to earth potential.
25
5. A power transformer/reactor according to one or more of
the preceding claims, characterized in that the semicon-
ducting layers (6,8) and the insulating part {(7) have sub-
stantially the same coefficient of thermal expansion such
30 that, upon a thermal movement in the winding, defects, cracks
or the like do not arise in the boundary layer between the
semiconducting layers and the insulating part.

6. A power transformer/reactor according to one or more of
35 the preceding claims, characterized in that each of the
semiconducting layer (6,8) is secured to the adjacent solid

* [ L M S *



formers/reactors independently of how the core is shaped. One 35
enbodi nent is shown in Figure 3 which shows a three-phase | am nated core

transf or mygo off@4£0r € conpri ses, in conven- tional nmanner, PCIVSEY/00875e | i nbs
9, 10 and 11 and the WO 97/ 45847

PCT/ SE97/ 00875 21 retaining yokes 12 an@3l3. In the enbodi nent shown, both
the core linbs and the yokes have a tapering cross section Cbncentrically

around the core lipnbs, the s fornmed 5 ar.e .| ocat ed.
2 o el oar SOERLS LS . UEnGG SR 2 W heh M koo AT C% i no
turns 14, 15uafidcd6. The innernost winding turn 14 may represent the
primary mﬁnding and the other two winding turns 15 and 16 may represent

‘secondary windings. In order not to overload the 10 figure with too many
details, thé.cBnBeverohtansiermen Fereker according dm.ong s woxe dfe

figure SﬁomﬁhbhﬁEecéH1ﬁQecE§¥@§'n@ﬁﬁré&%ﬂf&zé&afﬁrEhéE”éhéj'a”d 18 with
sever al dlffer unc%Lons are located at _certai n poi nts_around he

w ndi ngs. TH&™ b&@/ HRBIREs b5/ e demigned Phsthreform ©Ff anftiesd

i nt ended tocpbtei.de a certain space between the concentric w nding turns
for cooling, supporting, etc. They may al so be forned of electrically
conducting material in order to formpart of the earthing system of the
wi ndi ngs. 8.\D opwergsransformer/reactor according to claim 7,

PCT/ SE976 00éhardeerdbbl n fnBeVEhe! eamé%%%e&&%&&mmwg at | east
one wind- in characteri zed t hat w ndi ng/w ndi n ri se one
c nductor area whlch is between 30 agd 3000 é%@ with an

outer cable diameter which is between 20 and 250 mm.

9. A power transformer/reactor according to one or more of
15 the preceding claims, characterized in that the solid
insulation (7) are formed by polymeric materials.

10. A power transformer/reactor according to one or more of
the preceding claims, characterized in that the first layer

20 (6) and/or the second layer (8) are formed by polymeric
materials.

11. A power transformer/reactor according to one or more of
the preceding claims, characterized in that the solid
25 insulation (7) has been obtained by extrusion.

12. A power transformer/reactor according to one or more of

the preceding claims, characterized in that the current-

carrying conductor (4) comprises a number of strands, said
30 strands being insulated from each other except a few strands

that are uninsulated in order to secure electric contact with
the first semiconducting layer (6).

13. A power transformer/reactor according to one or more of
35 the preceding claims, characterized in that at least one of
the strands of the conductor (4) is uninsulated and arranged

-
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‘5 or nore current-carrying conductor, that around each conductor (4) there
Is arranged a first layer (6) with sem - conducting properties, that around
the first weygasgdrere is arranged a solid insulating part EPCE/SESTRISTat
around the insulating part there is arranged a second layer (8) with 10

sem conducting properties. 2. A power tr2dsforner/reactor according to
claim1, characterized in that the first layer (6) is at substantially the

sanme potenti.al as,the conductor. 15 3. ower transfarner/react.or

2ccor i ng t GRRECE: nyPY GHaEnELePEEiaphoBRTERst TR erbiTEed SR Fhar « he
second | ayeinh@y isemacoadgeding 3agbra way that it essentially constitutes
an equi potential surface surrounding the 20 conductor/conductors. 4. A

power transforner/reactor according to one or nore of the preceding clains,
characterizdd-i & Piower: frasgsféonmerdyenctey ascesainng: ke enecar tFopetehti al .

25 5. A povehd haRelediiRy C18aako" chaeardbpizba Qﬂetﬁétngﬁé(%éwéf*e precedi ng

cl ai ns, characte? zed in that the sem con- d and t he

) uctlng Ia¥ers g%? h
i nsul ating &eaGhOTs CORPEAPRS RhEOLEnECRBEFEIRT R BRIRAEI Fal
expansi on swate¥ialt.hat, upon a thermal novenent in the wi nding, defects,
cracks or the like do not arise in the boundary | ayer between the
sem conducting | ayers and the insulating part. 6. A power
transforner/#é;uﬁ(QOWﬁﬁxﬁﬁﬂQﬁ§Qﬁme6H€e@F @&r acgprdanghEoppBeetrngorLaPhs,

cﬂar ag_t 20i zethé prdwddians vlefinid)e ciRFactedicedndn! @nae theBpolversecured to
t he adj acen

PCT/SE97/00é;%gﬁﬁfgrme%y%é§g€g¥$%émprises an iron core consisting of core
limbs and yokes.

16. A power transformer/reactor according to claim 1-13,
15 characterized in that the power transformer/reactor is formed
without an iron core (air-wound).

17. A power transformer/reactor comprising at least two
galvanically separated windings according to any preceding

20 claim, characterized in that the windings are concentrically
wound.

18. A power transformer/reactor according to one or more of
the preceding claims, characterized in that the power

25 transformer/reactor is connected to two or more veoltage
levels. '

19. A power transformer/reactor according to one or more of

the preceding claims, characterized in that the terminals of
30 the high and/or low-voltage winding are jointed to a power

cable and/or made similar to power cable termination(s).

20. A power transformer/reactor according to one or more of

the preceding claims, characterized in that substantially all
35 of the electrical insulation in the transformer/reactor is

enclosed between the conductor (4) the second layer (8) of

(R R



Fnsul ating part (7) along essentially the whole adjoining surface. 7. A
power transforner/reactor according to one or nore of 5 the preceding
clains, chgoaglssdarzed in that the w nding/wi ndings is/are 8CTISENWSTSn t he
formof a flexible cable. 8 A power transforner/reactor according to claim
7, 10 characterized in that the cable i35mnufactured with a conductor
area which is between 30 and 3000 mmjerr] and with an outer cabl e dianeter
which is be en.2Q.and 25 A power transformer/reactor according to
one or nnrekg% Y%pgfﬂgspﬁgaegﬂiﬁgcﬁﬁ?ﬁg?tﬁﬂﬁrh%t%?i %lf?FTrﬁé ?#E}éolid

i nsul ati on @Apudmeibornmed by polyneric naterials. 10. A power
transforner/reactor according to one or nore of the preceding clains,
characterized in that the first layer 20 (6) and/or the second |ayer_ (8)
are forned By-pdl PeMerc tRRNELPEMer/ FeaCAOE0REEOrAARSf BP neRe r@achere of
accordi ng t eHNQrIcading eflaife,pchacdciarekadnn €hat agheryzeding that the
solid 25 i ulatkfn (7). _has heen obt.aj ned EX extrus'og 12. A‘$omer £

t r ansf or ner/ 18 85°d9RG % 5°85n818P ¥Bi g?ftﬁglb? LB S EF 87 70
characteri zdd ikv,t Hat palrticuleentin excegsngfcdadk¥i oan@dprebepablesmare
nunber of st [ d | kN : er ept
a fem/stran&gﬁ?ﬂz?'?fggﬁﬁgﬁ%E%Q?EH%f%§ggggP ?gggéggféigﬁgg???%a%ght%ﬁ% with
the first sef A ity 90 &V @) highera power transforner/reactor '

according to one or nore of 35 the preceding claims, characterized in that
e ong o i Vit Horhll AU kb fig BB 25 8 n3Rd o
PCT/ SE97/ 008#tte Zreceding claims, characterized in the

transformer/reactor is designed for a power range in excess
of 0.5 MVAa, preferably in excess of 30 MVA.

15
23. The cooling of a power transformer/reactor according to
one or more of the preceding claims, characterized in that
the power transformer/reactor is cooled with liquid and/or
gas on earth potential.

20

24. A method for electric field control in a power
transformer/reactor comprising a magnetic field generating
circuit having at least one winding with at least one
electrical conductor and an insulation present externally

25 thereof, characterized in that the insulation is formed by a
solid insulation material and that an outer layer is provided
externally of the insulation, said outer layer being
connected to ground or otherwise a relatively low potential
and having an electrical conductivity being higher than the

30 conductivity of the insulation but lower than the
conductivity of the electrical conductor so as to function
for equalization of poténtial and cause the electrical field

to be substantially enclosed in the winding internally of the
outer layer
35

25. A method in production of a power transformer/reactor
according to one ore more of the preceding claims,

A




in such a way that electrical contact is achieved with the inner

sem conducting layer. 14. A power transforner/reactor according to one or
more of 5 tWO%H¥42ding clains, characterized in that the ppoesEI7/0087s
transforner/reactor conprises a core consisting of magnetic material. 15. A
power transformer/reactor according to one2@r nore of 10 the preceding
clains, characterized in that the power transforner/reactor conprises an

iron core coneharaogepizéearenlt n 1 A pover .
transformer/rgagt Pfl gcgﬁr di ng -t}ggil §i ?nl%}ggfe 1%‘361)](:?1af%c‘f%?4 AY 3 (Winhimg he
power transforner fraactBf YIAbngedt viteotable to ofommrihd ai r- wound) . 17. A
power transfowWkBfingiwindingspef stihg @i—aﬁ%émégé%/&nifsal | %/ separ at ed
wi ndi ngs accopgiggiE0 any preceding 20 claim characteri 7ed t he
wi ndi ngs age concentrically wound. 18. A power transformer/reactor
according to one or nore of the preceding clains, characterized in that the
power 25 transformer/reactor is connected to two or nore voltage |evels.
19. A power transforner/reactor according to one or nore of the preceding
clainms, characterized in that the termnals of 30 the high and/or

| ow-voltage winding are jointed to a power cable and/or nmade simlar to
power cable termination(s). 20. A power transforner/reactor according to
one or nore of the preceding clains, characterized in that substantially
all 35 of the electrical insulation in the transformer/reactor is encl osed
bet ween the conductor (4) the second |ayer (8) of WO 97/ 45847

PCT/ SE97/ 00875 25
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the w ndings and which insulation is in the formof solid insulation. 21. A
power transforner/reactor according to one or nore of 5 the preceding
clains, clwoewissyi zed in that the winding thereof is desi grersi®iogysgh
voltage, suitably in excess of 10 kV, in particular in excess of 36 kV, and
preferably nore than 72,5 kV andlﬂaaé?very hi gh transm ssi on vol t ages,
such as 400 kV to 800 kV or higher. 22. A power transforner/reactor
according to one or nore of the preceding clains, characterized in the
transforner/reactor Cpumuitig Dl giae i N excess of 0.5 WA
preferably in excess of g of a power
transforner/reactor acco he precedi ng cl ai ns,
characterized in that t orzas cooled with liquid
and/ or gas on earth pote yc field control
in a power transforner/r Il el'd generating
circuit having at |east el ectrical conductor
and an insul ation prese acterized in that the
insulation is formed by aJGBnd t hat an outer |ayer
I's provided externally o ter | ayer being connected
to ground or otherw se a and having,an el ectrical
conductivity being highd ty of f@. i hsul ati on but

| ower than the conductivity of the electrical conductor so as to function
for equalization of potential and cause the electrical field to be
substantially enclosed in the wnding internally of the outer |ayer 35

20 24. A
M or conpri si
Wi ndi ng v

ternally 25 Ngzer
lid insul ati o@ma
e insulation, sai

= 13 Fig. 3



75. A method in production of a power transformer/reactor accopdi nﬂ@ggﬂeﬁo “
ore“nmore of the preceding clains, WO 97/ 45847 IS
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(57) Abstract

The present invention relates to a power transformer/reactor (14, 15, 16) for high voltages, comprising at least one winding having
at least one current-carrying conductor. The winding comprises a solid insulation (7) surrounded by outer and inner layers (8, 6) serving
for equalization of potential and having semiconducting properties. The layers (6, 8) and the insulation (7) adhere along essentially the
whale of ifs eontact surfaces. Said conductor is arraneed interiotlv of the inner semiconducting laver (6). The outer laver (8) is connected




