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The present invention relates to a DC transformer/reactor comprising
a4 magnetic circuit, wherein the magnetic circuit comprises a magnetic
core and at least one winding. The winding comprises at least one
current-carrying conductor. Each winding comprises also an
5 insulation system, which comprisea on the one hand at least two
semiconducting layers, wherein each layer constitutes substantially
an equipotential surface, and on the other hand between them is

arranged a solid insulation.
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A DC TRANSFORMER/REACTOR . 011018

Technicga) field of the invention
——=xnical

The present invention'relates to a DC transformer,

Leactor in éccordance with the introduc;ory Part of claj~

bt

transmission voltages, UP to the order of 1 MV.

Backcround of the invention
—==x20unda of

In order to describe a pc transformer/reactor
4CCording to the invention g description of 4 Cenventione:
power transformer will be Jiven,

Reference may be made, for example, to the follow;n;

The g ¢ p Transformer Book, a Practical Technolozy Of the
Power Transformer, by A. C. Franklin and p. P. Franklin,
publisheqd by Butterworths, edition 11, 1990,

Regarding the internal electrical insulaticn of

windings, etc., the following can be mentioned:

Transformerboard, Die Verwendung von Transformerboard inr

Grosslelstuncstransformatoren by H. p, Moser, putlisheg ol
H. Weidman AG, CH-8640 Rapperswil,
The latter Publication has been publisheqd By the

insulation manufacturer Weidman in Switzerland arnd belong:z

to the basic literature of €Very transformer manufacturer.

From 2 Purely generz] point of view, the Primary tas=:
°f & power transformer is Lo allcw exchange of electric
eénergy between tWO or more electrical Systems of, normalivy,
different voltages with the same frequency.

A conventiong) bower transforper comprises z
ensformer Core, in the following referred to as & core,,
citen of laminateg oriented Shest, Usually of silicon ire-.
The core COTPrizes a number of core limbs, connected by
o

Kes which toasther form one CX more core windows
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TranSformers with such g3 Core are often referred to as Core
transformers. Around the Core limpbs there are €=number of
Windings which are normally referreq to as Primary,
Seécondary apg contro] windings. ag far'éskpower trans-
fe:mersvare concerned, these windings are practically
always concentrically drranged angd distributegq along the
length of the Core limbs., ag @ rule the core transformer
has Clrcular COils and g4 tapered leg Section to utilize
the window Sbace as wel] ag Possible,

In addition to core type transformers there are shel}
type transformers. These are often designed with
Fectangular coils and 4 rectangular Core limp section,

Conventional power transformers, in the lower part orf
the above~mentioned Pover range, are sometimes designed
with ajiy Cooling to Carry away the Unavoidable irherent
losses. For Protection dGalnst contact, ang POssibly for
feducing the €xternal Maganetic fielqy of the transformer,:i:
1s then Often Provided with an outer Casing Provided with
ventilating openings.

Most of the Conventiona] Power transformers, however,
are oil-cooled. One of the reasons therefor jg that the o5}
has the additiona} Very important function as insulating
medium. Ap 0il-cooled and oil-insulated power transformer
1s therefore SUrrounde; by an €xternal tank on which, as

will be Clear from the description below, very high demands

Normally, TMeans fryr water—cooling of the coj: are
Provided,

The following barr of the description Will for the
Most part refer to O1l-filleq power transformers.

The windings of the transformer are formed frenm one
Or severs] series-connected Coils bujlt UP of a number ¢+
series~connec:ed turns. 1n addition, the coils &re provideci
with 4 Sbecial device te allow swi:ching between the
termingis 0f the

co
Changeover With the 21d ~f g¢

ct

he aid of & Cpecial Changegver Switch which' is Oberzable in
h

rt
D

ViCinity = Fhe tanyg. 1, the svene that changec-a, Can



10

20

ted
"

— R 3
. A g SRR A\ 2% N L )
e mmmmmhsh:&hmua}m A3 2 . oo A

4 011018

téke place for a transformer under voltage, the changeove,
Switch 15 referreqd to as an on-loag tap changer:whereas
Otherwise jt ig referred to as g de-energized tap changer.
. Regarding ocil-cooled and Cil-insulated bPower trans-
fsrmers in the UPPer power range, the breaking elements cf
the on-leoaqg tap changers are Dlaced in Special cil-fi]lecw
containers with d%rect connection to the transfcrmer tank,
The breaking elements are Operated purely mechanicaliy via
4 mMOtor-drijiven rotating shaft’ and @re arranged so as to
obtain a fasy movement during the Switching when the
contac: s open and a slower movement when the contacs: 1=
Lo be clgseq, The on-load tap chengers as such, nowever,
are placed in the actual transformer tank. Durinz the
Operation, arcing and Sparking arise. This leads to degraz-
étion ¢f the o1l in the Containers. To obtain less ar-s arnd
hence z]sgq less formation Of soct and less wear cn the
Contacts, the on-load tap Changers zre normally connected
Lo the high—voltage side of the “ransformer. Thig js cue o
the facr that the currents which need Lo be broken anc
Connected, fTespectively, are Smaller on the high-voltage
side than i1f the on-load tap changers Were to be connectec
Lo the low—voltage Side. Failure Statistics of ccnventione.
Oll-filled Power transformers Show that it is often tre or-
load tap changers which give r:ge Co faults.

In the lower bPower range or oll-cooled and Cil-
insulateq power transformers, both the on-load tarp chengersz
énd the: r breaking elements are Flaced inside the Cank.
This meansg that the aébove-mentioneq Lroblems with degrad-

Ation 0f the 01l because of arcs curing operation, etc.,
effect the whole o1} System.

From the POLNt of view Oof applied or inducec volzaae,
1t can Droadly pe gald that a voltage which is Stetionary

aCross g winding je distributeg €cually onto each cyrn or

(K%}

:he'wincing, that ie, the turn vCltage j¢ equal o all th.
“urns,

Erom the £OInt of view of g.8ctric potential,
fowever, th. Situation is COMDleztely Cifferent. Ors enz o:
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~insulatiop distances are also Yequired to the Cther -

linearly from Practically zerg in the turn which is Nearesg;
the groung Potential up to 5 Potential in the tyrns which
dLe at the gther end of the winding which'corresponc to the
apglied-voitage.

This pPotential distribution determines the Compos-
ition of the insulation System since it js Necessary ¢,

the winding anpg between €ach turn ang groundc.

The turpe in an individyga] Coil are Normally brouck-
together into g geometrica] Coherent unit, physi:ally
delimited from the Oother coji)s. The distance_between the
Coils jg also determineg Dy the dielectric Stress whinp ma

-
“vlc

be alloweg Lo occur between the coils. This thus means <

a4 certain given insulation distance is also rfegqu:rex

between the coile. According tc the above, Sufficient

electrically Conducting objects Which are Within she
electrije field fron the electric potential locally
Occurring jnp the coils.

It ic thys Clear frop the above description that for
the individual Colls, the voltage difference internzil.,

\ 1
Ll

between physically adjacent Conductor elements ig

relation g other meta] Objects - the other Ccils Seinz
included - ey be relatlvely high. The voltage difZerence
1s determineg by the Voltage lnduced by magnetic ~nduction
as well s by the Capacitively distributeqd voltages whick
May arise from a Connected e€xternal electrica: sSystem
the €Xternga) CCnnection: of the transformer. The volt
types which May enter €xternally Comprise, in addizion -¢
OPerating Voltage, lightning Overvoltages and SWwitzhing
overvoltages.

Lleona ! LOEZ e

arlse ags & TEelt of s Meacnes: o~ <€akace fiels tIZuna o
€onductor. T, KEUD these losses ag low a5 Dossible

. DDEr COWEY raroes
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conductor elements, often referred to as Strands, which are
Parallel-connected during operation. These strands must be
transposed according to such a pattern that the induced
voeltage in each strang becomes as identical @5 possible ang
S&* that the difference in jinduced voltage between €ach pair
©f strands becomes ac smell as possible for internally
Circulating cufrent components to be kept down at a
reasonable level from the loss point of view.

When designing Cransformers eccording to the prior
art, the general ainm 1S to have as large a quantity of
conductor material as possible within a given area limiteg
by the So-called transformer window, generally described as
having as high a fil] factor as Lossible. The available
Space shal]) comprise, in addition to the conductor
méterial, also the insulating material associateg with the
Coils, partly 1nternally between the coils and pertly to
other metallijc components including the magnetic core, .

The insulation System, partly within a coil/winding
and Partly between coils/windings and other metal parts, 1is
normally designed as a solid cellulose- or varnish-based
insulation nearest the indivigual conductor element, and
Outside of this as solid cellulose and liquid, PCssibly
also gaseous, insulation. Windincs with insulation and
Possible bracing parte in this wey represent larce volumes
which will pe Subjected to high electric field Strengths
which arjise in and arcund the active electromagnetic parts
of the transformer. To be able t¢ Predetermine the
dielectric stresses which a@rise and achieve g dimensioninng
with & minimum rjsk of breakdown, good knowledge cf the

Properties of insulating materials is required. It is

O

w

1

important to achieve such as

n

&
urrounding environment that
=

1t does Not change or reduce th insulating properties.

1

The currently predominan ~sulation system for hign-
r

M .
veltage POWer transformers Cemirises cellulose mat

e
the sclig insulation and tfansicrmer 0il as the liquig

insulacien. The: transfsormer ¢i° s based on S0-called
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The transformer 0il has 'a dual function since, n
addition to the insulating function, it actively
contributes to cooling of the core, the windinc, etc., £y
"gMoval of the loss heatr of the transformer. 0j1 cooling
requires an i) pump, an external cooling element, an
expansion Coupling, etc.

The eleciriéal connection between the externa:
connections of the transformer and the immediately
connected coils/windings ls referred to as @ bushing aim:ne
at a conductive connection through the tank which, in the
case of oil-filled power transformers, Surrounds the acroz:
transformer. The bushing is often a separate:component
fixed to the teank and is designed to withstand the

lnsulation fequirements being made, both On the outside ano

‘-

)

the inside of the tank, while at the same time i shoula

(

withstand the current loads occurring and the ensuin
current forcec,

9]

It should pe polnted out that the same reculremerce

between the Coils, between bushings and Colls, differans

types of changeover Switches and the bushings as ¢
All the metallic components inside a power t¢

former are norrally connected to & glven ground poren-1:]

with the exception of the current-carrying conducters. Ir

this way, the risk of an unwanted, and difficult--c-

control, potentig] lncrease as g result of capacitve

voltage distribution between current leads at hich

L

potential angd cround 1i:s avoided. Such an unwanteg rotant:

|

lnCrease Mey give rise to partial discharges, so-czllaeg

[SIP-O Sl 01

b

corona, Corong may be revealed durinc the normal éccectanc
tests, which Pertially occurs, compared with ratec de-g.
LNCreased voltaze ang frequency. Corona may cive r:

damage cGuring “Rperaticon.

The rndividual colils in a transformer must have <suor

& mechaniceal dimensionxng that they may withstand anv
Stresses OCCurring as .. Consequence of current. arisino il
hhe racuic . LIYenT torees CUIInNG 2 short-o vCul




G

IS

e vy e bbbt 4 SR TR 3
7 .

011018

process. Norﬁally, the coils are designed such that the

forces ar:ising are absorbed within each Individeal coil,
which in turn Mmay mean that the coil cannot be dimensioneqd
obtimaliy for its normal function cduring normal Operation.
= Within & narrow voltage and power range of Oil~-filleg
Power transformers, the windings are designed as 50-called
sheet windings: This means that the individual conductors
mentioned above are replaced by thin sheets. Sheet-wound
power transformers are manuféctured for voltages of up to
20-30 kV and powers of up to 20-30 My,

The insulation System of power transformers within
the upper pPOwWer range requires, in addition-~.to a relatively
complicated design, also special manufacturing measures to
utilize the Properties of the insulation system in the bec:
way. For & good insulation to be obtained, the lnsulaticon
Syster shall have g low moisture content, the solid part o
the irnsulation shall be well impregnated with the g
surrounding oil and the risk of remaining "gas" pockets 1in
the sclid part must be minimal. To e€nsure this, a special
drying and impregnating process is carried out on g
Complete core with windings before it ig lowered into a
tank. After this drying and impregnating process, tre
transformer is lowered into the tank which is then sealec.
Befors= filling of 0il, the tank with the immersed tranec-
former must be emptied of all air. This 1s done in
tonnection with a special vacuun treatment. When this ha-
been carried out, filling of ci} takes place.

To be able to obtain the promised service life, erc.,
pumping out te almest absolute vacuum 1s required ip
connection with the vacuum treatment. This thus presuppozes

that the tank which surrounds the transformer is designed

rn

or full vacuum, which entails a consicerable consumption

Cf ma-eria; and manufscturing time .
If electric disrharges coour n

trdnsforme:, Cr o1t & local Considerable incr

temperature ip any part nsfo

1S di:intugrated and qgaseous Lrfoducts
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For weight reasons large power transformers are
t?ansported without oil. In-sity installation of the trans-
f?%mer at a customer requires, in turn, renewed vacuyun
treatment. Ip addition, this is g process which, further-
more, has to pe repeated each time the tank is opened for
some action or inspection.

the same time Fequiring access to extensive ‘resources.

The insulating material in conventional power
transformers constitutes g lerce part of the total volume
of the transformer. For ¢ power transformer in the upper
bower range, o1} quantities in the order of magnitude of
several tens of Cublc metres of transformer oil are not
unusual. The i} which exhibitsg & certaln similarity to
diesel oi] is thinly fluig and exhibits a relatively low
flash point. It is thus obvious that oil together with the
cellulose constitutes g non-necligible fire hazard in the
case of Unintentiona] heating, for example at an internal
flashover and & resultant 01l c€pillage.

It is also obvious that, €specially in oil-filled
pPower transformers, there is ¢ very large transport
broblem. sych & power transformer in the UPPer power range
mey have a tora: 01l volume o Seéveral decades of cubic
Metres and may have @ weight of up to Several hundrecd tons.
It is realized thar the externzl design of the transiormer
AUSLt sometimes be adapted to the Current transport profile,
that is, for any passage of bridges, tunnels, etc.

The following problem areas Tegarding conventional
Cll-filleg POWEr transformers wiil Priefly be summarized:

A Conventicne! Cll~fillen POWer transformer
T Comprises an CUtar tank which hcuse a transformer

Comprising . transiormer core Wwizh g, ¢ol1l for

Flovs kinds, .-~ Ve laros Techan:t

1993

coil
shsuletion apg Celling, mechanical bracing devices os
c
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¢n the tank, since, without oji] but with a transformez, it

shall be capable of being vacuum-treated to practically
full vacuum. The tank requires Very extensive manufacturing
arid testing brecesses and the large external dimensions o5
£ tank also normally entail considerable trénsport
problems;

- normally Eomprises @ so-called pressure-oj] Cocling.
Trhis cooling method requires the Provision of an oj] pump,
an externail cocoling element, an €xpansion vessel ang an
eXpansion coupling, etc.:

- comprises an electrical connection between the
€xternzl connections cf the transformer and the immediately
Connected Coils/windings in the form of a bushing fixed to
the tank. The bushing is designed t¢ withstand any
insulation Fequirements made, both regarding the outside
&nc the inside of the tank;

- comprises coils/windings whose conductors are dividec
Into a number of conductor elements, Strands, which have tc
be transposed in such 2 way that the voltage induced in
€ach strand becomes as e€qual as possible to Nneighbouring
strands in order Lo minimize induced voltage between
nelqhbouring strands;

- comprises an insulation System, partly within a
coil/winding and partly between ¢cils/windings and other
Metal parts which i1s designed as 2 sclid cellulose- or
varnish-based insulation nearest the individual conductoer
element énd, outside of this, solig cellulose and = liguid,
POssibly alco déseous, insulation. In addition, it is
“Xtremely importans that the insulaticn System exhibits &
Very low moisture content;

- Coémprises as an lntegrated Fart an on-load tap
“hanger, surrounded by ~il and nNormally connected to the

hiqhmvol:age winding of the transiormer for voltage
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- comprises normally g monitoring device for monitoxing
gas dissolved ip the oil, whieh OCcurs in case G&f
electrics) discharges therein of ln case of local increases
of the Lemperature; \
—=» Comprises oil] which, in the event of damage or
accident, may result in oi] Spillage leading to extensive
environmenta] damage.

The pc transformers/reactors also have the additional
problem, that the electric field is a Superposition of an
A field and of a DC field. The magnetic flux through the
Core may further contain & d¢ component leading o Quite
large designs. N

Summary Of the invention

The object of the present lnvention is to solve the
above mentioneq problems and tg provide a DC transformer/

‘reactor wherein 13 Space outside the cable screens are

&Ssentially potential free, This object is achieved by
Providing the DC transformer/reactor, defined in the
introductory bart of claim 1, with the advantageous

features of the characterizing part of said claipm.

Accordingly, the winding of the pc transformer/

reactor Comprises ar least one current—carrying conductor,

layers, whereip gach laver constitytes substantizlly an
€quipotentia) furface, and on the other hand between ther
is érranged a solig inculation.

A very important &dvantage of the present invention,
as defineq jip Claim 1, :g that the use of the spescizl
winding Makes it Possible to obtain & DC transformer/
Feéactor witr optimal cdezign F€garding the thermel,
clectric apa mechanic ¢=sign.  This results in soace
reduction between windings with different pC potential,
SPace reduction Detween windings with DC potentizl =

n
~Ore and pecsibpia Compensation of the ajiy gaps &t (/60
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by a compensétion winding loaded with a Ccapacitor. This

will reduce the size, especially of reactors, =

Brief descriprion of the drawings

=Y
Embodiments of the invention ére described hereafter,
in association .with the accompanying drawings in which:

Figure 1 shows the parts included in the current
modified standarg cable;

Figure 2 shows 4 transmission scheme;

Figure 3 shows the electrica] field distribution
around g winding in g conventional transformer/ Teactor;

Figure ¢ shows a DC transforme:/reactor in accordznce
with the bresent invention;

dccording to the Present invention;

Figure 6 shows an isometric vieyw of another embodi -
ment of 3 pc transformer incorporating an improved ajir cao
arrangement : and

Figure 7 shows the circuit diagram of an integrate
drrangement for transformation of high electric power from
Oone DC Voltage level to another pC voltage level :p
accordance with the present inventicn,

Detaileq description of Embodiments

An important condition for being able to Manufaccure
a transformer/reactor in dCcordance with the descriptior
of the invention ig Lo use for the winding a conductor
Cable with 4N extruded electricail insulation comprising :
semiconducting layer both at the concuctor and at the
Casing. Such cables are available as Standard czbles for
Other power engineecring fields Of use. as describes unde-
the SUmmary of the invention, however, ap improvec

embodimen« cf such a standardg Ceble wil) be used

s

oY)

ol

winding. 7o be able to describe an €mbodiment,

in
)
8}
L
ct

(9%

description of 4 Standard cable wi)) Zirst be mad

z mad

M
v
oy
o
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Strands. Aroung the strands there is a semicondﬁcting
inner casing. Around this SemiconductingAinner Casing,
there jis &n 1insulating layer of extruded insuiation. An
é?%mple of such an extruded insulation is PEX or, alterna-
tively, So-called Ep rubber. This insulating layer jg
sSurrounded by dn externa] semiconducting layer which, ip
turn, is Surrounded by 4 metal shield and g sheath. such a

comprises both transposed non-insulated ang insulateqd
Strands., Electromechanically transposed, eXtruded

insulategq Strands are also Possible. There 1s an inner
semiconducting layer > arcung the conductor which, in
turn, jig Surrounded by an extruded insulation layer ¢,
This layer ig Surrounded by an external semiconducting

embodiment has no metal shield and no €Xternal sheath.

Figure 2 shows =z transmission scheme. 1Ip this
figure there jg disclosed & transformer including two
serije Connected, Phase-shifteg valve bridges 6, 7, wherein
the valvesg ére diode valves,

around & winding ip 4 conventional pC transformer/reactor.
In figure 3 there jis disclosed & winding 8 wound around a
€ore 8. The reference Nureral 10 represents €quipotentigl
lines of the electrical field distribution of a
conventiong) Winding when the lower part of the winding is
On earth Eotentizl. The cdesign and the placement of -
winding in relation to the core is mainly determined DV

the electrical field diztribution in the core window.

Fizure ¢ shows & nr :ransformer/reactor in
@cCordance with Che present invention. 1p figure ¢ there
1% disclesaq a3 three-phase laminateq Core transformer.

The core CCmpriges ip 2 ~Zlnventicnal Manner, three core
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legs 20, 22,'and 24 and the connecting yokes 26 and 28.
In the discloseq embodiment both the core legs and the
yokes have tapered sections. The DC transformer comprises

three concentrical winding turns 30, 32}'énd 34. The
fﬁnermost winding turn 30 can represent the pfimary
winding and the two other winding turns 32 and 34 can
represent the éecondary winding. The pC transformer also
comprises Spacing rails 36 and 38 with some different
functions. The spacing rails 36 and 3g can be made by
isolating material, which functions as g certain space
between the concentric winding turns for Ccooling, bracing.
It shall be pointed out that the DC transformer disclosed
in figure 4, as opposed to the transformer disclosed in
figure 3, wi1) not present any electrical fields outside
the cables of the windings.

the present invention. The Feactor comprises a magnetic
core 60 and a winding 62 comprising a cable in accordance
with figure 1. The reactor also comprises an air gap 64
in the core 60, Alr gap means in this context any way to
dchieve i zone with lowered Permittivity in the magnetic

main flux, The reactor also comprises a compensation wind-

air gap length, €.g. by dividing the air gap into a series
of smaller air 9aps in order to limit the radial
components of the magnetic flux. ver another way of
achieving this Zone with lowered pPermittivity in the
Magnetic main flux is to use énother material than air,
wherein the material has & relative Pérmeability p, whickh

Satilsfies the €Xpression 1 < p, < Ueore .

Figure 6 shows an isometric viey cf another
cmbodiment of 4 DC transformer incorporating an improved
41lr gap arrangement. The mMégnetic core structure with an

orthogonal or radial air gar for low acoustic noise ls
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Magnetic iy 9ap of constant Predetermineq length thae is
further circumferentially Continuous angd uninterrupted. A

°f center member 31 to maintain the radia] 4lr gap ana
SUpport the center membper. A “inding assembly wound
directly ©nh the center member or op a toothed split
bobbin, 15 placed about the Ce€nter member ip the window
areas 35 Provided between Cuter ang Ccénter mempers 30 ang
31, 1¢ desiregq, SPacer 33 zt one end can be eliminates
and a zerq alr gap Provided at that end.

Figure 7 shows the Circujts diagram of dr integratec
drrangemenr for transformation of high electric Power frem
one DC Voltage level o another pc voltage leve],

A DC/pc power transformer 1s provided which is an
drrangement for direcr transformation of high electric
POWer from gne DC voltage level to dnother pC Voltage
leve] Without ap intermediate AC vVoltage Network. The pr
voltage is today basically used for transmission of hichk
electrijc Power gzt long distances, The D¢ voltage leve)
for these transmissions &re cf the Order of Several 100

KV. 4 The /07 power Lransfcrmer dllows Several pC voltage

e
levels ¢ De used bv Cornnecting - NeLWorks with i

1 e
Voltages The Principle fgr this srrangement ix that the

transforme:s (47) are connecrad
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which generate opposing cyclicaliy variatihg mégneﬁic
flows in the transformer cores (44). One of the valve
bridges is operated as an‘inverter (42) and the otber ag a
Tectifier (46) and in this manner the BBwer is transformed
fom one DC voltage level (Ua) to another'(thz). At high
voltage levels the leakage inductances in the transformers
will be high fon-conventional transformers as a
consequence of the large insulation distances and
therefore special arrangemegts must be made in order to
commutate the magnetic energy from one phase of the

transformer to another without creating great losses.

A DC transformer in accordance with the present
invention can be made with very low leakage inductances.

The DC transformer/reactor in accordance with the

present invention can €.9. be a HVDC or MVDC transformer/
reactor. 4

-

The invention is not limited to the embodiments
described in the foregoing. It will be obvious that many
different modifications are Possible within the scope of
the following claims.
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1. A DC transformer/reactor comprising a magnetijc
Circuit, wherein the Magnetic circuit comprises i‘magﬁetic
core and at least one winding, characteréged in that the
winé&ng Comprises at least one current—cafrying,conductor
and‘Zach winding comprises an insulation sYstem, which

layers, wherein each layer constitutes“substantially an
equipotentiagl surface, and on the other hand between them
is drranged a splig insulation. ’

2. A DC transformer/reactor according to claim 1,

3. A DC transformer/reactor according to claim 2,
characterizeqg in that the Potential of the inner one of

Said layers is €ssentially €qual to the pcotential or the
Conductor,

Claims 1, 2, 3, 4, S5, or 6, characterizeg in that at least

two of saiqg layers have substantially €qual thermal
€Xpansion Coefficients.

B
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8. A DC transformer/reactor according to any o£7nhe
previous claims, characterized in that the cufrent;f
carrying ronduestor comprises a number of strands, only a
minority of the strands being non-isolated from each

other.

a. A DO trannfermer/reactor according to any ons of the
precading claims, chaxacterized in that each of galdl twn
layers and =aid solid insulation is fixed connectad to

adjasent layer or solid insulation along substantially the

whnla ceonnncting surface.

10. A OC transformer/reactor comprising a magnetdc

circult, wharein the magnetic circuit comprises a magnetic

care and at least one2 winding, charzacterised in that the
winding comprises a cable (1) ceomprising at laaskt one

(2),

comprises

currant-carrying conductor

- eaach conductor (2) a umber of satrands,

- around said conductor (2) ls errang=d an inner

{3,

- around said inner semiconducting layer (3)
of solid insulation,

samiconducting Jlayer
is arraouged

an insulating layer (4) anas

- around sald insulating layer (4) is arrangnd an ouvter

semicenducting layexr (5).
11. A [0 trapnsformer/reactor accerding to clain LO,

chinraatarizad in that sald cable also comprises a welal

shinld apnd a sheath,

127 A DO transfarmar/reactor according to Clatm 11,

ehnractarized in that the cable has a diameter comnyisod

in L arpreximate intorval 20-250 mm oAaned a4 condacinT AYS0
N 2
compriced in the arprozicate inkarual BC-3000 et
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13. A DC transformer/reactor according to any bf}Cléiﬁs i»
1-12, characterized in that windings on different - e
potentials are wound in direct contact to each otbér{

14. © A DC transformer/reactor according to' any of Claims
1-1S, chafacterized in that a winding on DC potential -
versus the core is wound directly on, or very near the
core. .

15. A DC transformer/reactor according to any of Claims
1-14. characterized in that the magnetic circuits exposed
for DC magnetisation comprise at least one zone with
lowered permittivity in the magnetic main flug.

16. A DC transformer,/reactor according to Claim 15,
characterized in that the zone with lowered permittivity
is accomplished witl an air gap arrangec in said core.

17. A DC transformer/reactor according to claim 15, g
characterized in that the zone with lowered permittivity

is accomplished with a series of small air gaps arranged
in said core.

18. A DC transformer/reactor according to claim 15,
characterized in the zone with lowered permittivity is
accomplished with a gap arranged in said core, wherein
said gap is made of a material with a relative
permeability, p,, which satisfies the expression 1 < He <

Hcore -

19. A DC transformer/reactor according to any of Claims
15-18, characterized in that said core comprises an
essentially rectangular outer member having opposing side
sections and connecting end sections and further comprises
a cylindrical center member that is continuous in the
longitfudinal direction, said core end sections having a
pair of aligned circular apertures extending completely
there through into which Opposite ends of ‘said cylindrical

center member extend to define between at least one end
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radial magnetic air gap of constant predetermined length-
for controlling the permeability of said core. cA

»

20. “na DC transformer/reactor according to any of Claims
16, 17, or 19, characterized in that each air gap 1s -
compensated by a capacitively loaded compensation winding.

21. A DC transformer/reactor according to any of Claims
1-20, characterized in that said transformer/ reactor also

comprises a housing including at least thyristor valve.

22. A DC transformer/reactor according to Claim 21,
characterized in that all of said thyristor valves are of

the integrated type.

23. A DC transformer/reactor comprising a magnetic
circuit, wherein the magnetic circuit comprises a magnetic,
core and at least one winding, characterized in that the
winding comprises at least one current-carrying conductor,
and also comprising an insulation system, which comprises
at least two semiconducting layers, wherein each layer
constitutes substantially an cquipotential surface, which
insulation system in respect of its thermal and electrical
properties permits a voltage level in said HVDC transfor-

mer/reactor exceeding 36 kV

24. An integrated back-to-back station, characterized in
that said station comprises two transformers/groups of DC

transformers according to any of Claims 1-23.

25. An integrated arrangement for transformation of high
electric power from one D voltage level to another DC
voltage level, characterized in that caid arrangement
comprising a DC transformer according te any of Claims 1-
23, wherein the DC transformer comprising first valve
windings and second valve windings, wherein the first
valve windings are connected to a first valve bridge and

the second valve windings are connected to a second valve
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bridge, whereby the first valve bridge is operated as an
inverter and the second valve bridge is operated as a
rectifier.

26.  An tntegrated arrangement according‘to Claim 25,
characterized in that said first valve bridge comprising
at least one Six-pulse inverter bridge which includes a
plurality of self-commutated thyristors and further
comprising a plurality of diodes, each diode being
connected antiparaliel to 3 seff-commutated thyristor, and
Said second valve bridce comprising a six-pulse rectifier
bridge which includes & plurality of diode valves,

27. A DC transformer/reactor according to Claim 13 or
14, characterized in that the cable iy specially adapted
for mixed voltage.

28. A reactor for nc plants according to Claim 20,
characterized in that said compensation winding is loaded
with a variable capacitance so as to be able Lo vary the
inductance of the reactor.

29. A DC transformer/reactor according to any of Claims
10-22, 27, characterized in that said outer Semiconducting
layer (5) is cut in a number of parts, each of which is
connected to ground potential.

30. A DC transformer/reactor according to any of Clairms
1-22, 27, and 29, characterized in that the DC
transformer/reactor also comprising at least one

sensor/transducer for meriitoring and diagnostics.
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