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El ectromagneti c device TECHNI CAL FI ELD This invention is
related to an el ectromagnetic device for 10 electric power purposes,
conprising a magnetic field gener- ating electric circuit including at

| east one el eClyd§ys921 CONduct or having an insulation systen1rggkﬁ,m%§
el ectromagneti c device may be used in any el ectrotechnical “conne on.

The power range may be from VA up to the 1000- WA range. H gh 15
voltage applications are primarily intended, up to the hi ghest
transm ssi on vol tages used today. According to a first aspect of the
I nvention a rotating el ectric machine is contenplated. Such electric
machi nes 20 conprise synchronous nachines - which are mainly used as
generators for connection to distribution and transm ssion net wor ks,
commonly referred to bel ow as power networks. The

5 Electromagnetic device
TECHNICAL FIELD

This invention is related to an electromagnetic device for

10 electric power purposes, comprising a magnetic field gener-
ating electric circuit including at 1least one electric
conductor having an insulation system. This electromagnetic
device may be used in any electrotechnical connection. The
power range may be from VA up to the 1000-MVA range. High

15 voltage applications are primarily intended, up to the
highest transmission voltages used today.

According to a first aspect of the invention a rotating
electric machine is contemplated. Such electric machines
20 comprise synchronous machines which are mainly used as
generators for connection to distribution and transmission
networks, commonly referred to below as power networks. The
synchronous machines are also used as motors and for phase
compensation and voltage control, in that case ‘as
25 mechanically idling machines. The technical field also com-
prises double-fed machines, asynchronous converter cascades,

external pole machines, synchronous flux machines and
asynchronous machines.

30 According to another aspect of the invention, said
electromagnetic device is formed by a power transformer or
reactor. For all transmission and distribution of electric
energy, transformers are used and their task is to allow
exchange of electric energy between two or more electric

35 systems and for this, electromagnetic induction is utilized
in a well-known manner. The transformers primarily intended



synchronous machi nes are al so used as notors and for phase conpensati on

and valtage control, in that case as 25 nechanically idling

machi nes. The technical field also com pri ses doubl e-fed nachi nes,
asynchronous converter cascades, external pol e nachi nes, synchronous

fl ux machi nes_and asynchronous machi nes. 30 According to another
aspect of tH*#¥¥%enti on, sai d elgftronagnetic devi CETISEITWEWed by
a power transformer or reactor. For alf transm ssion and distribution
of electric energy, transformers are used and their task is to allow
exchange of electric energy between two or nore electric 35 systens and
for this, electronmagnetic induction is utilized in a well-known manner.

The transf or newithr ither i pyesententexpntion belong P 9thg5gmtcalled power
PCT/ SE97/ 00879 ¢ransformers with a rated power of fZom a few Maddrdd&VAr @pent

I nvention belong to the so- I powner t rransf or mer i th d _power
of froma few ﬁgn'a?’é%l &B’% ﬁ% ow% & ﬁ?&ﬁdlﬁﬁgtWAo% ?ﬁc"& :?l'é{ 3‘&6 age
of from 3-4 kVurndo verwyphighygrenhigsiommeriitagesn 400t k¥ete 800 kV o 800

kV or 5 higghepigher. Al though the follow ng description of the prior art
wth re- spect to the second aspect mainly refers to power trans-

Although the following description of the prior art with re-
spect to the second aspect mainly refers to power <trans-
formers, the present invention is also applicable to reac-

10 tors, which, as is well-known, may be designed as single-
phase and three-phase reactors. As regards insulation and
cooling there are, in principle, the same embodiments as for
transformers. Thus, air-insulated and oil-insulated, self-
cooled, pressure-oil cooled, etc., reactors are available.

15:- Although reactors have one winding (per phase) and may be de-
signed both with and without a magnetic core, the description
of the background art is to a large extent relevant also to
reactors.

20 The magnetic field inducing electric circuit may in some
embodiments be air-wound but comprises as a rule a magnetic
core of laminated, normal or oriented, sheet or other, for
example amorphous or powder-based, material, or any other ac-
tion for the purpose of allowing an alternating £flux, and a

25 winding. The circuit often comprises some kind of cooling
system etc. In the case of a rotating electric machine, the
winding may be disposed in the stator or the rotor of the
machine, or in both.

30 The invention also comprises a method for electric field con-
trol in an electromagnetic device and a method for production
of a magnetic circuit.

35 PRIOR ART
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conpri ses sonme kind of cooling systemetc. In"the case of a rotating
el ectric machine, the wi ndi ng may be disposed in the stator or the
rotor of the5 Rotatingelemtrio dmghine 30 The invention al so conprises

met hod for electric field con- trol in an el ectromagnetic device and

nmet hod for production of a nmagnetic circuit. 35 PRI OR ART
Such a rotating eléctric machine will be exemplified based

upon a synchronous machine. The first part of the description
substantially relates to the magnetic circuit of such a

10 machine and how it is composed according to classic tech-
nique. Since the magnetic circuit referred to in most cases
is disposed in the stator, the magnetic circuit below will
normally be described as a stator with a laminated core, the
. winding of which will be referred to as a stator winding, and

15 the slots in the laminated core for the winding will - be
referred to as stator slots or simply slots.

Most synchronous machines have a field winding in the rotor,
where the main flux is generated by direct current, and an ac

20 winding in the stator. The synchronous machines are normally
of three-phase design. Sometimes, the synchronous machines
are designed with salient poles. The latter have an ac
winding in the rotor. '

25 The stator body for large synchronous machines are often made
of sheet steel with a welded construction. The laminated core
is normally made from varnished 0.35 or 0.5 mm electric
sheet. For larger machines, the sheet. is punched into seg-
ments which are attached to the stator body by means of

30 wedges/dovetails. The laminated core is retained by pressure
fingers and pressure plates.

For cooling of the windings of the synchronous machine, three
different cooling systems are available.
35
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3 ~ In order to be able to explain and describe the invention, t he
prior art will be discussed hereinafter both in respect of a rotating
el ectric machine and a power transforner. 5 Rotating electric machine

Such a rotati ric machine will be exenplified based upon a
synchr onous n‘rggﬁlﬁlf'lsgﬁ The first part of the,description MQEEWQ |y
relates to the nmagnetic circuit of such a 40 nmchine and how it is

conposed according to classic tech- ni que. Since the magnetic circuit
referred to in nobst cases I's disposed in the stator, the magnetic
circuit below wll normal |y be described as a stator with a | am nated

core, the iimdiase of ahkr cerading, bboth{he Stater ;uindingaepd thedrekpr and
15 the slots ivirdiag asréatambiedr ebf Olcool@nyi NelixnJd £1bwind € througkf erfd to

el d winding (DS, iy ScRadseye, are 83| b8 ol PRSI IR, NRR (Bt
current, and antaminatiomsndindg im the sofor:. Fore wadicdr oventsilagdbnnemndir e
e des gned Wil anfy BIASaRE DAL SRD St L O A e
r ot or. g25 TH%&‘F&E&F%B‘E@ f“lﬁgﬁ gﬂaﬁbgg%cirﬁ %ﬁgﬁge?rﬂ’g'htr%5§a‘&£§ ‘l’)g'frérf?r'ade
of sheet steel ddalh andeaxial ceentilatioondudte Aisposededircothe core.s The
nor hm_al Iy rrflge féaanti\@r raﬁhef.%yg-q%%ts%tooi Eﬁﬂ:féﬁ@téiz\cm but §@Qﬁtgtht E.sar]wéxa{ager
The stator  bocPIRPak 7P PSS GY= el gHLD o DRES | FEohani e, 1) SHBECERHA YA
ret ai ned b$0pr essad.e Hydrogen cooling is used in turbogenerators and in
large synchronous compensators. The cooling method functions
in the same way as in air cooling with heat exchangers, but
instead of air as coolant there is used hydrogen gas. The
hydrogen gas has  better cooling capacity than air, but
15 difficulties arise at seals and in monitoring leakage. For
turbogenerators in the higher power range it is known to
apply water cooling of both the stator winding and the rotor
winding. The cooling channels are in the form of tubes which
are placed inside conductors in the stator winding. One
20 problem with large machines is that the cooling tends to
become non-uniform and that, therefore, temperature differen-
ces arise across the machine.

The stator winding is disposed in slots in the sheet iron

25 core, the slots normally having a cross section as that of a
rectangle or a trapezold. Each winding phase comprises a num-
ber of series~connected coil groups and each coil group
comprises a number of series-connected coils. The different
parts of the coil are designated coil side for that part

30 which is placed in the stator and coil end for that part
which is disposed outside the stator. A coil comprises one or
more conductors brought together in height and/or width.
Between each conductor there is a <thin insulation, for
example epoxy/glass fibre.

35



fi rfgers;and pressure pl ates. For cooling of the w ndings of the

synchronous machi ne, three di fferent cooling systens are avail able. 35
WO 97/ 45921 PCT/ SE97/ 00879
4 In case of air cooling, both the stator w nding and the rotor

Wi ndi ng are coa,bed;},“%bﬁl cooling air flow ng through. The lpé‘dll
channels are to be Tound both in the stator s | am nati ons an ’ﬁ%"ﬁ?é’
rotor. For radial ventilation and 5 cooling by neans of air, the sheet

iron core at |east for me- di um si zed and | arge nmachines is divided
into stacks with ra- di al and axi al venti I ation ducts disposed in the

core. The I n t of .a at _hij p r,.a
cl osed cool i ng gﬁﬁ %?%tﬁs h%%?‘%g% RFBDS; ub§?3% %F Bg%sg sula=
Hydr ogen cool i ngticm.uslé@ﬁ I:I-St.uﬂbogea@%@m Jemenﬂeﬂ to W@fg&aa?ntmm
conFénsat O[f} o P\Qﬂh n&fméhégdit&.ﬁmﬁél R8s gré:un]?n falae ﬁz%'ﬁﬁ.a’lt‘.\@ﬂ% axtiﬁtérfé]:

cool i ng wi ea exchangers,. bu ns 0 a| as cool a ere is

used hydrogen ga¥® il(s%’ gl i og 32‘ ﬁ A5 thf(ﬁ iPRFeFARARI AV HRG
air, but 155 di wsedl Usually, seoatalked s mdad | tapeonisonsed, | sdidade. iSora
tur bogener at or s xhﬂ«édl"e *Hﬂlﬂ%ap&’i@rhaﬁ%“ Qabhés é‘s‘iﬁ%aﬁ& proaﬁeahytﬁ

cooling of both t st at or vmnlng he rof or g The c
channel s are in Y}R® i SPRLEFaRGHed V\mqm:ial ‘H’W&E%d i"l'??;F e%hdﬁ@?{ﬂ%)’l n
the stator w ndilgeaOndown the insulation. The insulation is applied to the

coil by winding the mica tape around the coil in several lay-

10 ers. The insulation is impregnated, and then the coil side is
painted with a coal-based paint to improve the contact with
the surrounding stator which is connected to ground poten-
tial.

15 The conductor area of.' the windings is ‘determined by the
current intensity in quéstion and by the cooling method used.
The conductor and the coil are usually formed with a rectan-
gular shape to maximize the amount of conductor material in
the slot. A typical coil is formed of so-called Roebel bars,

20 in which certain of the bars may be made hollow for a cool-
ant. A Roebel bar comprises a plurality of rectangular,
parallel-connected copper conductors, which are transposed
360 degrees along the slot. Ringland bars with transpositions
of 540 degrees and other transpositions also occur. The

25 transposition is made to avoid the occurrence of circulating
currents which are generated in a cross section of the
conductor material, as viewed from the magnetic field.

For mechanical and electrical reasons, a machine cannot be
30 made in just any size. The machine power is determined sub-
stantially by three factors:
- The conductor area of the windings. At normal operating
temperature, copper, for example, has a maximum value of 3-
3.5 A/mm2,
35 - The maximum flux density (magnetic flux) in the stator and
rotor material.



201 problemw th | arge machines is that the cooling tends to becone

non-uniformand that, therefore, tenperature differen- ces arise
across the machi ne. The stator winding is disposed in slots in the
sheet iron 25 core, the slots normally having a cross section as that of a
rectangl e or a trapezoid. Each wi ndi ng phase conprises a num ber of
series-connedwgawﬁéhﬂ groups and each coil _group conpr iRSHYSES7908Ther of
series-connected coils. The different 6parts of the coil are designated
coil side for that part 30 which is placed in the stator and coil end for
t hat part whi ch is disposed outside the stator. A coil conprises one
or nore conductors brought together in height and/or w dth.

Bet ween each cond®beomzttisous islestiricn fiedd astrengthorin theexinphlating

epoxy/ gl ass fibffer3al, the so-cal¥d Hichedtlic strength. o
PCT/ SE97/ 00879 5 The coil is

I nsul at ed against the slot with a coil insul a- tion, that is, an
i nsul ati on i nt Fulgphasenat heindithgshareatiedigned \wilthage asf sihglevldyare do

round. As gns ' ' Vahi0 [ ' Nngs
?i bre mat erlsal ?‘ﬁ%&ggggg%a&she 95 Us il i%{e g%a-%‘laﬁ%dgr%n%gé% e | sgtlgée .~ whi ch

is a mi xt urdese dBcartnPItaceip| 5ide Pere SIot; AN 15y 3hecease b o
vi de resi st ancadyerparinddhgdi thédey g o cdoidamigepi gey slotbr gré-Xeyer t he

i nsul ati on. Th%ii.r{ﬁ'ﬁb@t ia‘l@ il%ugﬂﬂ(i ﬁ@sﬁ.ﬁn&i}eas -diamond windings, whereas
the single-layer windings which are relevant in this connec-
10 +tion may be designed as a diamond winding or as a concentric
winding. In the case of a diamond winding, only one coil span
(or possibly two coil spans) occurs, whereas flat windings
are designed as concentric windings, that is, with a greatly
varying coil width. By coil width is meant the distance in

15 .circular measure between two coil sides belonging to the same
coil, either in relation to the relevant pole pitch or in the
number of intermediate slot pitches. Usually, different

variants of chording are used, for example fractional pi‘tch,
to give the winding ¢the desired properties. The type of

20 winding substantially describes how the coils in the slots,
that is, the coil sides, are connected together outside the

" stator, that is, at the coil ends.

Outside the stacked sheets of the stator, the coil is not

25 provided with a painted semiconducting ground-potential
layer. The coil end is normally provided with an E~field con-
trol in the form of so-called corona protection wvarnish
intended to convert a radial field into an axial field, which
means that the insulation on the coil ends occurs at a high

30 potential relative to ground. This sometimes gives rise to
corona in the coil-end region, which may be destructive. The
so-called field-controlling points at the coil ends entail
problems for a rotating electric machine.

35 Normally, all large machines are designed with a two-layer
winding and equally large coils. Each coil is placed with one



coiF by Winding the nmica tape around the coil in several lay- 10 ers. The
i nsulation is inpregnated, and then the coil side is painted with a
coal - based paint to inprove the contact with t he surroundi ng stator
which is connected to ground poten- tial. 15 The conductor area of
the wi ndings i E&ﬂlned by the current intensity in question and by
the cooling net'gg;used The conductor and the coil are uSGAFEFned
with a rectan- gul ar shape to maxi m ze the ampunt of conductor material
in the slot. A typical coil is fornmed of so-called Roebel bars, 20 in
whi ch certain of the bars nmay be nade hollow for a cool - ant. A Roebel
bar conprises a plyralit rectan I-con ed . coppe
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el ectrical réasoesd.a machi ne cannot be 30 made in just any size. The

machi ne power is determ ned sub- stantially by three factors: -
The conductor area of the wi ndings. At normal operating t enperat ure,
copper, for example 38hHeneradly nﬂﬂ?%l Haats the comeqienA/qﬁr{aerﬂ]ncmnons

The maxi mum f | uxmdehsheé jgdrergreti tof 4 WOwem rdteosk ahest Al made viat @ar A/y-
materi al . connected so-called step-up transformer, since the voltage of
10 the power network normally lies at a higher level than the
voltage of the rotating electric machine. Together with the
synchronous machine, this transformer thus constitutes inte-
grated parts of a plant. The transformer constitutes an extra
cost and also entails the disadvantage that the total effi-
15 ciency of the system is lowered. If it were possible +to
manufacture machines for considerably higher wvoltages, the

step-up transformer could thus be omitted.

During the last few decades, there have been increasing
20 requirements for rotating electric machines for higher volt-
ages than what has previously been possible to design. The
maximum voltage level which, according to the state of the
art, has been possible to achieve for synchronous machines
with a good yield in the coil production is around 25-30 kV.
25
Certain attempts to a new approach as regards the design of
synchronous machines are described, inter alia, in an article
entitled "Water-and-oil-cooled Turbogenerator TVM-300" in J.
Elektrotechnika, No. 1, 1970, pp. 6-8, in US 4,429,244
30 "Stator of Generator” and in Russian patent document CCCP
. Patent 955369.

The water- and oil-cooled synchronous machine described in J.
Elektrotechnika is intended for voltages up to 20 kV. The ar-
35 ticle describes a new insulation system consisting of
oil/paper insulation, which makes it possible to immerse the
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6 . - The maximumelectric field strength in the insulating

material, the so-called dielectric strength. Pol yphase ac w ndi ngs
are designed ei ther as single-layer or 5 two-layer windings. In the case
of single-la ndi ngs, there is only one coil side per slot, and in
the case of {WhHIM5%21 | ayer windings there gre two coil side¥C 7@9@7?.
Two- | ayer wi ndi ngs are usually designed as di anond w ndi ngs, whereas

t he single-layer wi ndings which are relevant in this connec- 10 tion nmay
be designed as a dianond wi nding or as a concentric wi nding. In the

case of a di amyagetl ndiByefaly 2A° 9L ARRNs  ch8! BEASHY YuddP 8T

spans) occurs, er eas esi ned as concentric
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neant the di st paeoent dfl i rehkl 8tatHRSELdn lléhlﬁ&ﬂ@ e tQﬂbEd§| €ies fdagi ng
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with a paint %a agm ﬁQnéé!&iéxﬂQ o1 asndsaet BotA 8in the Hoaxs& chu&azls end
S normalli%prov tral form of

h a co
so-cal | ed tor o® ﬁ'Bt g@ﬁ?ﬁ a?‘?‘ﬁ sq?:ator "Fflrg'ﬁnd%'ﬂf’l? cF‘HHP@r pYStengy d?°"f“ el d
into an axi al fevetrd enftadh a largeansmbént of heonneatixinso mfombatthe oddi larghds

occurs at a hi Q;-ﬁe%Qr:LEPEﬁmdtal the! @bue driadlr OvRdl. Hibk Sﬁ{&tlh%?snglyfs%
rise to coran sr cg deqﬁgn whi ch may be destructive. The.
so-cal led fiel (?“(Fﬂf'nl?of“f‘l 6"’56? Tadilis, % uryR¥ure,fj the conductors,

_ which in turn results in an increased size of the winding
15 overhang. " '

The above-mentioned US patent relates to the stator part of a

synchronous machine which comprises a magnetic core of lami-

~ nated sheet with trapezoidal slots for the stator winding.

20 The slots are tapered since the need of insulation of the

stator winding is smaller towards the interior of the’ rotor
where that part of the winding which is located nearest the

neutral point is disposed. In addition, the stator part

comprises a dielectric oill-separating cylinder nearest the

25 inmner surface of the core. This part may increase the inag-

netization requirement relative to a machine without +this

ring. The stator winding is made of oil-immersed cables with

the same diameter for each coil layer. The layers are sepa-

rated from each other by means of spacers in the slots and

30 secured by wedges. What is special for the winding is that it

comprises two so-called half-windings connected in series.

One of the two half-windings is disposed, centred, inside an

insulating sleeve. The conductors of the stator winding are

cooled by surrounding oil. Disadvantages with such a large

35 gquantity of oil in the system are the risk of leakage and the

considerable amount of cleaning work which may result from a



prof:)I ens for a.rotating electric machine. 35 Normally, all large

machi nes are designed with a two-1| ayer w ndi ng and equal ly | arge
coils. Each coil is placed with one WO 97/ 45921

PCT/ SE97/ 00879 7 side in one of the
| ayers and the‘ﬁagﬁf side in the other | ayer. This neans that all the
coils cross eac & in the coil end. f nore than two [P&YEEL/EE
used, these crossings render the winding work difficult and deteriorate
the coil 5 end. It is generally known that the connection of a

synchr onous machi ne/ generator to a power network nust be nmade via a
[err] /Y- connected so-called step-up transfornmer, since the voltage of

10 the power netif$lf FEPAAFigny i Those RanhsyIRE they dinsulaking sleeve, gfighe
of the rotating erecticcateacbuteide ogsd slots tHaveha cyliﬁafmimow and a

machine, (his ra0ela0Tehel it CONSWdNEBSLR! Gitn cnll@iSHaPRi Tadbre,

pl ant. The trans orner cons
di sadvant age t hattheh&utyt £ spdich 15 te| Eﬁﬁ'?r‘blf % eAeQtEiCi §1$5Eﬁve$"é‘?9n9th
it were possi®$l e ind the regivi afierteth@cbabl’s ehters otid @mdahiyadtgher -

vol t ages, the step-up transformer could thus be omtted.

From CCCP 955369 it is clear, in another attempt to raise the
rated voltage of the synchronous machine, that the oil-cooled
stator winding comprises a conventional high-voltage cable

10 with the same dimension for all the layers. The cable is
placed in stator slots formed as circular, radially disposed
openings corresponding to the cross-section area of the cable
and the necessary space for fixing and for coolant. The
different radially disposed layers of the winding are sur-

15 rounded by and fixed in insulating tubes. Insulating spacers
fix the tubes in the stator slot. Because of the oil cooling,
an internal dielectric ring is also needed here for sealing
the oil coolant against the internal air gap. The design also
exhibits a very narrow radial waist between the different

20 stator slots, which means a large slot leakage flux which
significantly influences the magnetization reguirement of the
machine.

A report from Electric Power Research Institute, EPRI, EL-
25 3391, from 1984 describes a review of machine concepts for
achieving a higher voltage of a rotating electric machine for
the purpose of being able to connect a machine to a power -
network without an intermediate transformer. Such a solution
is judged by the investigation to provide good efficiency
30 gains and great economic advantages. The main reason that it
was considered possible in 1984 to start developing genera-
tors for direct connection to power networks was that at that
time a superconducting rotor had been produced. The large
magnetization capacity of the superconducting field makes it
35 possible to use an air gap winding with a sufficient thick-
ness to withstand the electrical stresses. By combining the
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tion had to be made sufficiently thick to cope with network-

10 to-network and network-to-ground potentials. The insulation
system which, after a review of all the technigque known at
the time, was judged to be necessary to manage an increase to
a higher voltage was that which is normally used for power
transformers and which consists of dielectric-fluid-impregna-

15 ted cellulose pressboard. Obvious disadvantages with the pro-
posed solution are that, in addition to requiring a supercon-
ducting rotor, it requires a very thick insulation which in-
creases the size of the machine. The coil ends must be
insulated and cooled with o0il or freons to control the large

20 electric fields in the ends. The whole machine must be herme-
tically enclosed to prevent the liquid dielectric from absor-
bing moisture from the atmosphere.

When manufacturing rotating electric machines according 'to
25 the state of the art, the winding is manufactured with
conductors and insulation systems in several steps, whereby
the winding must be preformed prior to mounting on the
magnetic circuit. Impregnation for preparing the insulation
system is performed after mounting of the winding on the mag-
30 netic circuit. |

Power transformexr/reactor
To be able to place a power transformer/reactor according to

35 the invention in its proper context and hence be able to de-
scribe the new approach which the invention means as well as



i nstI atiion_. The coil sides with their insulation are secured to the

slots made with rectangul ar cross section by neans of wedges. As
coolant oil is used both in the hollow conductors 10 a_nd in holes in the
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A conventional power transformer comprises a transformer
15 core, in the following referred to as a core, often of
) laminated oriented sheet, usually of silicon iron. The core
comprises a number of core limbs, connected by yokes which
together form one or more core windows. Transformers with
such a core are often referred to as core transformers.
iO 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
distributed along the length of the core limbs. The core
25 transformer normally has circular coils as well as a tapering
' core limb section in order to fill up the coils as closely as-
possible.

Also other types of core designs are known, for example those

30 which are included in so-called shell-type transformers.
These are often designed with rectangular coils and a rectan-:
gular core limb section.

Conventional power transformers, in the lower part of the
35 above-mentioned power range, are sometimes designed with air
cooling to carry away the unavoidable inherent losses. For
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9 . fault condition. Those parts of the insulating sleeve which
are.located outside the slots have a cylindrical part and a coni cal
termnation reinforced with current-carrying | ayers, t he duty of which
Is to control b\&e electric field strength 5 in the region where the cable
enters the endow’/idrh g From CCCP 95?%69 It is clear, RIT/SEOTOUSTY
attenpt to raise the rated vol tage of e synchronous nachi ne, that the
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stator slots fornmed as circular, radially disposed openi ngs
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provided.

15 The following part of the description will for the most part
"~ refer to oil-filled power transformers.

The windings of the transformer are formed from one or
several series-connected coils built up of a number of

20 series-connected turns. In addition, the coils are provided
with a special device to allow switching between the termi-
nals of the coils. Such a device may be designed for change-
over with the aid of screw joints or more often with the aid
of a special changeover switch which is operable in - the

25 vicinity of the tank. In the event that changeover 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.

30 Regarding oil-cooled and oil-insulated power transformers in
the upper power range, the breaking elements of the on-load
tap changers are placed in special oil-filled containers with
direct connection to the <transformer tank. The breaking
elements are operated purely mechanically via a motor-driven

35 rotating shaft and are arranged so as to obtain a fast move-
ment during the switching when the contact is open and a
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direct econnection to power networks was that at that tinme a
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| ar ge connected to the low-voltage side. Failure statistics of con-
ventional cil-filled power transformers show that it is often

the on-load tap changers which give rise to faults.

15 In the lower power range of oil-cooled and ' oil-insulated
power transformers, both the on-load tap changers and their
breaking elements are placed inside the tank. This means that
the above-mentioned problems with degradation of the oil be-~

~ cause of arcs during operation, etc., effect the whole oil

20 system,

From the point of view of applied or induced voltage, it can
broadly be said that a voltage which is stationary across a -
winding is distributed equally onto each turn of the winding,
25 that is, the turn voltage is egual on all the turns.

From the point of view of electric potential, however, the
situation is completely different. One end of a winding is
normally connected to ground. This means, however, that the
30 electric potential of each turn increases linearly from
practically zero in the turn which is nearest the ground po-
tential up to a potential in the turns which are at the other
end of the winding which correspond to the applied voltage.

35 This potential distribution determines the composition of the
insulation system since it is necessary to have sufficient



20- eléctric fields in the ends. The whol e machi ne nust be her me-

tically enclosed to prevent the liquid dielectric from absor- bi ng
noi sture fromthe atnosphere. When manufacturing rotating electric
nmachi nes according to 25 the state of the art, the winding is

manuf actured with conductors and |nsulat|on systens in several steps,
wher eby WR&HPHdi ng nust be preformedygrior to nounti ngCHFELHEETS

magnetic circuit. Inpregnation for preparing the insulation systemis
perfornmed after nounting of the winding on the nag- 30 netic circuit.
To be able to place a power transformer/reactor according to 35 the

I nvention in its_pr r.con { nd he e, aple to de: scrlb

new approach mh?%é?#%ﬁ?cphggﬁﬁﬁ%ﬁl_ gﬁ@gcggrlgéf s % the windiy %55

PCT/ SE97/ 00879 tween eachh&uznvamd @mpeundff or ded by t he inventi on | n relation
to the prior art, a relatively conpl ete description of a power

t ransf or ner Is currently, des wl|l first be bel ow. as
Wl s of the FPRITUTIGAS BRAPFOUMBIL FRkkn=Es, drmed Ly BRovapt, drestrge
cal cul ati on5 desnym, ai geohatFfizal @ohementgunit, physically delimited from
the other coils. The distance between the coils is also
determined by the dielectric stress which may be allowed to
occur between the coils. This thus means that a certain given
insulation distance is also required between <the coils.
10 According to the above, sufficient insulation distances are
alsc required to the other. electrically conducting objects
which are within the electric field from the electric poten-
tial locally occurring in the coils.

15 It is thus clear from the above description that for the:in—
dividual coils, the wvoltage difference internally between
physically adjacent conductor elements is relatively low
whereas the voltage difference externally in relation to
other metal objects - the other coils being included - may be

20 relatively high. The voltage difference is determined by'the
voltage induced by magnetic induction as well as by the
capacitively distributed voltages which may arise from a con-~
nected external electrical system on the external connections
of the transformer. The voltage types which may enter exter-

25 nally comprise, in addition to operating voltage, lightning
overvoltages and switching overvoltages. '

In the current leads of the coils, additional losses arise as
a result of the magnetic leakage field around the conductor.
30 To keep these losses as low as possible, 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 parallel-connected during
operation. These strands must be transposed according to such
35 a pattern that the induced voltage in each strand becomes as
identical as possible and so that the difference in induced



mehuf acture, use, testing, transport, etc., of these trans- formers.
From a purely general point of view, the primary task of a 10 power
transforner is to allow exchange of electric energy be- tween two or
nore electrical systens of, normally, different voltages with the sane
frequency. venti onal power transforner conprises hossrer
15 core, in ?vr?eﬁ{“‘gylalpovm ng referred to as ajgore, often of aPH’ﬁPZm nat ed
oriented sheet, usually of silicon iron. The core conpri ses a nunber of
core |inbs, connect ed by yokes which t oget her formone or nore core

wi ndows. Transformers with such a core are often referred to as core
transfornmers. 20 Around the core ljinbs there are_a nunber of w ndings

whi ch are nor YRRE§9e heivess Pﬁc’ésp?fr"l' R Frrapd %rﬁ‘ﬂmeénéscﬁﬁﬂ%las pos-
wi ndi ngs. As far asbmeweﬂort r inisfrmaidy s aimun:aﬂmg nedrréhes eomponentsli £gS be
are practically a E?&n '

t he Fength of %/heIk ?&Pnbcagé‘%hgé‘%%%% agtqrggns rrr'%lre ﬁ'ornaw&tﬁ%fakﬂ%
circular coils as vveII as a tapering core linb section in order to fill

up the coils @& chneal dessgning pasmistoemers acc&dsmgotﬁtertﬁe/mdﬁ &d,e the

desi gns are known X | e t hpse, 30 | C are ncl

so-called shell {q?ngr f %@foémegé hive 1%}u"esi(;araﬁ% Sft “Efg‘g?' r?(gn GPpguctor
rectangul ar coi | s makgrial eas apossiblegwishipope given seembtmited by the so-
Convent i onal pomercatmaasfteaﬁsfmm wibRoko Bahail faééteri?a'éd as having as
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comprise, in addition to the conductor material, also the in-
sulating material associated with the coils, partly inter-
nally between the coils and partly to other metallic compo-
nents including the magnetic core. '

15 The insulation system, partly within a coil/winding and
partly between coils/windings and other metal parts, is
normally designed as a solid cellulose- or varnish-based in-
sulation nearest +the ‘individual conductor element, and
outside of this as solid cellulose and liquid, possibly also

20 gsseous, insulation. Windings with insulation and possible
bracing parts in this way represent large volumes which will
be subjected to high electric field strengths which arise in
and around the active electromagnetic parts of the trans-
former. To be able to predetermine the dielectric stresses

25 which arise and achieve a dimensioning with a minimum risk of
breakdown, good knowledge of the properties of insulating ma-
terials is required. It is also important to achieve such a
surrounding environment that it does not change or reduce ‘the
insulating properties.

30
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.

35
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12 . protection against contact, and possibly for reducing the ex-
ternal magnetic field of the-transforner, it is then often provi ded
with an outer casing provided with ventilating openings. 5 Most of
t he conventional power transforners, however, are oi | -cool ed. One of

t he reasons tW@r’@’g%'?l is that the oil has 44 the additional RGSVSEOTAASH t ant
function as insulating nmedium An oil-cool ed and oil-insul ated power
transforner is there- 10 fore surrounded by an external tank on which, as
wll be clear fromthe description below, very high demands are

pl aced. Normal ly, neans for water-cooli f _the coil ,are rqvi ded,

15 The fol | owi pARSEPTIRE N5 A gﬂa&i Fungtgon ﬁénﬁﬁsti'bfr%fﬁti‘mr'&?er
to oil-filled powerisselstfinmgneiunction, ifthechivelyngsontributesr &nstcooldkngar e
formed from onegpr erdle SARAgRECOQRECT c,pé'“:mﬁ, Uidgt 8 Ruyygper
of 20 series- c%ﬁng(l:? e%l%’r n@e I n&lggglgf i gﬁ& ’tﬁgycm S agr (?prrt(&)&\%i géﬁ Hg?m’ th
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coils. Suchsa deetrrsfl rwpliegdelennty borezpamgion coupdbimg, wtich the ai d of
screw joints or nore often with the aid of a special changeover sw tch
which is operable in the 25 vicinity of the tank. In the_event that
changeover can TBReelectrjcadcceppection, hetueen rthh fiterppl sernnactdons of

changeover swi t€Re transformer and the immediately connected coils/windings
is referred to as a bushing aiming at a conductive connection -
10 - through the tank which, in the case of oil-filled power
transformers, surrounds the actual transformer. The bushing
is often a8 separate component fixed to the tank and is
designed to withstand the insulation requirements being made,
both on the outside and the inside of the tank, while at the
15 .same time it should withstand the current loads occurring and
-the ensuing current forces. It should be pointed out that the
same requirements for the insulation system as described
above regarding the windings also apply to the necessary
internal connections between the coils, between bushings and
20 coils, different <types of changeover switches and the
bushings as such.

All the metallic components inside a power transformer are
normally connected to a given ground potential with the

25 exception of the current-carrying conductors. In this way,
the risk of an unwanted, and difficult-to-control, potential
increase as a result of capacitve wvoltage distribution
between current leads at high potential and ground is
avoided. Such an unwanted potential increase may give rise to

30 partial discharges, so-called corona. Corona may be revealed
during the normal acceptance tests, which partially occurs,
compared with rated data, increased voltage and frequency.
Corona may give rise to damage during operation.

35 The individual coils in a transformer must have such a mecha-
nical dimensioning that they may withstand any stresses
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referred to as a de-energi zed tap changer. 30 Regarding oil-cooled and
oi l -insul ated power transformers in the upper power range, the breaking
el ements of the on-1oad tap changers are placed in special oil-filled

contai ners W t Ryggyuddid €Ct connection to the transformer tank. The breaking
el ements are operated purely nechanically vijg a notor-driven §§T5Fw79ng

shaft and are arranged so as to obtain a fast nove- ment during the
swi tching when the contact is open and a WD 97/ 45921
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when the contact is to,be close The on-1| oad tap changers_as such,
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side than if the on-load tap angers re to be connected to the
| ow- vol tage side. Failure statistics of con- ventional oil-filled power
transformers showithah at nasrodtesltage tdnd Powetadahgd 6PaBYeLHiVdud Hidere

rise to faults. ¢ransformers, the windings are designed as so-called sheet
10 windings. This means that the individual conductors mentioned
above are replaced by thin sheets. Sheet-wound power trans-
formers are manufactured for voltages of up to 20-30 kV and
powers of up to 20-30 MW.

15 The insulation system of power transformers within the upper
power range requires, in addition to a relatively complicated
design, also special manufacturing measures to utilize the
properties of the insulation system in the best way. For a
good insulation to be obtained, the insulation system shall

20 have a low moisture content, the solid part of the insulation
shall be well impregnated with 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

25 before it is lowered into a tank. After this drying and
impregnating process, the transformer is lowered into the
tank which is then sealed. Before filling of oil, the tank
with the immersed transformer must be emptied of all air.
This is done in connection with a special vacuum treatment.

30 When this has been carried out, filling of oil takes place.

To be able to obtain the promised service life, etc., pumping
out to almost absolute vacuum is required in connection with
the wvacuum treatment. This thus presupposes that the tank
35 which surrounds the transformer is designed for full vacuum,



15° In‘*he |lower power range. of oil-cooled and oil-insul ated power
transformers, both the on-load tap changers and their breaki ng el enents
are placed inside the tank. This means that t he above-nenti oned

probl enms with degradation of the oil be- cause of arcs during
operation, etggey@hfiect the whole oil 20 system From t he point of
vi ew of applied or 1nduced voltage, it cal8 broadly be sZCHSEIH0872

vol tage which is stationary across a winding is distributed equally
onto each turn of the winding, 25 that is, the turn voltage is equal on
all the turns. Fromthe point of view of electric potential, however,
t he si t uat walchS erargillet ed y consieeratile CatnSiiptiond ¥ Ndak@ri&l and
normal | y conneg %§Qf%8%&¥ qﬁmZhls nmeans, however, that the 30 electric
potential of eac arn reases Ilnearly from practically zero in
the turn which is nearest the ground po- tential up to a potential I n

tﬂe turlns whi C:Ifaréﬂ.e&ttriaeﬁﬁaﬁérges 6@&1101;115 h&u""oﬂﬂlf‘ﬂam rﬁ‘f‘]ﬁ?@ld to
e anpl ot voldtes, oSy H: 1gBRLoTbARladhhel NSt SR G-
suffici ent ture in\\@ng7/pm3I21of the <transformer Ptcurs, the oil is
PCT/ SE97/ 00879 @isintegrated and gaseous products are dissolved in the oil.
The transformers are therefore normally provided with moni-
toring devices for detection of gas dissolved in the oil.
10
For weight reasons large power transformers are transported
without oil. In-situ installation of the transformer at a
customer requires, in turn, renewed vacuum treatment. In ad-
dition, +this is a process which, furthermore, has <to be
15 repeated each time the tank is opened for some action or in-
spéction.

It is obvious that these processes are very time-consuming’
and cost-demanding and constitute a considerable part of the

20 total time for manufacture and repair while at the same time
requiring access to extensive resources.

The insulating material in conventional power transformers
constitutes a large part of the total volume of the transfor-

25 mer. For a power transformer in the upper power range, 0il
quantities in the order of magnitude of hundreds of cubic
metres of transformer oil may occur. The oil which exhibits a
certain similarity to diesel o0il is thinly fluid and exhibits
a relatively low flash point. It is thus obvious that oil

30 together with the cellulose constitutes a non-negligible fire
hazard in the case of unintentional heating, for example at
an internal flashover and a resultant oil spillage.

It is also obvious that, especially in oil-filled power
35 transformers, there is a very large transport problem. Such a
power transformer in the upper power range may have a total



i nsul ati‘on both between adj acent turns of the w nding and be- t ween

each turn and ground. The turns in an individual coil are normally
brought together 5 into a geonetrical coherent unit, physically delimted
from the other coils. The distance between the coils is also

determ ned by tweogsebectric stress which may be allowed to PCI%%? -
between the coils. This thus neans that a cgigtai n given i nsulati

di stance is also required between the coils. 10 According to the above,
sufficient insulation distances are al so required to the other
el ectrically conducting objects which are within the electric field

fromthe electric _poten- tial cally ogcurring i.n the coils. 15 It
is thus clear fré"ﬁgph 2hotR ‘a’egtrdogt i%8ﬂ¥t hg’f 3r Zef. that gheertgrnal
coils, the voltagesdonf eferthe itransfeamer basie csonetimely diec Adapteddjtac cihie
conduct or el emenicurirante! @tdnspb¥t |RUfile, WERERS slhe yg;_.ta&? dgg%gg%pp%f
externally in relation to ot her netal objects - the other coils being
incl uded - may b&®F389e8e tymAlSy BFGh. The voltage difference is deternined
by the vl t age i nduced by nmagnetic induction as well as by the

capaci tively di sigelBulegsh & té%ﬁé%&#ﬂuiﬂ@’ oF kR {:HB? Wrtlapn tﬁ%s&%cé %

external electrical Sés_.em on the external™ connectfons
transformer. The Sidrfiddted ypoer frapsigymers candxvlich Jwmay, e \dessmibede asi n
addition to oper atimigatbon age probbémiareas thedgBsn:0l t ages and switching

overvol t ages. In the current |eads of the coils, additional |osses
arise as a result of the nagnetic | eakage field around the conductor.
30 To keep tHeseAp@ddzfilled,gopventiona) powes Eeangiormes; power
transforners in the upper power range, the conductors are normal |y

Ve Tnto s nUalngih oS SOl SRR Rkl 60 s LTS ollSeftimer.
must be transposé‘ﬂ”“&é‘éﬁ?ﬂgnﬁ fpngfegmer core with coils, oil for insulation -
and cooling, m_echanical bracing devices of various Kkinds,
~ 15 etc. Very large mechanical demands are placed on the tank,
since, without o0il but with a transformer, it shall be
capable of being vacuum-treated to practically full wvacuum.
The tank requires very extensive manufacturing and testing
processes and the large external dimensions of the tank also -
20 normally entail considerable transport problems:;

- normally comprises a so-called pressure-oil cooling. This
cooling method requires the provision of an oil pump, an ex-

ternal cooling element, an expansion vessel and an expansion
25 coupling, etc.;

- comprises an electrical connection between the external
connections of the transformer and the immediately connected
coils/windings in the form of a bushing fixed to the tank.
30 The bushing is designed to withstand any insulation require-

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

- comprises coils/windings whose conductors are divided into
35 a number of conductor elements, strands, which have to be
transposed in such a way that the voltage induced in each



35 ‘a pattern that the induced voltage in each strand becones as

I dentical as possible and so that the difference in induced WO
97/ 45921 PCT/ SE97/ 00879

15 vol t age between each pair of strands becones as snall as pos-
sible for intﬁkﬂﬁhh%lcirculating current conponents to be kept down at
a reasonabl e [evel 1T

omthe | oss point of deew._ 5 Wien desPGRiSESG00879
transforners according to the prior art, t general aimis to have as

| arge a quantity of conductor material as possible within a given area
limted by the so- call ed transfornmer wi ndow, generally described as
havi ng as high a fill factor as possible. The avail abl e space shall 10

conpri se, in afirePEn begomgE ASndifiendicadt &S mossibie @hd isuch thatulthe ng
material associddf€drentd tihe indubed poltagei BéGieen ecadit!gairbesiestrd s

coils and partly ta.gth _rsrgg*ltlalal iﬁ?ggﬂpf nents including the nagnetic

core. 15 The 1 nsulation sysfe par ?’y within a coil/winding and
partly between coils/w ndings and other netal parts, is normal | 'y

desi gned assa sol i GomgtigdsOSeanor 1y,aﬁmgﬁbo,basg9sggma p §i:'iﬁit i g@thﬂﬁagedst

t he individual l.emen and outside of this as_soli

cel I ul ose and ﬁ°&§?§gﬂ§%§éi baI% f/l a?as%ﬂ?b b§§§88ﬁs,°°%lﬁéﬁf%‘ﬁ’lﬂ?. PAdiFEReT t h

i nsul ati on andM§#33i bparts whieki rig plesioned t bss aayoligr esdiulbaege or

vol umes whi ch Walrhish-based insulation nearest the individual conductor
element and, outside of this, solid cellulose and a liquid,

10 possibly also gaseous, insulation. In addition, it is ex-

tremely important that the insulation system exhibits a very
low moisture content;

- comprises as an integrated part an on-load tap changer,
15 surrounded by oil and normally connected to the high-voltage
winding of the transformer for voltage control; '

- comprises oil which may entail a non-negligible fire hazard
in connection with internal partial discharges, so-called co-

20 rona, sparking in on-load tap changers and other fault condi-
tions;

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

25 charges therein or in case of local increases of the tempera-
ture;

- comprises oil which, in the event of damage or accident,
may result in oil spillage leading to extensive environmental
30 damage. '

SUMMARY OF THE INVENTION

The object of the présent invention is primarily to provide
35 an electromagnetic device, in which at least one or some of
the disadvantages discussed hereinabove and impairing the



be ‘'subj &cted to high electric field strengths which arise in and around

the active electromagnetic parts of the trans- ~ former. To be able to
predetermne the dielectric stresses 25 which arise and achi eve a
dimensioning with a mnimmrisk of breakdown, good know edge of the
properties of igaubatdhpd ne- terials is required. It is also |n]é&rtant
to achi eve such a Byzsurroundi ng environmeny that it does notP . 87}
reduce the i nsul ating properties. 30 The currently predom nant

i nsul ati on system for high-voltage power transforners conprises

cellul ose material as the solid insul ation and transformer oil as the
liquid insulation.  The transfornmer _pjl. i ased on,. so-call ed. m ner.al
oil. 35 pri% 9%‘25@% een efimina%:e%. 16ges des, ti\e invention

PCT/ SE97/ 00879  secondarhly 1gimss bsr devising lmgeghddafor wlectyhcsfiell don-
agdi L ion to ) tdi;%lij_ﬂﬁuéﬂtéi&tfz%ﬂﬁﬁhé)ﬂc :éev?.%tb'h \fsilcggf&;\ss heﬁ&%ﬁé:(:) ]Eﬁ%ﬁfwéhe <9
of the core, the winding,. etc remgval o e | .

transforner. Ol %o ﬂ‘gtf‘géuf‘?‘ésg%ﬂ‘?“g‘gpgpanﬂ?gﬁ?lt’&-°“5‘°“P*érﬁ% 2 oy e
el ement, an expaediestrioumdhige.et c. The el ectrical connection

bet ween the external connections of the transfornmer and the imedi ately

connected coil s/ w. ndi ngs LS referre 0 as .a bushing aimng at a
conductive conne eor?r%ﬁ'ari’hf’biﬁﬁtt ?‘%‘%‘m ¥, means jof @ device of the
oil-filled power kind defined in the following claims, and then first of all

in the characterizing part of any of claims 1 - 5.
10
In a wide sense, it is established that the design according
to the invention reduces the occurring losses such that the
device, accordingly, may operate with a higher efficiency as
a consequence of the fact that the invention makes it possi-
15 Dble to substantially enclose the electric field occurring due.
to said electric conductor in the insulation system. The
reduction of losses results, in turn, in a lower temperature’
in the device, which reduces the need for cooling and allows:
possibly occurring cooling devices to be designed in a more
20 simple way than without the invention.

The conductor/insulation system according to the invention
may be realised as a flexible cable, which means substantial"
advantages with respect to production and mounting as

25 compared to the prefabricated, rigid windings which have been
conventional up to now. The insulation system used according
to the invention results in abscence of gaseous and liquid
insulation materials.

30 As to the aspect of the invention as a rotating electric ma-
chine it is thus possible to operate the machine with such a
high voltage that the A/Y-connected step-up transformer men-
tioned above can be omitted. That is, the machine can be op-
erated with a considerably higher voltage than machines

35 according to the state of the art to be able to perform
direct connection to power networks. This means considerably



transforners, surrounds the actual transforner. The bushing Is often a
separ at.e conponent fixed to the tank and is designed to withstand the
i nsul ati on requirenments being nade, both on the outside and the inside
of the tank, while at the 15 sane tinme it should withstand the current

| oads occurri %mg’ the ensuing current forces. It should be pointed
out that the T requi rements for the 2asul ati on syst enPEESERFH87P bed

above regarding the windings also apply to the necessary i nt ernal
connections between the coils, between bushings and 20 coils, different
types of changeover switches and the bushi ngs as such. All

the netallic CO%%@”Eﬁvéngh&?t W vntIr agﬁ]t%hgem@ﬁe otQ‘P{#?t%IYectric

connected to a given groun ?’Pt fPon
current - car ryi n§achiBtic#bfs t iciency g FP%kSUFta'h gdRakeed-and
di fficult-to-comtreasedpotiet |fﬂvents,on| redr:mﬂs:ates ahéesidell OforCapacticifar

L unge, 1St congrdf RGN RETLeLERAT, Hedd F RALMLAnd Luch,

ground is avol an unwant ed I'NCT edse
to 30 partidal dledAargRtrok measures ’('!%‘f’d?ﬂa beegr BRgeSRALYLECER 93610 the

duri Ih ng thg Sor Mpriegcaptank eﬂfﬁm‘e&, aagm?fhg@rltsl ghby ﬁfé:lirn%ention meERAnRd
with rated data e.and _frequengy ive rise
to danmge duri n8‘°5§er§$i’§g o é%g:a'?‘ e U4, |\('2/l °é'8ﬂ"§g'??1ti§at%flgﬂsffgfné‘?he
must have such ®PUFPeRg- of redweing %ﬁmﬁomfﬁgwha@smeyesﬁalﬁ vt e ltiageany

stresses and cMEr&it 4dihly out of phase with each other.
PCT/ SE9Q7/ 00%9 17

As to the aspect of the invention as a power transformer/ re-
actor, the invention, first of all, eliminates the need for
oil f£filling of the power transformers and the problems and
disadvantages associated thereto.
. 15 _

The design of the winding so that it comprises, along at
least a part of its length, an insulation formed by a solid
insulating material, inwardly of this insulation an inner
layer and outwardly of the insulation an outer layer with

20 these layers made of a semi conducting material makes it
possible to enclose the electric field in the entire device
within the winding. The term "solid insulating material” used
herein means that the winding is to lack liquid or gaseous
insulation, for instance in the form of oil. Instead the

25 insulation is intended to be formed by a polymeric material.
Also the inner and outer layers are formed by a polymeric
material, though a semiconducting such.

The inner layer and the solid insulation are rigidly con-
30 nected to each other over substantially the entire interface.
Also the outer layer and the solid insulation are xrigidly
connected to each other over substantially the entire inter-
face therebetween. The inner layer operates egualizing with
respect to potential and, accordingly, equalizing with
35 respect to the electrical field outwardly of the inner layer
as a consequence of the semiconducting properties thereof. |



occurring .as a.consequence of currents arising and the resul - t ant
current.forces during a short-circuit process. Nornally, the coils are
designed such that the forces arising are absorbed within each

i ndi vidual coil, which in turn may nean 5 that the coil cannot be

di mensi oned opt ywgkhieef or its nornal function during nor tion.
Wthin a narrow vol tage and power range of ojj -filled power %&%’a””

transforners, the w ndings are designed as so-called sheet 10 w ndings.
This means that the individual conductors nentioned above are repl aced
by thin sheets. Sheet-wound power trans- formers are manufactured for

vol tages of up to 20-30 kV. and ﬁgwe{s of er%o to, 20- 30 MWV 15 The
i nsul ati on syst erf§f OPEREr L3¥em dFo PAEP s1RFSIME? tRePBpPRde of a)sREiconghrRE-
requi res, in addiimgomaterfalecbadi el hasoapl leasedan elexigal ebaduchibraitat
manufacturi ng MegayeeS nigntt | thé? il of dHOAALNERIG] L8%I Nl Gl the
systemin the best y. For a good 1 nsulation to be obtal ned, e
i nsul ati on syst eAUdREl Layer. ¥ CoRNeehion|ta Rarthonr cpthenwises g relafkively

the insulati o Llowspaftenkea¥g! toi FeHital adpdliRihfewsyh ! sE§alkd 0t potasil

t he risk of I nLng "gas" e I, the solid part S e R
mnimal. To ensurtg'r;?"hi g?ga g%ecﬁugﬁ%%gjﬁ?\%f%nﬁ%ﬁfgg ngﬁ‘?’ ngque"E"BF%%: es??]sd
carried out on axeswdring gueet@ Spidi mdesysical peondweton inywardher of itheo

a tank. After thigutdrylageftbn thel BEhE6SNRENA)] theO68Esr 1d}r! EABSI@ MEVe IS
| owered into the '

nk, whi I §_the eal ed. Before filljin f _oi t he
tank o witn @ n@eHRSRREE (Mt Tp, BREREE o fuPifites sqttatpal’ lossgy
is done in cbBnedin saldi owter dayeral vacuumtreatnent. 30 Wien this has
been carried out, filling of oil takes place. To be able to obtain

the prom sed ser Vine® rl:ngg.S’ ix?%é:rdox%‘ég?igﬁ between the insulating material and

the inner and outer semiconducting layers should be uniform
over substantially the entire interface such that no cavi-

15 ties, pores or similar occur. With the high voltage levels
contemplated according to the invention, the electrical and
" thermal loads which may arise will impose extreme demands on
the insulation material. It is known that so-called partial
discharges, PD, generally constitute a serious problem for

20 the insulating material in high-voltage installations. If
cavities, pores or the like arise at an insulating layer, in-
ternal corona discharges may arise at high electric voltages,
whereby the insulating material is gradually degraded and the
result could be electric breakdown through the insulation.

25 This may lead to serious breakdown of the electromagnetic de-
vice. Thus, the insulation should be homogenous.

The inner layer inwardly of the insulation should have an
electrical conductivity which is lower than that of the
30 electrical conductor but sufficient for the inner layer to
function equalizing with regard to potential and, accord-
ingly, equalizing with respect to the electrical field
externally of the imner layer. This in combination with the
rigid interconnection of the inner layer and the electrical
35 insulation over substantially the entire interface, i.e. the
abscence of cavities etc, means a substantially wuniform



out” to al nost absolute vacuumis required in connection with t he vacuum
treatnment. This thus presupposes that the tank 35 which surrounds the
transforner is designed for full vacuum WO 97/ 45921

18 ' PCT/ SE97/ 00879 which entails a considerable
consunpti on o' B&hi @l and manuf acturing tine. If electric

di schar ges ogf:vur i%&gn oil-filled power trgns- 5 forner, orPGYSE78D,|
consi derabl e i ncrease of the tenpera- ure in any part of the
transforner occurs, the oil is di si ntegrated and gaseous products are
di ssolved in the oil. The transformers are therefore normally provided
W th noni - toring devices for detection of gas dissolved in the oil. 10
For wei ght rea%thFB% Pkt axterepbivie?s the iopghspayeeend a piHawm
oil. In-situ i s aikkt forn PO. t he transformer at a custoner requires, in
turn, renewed vacuumtreatnent. In ad- dition, this is a process which,
furthernore, has to be 15 repeated each tine the tank is opened for sone
action or in- It ispprefeyred that the;inngy lgysriangd theesolpd celepticgle

very time- c®nsiifisudation sk ErmetdcbRNGatEridle ReVEld (Sibatant DBl qiahe
part of the 20 ,lotdh olBelQledfl YA LiflaRstBe. RS fadl! I Seddi$ed™ 12
far as the outer layer and the solid insulation is concerned.
This means that the inner and outer layers and the solid
electrical insulation will form an insulation system which on
10 temperature changes expands and contracts uniformly as a
monolithic part without those temperature changes giving rise
to any destruction or disintegration in the interfaces. Thus,
intimacy in the contact surface between the inner and outer
"layers and the solid insulation is ensured and conditions are
15 created to maintain this intimacy during prolonged operation
periods.

The electrical load on the insulation system decreases as a
consequence of the fact that the inner and the outer layers
20 of semiconducting material around the insulation will tend to
form substantially equipotential surfaces and in this way the
electrical field in the insulation properly will be distrib-
uted relatively uniformly over the thickness of the insula-
tion. '
25
It is known, per se, in connection with transmission cables
for high-voltage and for transmission of electric energy, to
design conductors with an insulation of a solid insulation
material with inner and outer layers of semiconducting
30 material. In transmission of electric energy, it has since
long been realised that the insulation should be free from
defects. However, in high voltage cables for <transmission,
the electric potential does not change along the length of
the cable but the potential is basically at the same level.
35 However, also in high voltage cables for transmission pur-~
poses, instantaneous potential differences may occur due to



requiring access to extensive resources. The insulating material in
conventional power transforners constitutes a large part of the total
vol unme of the transfor- 25 mer. For a power transformer in the upper
power range, oil gquantities in the order of nmagnitude of hundreds of
cubi c et r @ o9iseby ansfornmer oil may occur. The oil which el
certain simlarity to diesel oil is thinly fdsuid and exhi bitsl%!lj’yl':g?a’&ﬁwa
relatively low flash point. It is thus obvious that oil 30 together with
the cellulose constitutes a non-negligible fire hazard in the case of
uni ntentional heating, for exanple at an internal flashover and a
resultant oil spill age, 1,S, . .al bvi o h especi i
oil-filled power ??n% 'ragﬁsf:(c)’?%ir‘%f&%ﬁérzsqﬁcgl \aésvelir%'?;‘ltﬁgrlg%’ t)rg%%&sﬁg'% [#r&otﬁhéam -
Such a poverpResgas dpwention ehLlgyablepenble ragrprding waythe ergipsed
WD 97/ 45921 claims is used as a winding in theP&léshEDA=gR8¢Ic device.

19 wei ght of up to 1 000 tons. It 1s realized that the external
design of the transfornmer nust sonetinmes be adapted to the current
transport proSi| eAn tadditional cimproyepant awry dfe achipvéediges construttingtthe

5 Here foll oug gt toondliBRbY Gh (4 PULRELRY £k NshESDOS! £8-called
oil-filled power transforners_and which be,descri bed as

strands, at least some o0f which are insulated from each
other. By making these strands to have a relatively small
cross section, preferably approximately circular, the mag-
10  netic field across the strands will exhibit a constant

geometry in relation to the field and the occurrence of eddy
currents are minimized.

. According to the invention, _ the winding/windings is/are thus
15 preferably made in 'Ehe form of a cable comprising at least
one conductor and the previously described insulation system,
the inner layer of which extends about the strands of the
conductor. Outside of this inner semiconducting layer is the
main insulation of the cable in the form of a solid insula-

20 tion material.

The outer semiconducting layer shall according to the inven-
tion exhibit such electrical properties that a potential
equalization along the conductor is ensured. The outer layer
25 may, however, not exhibit such conductivity properties that
an induced current will flow along the surface, which could
cause losses which in turn may create an unwanted thermal
load. For the inner and outer layers the resistance state-
ments (at 20°C) defined in the enclosed claims 8 and 9 are
30 wvalid. With respect to the inner semiconducting layer, it
must have a sufficient electrical conductivity to ensure po-
tential equalization for the electrical field but at the same
time this layer must have such a resistivity that the
enclosing of the electric field is ensured. It is important
35 that the inner layer equalizes irregularities in the surface
of the conductor and forms an equipotential surface with a



| imtation and probl em areas therefor: 10 An oil-filled conventional

power transformnmer - conprises an outer tank which is to house a

t ransf or ner conprising a transforner core with coils, oil for

i nsul ati on and cooling, nechanical bracing devices of various kinds, 15
etc. Very Iadﬁ&’&?@ﬂﬂnlcal demands are placed on the tank, si nce,

wi t hout oil a transformer, it shgll be capabIePSFmBEWWQ”
vacuumtreated to practically full vacuum The tank requires very
extensi ve manufacturing and testing processes and the | arge external

di nrensions of the tank also 20 nornmally entail considerable transport

pr obl ens; - normally conprises a so-called pressure-oil cooling. This

cool i ng net hodhdghui surcfaege pfindish optof the oilintpufigce arwith the t goldld
cooling el errentmsamaeas&ansme vyansel mq,érama@xn@élsreﬂnéé wEN Pl NearyAley

- conprises an trlca% QQﬁ%ECt'O” bhet ween thefec {fﬁ con ectlons
of the transforeF 8RE"t R Tars )?"coem?é‘ctsé’a ace TN FE 1S he
formof a bushmgdﬁcken and tthe sahid Bosulptdobusthethickdess ghedsuid:ably

W t hst and afly iyaswbahi @Ns Il fm. ments nmade, both regarding the
outside and the inside of the t ank; - conprises coil s/w ndings

whose conductors are divided into 35 a nunber of conductor el enents,
strands, whi ch Suzhe at £lbgible wirgkisgosetle nwisiath iz wepdt hatoxdicngy dia ade

i nduced in eachpyention in the electromagnetic device thereof is an im-

provement of a XLPE (cross-linked poly ethylene) cable or a

10 cable with EP (ethylene-propylene) rubber insulation or other

rubber, for example silicone. The improvement comprises, in-

ter alia, a new design both as regards the strands of the

conductors and in that the cable, at least in some embodi-

ments, has no outer casing for mechanical protection of the

15 cable. However, it is possible according to the invention to

arrange a conducting metal shield and an outer mantel exter-

‘'nally of the outer semiconducting layer. The metal shield

‘will <then have the character of an outer mechanical and

electrical protection, for instance to lightning. It is

20 preferred that the inner semiconducting layer will lie on the

potential of the electrical conductor. For this purpose at

least one of the strands of the electrical conductor will be

uninsulated and arranged so that a good electrical contact is

obtained to the inner semiconducting layer. Alternatively,

25 different strands may be alternatingly brought into electri-
cal contact with the inner semiconducting layer.

Manufacturing transformer or reactor windings of a cable ac-
cording to the above entalls drastic differences as regards
30 the electric field distribution between conventional power
transformers/reactors and a power transformer/reactor accord-
ing to the invention. The decisive advantage with a cable-
formed winding according to the invention is that the elec-
tric field is enclosed in the winding and that there is thus
35 no electric field outside the outer semiconducting layer. The
electric field achieved by the current-carrying conductor oc-
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20 . strand becones as identical as possible and such that the
difference in induced voltage between each pair of strands becones as
smal | as possi bl e; 5 - conprises an insulation system partly

W t hin a wolshusbndi ng and partly between coil s/ w ndi %}S@%ﬂy
ot her netal parts which is designed as olid cellul ose-

var ni sh-based insul ati on nearest the individlfal conductor elenent and,
outside of this, solid cellulose and a liquid, 10 possibly also gaseous,
insulation. 1In addition, it is ex- tremely inportant that the

I nsul ati on systen1exh|b|ts a ver | ow noi sture content;

conpri ses as an ﬁﬁFEbFEF@diﬁaFPea§P¥ﬁ¢IWﬁ%? dasudatier: Both fggmrthﬁmﬂﬁﬁﬂqp
oi | and normal | y meinteoifedtite ahd theiramifaagaring podifh o QhelNehis means

transforner for \QBA%% gﬂérég vantages: - COMPrises oil which may entail a
non-negligible fir azar I'n connection with internal parti al

di scharges, so-called co- 20 rona, sparking in on-load tap changers and
other fault cendi- the t/it@3hgs of th& ORRBhSESHHEY "Riy Y R 'Edlined! | fthout

device for nonit oIved i,n il %h h occurs in case of

electrical dis- %%kg%ﬁgr es W%in &te §§§° fipy FE? g8 &nd; khe

t enper a- tL”(;ranspos tion of strands, mentioned under the background art,
is omitted;

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

"= no oll is needed for electrical insulation of the winding,
that is, the medium surrounding the winding may be air;
15
"~ Nno special connections are required for electrical connec-
tion between the outer connections of the transformer and the
immediately connected coils/windings, since the electrical
connection, contrary to conventional plants, is integrated
20 with the winding:

- the manufacturing and testing technology which is needed
for a power transformer according to the invention is consid-
erably simpler than for a conventional power trans-

25 former/reactor since the impregnation, drying and vacuum
treatments described under the description of the background
art are not needed. This provides considerably shorter
production times:

30 - by using the technique according to the invention for insu-
lation, considerable possibilities are provided for develop-
ing the magnetic part of the transformer, which was given ac-
cording to the prior art.

35 In application of the invention as a rotating electric
machine a substantially reduced thermal load on the stator is



- conpri'ses oil which, in the event of danmage or acci dent, may result
in oil spillage |eading to extensive environmental 30 damage. .
SUMVARY OF THE | NVENTI ON The object of the present invention is
primarily to provide 35 an electronmagnetic device, in which at |east ﬁne
or sone of | sadvant ages di scussed herei nabove and inpairing the
W0 57/ asop1 WovHEeH PCT/ SE97/ 00 FE/SESTI00879
21 prior art have been elininated.z%msides, the invention _
secondarily ains at devising a method for electric field con- trol in
an el ectromagnetic device for electric power purposes and a method for
producing a magnetic circuit for a rotating 5 electric machine. . The
primary obj ect dbtadoiedev@démporaenmvexloaddevitc ehef mabRine wikixd €haid, nesk in
the foll ]9vvl ng defylsrr%n%mél%i% fiit’ %1197 bé! fossibibth NErfPHAS! RLLRIAY part
of any of claing bioad £2 a longer period of time without running the risk
of damage arising. This means considerable advantages for
5 owners of power generating plants who are forced today, in
case of operational disturbances, to rapidly switch to other
equipment in order to ensure the delivery requirements laid
down by law.

10 wWith a rotating electric machine according to the invention,
the maintenance costs can be significantly reduced because
transformers and circuit breakers do not have to be included

in the system for connecting the machine to the power net-
work.

15
‘Above it has already been described that the outer semicon-
ducting layer of the winding cable is intended to be con-
nected to ground potential. The purpose is that the layer
should be kept substantially on ground potential along the

20 entire length of the winding cable. It is possible to divide
the outer semiconducting layer by cutting the same into a
number of parts distributed along the length of the ‘'winding
cable, each individual layer part being connectable directly

to ground potential. In this way a better uniformity along
25 the length of the winding cable is achieved.

Above it has been mentioned that the solid insulation and the
inner and outer layers may be achieved by, for instance, ex-
trusion. Other techniques are, however, also well possible,

30 for instance formation of these inner and outer layers and
the insulation respectively by means of spraying of the
material in question onto the conductor/winding.

It is preferred that the winding cable is designed with a
35 circular cross section. However, also other cross sections



In a wide sense, it is established that the design according to the

I nventi.on reduces the occurring | osses such that the devi ce,
accordingly, may operate with a higher efficiency as a consequence of
the fact that the invention nmakes it possi- 15 ble to substantially

encl ose the el I el d occurring due to said electric
W hem RCHRpn "

the insul ation systen1 The reducti on of 2bosses results,

| ower tenperature in the device, which reduces the need for cool i ng and
al | ows possi bly occurring cooling devices to be designed in a nore 20
sinple way than without the invention. The conductor/insul ation

system accor di ng ti

whi ch means subs é tagl éme%d\?%% g ‘é’lslglg\ll'¥ ﬁgr{esgadeécﬁggdaé?odédltlon ang@eEg
mounting as 25 Paakingedansitye prefabrlcated r|g|d mnndlngs whi ch have
been conventional up to nom1 The insulation systemused according

to the invent | on regﬁkié {éBa Sf{?a thn 9gs.£9 sc %gd I |e9w d macﬂiﬁl at | tRe

mater,lals nve I on s aro e(:trlc
ma- chi néi i tcﬁbl? hds §é§9¢>%¢@ in speerak @we\m@wﬁetmm t@cﬁlqts in

high vol tage thakhkhpagréetic chmnemeechﬁi p;atnr QiéSdes'iBhedmﬂs a muD.tQﬂed
above can be om {ted hat i.s,, the

consi derably hi gh8¥eT oF PARR TSR © :ggiggﬁqﬁbfsﬁﬁFﬁthQ)q 9§t8€e°8$lfhe
art to be abl e t enfecfossings. dmaecahl;ermutbe)made pditbr tapexest kinsulaition

gg%?%Egg?gbdsgabkﬁ utilize the Waghét4e9&bre in a better way, 44 which case -
%. the shape of the slots may be adapted to the tapered insula-
tion of the winding.

A significant advantage with a rotating electric machine ac-
cording to the invention is that the E field is near zero in
15 the coil-end region outside the outer semiconductor and that
with the outer casing at ground potential, the electric field
need not be controlled. This means that no field concentra-
tions can be obtained, neither within sheets, in coil-end re-
gions or in the transition therebetween.
20
The present invention is also related to a method for elec-
tric field control in an electromagnetic device for electric
power purposes according to the enclosed cléim 40.

25 The invention alsoc relates to a method for manufacturing a
magnetic circuit according to enclosed claim 41, a flexible
cable, which is threaded into openings in slots in a magnetic
core of the rotating electrical machine being used as a
winding. Since the cable is flexible, it can be bent and this

30 permits a cable iength to be disposed in several turns in a
coil. The coil ends will then consist of bending zones in the
cables. The cable may also be joined in such a way that its
properties remain constant over the cable length. This method
entails considerable simplifications compared with the state

35 of the art. The so-called Roebel bars are not flexible but
must be preformed into the desired shape. Impregnation of the



| ower investnment costs for systens with a rotating electric machi ne and
the total efficiency of the systemcan be in- creased. The invention
elimnates the need for particul ar field control nmeasures at certain
areas of the winding, such 5 field control neasures having been necessary
according to &P&e prior art. A further advantage is that the invention
makes it S%—?"@M‘r‘pl e to obtain under- and overmagneti zat POISEQ0087e

purpose of reducing reactive effects as a B8sult of voltage and current
bei ng out of phase with each other. 10 As to the aspect of the

i nvention as a power transforner/ re- actor, the invention, first of
all, elimnates the need for oil filling of the power transforners and

the probl ens andoils disaciant agas escaiitgdy tS6HiRli®atdd and Thapiesiga Of
the wi nding so ' o] |.se l,east a rt_.of its length,
an insul ation ftgrerér%ﬁi%&ar@%rfd%anaklgﬁgﬂ%w ngr°r¥3t%§P?al ,gf?‘ﬁ‘?ﬁaﬁ"dl f‘aﬁ#"'f‘%Fs

i nsul ation an i AEAY- | ayer and outwardly of the insulation an outer

| ayer with 20 these |ayers nmade of a sem conducting material nakes it
possi bl e t o .encl.Qs elegctric figld in the eptire device wi thin the
wi ndi ng. he 1 elrrr8n S‘é’é| iy Shos, iﬁ%'g%"g’t“ Pta‘F"tﬂg‘éd“a"h NRePEFrHIg o frhe
the wi nding is tpveationmaang ar coasidarable nimer aifi dmpoftant reivemtages

the formof oil inl ne1eadohhao? correEgbaling peibA! SP@eﬂuaERﬁ?‘s.f OF%EF% byga
pol ynmeric materi or ne a

5.'1 Al s theiner% outer layers are y

pol yneric nﬁ?eri af, c?ﬂoﬁ%hcﬁmé e SHEFF Q. power netyprkn@t; aliyer

and the solid i kypeat p6nhigk voltagiey Byn-high vortagel dxe araintohete odt-

substanti alidlgy th % ' aRe. S r t lid
1 Be8NbkéSeditgeAbaRe: and up Ao ‘Eh%[foeﬂ%%r e %E%ﬁé vg'ﬂ.t Pﬁcﬁ?he

i nsul ati on are L g dlé%/’ tconFect Sgoifﬁ eaﬁh substant1 a
entire inter- *°F PREETt S EBEIReeiNOTHET i AMBPT 3Rt adYROES I8 Ui Ag
Wt h r espechosen pptential, afior exanpléi ggoynd quptahitzahg hdd bednh con-

respect to the ghgebhthalcdistbte b iGig theOknble wiAhg! 2¥fich means that

the coil-end region can be made compact and that bracing
15 means at the coil-end region can be applied at practically
- ground potential or any other chosen potential. Still another
~ important advantage is that oil-based insulation and cooling
systems disappear also in rotating electric machines as
already has been pointed out above with regard to power
20 transformers/reactors. This means that no sealing problems
- may arise and that the dielectric ring preViously mentioned
is not needed. One advantage is also that all forced cooling

can be made at ground potential.

25 BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the enclosed drawings, a more specific de-
- scription of embodiment examples of the invention will follow

hereinafter.
30
In the drawings:
Fig 1 is a partly cut view showing the parts included in
' the current modified standard cable;
35 Fig 2 is an axial end view of a sector/pole pitch of a

magnetic circuit according to the invention;



as a consequence of the sem conducting properties thereof. WO
97/ 45921 PCT/ SE97/ 00879

23 | The outer layer is also intended to be nade of a sem conduct -
ing material and it has at |east an electrical conductivity bei ng

hi gher than th i nsul ation so as to cause the out | b
connection to Zg???u“%?ﬁot herwi se a relativelyy 5 | ow potenti al %@i¥ﬁ‘{?ﬁ?l gn
equalizing with regard to poten- tial and to substantially enclose the
electrical field resulting due to said electrical conductor inwardly of
t he outer |layer. On the other hand, the outer |ayer should have a
resistivity which is sufficient to mnin ze electrical |osses 10  in said
outer |ayer. Figrfe rigi® RnVietoRRRENGithfettlestrife finle) 95ty bution
mat eri al and t he i nner apdhdua ewindihg oducd | conventdbnal h@owedr becrans-
uni form over substanti .fe interface such that no cavi- 15
ties, pores or simlar occﬁé%aggéfhi gh voltage | evels cont enpl at ed
according to theFigvénti onist RePerepestivg Wiy showingr @a smbegimemt cpf nay
arise will inpose extrene géwddsangformet Nidoidihglt®thEninvemtion;t s

Kk h -cal.ed [ | ) | [
known hat socalaspart ok, o crdls BSCERS, LuEIELSl Y GAIN dhirire
installations. |If caviedttiedaedative t ¥ Figkd and hwavingamevexrall slesg

| ayer, in- ternal corogaiehs Jonagetorsy ad se at high electric
vol tages, Fig 6 is a cross section of a further cable structure
10 comprising several electric conductors but in an-

other arrangement than that in Fig 5.

DESCRIPTION OF PREFERRED EMBODIMENTS
15 Rotating electric machine according to ¥ig 1 and 2

An important condition for being able +to manufacture a
magnetic circuit in accordance with the description of the
invention, is to use for the winding a conductor cable with a
20 solid electrical insulation with an inner semiconducting
layer or casing between the insulation and one or more
electrical conductors located inwardly therof and with: an
outer semiconducting layer or casing located outwardly of the
insulation. Such cables are available as standard cables for
25 other power engineering fields of wuse, namely power
transmission. To be able to describe an embodiment, initially
a short description of a standard cable will be made. The
inner current-carrying conductor comprises a number of non-
insulated strands., Around the strands there is a
30 semiconducting inner layer. Around this semiconducting inner
layer, there is an insulating layer of solid insulation. :The
solid insulation is formed by a polymeric material with low
electrical losses and a high breakthrough strength. - As
concrete examples polyethylene (PE) and then particularly
35 cross-linked polyethylene (XLPE) and ethylene-propylene (EP)
may be mentioned. Around the outer semiconducting layer a



whereby'the insulating material is gradually degraded and the resul t
could be electric breakdown through the insulation. 25 This nay lead to

serjous breakdown of the el ectronmagnetic de- vice. Thus, the insulation
shoul d be honogenous. The inner layer inwardly of the insulation
shoul d have an el ectrical conductivity which is |ower than that of the
30 electrica™tYHd®tor but sufficient for the inner | ayer POGTI/SE97/068191Ct i on
equalizing with regard to potential and, ad2ord- ingly, equalizing with
respect to the electrical field externally of the inner layer. This in
conmbi nation wth the rigid interconnection of .the inner |ayer and the
electrical 35 insulation over substantially the entire interface, i.e. the

abscence of cavinetal shieldeamd =h smwterafhsalaticmiceeing may be provided.

97/ 45921 , CT, 7 .
24 el ectTrhlec a?e"ﬁcglngug(jf’g nla eyrsofc?rhsei$n n“efrs aéggﬁe%dl % “r'r?%?rr%uar%’
of risk for PD. for examples pthylanecgopplymeme vihber apgyelecdmdcahdy sstant

electrical 5 i gidtahgokonseifwinEdely gratctindabeiva Vst Seibsearidral hracgual
t hermal coef |C|§e s _of Th red as far,as the

outer |ayer And qr;:% ?oF?§f$ﬁ%lullg | oﬁefes"isr%o%ﬁgl flrll r.e‘In er IRi 3 PREHs cf'ﬁ’;f'”t he
I nner and outer layers and the solid

A preferred embodiment of a cable intended for a winding in a
rotating electrical machine appears from Fig 1. The cable 1
is described in the figure as comprising a current-carrying

10 conductor 2 which comprises transposed both non-insulated and
insulated strands. Electromechanically transposed, extruded
insulated strands are also possible. These strands may be
stranded/transposed in a plurality of 1layers. Around <the
conductor there is an inner semiconducting layer 3 which, in

15 turn, is surrounded by a homogenous layer of a solid insula-
tion material. The insulation 4 is entirely without
"insulation material of liquid or gaseous type. This layer 4
is surrounded by an outer semiconducting layer 5. The cable
‘'used as a winding in the preferred embodiment may be provided

20 with metal shield and external sheath but must not be so. To
-avoid induced currents and losses associated therewith in <the
outer semiconducting layer 5, this is cut off, preferably in
the coil end, that is, in the <transitions from the sheet
stack to the end windings. The cut-off is carried such that

25 the outer semiconducting layer 5 will be divided into several
parts distributed along the cable and being electrically
entirely or partly separated from each other. Each cut-off
part is then connected to ground, whereby the outer semi-
conducting layer 5 will be maintained at, or near, ground

30 potential in the whole cable length. This means that, arocund
the solid insulated winding at the coil ends, the contactable
surfaces, and the surfaces which are dirty after some time of
use, only have negligible potentials to ground, and they also
cause negligible electric fields.

35



el ectrical insulation will forman insulation systemwhich on 10

t enperat ure changes expands and contracts uniformy as a nmonol i thic
part w thout those tenperature changes giving rise to any destruction
or disintegration in the interfaces. Thus, intimacy in the contact
surface bet me&%‘?ﬁ“k@ner and outer | ayers and the solid | i S
ensured and co (ke] are 15 created to intain this intinkwq"%
prol onged operation peri ods. Then§|3ect rical | oad on the

i nsul ati on system decreases as a consequence of the fact that the inner
and the outer layers 20 of sem conducting material around the insulation
will tend to form substantially equipotential surfaces and in this way
t he el ectri cal dptdindzen a lrotating aelewtpiopeadhing; | thee dgsigni p£ the
uted relatively yaishaeibycp¥aiit e HBhakassendlsidte eRaUkfe teeth! irdibpeds

It is known, per sé&, _in connecgtion wth fransm ssiop cable for

hi gh-vol t age and W¥P¥r aRER ?gi Sﬁcb*\f’,gveﬁ e’é’i‘f"lr 228t ge,s antfoneddeagoaﬁ » the
conductors with alotssshauldncainestsebi dlosely ais @ossiblento cthe|caging of
inner and outgr 1 3yel1qf $3a8LCOPEHULL | b’ BedTFaBib Athat Ntid AEHENS $tOkah

electric energy, 1t _has _since I en realised that the insulatiaqn

ong be
shoul d be free fx@dial leyelcare. aﬁo%@@%r as; ROfsiple | Thife {8 pinRertapt to
transm ssi on, mirnikdzel ehér LosgEs,etthea magoetizationh xegeiatnent,t td.engith

of t he cabl uh‘a]:g ngotential is basically at the same level. 35
However, also in high voltage cables for transm ssion pur- poses,
I nst ant aneous potential differences nay occur due to WO 97/ 45921

PCT/ SEQ7/ 008Y8 With access to a conductor for the winding such as: for
example, the cable described above, there are great possi-
bilities of being able to optimize the magnetic core from
several points of view. In the following, a magnetic circuit
in the stator of the rotating electric machine is referred

15 +to. Figure 2 shows an embodiment of an axial end view of a
sector/pole pitch 6 of a machine according to the invention.
The rotor with the rotor pole is designated 7. In conven-
tional manner, the stator is composed of a laminated core of
electric sheets successively composed of sector-shaped
20 sheets. From a back portion 8 of the core, located at the ra-
dially outermost end, a number of teeth 9 extend radially in-
wards towards the rotor. Between the teeth there are a
corresponding number of slots 10. The use of cables 11
according to the above among other things permits the depth
25 of the slots for high-voltage machines to be made larger than
what is possible according to the state of the art. The slots
have a cross section tapering towards the rotor since the
need of cable insulation becomes lower for each winding layer
towards the air gap. As is clear from the figure, the slot
30 substantially consists of a circular cross section 12 around
each layer of the winding with narrower waist portions 13 be-
tween the layers. With some justification, such a slot cross
section may be referred to as a '"cycle chain slot". In the
embodiment shown in Figure 2, cables with three different di-
35 mensions of the cable insulation are used, arranged in three
correspondingly dimensioned sections 14, 15 and 16, that is,



25 : transient occurrencies, such as lightning. According to the

present invention a flexible cable according to the encl osed clains is
used as a winding in the el ectromagnetic devi ce. 5 An additional

i mprovenment may be achi eved by constructing the el ectric conductor in
the winding fromsmaller, so-called strands, at |east sone of which are
i nsul at ed fr VO &4AsHL ot her. By naking these strands to h&cE/saoweeswati vel y
snmal | cross section, preferably approgémately circular, the mag- 10
netic field across the strands will exhibit a constant geonetry
inrelation to the field and the occurrence of eddy currents are
mnimzed. According to the invention, the w nding/w ndings is/are

thuz 1? |orezI e[i%bbita&ﬁﬂéé ialn ntoggfi&_n L&ﬁ;@&ﬁbheswmﬂai B8 @btafdsd. The One
conduct or an e previous escr i nsul ati,on syste t i ,nner

| ayer of which tgﬂf’gﬁdgiﬁ% °‘fsn§g§#r§ﬁﬁss ?t‘?rhétmt?‘ &B8fd t%‘?a.p%it‘@l%‘e Sof
this inner senprectdcally constants radial widtlh mlenyatthen ddpttheofalbihe i n

the formof a gglhd Losel a- 20 tion material. The outer
sem conducting layer shall according to the inven- tion exhibit such
el ectrical l‘?)ropert les that a potenti al equal i zati on al ong the

conductor is erfsurad.allfernative emhadingmt,ethe abhdeewhinobt isxlsedt asueh

conductivity prap@ibhehel'de a coffentibied Cdiierelantel lad | £ile abnag ddie
surface, which cogl d cause | osses Ichin turn may create an unwant ed
t her mal | SFibegd, ahqve-nnthe aﬂﬁ°%‘¥&9 | 9Fertdhe heuteks; seaicendycting

nents (at 20[ ersni€lddehemethkez phacerioy csadd ppiagnthd netvaloshieldland athial.
Wth respegd tQuARh BECEnS WiiQNdU i k) Shcatidns, MUSt have a

sufficient electrical conductivity to ensure po- tential equalization
for the electrical field but at the same

The scope of the invention accommodates a large number of al-
‘ternative embodiments, depending on the available cable
dimensions as far as insulation and the outer semiconductor

15 layer etc. are concerned. Also embodiments with so-called cy-
"cle chain slots can be modified in excess of what has been
described here.

As mentioned above, the magnetic circuit may be located in
20 the stator and/or the rotor of the rotating electric machine.
However, the design of the magnetic circuit will largely cor-
respond to the above description independently of whether the
magnetic circuit is located in the stator and/or the rotor.

25 As winding, a winding is preferably used which may be de-
scribed as a multilayer, concentric cable winding. Such a
winding means that the number of crossings at the coil ends
has been minimized by placing all the coils within the same
group radially outside one another. This alsc permits a

30 simpler method for the manufacture and the threading of the
stator winding in the different slots. Since the cable used
according to the invention is relatively easily flexible, the
winding may be obtained by a comparatively simple threading
operation, in which the flexible cable is threaded into the

35 openings 12 present in the slots 10.



tine thi's layer nmust have such a resistivity that the encl osing of the
electric field is ensured. It is inportant 35 that the inner |ayer

equalizes irregularities in the surface of the conductor and fornms an
equi potential surface with a WO 97/ 45921

PCT/ SE97/ 00879 26 hi gh rface
finish at the "M eit®e with the solid Lnsul ation. The i nﬁgf'gng&éﬁ‘”rmy
be formed with a varying t hi ckness but B8 ensure an even surface with
respect to the conductor and the solid insulation, the thickness is
suitably 5 between 0.5 and 1 nm Such a flexible wi nding cable which
i's used according to the I nvention in the eIectronagnetlc devi ce

thereof is an i ! ) s (B sand gied poly et hyl ene)
cable or a 10 cable with EP (ethylene propylene) rubber insulation or

ot her: rubber _ for e e silicone,, The rovenent conprises, in-
ter alia, a new EégPﬁﬁ %0???“53 8y %‘A‘I’Jdg‘ter‘?e §?n£?RE,a“I9F‘tPF1e" w of, thec edrs-
and in that the tabtefield| dastributiomne axvondi @ windiRgt of Rasconvemttienal

casing for maghappgal REGhSELLAE/Ababblr 15wneAD! P 18RV S ndihol SrROSH bhe

according to the invention ange a conducting e and an

outer mantel ext EPFe a“dn&PI}leSYFﬁP%ﬁnﬁﬂP pekerbiduddingg. | Ahet. ishe lipes
shield wi || whepehghe ehecthic afield asinthkeltsimaTREyNItG8E. aPHe lower

el ectrical prot 6855:9 Nog f'ﬁ{e ivﬁﬂii‘ﬂ& eié %As‘uﬂml n‘{:cp%e Iatt b?ound potential.

10 The 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 be-

- tween each turn and ground. The figure thus shows that the
upper part of the winding is subjected to the highest insula-

15 +tion loads. The design and location of a winding relative  to
the core are in this way determined substantially by the
electric field distribution in the core window. '

The cable which can be used in the windings contained in the

20 dry power transformers/reactors according to the invention
have been described with assistance of Fig 1. The cable may,
.as stated before, be provided with other, additional outer
layers for special purposes, for instance +to prevent
excessive electrical strains on other areas of the

25 transformer/reactor. From the point of view of geometrical
dimension, the cables in question will have a conductor area
which is between 2 and 3000 mm2 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
embodiment is shown in Figure 4 which shows a three-phase

35 laminated core transformer. The core comprises, in conven-
tional manner, three core limbs 20, 21 and 22 and the retain-



20" preferred that the inner semiconducting layer will lie on the

potenti.al of the electrical conductor. For this purpose at | east one of
the strands of the electrical conductor will be uni nsul ated and
arranged so that a good electrical contact is obtained to the inner

sem conducting layer. Alternatively, 25 different strands may be
alternatinglyaﬁ¥ éﬂﬁ into electri- cal contact w th theCT/SEs2/00879

sem conducting | ayer. Manuf act uri ng3®&ransforner or reactor w ndings
of a cable ac- cording to the above entails drastic differences as
regards 30 the electric field distribution between conventional power
transforners/reactors and a power transforner/reactor accord- ing to

the i gvent i on. hi’h@ ﬂ@e¢§|zae aaﬂvﬁﬂta?ﬁ thheﬁbsailﬁéht shofwnf Féﬁ%ﬁ ‘ﬁh@?b&gﬁ .
according to the,|ny e_e tric field is enclose
t he wi ndi ng andf%'ﬁa? degr?:g'elic”%en Jﬁa%?rei&gr PEOPT ST si de the outer

sem conducting l-ayer. The el ect r| c field achieved by the

current-carryi n@oﬁ@é}%ﬂ@ll9caround the codd 9filﬁbl_é921the w:mdings formed
PCT/ SE97/ 00879 curs only 1n the

solid main %nqu’ﬁPi’ ofPeBSPRIP SXC (A SROSPYn s jp%l fted¥. yithe spofiment
manuf act uri ng pshewn ofn \Figurehids hasartbree coocentdicalwinddidgatuanes2s, 26 -

the windi ngs of aghfe 21 anfiedr fRrer RSt S Ry rﬂgd ﬁﬁf-rpoﬁg may h%ﬁ%érﬁ: the
consider any el ec:[nrlelnrcy fwlindgngl aS:Eclr It?xlét Io(t):lqeg r]1:wo winding turns 26 and 27 may
represent secondary windings. In order not to overload the
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 28 and 29 with several differ-
ent functions are disposed at certain points around the
windings. The spacing bars may be formed of insulating
15 material intended to provide a certain space between the con-
centric winding turns for cooling, bracing, etc. They may
also be formed of electrically conducting material in order
to form part of the grounding system of the windings.

20 Alterpative cable designs

In the cable variant illustrated in Fig 5, the same reference
characters as before are used, only with the addition of the
letter a characteristic for the embodiment. In this embodi-
25 ment the cable comprises several electric conductors 2a,
which are mutually separated by means of insulation 4a.
Expressed in other words, the insulation 4a serves both for
insulation between individual adjacent electrical conductors
2a and between the same and the surrounding. The different
30 electrical conductors 2a may be disposed in different man-
ners, which may provide for varying cross-sectional shapes of
the cable in its entirity. In the embodiment according to Fig
5 it is illustrated that the conductors 2a are disposed on a
straight line, which involves a relatively flat cross-sec-
35 tional shape of the cable. From this it can be concluded that



transposition of strands, nentioned under the background art, IS
omtted, 10 - the core design of the transformer nmay be fornmed w thout
having to consider any electric field distribution; - nooil is
needed for electrical insulation of the w nding, that is, the nmedium
surrounding th may be air; 15 - no special connections are
required fgr eﬁ%@%PQ%QP co%nec- tion between ?he out er cofCEEEIYNET ¢
the transformer and the i mredi atel y con®écted coil s/w ndings, since the
el ectrical connection, contrary to conventional plants, is integrated
20 with the w nding; - the manufacturing and testing technol ogy

whi ch i s needed for a power transforner according to the invention is
consi d- erabl-b,he siropbesectitnal fsbapeaofcaheecohbbe ahay peawyr witthdns wide
former/reactor sijjg8+gthe inpregnation, drying and vacuum treatments
descri bed under t e éescrlptlon of the background art are not needed.
Thi s provides considerably shorter production tines; 30 - by using
the techni que acqer diigg & ahiclte iBvVenpposed Oto igwist, betWwabhOsdjssent ddeabl e

possI b1 11 L1 ese a GicatT defladflordeV8' GBreage dl1bICBONSLLS Daitogl. bie

transf or ner, e pri
appl i cati on of tSrP@Giifﬁ‘?%HY:onthas elgctyigai ngFondpeters c 2a i'maé‘ﬁgne5 aare

substantial ly reduppdstctsbbel gotmed) byedbtfRir@hti Fevolutions in the wind-
' ing, which means that the voltage between these adjacent con-

ductors is comparatively low.

10
As before, there is a semiconducting outer layer 5a exte-
riorly of the insulation 4a obtained by a solid electrical
insulation material. An inner layer 3a of a semiconducting
_ material is arranged about each of said electrical conductors
15 2a, i.e. each of these conductors has a surrounding inner
semiconducting layer 3a of its own. This layer 3a will,
accordingly, serve potential equalizing as far as the indi-
- vidual electrical conductor is concerned.

20 The variant in Fig 6 uses the same reference characters as
before only with addition of the letter b specific for the
embodiment. Also in this case there are several, more spe-
cifically three, electrical conductors 2b. Phase voltage is
supposed to be present between these conductors, i.e. a

25 substantially higher voltage than the one occui:ring between
conductors 2a in the embodiment according to Fig 5. In Fig 6
there is an inner semiconducting layer 3b inwardly of which
the electrical conductors 2b are arranged. Each of the
electrical conductors 2b is, however, enclosed by a further

30 layer 30 of its own, with properties corresponding to the
properties discussed hereinabove with regard to the inner
layer 3b. Between each further layer 30 and the layer 3b ar-
ranged thereabout, there is insulation material. Accordingly,
the layer 3b will occur as a potential equalizing layer

35 outside the further layers 30 of semiconducting material be-
longing to the electrical conductors, said further layers 30
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28 . obt ai ned. Tenporary overloads of the machine wll, thus, be

|l ess critical and it will be possible to drive the nmachine at over | oad
for a longer period of time without running the risk of danmage ari si ng.
This means consi derabl e advantages for 5 owners of power generating plants
who are forceWa%dadp | case of operational disturbancerCT/SES70a8m0 dl y
switch to other eqU|pnent in order to 3Ihsure the delivery requirenments
| ai d down by | aw. 10 Wth a rotating electric machine according to

t he invention, t he mai nt enance costs can be significantly reduced
because transforners and circuit breakers do not have to be included

IAB t he tsyrs1t em }‘miﬁy)r&tﬁmbcaedtf@ mmmiweemwﬁ&da&t conducwgf kztb 1o
ove i as a e cr e r se uctin
ﬂ&%@}gé&% e TS ABF' H&g&%&% ago he rq?é:%f’ﬁd to ’

| ayer of the wndi'ng cab e |l ground
potential. The purpose is that the |ayer shoul d be kept substantially
on ground pot enpesditAleonddifnatdongntire length of the winding cable. It is
possi bl e to_divide the outer sem conducting |ayer by cutting the sane
into a Runber of parts distributed along the Iength of the w nding
cabl e, each indivitsa¢vidensr thbatt thei igvenrivec tisbhetdontgt Limited tto gtleind

potential. In thiSodibntsDelisthssdh f aBBLEY #hABY 2Re Wi | SREETRL! wibhin
wi nding cable | S f Chlrt qu realise that a number of detailed modifications
are possible when the basic concept of the invention has been
10 presented without deviating from <this concept as it is
" defined in the enclosed claims. As an example, it is pointed
out that the invention is not only restricted to the specific
‘ material selections exemplified above. Functionally equal ma-
- terials may, accordingly, be used instead. As far as +the
15 - manufacturing of the insulation system according to the
- invention is concerned, it is pointed out that also other
“techniques than extrusion and spraying are possible as long
as intimacy between the various layers is achieved. Further-
more, it is pointed out that additional equipotential layers
20 could be arranged. For example, one or more equipotential la-
vers of semiconducting material could be placed in the
insulation between those layers designated as "“inner" and
"outer" hereinabove.



Above it has been nentioned that the solid insulation and the i nner and

outer l.ayers nmay be achreved by, for—instance, ex- trugaan. QX her

t echni ques are, however, @Jﬁget IéwplQ acelale 30 for instahTHIS SHEEY HAS BEEN

t hese inner and outer |ay i nsul ati on respecji vel WMAGF@”S
of spraying of a‘;(?% iﬂl i on onto the conduttetrrw-ciig
It is preferre 9% he s designed with a 35 PETISEL7(08879

cross section. However, also other cross sed?i ons WD 97/ 45921
29 PCT/ SE97/ 00879 may be used in cases where it is
desired to achieve a better packi ng density. To build up a
voltage in the rotating electric machine, the 5 cable is disposed in
several consecutCkaimsirns in slots in t he magnetic core. The w ndi ng
can be designed as a nulti- | ayer concentric cable winding to reduce

t he runber of coil - end crossings. The cable nmay be nade with tapered

i nsul ation t - uFlegtromagpe g rﬂ:ﬂ‘ﬁ’ié’ecGPBPﬂ'F’H‘%ét magroic figldhpeReEase
10 the shape of athng Slediectiny Eiraddpt ethdludihg t@&penedstnsotied- electiion

of the wi ndi %9 conduc&xs' 9%@&8&“%@%&1@&%&" té}s‘%eﬁ\()t W Cin

machi ne ac-
that the insulation system comprises an electric insulation

(4) formed by a solid insulation material and exteriorly of
the insulation an outer layer (5) which has an electrical
conductivity which is higher than that of the insulation to
10 make the outer layer capable, by connection to earth or oth-
erwise a relatively low potential, of operating to equalise
potential and substantially enclose the electrical field,
arising as a consequence of said electric conductor (2),
inwardly of the outer layer (5).
15
2. A device according to claim (1), gharacterized in that
the insulation system comprises, interiorly of the insula-
tion (4), an inner layer (3), that said at least one elec-
tric conductor (2} is located interiorly of the inner layer
20 (3) and that the inner layer has an electrical conductivity
which is lower than the conductivity of the electric
conductor but sufficient for the inner layer to operate for
equalisation of potential and accordingly for equalisation
with respect to the electrical field exteriorly of the inner
25 layer (3).

3. Electromagnetic device comprising a magnetic field
generating electric circuit including at least one electric
conductor (2) having an insulation system, characterized in
30 that the insulation system comprises an electric insulation
(4) formed by a solid insulating material and inwardly
thereof an inner layer (3), that said at least one electric
conductor (2) is provided inwardly of the inner layer (3),
that the inner layer has an electrical conductivity which is
35 lower than that of the electric conductor but sufficient for

R A



cor di ng‘to the.invention is that the Efield is near zero in 15 the
coil-end region outside—t—he—otrrer—sgrﬂ‘cvnductor and t hat with the outer

casing at ground potenti field need n be—control | ed.
Thi s neans that no flekgm e[[ﬁlﬁtlau(ptlons can be obta H'Htﬁ SHEET HAS BEEN

within sheets, in coil- ns or in the transifion tREPLADEDWeen
eI ated to a nethod ’mmmr—i—f-i-J

20 The pr?&‘ﬁf“‘? hve

field control in an electronagnetlc deviced@or electric power purposes
according to the encl osed cl ai m 40. 25 The invention also relates to a
met hod for manufacturing a magnetic circuit according to enclosed claim
41, a flexible cable, which is threaded into openings in slots in a

magnet i c caofigkiilg thee r:iﬁinﬁ-l é ereebr Eﬁﬁbti@&"&él?aﬁ‘%’;ﬂ?h%i%ﬂ fes

0, 8 it D byl B s gt

cable length t | SPOSE it

w Il then consist of bending zones in the cabl es. The cabl e may al so be

joined in such @. vRyadvidle hb&ordin@rﬁbo%ltaliﬁsar e&ﬁ?ﬁ?ﬁﬁ}?ﬁa iRVER hghgablhe
are Wi t

| engt h. Thi en ls ¢ SI abI ons co
the state 3 o Stiop s §I‘%qé beﬁ ﬁoBgeﬁk‘Ba?gs%jﬂh COPRRISRS Pt
must be pref or negtemt ayere &fe)smmij ‘El‘hﬂpethé nputEnalayer Ohas hén electric WO

97/ 45921 conductivity which is higher thag QRaEYZ QQR7 %.nsulation to
30 coils is aLE excie |ngc\é grrg I cated and expens
make e outer ayer pabl by connection to earth or

- otherwise a relatively low potential, to operate to equalize
10 potential and substantially enclose the electric field,

arising as a consequence of said electric conductor ( 2),
“inwardly of the cuter layer (5).

5. Electromagnetic device comprising at least one electric
15 conductor (2) having an insulation system, characterized in

that the insulation system comprises at least two potential

layers (3, 5) and between those layers an electric

"insulation (4) consisting of a solid insulation material,

and that the potential layers and the solid insulation
20 present substantially similar thermal properties.

6. A device according to any preceding claim, characterized
in that said at least one conductor (2) forms at least one
induction | turn.

25
7. A device according to any preceding claim,_characterized
in that the inner and/or outer layer (3, 5) comprises a
semiconducting material.

30 8. A device according to any preceding claim, characterized
in that the inner layer (3) and/or the outer layer (5) has a
resistivity in the range 106 Qcm-100 kQcm, suitably 10-3-
1000 Qcm, preferably 1-500 Qcm.

35 9. A device according to any preceding claim, gharacterized
in that the inner layer (3) and/or the outer layer (5) has a

—_—
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today

t echni que when, manuf act uri ng rotatlng electrlc machi nes 5 To

sumup,.thus, a rotating ele ording to t \Eé
ant ages HFHWFESHEE'E)HAS@ N
all, it chn be REPABERed |

neans a considerable nunber o

correspondi ng prior art nachi

directly to a power network at all types of hlgh vol ; 0

vol tage are neaWPH&¥2 volt- 10 ages exceeding 10 kV and up tRETSES7/R08TX age
| evel s whi ch occur for power networks. Alother inportant advantage is
that a chosen potential, for exanple ground potential, has been con-
sistently conducted al ong the whol e wi ndi ng, which neans that t he
coil-end regi on can be nade conpact and that bracing 15 neans at the
coil-end region (:&fsilsa:aapgl whilcht per atengtt | jeter of othel papyentisl ior they
ot her chosen pot gnfi #% Shol L gnghher i mportant advantage is that

oi | -based insul atio an8 ollng systens di sappear also in rotating

el ectric machi nes as
power 20
may arise andg.t

needed. One aava a
ground potenti al .an»

reference to the gl osed draw ngs,

enbodi nent exanpl es
In the draw ngs:

al ready has been pointed out above with regard to

tr ansf AOE AS /devick odccordihg Stoeams ﬂﬁé&"edﬂﬂg Selal i) g chaodtweni zed

n [Ofad!

c r oyshy n n ot
£rd! Sechilfn LBt ) o e, bl
/2% 4Ry PRteESERYeT| @\) ¢ eTI-@rBRﬂ\V\PNGBﬂY“‘eriQN‘!#Feﬂ‘
a nore specific de- scription of
of the invention will follow herei nafter. 30

Fig 1 Is a partly cut view show ng the parts

i ncluded in
is an axi al

15

20

25

30

35

11l. A devicpcacennding 1@y arecedina relaims| eham:g;ezl

g0d vireveraft atﬂv‘éﬁ(i'fxﬁékpmbﬁezpl () &i{d@r the outer laydFQHH! ighd
circuit accordi ngt eo stotﬁdl

gﬁat%.oh (4) are rigidly connected to each other
over substantially the entire interface.

12. A device according to any preceding claim, characterized
in that the inner layer (3) and/or the outer layer (5) and
the solid insulation (4) are formed by materials presenting
substantially equal thermal coefficient of expansion.

13. A . device according to any preceding claim, gharacterized
in that the solid insulation (4) has been obtained by extru-
sion.

14. A device according to claim 13, characterized in that
the inner layer (3) and/or the outer layer (5) has been pro-
vided by extrusion simultaneously with extrusion of the

solid insulation (4).

15. A device according to claim 15, characterized in that
the conductor (2) and its insulation system constitutes a
winding formed by means of a flexible cable (1).

16. A device according to claim 15, characterized in that
the area of said at least one electrical conductor of the
cable is in the range 2-3 000 mmZ whereas the external
diameter of the cable is between 20 and 250 mm.

* c L M s *
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31 . Fig 3 S amslsawtggqge@m hg el ectric fiqlyysisHEET NAS BEEN
around a wi nding of a con mumw m trans- REPLACE
former/reactor; Fig 4 , pective view s ' ' t
of a 5 power tr ording to the invention; Fig 5
is a cross sWOPUMIZY | ustrating a cable structure PCT/SEOTMBT ed
relative to Fig 1 and having several el ec42 trical conductors;
and Fig 6 is a cross section of a further cable structure 10
conprising several electric conductors but in an- ot her
arrangenent than that in Fig 5. DESCRI PTI ON OF PREFERRED EMBODI MENTS

15 Rotating ehBCtAIdb\beBeoﬁdm{yddongniropfeq-zdirfy"ld:l&:.m chazittierigedant

condition for g bl.§, n C Y

accordance wit t@a escrl p I Oon o?&%‘#a (3) |ar'1‘vZB?| ?r#e |§“§e§uus%}§%r (tsﬁe

w ndi ng a condgewprisesm|2a Rpiymeriz matRTinle| @entaisdng jans electRicAldy an

i nner sem condgehdiSting cohgygeu@{t casi ng between the insulation and one or

nor e
5
18. A device according to any of claims 2-17, characterized

in that the inner layer (3) is in electric contact with the
at least one electric conductor (2).

10 19. A device according to claim 1B, characterized in that

said at least one electric conductor (2) comprises a number

of strands and that at least one strand of the electric
conductor (2) is at least in part uninsulated and arranged

in electric contact with the internal layer (3).

15 ' '
20. A device according to any of <the claims 2-19,
characterized in that there are, interiorly of the inner
layer (3b) several electrical conductors (2b) insulated from -
each other.

20
21. A device according to claim 20, characterized in that an
inner layer (3a) according to any preceding claim is ar-
ranged about each of said plurality of electrical conduc-
tors.

25
22. A device according to claim 20, characterized in that
there are, inwardly of the inner layer (3b), further layers
(30) about each of said plurality of conductors (2b), said
further layers (30) having properties corresponding to those

30 of the inner layer.

23. A device according to any preceding claim, gharacterized
in that the conductor (2) and its insulation system is
designed for high voltage, suitably in excess of 10 kv, in

35 particular in excess of 36 kV and preferably more than 72,5
kv.
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el ectrical conductors |ocated inwardly therof and W|th an out er
sem conduct i ng |ayer or dasSnﬁtHasBem I | nsul ati on.

Such cabl es are avail abl e Wu bI ed SHEET HASBEEND bwer
a

engineering fields of REPIACED ssi op. To be able
to descri be an nt, 1niti a ShOT U_destrpt+es dard
cable w || r}gﬁg &#ﬂe I nner current Sgrryl ng conduct or "%&’ﬁ%’?’?@i’g
nunber of non- insulated strands. Around the strands there

a 30 sem conducting inner layer. Around this sem conducting inner

| ayer, there is an insulating |ayer of solid insulation. The solid
insulation is fornmed by a polyneric nmaterial with | ow el ectrical

| osses and a hi gh breakthrough strength. As concrete exanples

pol yet hyl ene (PEpganfl déeiceactbtdinyf Ity 3by 6f aslnimsnke? aad 23yl ene

(XLPE) and et hyl ege-g ggx‘ ene ER t uper
sem conducting | (" %%ﬁé’f% 1@93{- Pg?dis A&M%d Ii*.ﬁtB a :
PCT/ SE97/ 00879 number of parts, which are separatgly connected:%g %‘I‘H"@F’doﬁnd

an outer insuatiRRerassdta MY potdritndided. The sem conducting | ayers
consi st of a polyneric material, for exanpl e ethyl ene-copolynmer, with
an electrically con- ductlng constituent, e. g. conductive soot or
carbon bl ack. 5 28uch devite @cgorfing e ranyr peceding alady

cabl e. A prigf ehheds €M dorBei tofed oFall eotﬁieigdedeéeﬂ@ meichdneg in a-
rotating electrical nmachine appears fromFig 1. The cable 1

10 26. A machine according to claim 25, characterized in that
the magnetic field generating electrical circuit thereof is
arranged in the stator and/or rotor of the machine.

27. A machine according to any of claims 25-26, character-

15 ized in that the magnetic field generating circuit comprises
one or more magnetic cores (8) having slots (10) for the
winding (1). '

28. A machine according to claim 25-27, characterized in

20 that, with connection of the outer 1layer (5) to ground
potential, the electrical field of the machine outside the
outer layer will be near zero both in the slots (10) and in
the coil-end-region.

25 29. A machine according to any of claims 25-28, character-
ized in that the slots (10) are formed as a number of cylin-
drical openings (12) separated by a narrower waist portion
(13) between the cylindrical openings.

30 30. A machine according to claim 29, characterized in that
the cross section of the openings of the slots (10) de-
creases, counted from a back portion (B8) of the magnetic
core.

'l N )



i s descri bed in the figure as conmprising a current-carrying 10 conductor 2
whi ch conpri ses transpﬁﬁse_qleg PR iaEaul ated and i nsul at ed strands.
e
M-

El ectronechanically tra [ re al so
I nded/ t rgﬂ'ﬁé%%:@ééggm%l ity of
| ayers. Around the I's an ijlnner uctimg layer 3

possi bl e. These strands
whi ch, in 15 ?37"?1"”'1 S surrounded by a honogenous | ayer of ®CISESTHosTISUl a-

tion material. The insulation is d&édtirely wthout i nsul ati on
material of liquid or gaseous type. This | ayer 4 i's surrounded by an
outer sem conducting |ayer 5. The cable used as a winding in the

preferred enbodi nent may be provided 20 with netal shield and external
sheath but nusB8lnoA hechine Teccordingvaiod dladmcsd, CWI 985S hat

associ ated thertggn ERod L ct this s cut.
off, preferably in ss g%@tion of)t%{’ertﬁ { O(V}ﬂjn ‘%ﬁ’ge %%s??’?‘wc’luﬁh%the
sheet st aPk ?%S‘?%ié\‘i'&uﬁhﬁdl ngs. The cut off is carried such that 25
t he outer sem conducting | ayer 5 will be divided into several parts

distributed; al ggg the Crﬁ‘.%h J’c% -of"?‘lgeCt [i ;g"lf“l?% s°Fhe%ri%:'!ﬁr'}§LZt2‘%(rj' artl y

separated from each other. ach
ground, wher ebfbRRRCkaRIZedscin - that igontsiccongtityted Sofi ki gt&namrtm:al ned

at, or near, gmoutt ¢ symeheShdwd dom awbpl e cable length. This nmeans

that, around the solid insulated winding at the coil ends, the
cont act abl e surfaces, and the surfaces which are dirty after some tine
of use, oRBy Rabaching iagasirdipgt &ot icdkémt 82gr charhoterdzeleynalkhat

cause neglioi blthe ef@rtddator! 18l dhyd@® generator oWu%ZA"’é&?é‘rator.
PCT/ SE97/ 00879
34. A machine according to any  of claims 25-33,
characterized in that it is directly connected to a power
network for high voltage, suitably 36 kV and more, without
15 ‘“intermediate transformer. :

35. A device according to any of claims 1-24, characterized
in that it is constituted by a power transformer/reactor.

20 36. A power transformer/reactor according to claim 35,
characterized in that it comprises a magnetic core.

37. A power transformer/reactor according to claim 35 or 36,

characterized in that it is air-wound, thus being formed
25 without a magnetic core.

38. A power transformer/reactor according to any of claims

35-37, comprising at least two galvanically separated wind-

ings, characterized in that the windings (25-27) are concen-
30 trically wound. |

39. A high voltage electric power plant or electric power
network comprising one or more electromagnetic devices
according to any of claims 1-38.

35

I
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To ‘optifize a rotating electric machine, the design of the magneti c
circuit. as regards the slots and the teeth, respec- tively, are of

deci si ve inportance. As nentioned above, the sl ots shoul d connect as
closely as possible to the casing of 5 the coil sides. It is also

desirabl e that vﬁ?%}sﬁ‘ﬁth at each radial |evel are as w de as possible.
This is inportan ?t m ninize the | ossesggthe nagneti zat i 8FT/SE97/00879
requi renent, etc., of t he machi ne. 10 Wth access to a conductor for
t he wi nding such as for exanpl e, the cable described above, there are
great possi - bilities of being able to optimze the magnetic core from

several points ofgyi ey pbihddresd0ld tI}Q,t & RPN (llj'&féirtggxl ta|‘3| a}thfo%%m

stator of the rotating ectrlcma nelsre erre
an enbodi nent of réﬁP&)(l 1ERJCOTRYFHTa @ magmeEier Fpeld genexmtdngf carcuit

machine accor di nthavirghati easti 6fe windii® (Ot GiitM tde RAsEOLRAE qu@tﬁc
designated 7. In gconven nnef;, he stator I s. conposed of
| ami nat ed core of& eloect ri i: é}%ieet S succté:s%l Fvef§® "Tﬁ?é’seo(‘ﬁ fp""esent

sect or - shaped320 exiire@ad lyrebprerthashapactenieatl ¢h thet cohe irdswdatédnai4) he
ra- dially oif efdtmddd @yda doltiabehsaiat 86 hna&e‘%’ifaﬁngn&thﬂl Yn! Bléter

wards towards th or ,.Be eeth th correspon
nunber of slots T he(%)sei%\?%goﬁlge 17* em%&é’co‘?gl hget dneHLatifire &
other things per RYte% hEaXespt H5)25beisg terangared ftyr diaynds obd agehemdsmes
to be made | argerrditdively Wi |§o£§i§t§iél| e aﬁaorChM go the stakecpicipe

art. The slogﬁ 4’] ¥, 2 Gr 983 sec)&)(ﬁg ring towards the rotor since

t he need of TABIE nstl at1onbe P o7e e SORMFRUYHY | Rferthe
towards the air gia'ffulAS‘-lpg cf¥ar bﬂtorﬂqultgane thehe cohdueBlvity of the
substantial l'y cor@e&ic&-xealacsn&s‘dﬂo%r (2) 08D %@CEbO@uA@tf&P%} equal?@& ion

| ayer of the vmndl 3% tharro L es£$ |ons :_)ibf ween

|l ayers. Wth sone i 8- STC h Fgesal tield fpg enﬁybﬁ'éan‘
referred to as a t‘W&Yee@ﬁ&Pw%Im'thelwlnfﬂimg integmbdiy nefttishonner nléyemr e

2, cables wigbh thyge different di- 35 nensions of the cable insulation are
used, arranged in three

41. A wmethod in production of a magnetic circuit for a ro-
tating electric machine, where the magnetic circuit is
arrainged in the stator and/or rotor of the rotating electric

20 machine and comprises a magnetic core (8) having slots (10)
for a winding, said slots being formed with openings (12),
characterized in that a flexible cable (1) is used as a
winding and that this cable is threaded into the operlngs
(12)

25
42. Use of a cable comprising at least one electric
conductor (2) with an insulation system including at least
two potential layers and between these layers an insulation
made of a solid electric insulation material, where ' the

30 potential layers and the solid insulation - exhibit
substantially similar thermal properties, for forming a

magnetic field generating winding in an electromagnetic
device.
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correspondi ngl y di mensi oned sections 14, 15 and 16, that is, WO

97/ 45921 ° PCT/ SE97/ 00879

34 in practice a nodified cycle chain slot will be obtained. The
figure also shows that the stator tooth can be shaped with a

practically constant radial width along the depth of the mh&#e +¥ . 5
In an al t er nat NY"8A¥8di nent, the cable which is used as a F¢ "r?&'? ?may
be a conventional power cable as the one,de- scri bed above. The

groundi ng of the outer semiconducting 1 / Ihield then takes place by
stripping the netal shield and the 10 sheath of the cable at suitable

| ocati ons. The scope of the ingention accofmpdates a | arge nunber of
al - ternative enbodi nents, depending on the Javail abl e cable
di nensi ons as far as ingul at i, eR=ere-i-Re—euier—_soniconducs or %5 | ayer etc.

are eoncerned. Al so enb din?hts wth so-
be nodified in excess o mhpt has been
nmenti oned above, the netiic circuit nmay be | oc
and/ or the rotor of t rodating el ectrif machin

As

=R stator
= t he design
==pove

of the magnetic circuit{wi Iy largely cor
descri ption i ndependently o\ whet her the
N
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megnetic circuit is located in the stator and/or the rotor. 25 As

winding, a wwnding is preferably used which nmay be de- scri bed as a
mul tilayer, concentric cable wi nding. Such a wi ndi ng nmeans that the
nunber of crossings at the coil ends - has been m nim zed by pl acing al
the coils within the sanme group radially outside one another. This

al so permts dwgﬁwm§?hpler nmet hod for the manufacture and tru?qﬂﬁpayﬁ?ﬁb of
t he stator winding in the different 2 gfs8 Since the cable used
according to the invention is relatively eaSily flexible, the wi ndi ng
may be obtained by a conp8rsa operation, in

which the flexible cable is t
the slots 10. WO 9
PCT/ SE9Q7/ 00879
transformar/reactor (Figs 3 a
fundanental view of the el ec-
of a conventional 5 power tr
18 a’ core and 19 illustra
where the electric field has
winding is assuned to be at g

ings 12 present in

Fi gu =Z4iip9i fi ed and
tric field ite

£ a wi nding and
is, lines
part of the

20
Al
(o
NIS>Z>
26 -2
o ie—
28 —RT—— I ——
—
l — AL
§ t = 2
2 o4 FigH
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10° Thé potential distribution determ nes the conposition of the

insulation systemsince it is necessary to have sufficient i nsul ation
bot h bet ween adjacent turns of the w nding and be- t ween each turn and
ground. The figure thus shows that the upper part of the winding is
subjected to the highest insula- 15 tion |oads. The design j,on of
a w nding rel a‘P'P\%’"%B‘ the core are in this way determ neﬁ(ﬁgﬁ@& ially
by the electric field distribution3ifngthe core w ndow. The cabl e
whi ch can be used in the windings contafned in the 20 dry power
transforners/reactors according to the invention have been descri bed
"W th assistance of Fig 1. The cable may, as stated before, be provided
wi th other, additional outer | ayers for special purposes, for instance
to prevent excessive electrical strains on other areas of the 25
transforner/reactor. Fromthe point of view of geonetrical di mensi on,
the cables in question wll have a conductor area whi ch is between 2
and 3000 nmferr] and an outer cable di angter whi clg4 s between 20 and
250 mMm 30 The wi ndings of a power transforner/reacfor manufactured from
the cabl e described under the gurrer—o FrFSR be used both
for single-phase, three-phasgf

‘rs/reactors
jis shown in

Fi gure 4 which shows a three-{hi¥ G ani ¥ ed W1 ¢ Yeingf or mer. The core
conprises, in conven- tions Yalays : ‘ A05321 and 22 and
t he retain- WO 97/ 45
PCT/ SE97/ 00879 . o 4a
/ a
1a
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4o UKI L3290 1Db'4l BJERKENS FRIENIDYaAH Kb +4b b loa/by olb 8o/18

36 i ng- yokes 23 and 2446|136 L8&S@nbodi ment shown, both the core

| i nbs and the yokes have a tapering crdss section. Concentrically .
around the core |linbs, the w ndi ngs formed 5 With the cable BE® $HSPISars 7 9
As is clear, the enbodi-rent showr 1 Fi gure 4 has three concentLic

wi ndi ng turns 25, 26 Tha

rnmost wi nding turn 25 ma iad || od
represent the primary ee? aSBIQﬁ{ g ot her Wﬂ—n?-% 26 and 2
_may repr eggiliths seconda n order 1 $ SHEREH ‘tSaﬂEﬁmL 10
figure wth tOO many deta ctlons of_t he RERIACEDS _ are not

shown. Ot herw se the figure shows that in the enbodl nentst
29 wi.th,several drffer t..functions are dJS osed

b
P er Sarn pofrEedlioTasida SR SRplibing & magnetifiid, dsneratB pictie o
of insulati ngmé!édlngﬁét%aﬁ'orienéléﬂﬁe%oheu&bp\haﬁiﬁtgaaﬁﬁfshl%tiéh e, m t he

con- centric wnding turns for. cooling, bracing, etc. They al so
be fornedSof &eddn thatihe ipsulation systam mmsearan elednqmsulatlom(ﬁ) fbrmad bya of

It he cabl o YR SRR harll 4 BRSiony &'he RsliBATSM bfef Byef c) Which Vs

charact er s. asah@léticah condisctivity which 8 i hér'“tﬁaﬁdﬁhttdfctﬁe cttsdrdtian o marke.etﬁeer a

characteristic fo the_e od| ment. In tlgls enbodi - 25 ment the cab
conpri ses s cOuen [aver edrable, Ryosrnnection to eerth or Othﬁml%ae[ﬁ'@ﬂﬁ!!m pgtenttal

separated by [ %q"a
i nsul ation 4a8§eP§rggﬁ%g§h 'éé)rbdgérhrtrisah QFI on m&eﬁﬁ?‘%cﬁ]vr dual™ a 5 g@ ht
el ectricalo coathmg as & consequencecbfisaidrelectric bend:.mtur (@) inwdrdlyof theoouter lager The
di fferent 30 i cal nductors 2a_na d.in different, man-
ner s whi ch i) b e enos s5iht cafnles, dtefoRie6R Alitoh @, A wig
cable in its pybt (3)! that Isaid Beleagb oAk Biric esviubty(2) % focéited interiorly of the
: . inner layer (3)-and that the inner layer has an electrical conductivity whlch is lower
than the conductivity of the electric conductor but sufficient for the inner layer to
15 operate for equalisation of potential and aooordlngly for equalisation with respect to '
the electrical ﬁeld extenorly of the inner layer (3).

2. Electromagnetic device comprising at least one eleetric conductor (2) having an
~insulation system, characterized in that the insulation eystem comprises at least
20 two potential layers (3, 5) and between those layers an electric insulation (4)
consisting of a solid insulation material, and that the potential layers and the solid

- inSuIatlon present substantially similar thermal properties. |

3. A device according to claim 1 or 2, g@@g_r_r;gg in that said at least one
‘25 conductor, (2) forms at least one mductron umn.

Min

4, A devrce aoeordlng to any precedmg claim, gng cterized in that the inner andlor K
outer Iayer (3, 5) comprises a serniconducting matenal. _

30 5. Adevice accordmg to any preoedlng claim, __aggjg_q: in that the inner layer
(3) and/or the outer layer (5) has a resistivity in the range 106 Qcm-100 kQcm,
surtably 10-3-1000 Qcm, preferably 1-50000m.

waeaoeo seet | ) R T VA



Yo UK 13230 1be4l bleRKENS PHIENIBYAH KB +46 26 183'?68 SID B6e/18

"Bt s illustrated that the tn8udBe#e8 2a are di sposed on a st rai ght
- line, which l_mLoJ_v_es_a—r—el—&tHeJr y flat cross-sec- 35 tional SHAPEEST fhes/9
. cable. Fromthis it can ?aorhcl uded t hat , | WD 97/ 45921 -

. PCT/ SE97/ 0087§hlsSheetHasBeen M 37 the .

Ccross-sectional Hﬂhm HM" cabl e may vary wit hijnrmg EET ﬂﬁ-ﬂl—ﬂm
pmf a '

In.Fig 5 there exi st, between adj gcent _
' conductors, a voltage smaller than phase‘ vol t age. !\.’hrﬂ 1y,
. the electrical conductors 2a in Fig 5 are supposed to be formed by

g i fferent hr ev] Atdenice dccotding toi amijprtecedlnglelalwm i ’lﬂﬁt thé;gméplayélge '
. between these con ctors 1s co ative OW.
bef or e, there(:ﬁlgnaf%@?ﬁ Hmﬁfﬁgﬁﬁﬁﬁéﬁsmvﬁggﬁgﬁﬁf@ﬂg meter gf the layerishe

i nsul ati on 43Rk MRRIsE Mg.d el ectrical i nsul ation material. An
I nner | ayer Sgt‘qo% a sem kcion uct 1 ng material - is arranged about each of-
sai d el ectsri cal conductors 15 2a, i.e. each of these conductors has a
surroundi ng i r . sem condycting i ts Wn Thi

will acc r& AgYige accpiRing, 0 AN, Bﬁe"é@[ﬁlq?mﬂ eddnt 34 °|lda -

“vidual el ectr Irféﬁlatxéﬁr(ﬂ}"éherthéﬁnﬁétnﬁ%f‘% andlor the outer layer (5) are fom1ed by
| | polymenc malenals |

10 8. A device according to any' precedihg claim, éharactérized in that the_inner layer
- (3) and/or the outer layer (5) and the solid insulation (4) are rigidly connected to
each other over substantially the entlre mterfaoe

9. A device aooording to any preceding claim M in' that the inher Iayer.
' | 15 (3) and/or the outer layer (5) and the solid msulatlon (4) are formed by materials
- ' | _ presentmg subsbnhally equal thermal coefficient of expansion.

10. A device accordmg to any precedlng cla|m nara%nze in that the solid-
insulation (4) has been obtalned by extrusion.
20 o 3 _
| 11. A device according to claim 10, gngracte' d in that the inner layer (3) and/or
the outer Iayer (5) has been provided by extrusuon slmultaneously with extrusion
of the solid msulatlon 4).

25 12. Adevjce aocording to any preceding claim, characterized in that the conductor
(2) and its: insulation system constitutes a winding forrned by means of a flexible
cable (1) '

~ 13. A device according to claim 12, characterized in that the area of said at least
30  one electrical conductor of the cable is in the range 2-3 000 mm2 whereas the
~ extemal dlameter of the cable is between 20 and 250 mm.

W
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20 The' vartant—nFirg 6 usest4brrRe $83768r ef er ence characters efare
only wit hl. acgﬂee f-la%%eenR he letter b specific for the : enbogﬁm_g.?Aps’d‘ﬁ A

this case elacreal nor e spe- cifically three, el ectr'[c&
conduct ors ﬂlﬂ & lm lt age.is suppoeed to )qu[g SHEM. HASIHIER 'é@e1998
ubstantially higher volt age kFFEPL bgDone Ccurring

conductors
be{ ween conductors 2a in the enbodi nent accokdheg- Fig 6

Lleeiri cal colh devige S0SHROLS Bov B S kSl i’atfth%merlaver
conduct ors 2b(d)andfRe Blter yer ?ﬁ%n*ibhsés fagi O\}hﬁ‘érlc?rﬁatehﬁyc‘?fntam §ani diSctivn

Wi th properties corresponding-to th ties |scusse her el nabove
with regard tsalhmnuhmoon ueal;er 3b Betvveen each further layer 30 and"

the |l ayer 3b ar- ranged thereabout, there is insulation naterial.
Accordi ngly, the layer 3b will occur as a potential equalizing |ayer
35 outside thS. AdeVibeaob@'dmio&ﬁypfe&dmgmucﬁa Mﬁﬂ%tﬂb@mner layer

|l onging to th ? Fctrlqal conductors, said further layers VO
oon9L09. L0 TNt Ts frelEctic contact with the 2t leat one Slextls Fanion @1og

38 ' bei ng connected to the respective electrical conductor 2b to

be placed on the same potential as the conductor. - Possible -
nodi fi cati ons 16. A device dcsordingitertlaitrh 45, ghaeacterizediin that saldratﬂeashbneleléntﬁ@d tO _

the conductor (2) oompnses a number of strands and that at least one strand of the
10 electric conductor (2) is at least in part uninsulated and.arranged in electric
contact with the internal layer (3) |

17. A device according to any preceding claim, characterized in. .that there are,
| interiorly of the inner layer (3b), several electncal conductors (2b) msulated from
‘15 each other.

18. A device acoordihg to claim 17, characterized in that an inner layer (3a) _
according to any precedmg claim js- arranged about each of said pluralrty of

electrical conductors.
20
19. A device aocor_ding to claim 17, characterized in that there are, inWardly of ﬂ1e.
inner layer (3b), further layers (30) about each bf said plurality of conductors (2b), |
said further layers (30) having prbperties corresponding to those of the inner Iayef.
25 20. A device according to any preceding claim, characlerized in that the conduclor

(2) and itéinsulation system Is designed for high voltage, suitably in excess of 10
kV, In particular in excess of 36 KV and preferably more than 72,5 kV.

'21. A device according to any preceding claim, characterized in that the outer layer
30 (5)is divided into a number of parts, which are separately connected to ground or
otherwise a low potential.

e seeer | N A
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enbodi-rent-s—discussed above. #sugs 183%Bman skilled within this art wll

realise th q0f detailed nodifications are possi the,.
basi Cﬁfﬁiﬁiﬁiﬁml nventi on has been 19&1 present ed V\Athouﬁjﬁég\gi%gt'i %8/9
from as it is defin i n theqenet [ an
exanpl 8td . out that the inventiop is m{%@ﬁ;\@@é@f B.éfwdm

the specific mat eri al sel ections exenplified Iy equal

nma- teria y, accordingly, be used instead. As far .as the 15
manuf act uri_ngﬁop{it Ce; 'ﬁ@ﬂ"&ﬁ'goh’ Ws?@??dﬁcg?m-ngwlﬂda in that it is .
invention is ggﬁﬁmgegfamaﬁ,zgrgggtggy ({Pﬁﬁe.t hat al so ot her t echni ques

t han extrusi on and spraying e as long - as intimacy between
the various layers is achieved. Further- nore, it is pointed out that

addi ti onal eqyppqt | : cou rranged. (For, exanpl e, . or
nor e equi pot e?? la ﬁ{é&hﬁh é@&%ﬁ% %gfdéiﬁ}#gbwm gﬁeaq‘e %%Q&@eﬁg‘?aced
in the 5 igsnbratingoidetricabeirtultiitsreot isupange® i B RGN Ad/Or rORSHOf tg)Fha-
"outer" hereinabove. ) 39
PCT/ SE 97 /06bineg ~ Cains 1. El ectromagnetic device
conprising. a magnetic field generating electric circuit I ncl udi ng at

| east one electric conductor having an insulation system character- s

i zed in that @4eAinmeching acoording tocamycofigtaims @2-28; characlerized In'thad theinsayriefic

formed by a solid insulation material and exteriorl f the
| nsul at i on an TP erate e Sompiespre of o inagnate cors Bl Redrasies (100
whi ch is 14 ghdgr the@wndifgpi1)of the insulation to make the - outer | ayer

capabl e, by connection to earth or otherwise a relatively | ow potential,
of operating to equalise potential and substantially enclose the electrical -

field, 25. A machine according to claim 22-24, characterized in that, with connection of
the outer layer-(5) to ground potehtial, the electrical field of the machine outside the
~ outer layer will be near zero both in the slots (10) and in the coil-end-region.
o 15 - - | :
- - 26. A machine according to any of claims 22-25, M@ in that the slots (10)
are formed as a number of cylindrical 'openings (12) separated by a narrower waist
portion (13) between the cylindrical openings. |

20 27.A ma_dhine according to claim 26, characterized in that the cross section of the
openings of the slots (10) decreases, counted from a back portion (8) of the mag-
- netic core. '

28. A machine according to cléim 27, characterized in that the cross section of the
25 slots (10) decreases continuously or discontinuousty. '

£

3

29. A machine according to any of claims 22-28, chafacten'zﬂ in that it is -
constituted of a generator, motor or synchronous compensator.

- 30 30. A machine according to claim 29, characterized in that the generator is a hydro
generator or turbo generator. -
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10 arising as a consequencer46f2est83TeR| ect ri ¢ conductor (2), ‘_l, rrd;l7y ebayv
the outer T}“ X6kt Has Been REplaced t hat the insulation system conpri ses, “I"Ateri or | y
of the |ns I nner laygr (3); ru:.aLcmd at -1 east_ one
‘electric ¢ wmun&u | ocated interiorly of [WelS SHEFT HNS'@EENayﬂas -10- 1998
(3)and that er has an el ectrical copduct |R\Ep1_p(cgg§u ch IS | ower .-
than the conductivity of the electric conductor totr-suffe+ent t he

i nner | ayer t r

For equalsat St macIBL &SR 578K b i 2e 96, dihadbiy “%}3@%?‘@#"39

thé inner | ayesnnedled to a power Aetwidre farrhigha yolteiges suitably-36 &Vrandi morey vmhohEast
one el ectric cgnduga%hﬂévé:haV|ng an I nsul ati on system characterized .
in.that the i ¥ ! PER®compri ses at | east 20 t wo potentlal | ayers
(3. 5) and between those | ayers an electric insulation (4)

consisting of a-solid insulation material, and that the potential |ayers

‘and the s@l i d32. A device acoordingdie any-efsiaims 1s21, charagterized imthatiit is msﬁwted
properti es. cording to claiml or 2, eharacteri zed.
in that said Byalpgwf%ﬁﬂébaﬁ&h%%ﬁﬁg‘uct or (2) forns at Ieast. one induction
turn. 4. A device according to any preceding claim characterized
in that the inner and/gr outer |ayer (3, 5) conprises a

seni conduct i ng3nét Bewer transfommerfreactar asoerding-tocelaim 94, chareterized i dhatgt
claim charachg‘hkJ % édﬁ i nner | ayer: (3) and/ or the outer
| ayer (5) has esistivirty rn'the range 10[err] [err]cm 100 k[err]cm
suitably 1id[ err]-1000 [err]cm preferably 1-500[err]cm :

40 ) 34. A power transformerlmacﬁ:r aog’gr%rng/tgoc a7|r% 320r33,¢ ha:a rized in that

it is air-wound, thus being formed without a magnetic core.

35. A power transformer/reactor accotding to any of olaims 32-34, comprising at
15 least two galvanically separated wIndings. characterized in that the windings (25-
- - 27) are oonoentrically wound. ' '

36. A high voltage electric power plant or electric power network compnslng one or
more electromagnetic devices according to any of claims 1-35.
.20 _
37. A method for electric field control in an electromagnetic device comprising a
‘magnetic field generating circuit having at least one winding (1) with at least one
electric conductor (2) and an electric insulation (4). present externally thereof,
characterized in that the insulation (4) is formed by a solid insulation matetial, and
25  that an oyter layer (5) is provided externally of the insulation, said outer layer (5)
being corinected to ground or otherwise a relatively low potential and having an
electrical conductivity being higher than the conductivity of the insulation (4) but -
lower than the conductivity of the electrical conductor (2) so as to function for
~ equalization of potential and cause the electrical field to be substantially enclosed -
30  inthe winding internally of the outer layer (5), and that an inner layer (3) is provided
.inwardly of the solid insulation (4), said at least one electric conductor (2) being
provided inwardly of the inner Iayef (3), said inner layer (3) having an electrical

weoeosweer | IR
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6. A device according to any 1PeEe#I§2cl aim characteri zed | Q}I
’ égc\m

i nner” | ayer (3) and/or the outer layer (5) has a resist (:ﬂoﬁe’r
‘l.ength nmeter of the layer is in thegrange 50 _ _
7. A device accordi ng to any preceding cl a| m cHa h, 199
solid I nsulation (4) and the inner |ayer ( ] ‘- ayer
(5) are forned by polynmeric materials. o dicor di ng

andror 1 ne. oubBRuEAY WA 5 TwEE Lk ik &Rﬁéﬁ% &?'3”@??‘?# s(ﬂﬂ%;“ (fs?
connected to making thecihnet iteyer tociunctions equidlizing! with féspitt itd ¢hée rdiedtie dield
9. A device accor m&ﬂto any, preceding claim characterized in that the

| nner | ayer 18xte be inner jayeb(Mer [ ayer (5) and the solid Insulation (4)
are formed by rrat erials presenting substantially equal thernal
coefficient of expansion. ' 10. A device according to any preceding
clai m cha& ac88rAzeethod inpwodudiion fla thagnetic cirquitdort atrotating 4Jedirics miaehine,
obt ai ned by exrus O o ue. 11 A device, accordin 0.l ai :
characteri zed 'hst'"?sf@"f;ﬁﬁﬁ‘f'“ﬁé@r‘g‘%‘gr fi§ amifor ot ﬂféﬁg@%}mg gecr ()
has been prOVhﬁﬂﬂaBNnéHrﬂ%rﬁﬁhs%b@Ha@ﬂéﬁ&'éérb(ﬁ)hﬁvﬁ teldtS (10) forawmdmb the
solid insulation O%b 12. A device according o any precedin cfal m
toQiRG:

char act eri.zedsaid § fmmmppenlngs (12)2ghamacterized imthat & flexible Jhighem

557l ovy oc BB P e o Ao s R R votmpe HBS by,
at least 130 intothesdperingsqdR).conductor of the cableis in the range 2-3 000

mierr] whereas the external di amet er of the cable is between 20 and
250 mMm '

39. Use of a cable comprising at least one eleciric conductor (2) with an insulation
| system including at least two potential layers and beiween these layers an insula-
tion made of a solid electric insulation material, where the potential layers and the
15 solid insulation exhibit substantially similar thermal properties, for forming a
magnetic field generating winding in an electromagnetic device.

This Sheet Has Been RTla
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aé¢cording.to any preceding claim characterized in that the in T SHEFT
(3) "'and/or the outer layer (5) conprises a polyneric material contai‘hi

el ectri - cal ly conducting constituent S 15. A device accordi ng

to any preceding claim characterized in t%gat t he i nner | ayer hS .
in electric contact with the at | east on ectric conductor (ZFFT/SE(@/ba”g

16. A device according to claim15, characterizd in that said at |east one

el ectric ‘conductor (2) conprises a nunber of strands and that at

| east one strand .the 10 el ectric conductor (2) is at least in part

uni nsul ated and. ged in electric contact ‘with the .internal |ayer
(3). 17. A device according to any precedl ng claim characterized

In that there are interiorly of the inner |ay

el ectrical conduct DF?% r?eﬁ f%FécFWﬁW? magagtic @h]égne?réﬂng e\{ecmclg'm“}-t\
devi ce according il ﬂﬂléa’st of® ARbicaddndaétor maMHQTanEIﬁsdlaﬂ'ﬁﬁrsyktémeE:hér%&)er-
according to any preqeﬁ |l aimis arranged, about eac sai

furafity
of el ect¥i ceddy n%ulatm system comgyises, ag &lactic '%@Pﬂl(gﬁgﬁ @P&?m
17 characterized isgjd lﬁﬂlaﬁdﬁ‘?ﬁﬁeﬁﬂ @nd bﬂtféﬁéﬁv ?I u m&uﬂéhon an outer'ldl}%?gsl)
sal 0 ors

(3b), further layers (30) about each | ural tg%/ of ¢
sai d further |aye®s glerjcahgondugtivityopaieh l“ebllb%'rthﬂtﬁ'@h the insnlatispdte makezﬂne

i nner | ayer. outer layer capable, by connection to earth or otherwise a refatively low potential,
of operating to equalise potential and substantially enclose the electrical field,
10 arsing as a consequence of said electric conductor (2), inwardly of the outer layer
(5), that the Insulation system comprises, interiorly of the insulation (4), an inner
layer (3),,that said at least one electric conductor (2) is located interiorly of the
inner layer (3)-and that the inner layer has an electrical conductivity which is lower
than the conductivity of the electric conductor but sufficlent for the inner layer to
15  operate for equalisation of potential and accérdingly for equalisation with respect to
the electrical field exteriorly of the inner layer (3).

2, Electromagnetic device comprising at least one electric conducior (2) having an
instlation system, characterized in that the insulation system comprises at least

20 two potential layers (3, 5) and between those layers an electric insulafion (4)
eansisting of a solid insulation material, and that the potential layers and the solid
insutation present substantially similar thermal properties.

3, A device according to ¢laim 1 or 2, characterized in that said at least one
25  conductor (2) forms af least one induction tum.

4, A device according to any preceding claim, characterized in that the inner and/or -
outer layer (3, §) comprises a semiconducting material.

30 5. Adevice according to any preceding claim, characterized in that the inner layer
(3) and/or the outer layer (5) has a resistivity in the range 106 Qem-100 kQcm,
suitably 10-3-1000 Qem, preferably 1-500Qcm.
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25 20. A device according to any preceding claim char aCte“HEPﬂAEEMEN‘IaSHEET

t he conductor * (2) and its insulation systemis designed for
voltage, suitably in excess of 10 KV, in particular in excess of 36
kV and preferably nore than 72.5 kV. 21. A device according to an

preceding claim characterized in that td4ee outer layer 3 0 ( SHCT/ SEQITV
Into a nunber of parts, which are separately connected to ground or

otherwi se a | ow potential . 42 22. A device
according to any preceding claim characterized In that it is
constituted of a rotating electric machine. ' 23. A machi ne accordi ng

to claim 22, characterized in that the magnetic field 5 generati ng

el ectrical circuilt .thereof ar,ranged in the,stator, and/ pr or of, the
. ohi o6 A'd&c8 Hariingth Y Rieosiog i Shegeisnped B edtHhe nablayey
characterized | n (3)end/drtiee dimgﬂejrerQS) has a rebisaheck Wit pertiemh et of theSfPlsi ses

one or nore magnetjc core ing slots (10) IO forthe winding (1).
25. A machi ne acd'b‘hﬂl %"ﬁ ﬁtﬁéZ 24, characterized in that, with

connection ofg the outer layer(5) to ground potential, the el ectrical
field of the machi ne outside the . outer layer will be near zero both
in the slots (10)7. fdevige taeordisig toepy Perpeding da@m, characterdzedainntinehithee solid

according to any jutbR! (4F afd e indeh JayaF 1(8) hAdGh 8 SUleH 1ah 85T 'afd Fornbl )by

polymeric materials.

10 8. Adevice according 1o any preceding claim, characterized in that the Inner layer

(3) and/or the outer layer (5) and the solid insulation (4) are rigidly connected to
each other over substantially the entire interface.

9, A device acconding to any preceding claim, characterized in that the Inner layer
15 (3) and/or the outer layer (5) and the salid insulation (4) are formed by materials
present‘ng substantially equal thermal coefficient of expanslon

10. A device according to any preceding claim, characterized in that the solid

insulation (4) has been obtained by extrusion. .
20

11. A device according to claim 10, characterized in that the inner layer (3) and/or

the outer layer (5) has been provided by extrusion simultaneously with extrusion
of the solid insulation (4).

25  12. Adevice accordinQ to any preceding claim, characterized in that the conductor

(2) and its insulation system constitutes a winding formed by means of a flexibla
cable (1).

13. A devlce accordln_g to claim 12, characterized in that the area of said at least
30 one electrical conductor of the cable is in the range 2-3 000 mm2 whereas the
external diameter of the ¢able is between 20 and 250 mm.

REPLACEMENT SHEET
15 MAR 2000
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¥
are formed as a nunber of cylindrical openings (12) separated

;
wai st . portion (13) between the cylindrical openings. 2@”@%“&1}%'”
-machi ne according to claim 26, characterized in that the cross section of

t he openings of the slots (10) decreases, counted from ortlon
(a) of the mag- netie core. 4B. A machine accora?[ﬁzgg3gc’|°a¢?r{’
27, characterized in that the cross section of the 25 slots (10)

decreases continuously or discontinuously. 29. A machi ne according
to any of clains 22-28. characterized in that it is constituted of a
generator, notor or synchronous conpensator. 30 30. A machi ne according

to claim 29, charagigdeviesaddrdifiio driyPré@aRigtidth, dhbradteRyél if that the inf&Hi&yert O

or turbo gener at or .

PCT/ SE97/ 00879  (3) andfor theouter Iayef{Bheoraprises aipslymedc maeak castaining 20 eleghi-

characterized in theteohl &t@ %ﬁﬂﬁﬁéd connected to a power network for
hi gh voltage, suitably 3% 9/ and nore, w thout I ntermedi ate
transf or ner. 5 32. A device according to any of clainms 1-21,

characterized ¢n 4834 dbiicd Scdafding td atlyGHeceding cidth, Ghalfdiifited in that the inner layer

transfornmer/reactor. .
(3) is in electric contact with the at least ane electric conductor (2).

16. A device according to claim 15, characterized in that said at least one electric
conductor (2) comprises. a number of strands and that at least cne strand of the

10  electric conductor (2) is at least in part uninsulated and.amranged, in electric
contact with the internal layer (3). '

17. A device according to any preceding claim, characterized In that there are,

interiorly of the inner layer (3b), several electrical conductors (2b) insulated fram
15 eachother. ' ;

18. A device according to claim 47, characterized in that an Inner layer {32)
according to any preceding claim is-arranged about each of said plurality of
electrical conductors. ' :
20
' 19. A device according to claim 17, characterized in that there are, inwardly of the
inner layer (3b), further layers (30) about each of said plurality of canductors (2b),
said further layers (30) having properties corresponding to those of the inner layer.

25 20. A device according to any preceding clalm, characterized in that the conductor
(2) and its insulation system is designed for high veltage, suitably in excess of 10
KV, in particular in excess of 36 kV and preferably more than 72,5 kV.

- 21. A device according to any preceding elaim, characterized in that the outer layer

30 (5)is divided into a number of parts, which are separately connécted to ground or
otherwise a low potential.

REPLACEMENT SHEET

”!Il"cl mllLl "IM" "Ilsl " ,", AMENDED SHeeT 15 MAR 2000




33. A power transfornmer/reactor according to claim 32, char actmmEm- SHEET

tHat it . conprises a magnetic core. 10 34. A power
transforner/reactor according to claim32 or 33, characterized in that

it is air-wound, thus being forned without a nmagnetic core. 35. A
power transforner/reactor according to any clains 32-34, COMUTVSERY Aya79
15 | east two gal vanically separated w ndifys, characterized in that the

wi ndi ngs (25- 27) are conoentrically wound. 36. A high

vol tage electric power plant or electric power nefwork conprising one or

nore el ectromagneti c devices according to any of clains 1-35. 37. A

net hod for el ectrax Aidsvitecactordig ito any prezeding nelgingt¢harabterized Inothatifsilng a
magnetic field ge | | I GUI yln at | east one winding (1) with at

| east one e‘fq’g@?\“ ggt: W&%’E‘P "? ®an el ectric insulation (4)
present externally thereof char acterl zed in that the I nsul ati on (4)
Is formed by a s atlon ter| nd, 25 uter | aye

i S provi dedyext er#ad‘} “Pk?é‘cf" F‘ai‘f' ﬁaml | ? magnetx)c/: 11:&5&;. ng
connected to gr owefahnghtsemmat heleat is\Plargédiy tﬁ@&ﬁt&r'aﬁhfoﬁfbﬂoﬂﬁ‘fhé‘&aﬁn

el ectrical conduct|V|ty bei ng higher than the conductivity of the

I nsul ation (4) bughine. | ower than the conductivity of the electrical
conductor (2) so as to function for equal i zati on of potential and
cause the electrical field to be substantially enclosed -3 0

wi ndi ng i nternal I@A maghingRpcardingdp any phglaims -3% shargslerized dn thaé?‘@rm%g)ﬁ“ﬁs
provi ded efatmh cirbigt GophpriBed Bﬁé‘bﬁhb&ﬁné@aﬂc é@f‘eg( thal/f g%ﬁcf
electric conduct é\e bei na ‘provi ded i nwar I nn ayer
(3), said ini {99 winding\@¥% ng an el ectri cal

44 PCT/ SE97/ 00879

25. A maghine according to claim 22-24, characterized in that, with connection of
the outer layer{5) to ground potential, the electrical field of the machine outside the
outer layer will be near zero both in the slots (10} and in the coil-end-region.

15
26. A machine according to any of claims 22-25, characterized inthat the slots (10)
are formed as a number of cyllndrical'dpenings (12) separated by a narrower waist
partion (13) beﬁvéen the cylindrical openings.

20  27. Amachine according to ¢laim 26, characterii_ed in that the cross section of the

openings of the slots (10) decreases, counted from a back portion (8) of the mag-
netic core.

28, A machine according to claim 27, characterized in that the cross section of the
25  slots (10) decreases continuously or discontinuously.

29. A machine according to any of claims 22-28. characterized in that i is -
constituted of a generator, motor or synchronous compensator.

30 30, Amachine according to-¢laim 29, cha raggnzeg in that the generator is a hydro
generator or turbo generator.
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onduct|V|ty which is lower than that of the electric CondUCtoerMMCEMENTSHEEr
sufficient for: maki ng the-inner layer to function equalizing wt :
respect to the electric field exteriorly of the inner Iayer (3). 5
38. A nethod in production of a magnetic circuit for a rotatin gcgz 08Y5
machi ne, : where the magnetic circuit 43s arranged in the st or=ahd/or
rotor of the rotating elec- . tric nmachrne and conprises a nagnetic
core (8) having slots (10) for a w nding, said slots being forned
wi th openings (12), characterized in that a flexible high vol t age

cable (1) is used as a winding and that this high voltage cable is threaded

10 into the opgliggsc ‘L %ccor%ingd to any3§$ cliif 22030 charab@risd TR tHat It"ﬂdi?écﬂ#eas'[

one electric COI’]dUCt or I Nsul at1 on sysf emincludin

| east two potentmnecfaq smrmmmrtm@b@ltaag«esu@%35&(@@-"'1“6 ghctq’con

made of a solid ﬁcf'%' vh% on material, where the potential |ayers
and the 15 solid ins atlon exhi bi t substantlally simlar thernal

properties, for formng a magnetic field generating winding In an
el ect r omagnet

S C SEan T a08 C 98VA Gévice according to a%f%?a(‘tﬂ??% gharacterized in that  is constituted

electric field cbyampower trensformedizactonng- netic.device conprising a

magnetic field generating circuit having at | east one winding (1) with
at | east one electric conductor (2) and an electric insulation (4)
present 5 exter 33 AypdwerTteemiformbelreactoe acemding rtotdiain 32 chacesterizad tnthat jt

comprises a magnetic core.

20 o
34. A power transformerfreactor according to ¢iaim 32 or 33, characterized in that
it is air-wound, thus being formed without a magnetic core.

35. A power transformer/reactor according to any of claims 32-34, comprising at
15  least two galvanically separated windings, characterized In that the windings (25
27) are concentrically wound.

36. A high vultagé electric power plant or electric power network comprising one or
moare electromagnetic devicas according to any of claims 1-35.
20 .
37. A method for electric field control in an electromagnetic device comprsing a
magnetic field generating clreuit having at least one winding (1) with at least one
glectric conductor (2) and an electric Insulation (4) present extemnally thereof,
characterized in that the Insulation (4) is formed by a salid insulation material, and
25 that an outer layer (5) is provided externally of the insulation, said outer layer (5)
~ being connected to ground or otherwise a relatively low potential and having an
electrical conductivity being higher than the conductivity of the insulation (4) but
lower than the conductivity of the electrical conductor (2) so as to function for
~ equalization of potential and cause the electrical field to be substantially enclosed
30 in the winding internally of the outer layer (5), and that an inner layer (3) is proVided
inwardly of the solid insulation (4), said at least one electric conductor (2) being

_provided inwardly of the inner layer (3), sald inner layer (3) having an electrical |
| REPLACEMENT SHEET
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S f or med by a solid insulation material and that an outer HEP@KMME@ SHEET

provi ded externally.of the insulation, said outer layer (5) be

connected to ground or otherw se a relatively low potential and
having -an electrical 10 conductivity being higher than the

conductivity of the insul ation (4) bag [ower than the coﬁgU§ﬁ%7{9°§V9
t he el ectrical conductor (2) so as to-fonction for equalization of
potential and cause the electrical field to be substan- tially encl osed
in the winding internally of the outer |ayer 15 (5). 41. A nethod
in production of a magnetic circuit for a ro- tating electric nmachine,

where the magnet icangidighy wnich i Iowé?frtgﬁi‘@%i o td BRchib ToRBUABILR sTRGH. ol

the rotating electric 2

machi ne an rlsesamanetlcc ‘%6‘%3 haV|ng'
n?

slots (10) f anakdngthedinper fayar & &nstien sevalglnadv% SRF'Ethoo

characterized mé&@% e (1) is used as a wi ndi ng and
that this cable is't pggfdtg@ﬁngtlgyﬁgjl openi ngs (12). 25 42. Use of a
cabl e conprising at |east one electric conductor (2) with an insulation

system ' ncludgng g4 A fidfod In prddBiBPLER mane YRR 161! ritelréCEBCHE HRhlngy ©r s

an insul ation
30 potential

ectri I NSu tlon materi al., where t
Ivdye;eihe raghetic cieuit isaranged in m;@taénnaodlor eoteri af the rotating eleo

b |l I d
Gener ati ng vi ndi ric oectinel AR coRAREL bl fidonet ool ol hAling'sios (107 2 E fnci®

10

15

said slots being formed WIth openings (12), characterized in that a flexble hlgh
voltage cable (1) is used as a winding and that this high voltage ¢able is threaded
info the openings (12).

39. Use of a cable comprising at least one electric conductor (2) with an insulation
system including at least two potential layers and between these layers an insula-
tion made of a solid electric iﬁsulaﬁon.material. where the potential layers and the . -
solid insulation exhibit substantially similar ﬂ';ennal properties, forforminga’ '
haénetic field generating winding in an glectromagnetic device.
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(54) Title: ELECTROMAGNETIC DEVICE 'y
(57) Abstract

An electromagnetic device com-
Pprises a magnetic field generating elec- -

trical circuit including a winding (1) o
having at least one electrical conduc- /

tor (2). The winding comprises a solid
insulation (4) surrounded by outer and
inner layers (3, 5) serving for equal-
ization of potential and having semi-
conducting properties. Said at least
one clectrical conductor (2) is arranged
interiorly of the inner semiconducting
layer (3). The invention also relates A

79

to methods for electric field controt ~
and production of a magaetic circuit

as well as use of a cable for obtaining

a winding,




