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(57) ABSTRACT 

The present invention relates to installations for transform 
erless generation of HVDC and Wherein the installation 
comprises rotating high-voltage single-Winding/multiple 
Winding machines and converters. The single-Winding/mul 
tiple-Winding machine comprises a magnetic circuit With 
one or more magnetic cores and one or more Windings, 

phase-shifted in space, Which comprise a cable With one or 
more current-carrying conductors (2), each conductor com 
prising a number of strands, around each strand there being 
arranged an inner semiconducting layer (3), around Which is 
arranged an insulating layer (4) of solid insulation, around 
Which is arranged an outer semiconducting layer 
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ROTATING ELECTRICAL MACHINE PLANTS 

TECHNICAL FIELD 

[0001] The present invention relates to installations for 
transformerless generation of HVDC (high-voltage direct 
current) and Wherein the installation comprises a rotating 
high-voltage single-Winding or multiple-Winding machine 
and a converter. The invention also comprises devices for 
high-voltage electric machine operation With a variable 
speed. In practice, this means that the installations convert a 
mechanical torque into direct current and direct voltage 
Without intermediate transformers, and that the installations 
convert direct current and direct voltage into mechanical 
torque Without intermediate transformers. 

[0002] The single-Winding or multiple-Winding machine 
comprises a magnetic circuit With one or more cores of 

laminated, normal or oriented, sheet or other, for eXample 
amorphous or poWder-based, material, or any other action 
for the purpose of alloWing an alternating ?uX, one or more 
Winding systems, cooling systems, etc., Which may be 
disposed in the stator or the rotor of the machine, or in both. 

[0003] The single-Winding or multiple-Winding machine 
may also be made as an air-gas-Wound machine Without 
magnetic material or With magnetic material only in the back 
portion. 
[0004] The invention also comprises methods for manu 
facturing magnetic circuits for a rotating high-voltage 
single-Winding/multiple-Winding machine. 

BACKGROUND ART, THE PROBLEM 

[0005] As mentioned under the “Technical Field”, devices 
according to the invention are primarily intended to be part 
of installations for transformerless generation of high-volt 
age direct current and for high-voltage electric machine 
drives. Installations Where the invention Will be used nor 
mally lie Within the poWer range of 1 MW to 15 GW and 
comprise one or several rotating machines. 

[0006] Within electronic poWer engineering there is a 
technical ?eld Which is currently referred to as poWer 
electronics. This expression corresponds to the German 
“Leistungselektronik” and is sometimes still called “Strom 
richtertechnik” in German. The ?eld comprises conversion 
of electric poWer betWeen different forms, such as conver 
sion betWeen 

[0007] DC and AC, inverter operation 

[0008] AC and DC, recti?er operation 

[0009] AC and AC corresponds to ac conversion/ac con 
version With an arbitrary ratio betWeen the frequency, ampli 
tude, phase position and phase number of the voltages, DC 
and DC corresponds to dc conversion/dc conversion. 

[0010] The terminology in this ?eld is unfortunately not 
quite consistent. HoWever, an IEC summary is to be found 
in “International Electrotechnical Dictionary” and in Publ. 
IEC 60050-551 IEV “PoWer electronics”. 

[0011] There are a very large number of different semi 
conductor components Which may be included in the ?elds 
of use Which are comprised by the patent application. One 
eXample of the state of the art in this respect is found in 

Apr. 25, 2002 

“Modern PoWer Electronics” by Bose et al, IEEE Industrial 
Electronics Society, lSBNz0-87942-282-3. Among the com 
ponents mentioned there are: 

[0012] thyristors, diodes, triacs, gate turn-off thyris 
tors (GTO), bipolar transistors (BJT) , PWM tran 
sistors, MOSFET, insulated gate bipolar transistors 
(IGBT), static induction transistors (SIT), static 
induction thyristors (SITH), MOS-controlled thyris 
tors (MCT), etc. 

[0013] Semiconductor connections for inverter operation 
and recti?cation are commonly referred to in English as 
“converters”. No unambiguous SWedish correspondence 
eXists. Since that part of the invention Which deals With 
HVDC poWer conversion comprises both inverter operation 
and recti?er operation, the semiconductor connections under 
discussion Will be referred to beloW as converters. 

[0014] For that part of the invention Which deals With 
high-voltage electric machine drive With a variable speed, 
the above-mentioned AC/AC poWer conversion Will be 
used. Such electric machine drive Will be described beloW 
both With regard to the state of the art and With regard to the 
application according to the invention. 

[0015] To be able to describe both the technical and 
economic advantages and the gains derived by using devices 
according to the invention, a description Will be given both 
of hoW installations for generation of HVDC and for high 
voltage electric machine drive With a variable speed are 
designed according to the state of the art. 

[0016] A conventional HVDC transmitter station is clear 
from FIG. 1. In principle, it comprises a number of ac 
generators G1 - - - Gn Which, according to the state of the 

art, have a voltage of 25-30 kV. Via transformers A1 - - - An, 

preferably D/Y-connected, the generator voltage is stepped 
up to a suitable ac transmission level and is transmitted over 
shorter of longer distances via ac transmission lines in a 
high-voltage ac netWork. The predominant method for rec 
ti?cation is then to use so-called 12-pulse recti?cation. The 
sine shape in the ac netWork is secured With ac ?lters near 
the converters. The 12-pulse recti?cation assumes that con 
secutively series-connected converter bridges B1 - - - Bn are 

fed from ac systems Which are displaced 30 electrical 
degrees relative to each other. This is achieved by connect 
ing to the high-voltage ac netWork Y/Y-connected converter 
transformers Y1 - - - Yn and corresponding Y/D-connected 

converter transformers D1 - - - Dn, Which are alloWed to 

feed the converters. 

[0017] Such a conventional HVDC transmitter station thus 
comprises tWo transformer stages, ac ?lters, ac circuit break 
ers and an ac busbar system. Because the transformers are 
normally intended for transmission of high poWers, they are 
normally oil-cooled and oil-insulated. Because of the series 
connected converters, the Windings and the bushings of the 
converter transformers Will be subjected to a rising dc 
potential, counting from ground. It places very heavy 
demands on the insulation and the bushings of these trans 
formers. This is describes, inter alia, in “PoWer Transmission 
by Direct Current” by E. Uhlmann, Springer Verlag 1975, 
pp. 327-328, in ELECTRA No. 141, April 1992, pp. 34-39, 
and in ELECTRA No. 155, August 1994, pp. 6-30. 

[0018] An HVDC transmission according to the one 
described above is described, inter alia, in an article entitled 
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“The Skagerack transmission”—The World’s longest HVDC 
submarine cable link” in Asea Journal 1980, Vol. 53, Nos. 
1-2, pp. 3-12, and in an article “Direct connection of 
generators to HVDC converters” in ELECTRA No. 149, 
August 1993. 

[0019] Recently, an embodiment of an HVDC transmitter 
station has been discussed Which comprises direct connec 
tion from each generator to the Y/Y-connected and the 
Y/D-connected converter transformers. Such an installation 
is described, inter alia, in the above-mentioned article in 
ELECTRA and is here referred to as a “direct connection”. 

[0020] Such a connection is clear from FIG. 2. The 
voltage from the generators G1 - - - Gn is here fed directly 
to the converter transformers Y - - - Yn and D1 - - - Dn, 

respectively. Such a connection makes greater demands on 
the converter transformers since they must noW also be 
responsible for the step-up transformation of the voltage of 
the generators to the level corresponding to the desired 
direct-voltage level. 

[0021] One problem With such a connection is that con 
verter harmonics may give increased losses in the stator 
Windings of the generators. 

[0022] To distinguish the present invention from the prior 
art, it Will be especially pointed out that the “HVDC 
converter” referred to in the above-mentioned article in 
ELECTRA N01 149 for direct connection to the generators 
comprise the tWo Y/Y-connected and Y/D-connected con 
verter transformers, respectively, and the converters. 

[0023] There is a special interphase transformer converter 
connection, Which is shoWn in FIG. 3. In conformity With 
FIGS. 1 and 2, the supply of the converters S1 and S2 takes 
place by means of tWo three-phase voltages, displaced by 30 
electrical degrees relative to each other, via the transformers 
T1 and L2. If the connection otherWise comprises the 
reactors R1 and R2, no dc potential stress arises on the 
feeding transformers or generators. R1 and R2 are often 
designed With a common core and Winding as Well as a 
centre tap. 

[0024] In the introductory part of the speci?cation it Was 
mentioned that a device according to the invention com 
prises a single-Winding/multiple-Winding machine. One 
eXample of a multiple-Winding machine according to the 
state of the art is described in US. Pat. No. 4,132,914 
entitled “Six-phase Winding of electric machine stator”. The 
Windings are here especially formed to obtain as loW volt 
ages as possible betWeen the external connections. The 
siX-phase Windings in this and similar machines are formed 
as tWo three-phase Windings Which are normally electrically 
displaced relative to each other by 30 electrical degrees. This 
permits a possibility of subsequently achieving one single 
three-phase voltage With the aid of a Y-connected and a 
D-connected transformer. 

[0025] The above-mentioned machine and similar 
machines according to the state of the art are designed for 
voltages of up to about 25 kV. Machines With tWo three 
phase Windings, electrically displaced relative to each other 
by 30 electrical degrees, may be used according to the 
above, Without intermediate transformers, for 12-pulse rec 
ti?cation With converters. With the highest voltage in eXist 
ing machines, hoWever, the recti?ed voltage may amount to 
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a maXimum of about 30 kV, symmetrically distributed as 
about +/—15 kV around ground potential. 

[0026] Series connection of converters fed from several 
generators for achieving What is commonly termed HVDC, 
that is, direct voltages of 100 kV and higher, is not possible 
With generators according to the current technique With 
mica-based insulation technique because these do not With 
stand the dc component to Which the generator Windings in 
the most commonly used converter connections Will be 
subjected. 
[0027] A rotating high-voltage single-Winding/multiple 
Winding machine included in an installation according to the 
invention is able to operate as a variable-speed motor fed via 
semiconductor connections from a high-voltage dc netWork 
and as a generator to generate an ac netWork via semicon 
ductor connections and transformers. 

[0028] Electric machine drives With variable speed for ac 
machines according to the state of the art assumes, for 
various practical reasons, that the machine is provided With 
tWo three-phase Windings displaced relative to each other by 
30 electrical degrees. For the speed control, the machines 
then have to be supplied With a variable frequency. The 
voltage level of the supply according to the state of the art 
is of the order of magnitude of 5 kV. 

[0029] Motor drives of the above-mentioned kind are 
published in a number of pamphlets and articles, such as in 
“High-speed synchronous motors. Adjustable speed drives”, 
Asea pamphlet OG 135-101E, “Freqsyn—a neW drive sys 
tem for high-power applications”, Asea Journal 59 (1986):4, 
pp. 16-19. An order for 100-MW adjustable-speed motors 
for driving a Wind tunnel fan has been placed by NASA 
according to ABB RevieW 9/1995, p. 38. 

[0030] The supply of such motor drives may take place in 
different Ways, for eXample as a pure AC/AC poWer con 
version or from a direct-voltage netWork via controllable 
converters. The construction of such an installation is 
described, inter alia, in an article entitled “Synchronous 
machines With single or double 3-phase star-connected 
Winding fed by 12-pulse load commutated inverter”, pub 
lished in ICEM 94, International Conference on Electrical 
Machines, Part Vol. 1, pp. 267-272. 

[0031] Electric machine drives With a variable speed may 
also be achieved With machines With a Winding system if the 
supply takes place While utiliZing the latest technical devel 
opment, so-called PMW technique, that is, With pulse-Width 
modulation and self-commutated converters, in Which case 
also a siX-pulse connection may be used. 

[0032] Regarding someWhat smaller rotating electric 
machines, the so-called reluctance machines may be men 
tioned, Which are currently designed for up to a feW hundred 
kiloWatts, Wherein both the stator and the rotor are provided 
With salient poles. Such motors are described, inter alia, in 
“Variable speed sWitched reluctance motors” in IEE Proc. B, 
Vol. 127, November 1980, pp. 253-265. The machines are 
currently loW-voltage machines and the Windings surround 
the salient poles of the stator in many layers. These reluc 
tance machines are examples of machines Which may be 
further developed for connection via converters to high dc 
voltage. 
[0033] As Will have been clear from the above, the present 
invention comprises a rotating high-voltage single-Winding/ 
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multiple-Winding machine intended for voltage levels sig 
ni?cantly exceeding those Which apply to machines accord 
ing to the state of the art. This also entails great possibilities 
for electric machine drives With variable speed at consider 
ably higher voltage levels and the advantages this brings 
With regard to machine poWer etc. 

[0034] To be able to describe the advantages and the 
inventive step Which the invention represents, a description 
Will ?rst be made of the composition of such machines 
according to the state of the art. The single-Winding/mul 
tiple-Winding machine according to the invention relates to 
a machine Which is capable of generating a voltage system 
or several voltage systems, phase-shifted in space, With a 
corresponding Winding system. In all essentials, the com 
position of the rotating high-voltage single-Winding/mul 
tiple-Winding machine according to the invention is inde 
pendent of Whether the machine is made as a single-Winding 
machine or Whether it is made as a multiple-Winding 
machine and Whether it is used for HVDC generation or for 
high-voltage variable-speed motor drives. 

[0035] The state of the art Will therefore be described 
starting from a conventional single-Winding machine With a 
voltage level of about 25-30 kV exempli?ed on the basis of 
a synchronous machine. The description substantially relates 
to the magnetic circuit of such a machine and hoW this is 
composed according to classic technique. Since the mag 
netic 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 the slots in the 
laminated core for the Winding Will be referred to as stator 
slots or simply slots. 

[0036] Most synchronous machines have a ?eld Winding 
in the rotor, Where the main ?ux is generated by direct 
current, and an ac 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. Sometimes, the 
machines are designed With polyphase Windings both in the 
stator and in the rotor as so-called synchronous ?ux 
machines to alloW operation at other than synchronous 
speeds. 
[0037] The stator body for large synchronous machines is 
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 segments Which are attached to the stator body by 
means of Wedges/dovetails. The laminated core is retained 
by pressure ?ngers and pressure plates. 

[0038] For cooling of the Windings of the synchronous 
machine, three different cooling systems are available. 

[0039] In case of air cooling, both the stator Winding and 
the rotor Winding are cooled by cooling air ?oWing through. 
The cooling air channels are to be found both in the stator 
laminations and in the rotor. For ventilation and cooling by 
means of air, the laminated core at least for medium-siZed 
and large machines is divided into stacks With both radial 
and axial ventilation ducts disposed in the core. The cooling 
air may consist of ambient air but at poWers exceeding 1 
MW, a closed cooling system With heat exchangers is 
substantially used. Air is the substantial medium for hydro 
generators. 
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[0040] Hydrogen cooling is normally used in turbogen 
erators up to about 400 MW and in large synchronous 
condensers. 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 dif?culties arise at seals 
and in monitoring leakage. 

[0041] For turbogenerators in the poWer range of 500 
1000 MW, 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. 

[0042] One problem With large machines is that the cool 
ing tends to become non-uniform and that, therefore, tem 
perature differences arise across the machine. 

[0043] The stator Winding is disposed in slots in the 
laminated core. The slots normally have a cross section as 
that of a rectangle or a trapeZoid. Each Winding phase 
comprises a number 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 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 ?bre. The coil is insulated against the 
slot With a coil insulation, that is, an insulation intended to 
Withstand the rated voltage of the machine to ground. As 
insulating material, various plastic, varnish and glass ?bre 
materials may be used. Usually, so-called mica tape is used, 
Which is a mixture of mica and hard plastic, especially 
produced to provide resistance to partial discharges, Which 
can rapidly break doWn the insulation. The insulation is 
applied to the coil by Winding the mica tape around the coil 
in several layers. 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 potential. 
[0044] The conductor area of the Windings is determined 
by the relevant current intensity and by the cooling method 
used. The conductor and the coil are usually formed With a 
rectangular shape to maximiZe the amount of conductor 
material in the slot. A typical coil is formed of so-called 
Roebel bars, in Which certain of the bars may be made 
holloW for a coolant. 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 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 ?eld. 

[0045] In this context, it should also be pointed out that, in 
connection With converter operation, harmonics arise in the 
currents. These harmonics are not distributed uniformly over 
the rectangular cross section, Which leads to skin effect and 
increased losses. 

[0046] For mechanical and electrical reasons, a machine 
cannot be made in just any siZe. The machine poWer is 
determined substantially by three factors: 

[0047] The conductor area of the Windings. At nor 
mal operating temperature, copper, for example, has 
a maximum value of 3-3.5 A/mm2. 
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[0048] The maximum ?uX density (magnetic ?uX) in 
the stator and rotor material. 

[0049] The maximum electric ?eld strength in the 
insulating material, the so-called dielectric strength. 

[0050] Polyphase ac Windings are designed either as 
single-layer or tWo-layer Windings. In the case of single 
layer Windings, there is only one coil side per slot, and in the 
case of tWo-layer Windings there are tWo coil sides per slot. 
TWo-layer Windings are usually designed as diamond Wind 
ings, Whereas the single-layer Windings Which are relevant 
in this connection 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 ?at Windings are designed as concentric Windings, 
that is, With a greatly varying coil Width. By coil Width is 
meant the distance in 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 pitch, to give the Winding the desired 
properties. The type of 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. 

[0051] Outside the stacked sheets of the stator, the coil is 
not provided With a painted semiconducting ground-poten 
tial layer of carbon-based paint. The coil end is normally 
provided With an E-?eld control in the form of so-called 
corona protection varnish intended to convert a radial ?eld 
into an axial ?eld, Which means that the insulation on the 
coil ends occurs at a high potential relative to ground. This 
sometimes gives rise to corona in the coil-end region, Which 
may be destructive. The so-called ?eld-controlling points at 
the coil ends entail problems in the design of a rotating 
electric machine. 

[0052] Normally, all large machines are designed With a 
tWo-layer Winding and equally large coils. Each coil is 
placed With one side in one of the layers and the other side 
in the other layer. This means that all the coils cross each 
other in the coil end. If more than tWo layers are used these 
crossings render the Winding Work difficult and deteriorate 
the coil end. 

[0053] During the last feW decades, there have been 
increasing requirements for rotating electric machines for 
higher voltages than What has previously been possible to 
design and manufacture. 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. 

[0054] 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. Pat. No. 4,429,244, “Stator of Generator”, and in 
Russian patent document CCCP Patent 955369. 

[0055] The Water- and oil-cooled synchronous machine 
described in J. Elektrotechnika is intended for voltages up to 
20 kV. The article describes a neW insulation system con 
sisting of oil/paper insulation, Which makes it possible to 
immerse the stator completely in oil. The oil can then be 
used as a coolant While a the same time using it as insulation. 
To prevent oil in the stator from leaking out toWards the 
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rotor, a dielectric oil-separating ring is provided at the 
internal surface of the core. The stator Winding is made from 
conductors With an oval holloW shape provided With oil and 
paper insulation. The coil sides With their insulation are 
secured to the slots made With rectangular cross section by 
means of Wedges. As coolant oil is used both in the holloW 
conductors and in holes in the stator Walls. Such cooling 
systems, hoWever, entail a large number of connections of 
both oil and electricity at the coil ends. The thick insulation 
also entails an increased radius of curvature of the conduc 
tors, Which in turn results in an increased siZe of the Winding 
overhang. 
[0056] To above-mentioned US. Pat. No. 4,429,244 
relates to the stator part of a synchronous machine Which 
comprises a magnetic core of laminated sheet With trapeZoi 
dal slots for the stator Winding. 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 dis 
posed. In addition, the stator part comprises a dielectric 
oil-separating cylinder nearest the inner surface of the core. 
This part may increase the magnetiZation requirement rela 
tive 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 separated from each other by 
means of spacers in the slots and 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, centered, inside an insulating sleeve. 
The conductors of the stator Winding are cooled by sur 
rounding oil. Disadvantages With such a large quantity of oil 
in the system are the risk of leakage and the considerable 
amount of cleaning Work Which may result from a fault 
condition. Those parts of the insulating sleeve Which are 
located outside the slots have a cylindrical part and a conical 
termination reinforced With current-carrying layers, the duty 
of Which is to control the electric ?eld strength in the region 
Where the cable enters the end Winding. 

[0057] 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 With the sene 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 ?Xing and for coolant. 
The different radially disposed layers of the Winding are 
surrounded by and ?Xed in insulating tubes. Insulating 
spacers ?X 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 
disadvantages of oil in the system described above also 
apply to this design. The design also exhibits a very narroWs 
radial Waist betWeen the different stator slots, Which means 
a large slot leakage ?uX Which signi?cantly in?uences the 
magnetiZation requirement of the machine. 

[0058] A report from Electric PoWer Research Institute, 
EPRI, EL-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 ef?ciency bene?ts and great economic advantages. The 
main reason that it Was considered possible in 1984 to start 
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developing generators for direct connection to poWer net 
Works Was that at that time a superconducting rotor had been 
produced. The large magnetiZation capacity of the super 
conducting ?eld makes it possible to use an air gap Winding 
With a sufficient thickness to Withstand the electrical 
stresses. 

[0059] By combining the most promising concept, accord 
ing to the project, of designing a magnetic circuit With a 
Winding, a so-called monolith cylinder armature, a concept 
Where tWo cylinders of conductors are enclosed in three 
cylinders of insulation and the Whole structure is ?xed to an 
iron core Without teeth, it Was judged that a rotating electric 
machine for high voltage could be directly connected to a 
poWer netWork. The solution meant that the main insulation 
had to be made suf?ciently thick to cope With phase-to-phase 
and phase-to-ground potentials. Obvious disadvantages With 
the proposed solution are that, in addition to requiring a 
superconducting rotor, it requires a very thick insulation 
Which increases the siZe of the machine. The coil ends must 
be insulated and cooled With oil or freons to control the large 
electric ?elds in the ends. The Whole machine must be 
hermetically enclosed to prevent the liquid dielectric from 
absorbing moisture from the atmosphere. 

[0060] When manufacturing rotating electric machines 
according to 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 preformed after mounting of the Wind 
ing on the magnetic circuit. 

SUMMARY OF THE INVENTION, 
ADVANTAGES 

[0061] One object of the invention is to provide installa 
tions for transformerless generation of HVDC and that the 
installation includes a rotating single-Winding/multiple 
Winding machine With such a high voltage that the trans 
former stages shoWn in FIGS. 1 and 2, With step-up 
transformation of the generator voltage ?rst to ac transmis 
sion high voltage and tne Y/Y-connected and Y/D-connected 
transformers, respectively, for achieving 12-pulse recti?ca 
tion With converters, can be eliminated. Thus, the machine 
is intended, inter alia, to directly supply the converters With 
the high voltage Which is needed for achieving an HVDC 
netWork. In this conteXt, the difference With respect to the 
above-mentioned “Direct connection” described in ELEC 
TRA should be noted. It is clear from the above, it is another 
object of the invention to provide installations for high 
voltage variable-speed electric machine drives. 

[0062] In practice, the above tWo objects mean that the 
installations convert a mechanical torque, via converters, to 
direct current and direct voltage Without intermediate trans 
formers, and that the installations convert direct current and 
direct voltage, via converters, to a mechanical torque With 
out intermediate transformers. 

[0063] The converters may also comprise one or more of 
the semiconductor devices Which are mentioned under the 
“Background Art”. 

[0064] The introduction of such a single-Winding/mul 
tiple-Winding machine thus entails considerably loWer 
investment costs and reduced requirements on space in 
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relation co corresponding HVDC installations according to 
the state of the art. An HVDC installation according to the 
invention also permits the total ef?ciency of the installation 
to be increased. Also With regard to high-voltage variable 
speed electric machine drives, the machine/converter con 
cept according to the folloWing description entails consid 
erable advantages relative to the state of the art. 

[0065] A rotating high-voltage single-Winding/multiple 
Winding machine as an integral part of the present invention 
entails a considerably reduced thermal stress on the stator. 
Temporary overloads of the machine thus become less 
critical and it sell be possible to drive the machine at 
overload for a longer period of time Without running the risk 
of damage arising. This means considerable advantages for 
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 regulations. 

[0066] With a rotating high-voltage single-Winding/mul 
tiple-Winding machine as an integral part of the present 
invention, the maintenance costs can be signi?cantly 
reduced because transformers, on-load tap changers, circuit 
breakers, ?lters, transmission lines, reactors, etc., do not 
have to be included in the system. 

[0067] To increase the poWer of a rotating electric 
machine, it is knoWn to attempt to increase the current in the 
ac coils. This has been achieved by optimiZing the quantity 
of conducting material, that is, by close-packing of rectan 
gular conductors in the rectangular rotor slots. The aim has 
been to handle the increase in temperature resulting from 
this by increasing the quantity of insulating material and 
using more temperature-resistant and hence more expensive 
insulating materials. The high temperature and ?eld load on 
the insulation has also caused problems With the life of the 
insulation. In the relatively thick-Walled insulating layers 
Which are used for high-voltage equipment, for eXample 
impregnated layers of mica tape, partial discharges, PD, 
constitute a serious problem. When manufacturing these 
insulating layers, cavities, pores, and the like, Will easily 
arise, in Which internal corona discharges arise When the 
insulation is subjected to high electric ?eld strengths. These 
corona discharges gradually degrade the material and may 
lead to electric breakdoWn through the insulation. 

[0068] The great and essential difference betWeen a rotat 
ing electric machine according to the state of the art and the 
embodiment according to the invention is that the magnetic 
circuit of the rotating high-voltage single-Winding/multiple 
Winding machine comprises one or more Windings, phase 
shifted in space, of a threaded or Wound cable With one or 
more solid insulated conductors With a semiconducting layer 
both at the conductor and the casing and, betWeen the tWo 
semiconducting layers, a layer With a solid insulation. The 
outer semiconducting layer may be connected to ground 
potential. 

[0069] If a converter connection according to FIGS. 1 and 
2 is used, the solid insulating layer Will be subjected to both 
ac and dc potentials. If, on the other hand, a converter 
connection according to FIG. 3 is used, the solid layer Will 
be subjected to ac potential only. The cable With Which the 
Windings in a machine according to the invention is Wound 
must thus be chosen With regard to the potential stress in 
question. 
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[0070] The present invention is based on the realization 
that, to be able to increase the power of a rotating electric 
machine in a technically and economically justi?able Way, 
this must be achieved by ensuring that the insulation is not 
broken doWn by the phenomena described above. This can 
be achieved according to the invention by using as insulation 
layers made in such a Way that the risk of cavities and pores 
is minimal, for example a solid extruded insulating layer of 
a suitable solid insulating material, such as thermoplastic 
resins or, alternatively, crosslinked materials such as XLPE 
or rubber, for example EP rubber or silicone rubber, also 
alternatively crosslinked. In addition, it is important that the 
insulation comprises an inner layer, surrounding the con 
ductor, With semiconducting properties and that the insula 
tion is also provided With at least one additional outer part, 
surrounding the solid insulating layer, With semiconducting 
properties. By using only a solid insulating layer Which may 
be manufactured With a minimum of defects and, in addi 
tion, providing the solid layer With an inner and an outer 
semiconducting part, it can be ensured that the thermal and 
electric loads are reduced. At temperature gradients, the 
insulating part With the semiconducting layers Will consti 
tute a monolithic part and defects caused by different tem 
perature expansion in the solid layer and the surrounding 
semiconducting layers do not arise. The electric load on the 
material decreases as a consequence of the fact that the 
semiconducting parts around the solid insulating layer Will 
constitute equipotential surfaces and that the electric ?eld in 
the solid insulating layer Will thus be distributed uniformly 
over the thickness of the layer. The outer semiconducting 
layer may be connected to a ground potential. This means 
that, for such a cable, the outer casing of the Winding in its 
entire length may be kept at ground potential. 

[0071] The outer layer may also be cut off at suitable 
locations along the length of the conductor and each cut-off 
partial length may be directly connected to a chosen poten 
tial, ground potential. Around the outer semiconducting 
layer there may also be arranged other layers, casings and 
the like, such as a metal shield and a protective jacket. 

[0072] Further knoWledge gained in connection With the 
present invention is that increased current load leads to 
problems With voltage ?eld concentrations at the corners 
at a cross section of a coil and that this entails large local 
loads on the insulation there. LikeWise, the magnetic (B) 
?eld in the tooth of the rotor Will be concentrated at the 
corners. This means that magnetic saturation arises locally 
and that the magnetic core is not utiliZed in full and that the 
Waveform of the generated voltage/current Will be distorted. 
In addition, eddy losses caused by induced eddy currents in 
the conductors, Which arise because of the geometry of the 
conductors in relation to the B ?eld, Will entail additional 
disadvantages at increasing current densities. 

[0073] A further improvement of the invention is achieved 
by making the coils and the slots in Which the coils are 
placed circular instead of rectangular. By making the coils 
circular, these Will be surrounded by a constant B ?eld 
Without concentrations Where magnetic saturation may arise. 
Also the E ?eld in the coil Will be distributed uniformly over 
the cross section and local loads on the insulation are 
considerably reduced. In addition, it is easier to place 
circular coils in slots in such a Way that the number of coil 
sides per coil group may increase and an increase of the 
voltage may take place Without the current in the conductors 
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having to be increased. The reason is that the cooling of the 
conductors is facilitated by, on the one hand, a loWer current 
density and hence loWer temperature gradients across the 
insulation and, on the other hand, by the circular shape of the 
slots Which entails a more uniform temperature distribution 
over a cross section. Additional improvements may also be 
achieved by composing the conductor from smaller parts, 
so-called strands. The strands may be insulated from each 
other and only a small number of strands may be left 
uninsulated and in contact With the inner semiconducting 
layer, to ensure that is at the same potential as the conductor. 

[0074] One further development of a conductor composed 
of strands is possible in that it is possible to insulate the 
strands With respect to each other in order thus to reduce the 
amount of eddy current losses in the conductor. One or a feW 
of the strands may be left uninsulated to ensure that the 
semiconducting layer surrounding the conductor is at the 
same potential as the conductor. 

[0075] One advantage With circular conductor shapes and 
the division into strands is that the harmonic currents are 
distributed very Well. It may, therefore, be an advantage to 
have more strands in the conductor When harmonic currents 
may arise than When the current is more sinusoidal. 

[0076] It is knoWn that a high-voltage cable for transmis 
sion of electric energy is composed of conductors With 
extruded insulation With an inner and an outer semiconduc 
tor part. During transmission of electric energy, the starting 
point has long been that the insulation should be free from 
defects. 

[0077] Isulation of a conductor for a rotating single 
Winding/multiple-Winding machine according to the inven 
tion may be applied in some other Way than by means of 
extrusion, for example by spraying or the like. It is impor 
tant, hoWever, that the insulation should exhibit similar 
thermal properties through the Whole cross section. The 
semiconducting layers may be supplied With the insulation 
in connection With the insulation being applied to the 
conductors. 

[0078] Preferably, cables With a circular cross section are 
used among other things, to obtain a better packing density, 
cables With a different cross section may be used. 

[0079] To build up a voltage in the rotating high-voltage 
single-Winding/multiple-Winding machine, the cable is dis 
posed in several consecutive turns in slots in the magnetic 
core. 

[0080] When the rotating high-voltage single-Winding/ 
multiple-Winding machine is designed as a single-Winding 
machine, it is normally utiliZed for six-pulse recti?cation. 
NoWadays, ?lter and module methods are available Which 
cause the ripple on the recti?ed six-pulse voltage to be kept 
Within acceptable limits. 

[0081] A rotating high-voltage multiple-Winding machine 
may, in principle, be designed With an optional number of 
Winding systems and an optional number of phases. A 
preferred embodiment consists of a 2x3 phase system, 
electrically displaced relative to each other by 30 electrical 
degrees as is required for a 12-pulse recti?cation. Other 
feasible combinations are a 2x2 phase system, a 4x3 phase 
system, etc. 
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[0082] A rotating high-voltage single-Winding/multiple 
Winding machine according to the invention may operate 
Within a Wide frequency range. For large machines it may be 
a question of a feW hundred HZ Whereas for machines Within 
the loWer poWer range, frequencies of up to a feW kHZ may 
occur. 

[0083] The Winding can be designed as a multi-layer 
concentric cable Winding to reduce the number of coil-end 
crossings. The cable may be made With tapered insulation to 
utiliZe the magnetic core in a better Way, in Which case the 
shape of the slots may be adapted to the tapered insulation 
of the Winding. 

[0084] A signi?cant advantage With a rotating high-volt 
age single-Winding/multiple-Winding machine according to 
the invention is that the E ?eld is near Zero in the coil-end 
region outside the outer semiconductor and that With the 
outer casing at ground potential, the electric ?eld need not 
be controlled. This means that no ?eld concentrations can be 

obtained, neither Within sheets, in coil-end regions, nor in 
the transition therebetWeen. 

[0085] Devices according to the invention offer great 
possibilities of integration of parts included, such as semi 
conductor devices, cooling systems, grounding systems, etc. 
This Will be described in greater detail in connection With 
the description of embodiments. 

[0086] The present invention also relates to a method of 
manufacturing the magnetic circuit and, in particular, the 
Winding. The method for manufacturing comprises dispos 
ing the Winding in the slots by threading a cable into the 
openings in the slots in the magnetic core. Since the cable is 
?exible, it can be bent and this permits a cable length 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. 

[0087] This method entails considerable simpli?cations 
compared With the state of the art. The so-called Roebel bars 
are not ?exible but must be preformed into the desired 
shape. 

[0088] Insulating Windings and impregnation of the coils 
are also exceedingly complicated and expensive techniques 
When manufacturing rotating electric machines today. 

[0089] A rotating high-voltage single-Winding/multiple 
Winding machine according to the invention can also be 
designed as an air-gap-Wound machine Without magnetic 
material or as a machine With magnetic material in the back 
portion only. 

[0090] To sum up, thus, a rotating high-voltage single 
Winding/multiple-Winding machine With converters 
included in a device for speed control according to the 
invention means a considerable number of important advan 
tages in relation to corresponding prior art machines. By 
high voltage are meant here voltages exceeding 10 kV and 
up to the voltage levels Which occur for poWer netWorks. An 
important advantage is that a chosen potential, for example 
ground potential, has been consistently conducted along the 
Whole Winding, Which means that the coil-end region can be 
made compact and that bracing means in the coil-end region 
can be applied at practically ground potential or any other 
chosen potential. Still another important advantage is that 
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oil-based insulation and cooling systems disappear. 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. A considerable space and Weight saving 
from the installation point of vieW is obtained With a rotating 
high-voltage single-Winding/multiple-Winding machine 
according to the invention, since it replaces a previous 
installation design With tWo transformer stages. The very 
large and extensive bushings Which are needed in the 
converter transformers to Withstand the high dc potential to 
Which bushings and Windings are subjected are not needed 
With the machine concept according to the invention. The 
invention requires no superconducting rotor With the prob 
lems associated thereWith, such as maintaining the tempera 
ture, encapsulation, and the like. 

[0091] As is clear from the title of this invention, the 
invention comprises achieving a high-voltage variable 
speed electric machine drive. For this alternative, the above 
mentioned poWer conversion betWeen AC and AC is suitably 
used, Which means ac conversion/ac conversion With an 
arbitrary ratio betWeen the frequency, amplitude, phase 
position, and phase number of the voltages. Such an arrange 
ment functions as a kind of “ac transformer” Which is able 
to reduce or increase the voltage, change frequencies and/or 
change phase numbers. The connection may have a pure 
AC/AC conversion, for example With a matrix converter, but 
may also be designed as a dc intermediate link. 

[0092] The above-mentioned properties make the connec 
tion Well suited to be included in an installation for high 
voltage variable-speed electric machine operation together 
With the rotating high-voltage machine according to the 
invention. As Will have been clear, according to conven 
tional technique described above, the machine may be 
designed as a tWo-Winding machine With feeding via tWo 
three-phase systems With phase-shifted voltages. A connec 
tion for such high-voltage electric machine operation is clear 
from FIG. 4a. 

[0093] FIG. 4a shoWs an installation Which is capable of 
serving both as a motor drive and as a generator drive. For 
economic and other technical/practical reasons, the currently 
maximum suitable voltage level of the machine Windings 
amounts to 25-30 kV. As motor drive, poWer may be 
obtained from an ac netWork Which, for example, may be a 
132 kV netWork. The poWer conversion from alternating 
current With a ?xed mains frequency to the variable voltage 
and frequency Which are needed for speed control takes 
place in the example shoWn via an AC/AC conversion With 
a dc intermediate link, at a higher voltage level than 25-30 
kV. The mains frequency is obtained via a transformer T3 
With tWo secondary Windings to achieve tWo voltage sys 
tems shifted 30 electrical degrees relative to each other. 
These tWo systems each feed an AC/DC converter, AC1 and 
AC2, respectively. The direct voltage from these is then 
converted via the DC/AC converters AC3 and AC4 to tWo 
three-phase voltages, shifted 30 electrical degrees relative to 
each other, With the voltage and the frequency Which are 
needed to drive the motor M and the load, for example a 
pump, With the desired speed. 

[0094] If the connection according to FIG. 4a is to 
describe a generator drive, the generator GF is driven by a 
turbine, and via the AC/AC poWer conversion the Windings 
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of the transformer T3 may have such voltages that the ac 
network is fed With the desired voltage. 

[0095] The connection according to FIG. 4a has four 
parallel dc conductors Which are physically eXtended in 
parallel over a short distance. The dc conductors carry equal 
currents but in tWo directions. In case of a long transmission 
distance, a connection according to FIG. 4b is to prefer, 
since tWo dc connections are eliminated When the converters 
are series-connected. The connection according to FIG. 4b 
causes the Windings of the single-Winding/multiple-Winding 
machine to be subjected to dc potential. 

[0096] The connection according to FIG. 4c is an 
improvement of the connection in FIG. 3 and connects the 
converters in parallel, Which means that the Windings of a 
single-Winding/multiple-Winding machine are not subjected 
to dc potential. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0097] FIG. 1 shoWs a conventional HVDC transmitter 
station. 

[0098] FIG. 2 shoWs an HVDC transmitter station With a 
so-called “Direct Connection”. 

[0099] FIG. 3 shoWs a so-called interphase transformer 
connection. 

[0100] FIGS. 4a, 4b and 4c shoW connections or high 
voltage electric machine drive according to the invention. 

[0101] FIG. 5 shoWs the parts include in the current 
modi?ed standard cabls. 

[0102] FIG. 6 shoWs an embodiment of an aXial end vieW 
of a sector/pole pitch of a magnetic circuit according to the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0103] One important condition for being able to manu 
facture a magnetic circuit in accordance With the summary 
of the invention is to use for the Winding a cable With a 
semiconducting layer surrounding the conductor, Which 
layer is surrounded by a layer of solid electric insulation and 
a semiconducting layer surrounding the solid layer. Such 
cables are available as standard cables for other poWer 
engineering ?elds of use. To be able to describe an embodi 
ment, 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 semiconducting inner casing. Around this semiconducting 
inner casing, there is an insulating layer of solid insulation. 
An eXample of such solid insulation is XLPE or, alterna 
tively, so-called EP rubber such as silicone rubber, thermo 
plastic resins or crosslinked thermoplastic resins. This insu 
lating layer is surrounded by an outer semiconducting layer 
Which, in turn, is surrounded by a metal shield and a sheath. 
Such a cable Will be referred to beloW as a poWer cable. 

[0104] A rotating high-voltage single-Winding/multiple 
Winding machine has as Windings a cable, a preferred 
embodiment of Which is shoWn in FIG. 5. The cable 1 is 
described in the ?gure as comprising a current-carrying 
conductor 2 Which comprises transposed both non-insulated 
and insulated strands. Electromechanically transposed, solid 
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insulated strands are also possible. Around the conductor 
there is an inner semiconducting casing 3 Which, in turn, is 
surrounded by a solid insulating layer 4. This layer is 
surrounded by an outer semiconducting layer 5. The cable 
used as a Winding in the preferred embodiment has no metal 
shield and no eXternal sheath. To avoid induced currents and 
losses associated thereWith in the outer semiconductor, this 
may be cut off, preferably in the coil end, that is, someWhere 
in the transitions from the stack of sheets to the end 
Windings. Each cut-off part is then connected to ground, 
Whereby the outer semiconductor Will be maintained at, or 
near, ground potential in the Whole cable length. This means 
that, around 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 ?elds. 

[0105] To optimiZe a rotating high-voltage single-Wind 
ing/multiple-Winding machine, the design of the magnetic 
circuit as regards the slots and the teeth, respectively, is of 
decisive importance. In the embodiment With a threaded 
cable, the slots should be connected as close to the casing of 
the coil sides as possible. It is also desirable that the teeth at 
each radial level are as Wide as possible. This is important 
to minimiZe the losses, the magnetiZation requirement, etc., 
of the machine. 

[0106] With access to a conductor for the Windings as the 
above-mentioned cable, there are great possibilities 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 high-voltage single-Winding/multiple-Winding 
machine is referred to. FIG. 6 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 conventional manner, the stator is composed 
of a laminated core of electric sheets successively composed 
of sector-shaped sheets. From a back portion 8 of the core, 
located at the radially outermost end, a number of teeth 9 
eXtend radially inWards 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 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 rotor. As is clear from the ?gure, 
the slot substantially consists of a circular cross section 12 
around each layer of the Winding With narroWer Waist 
portions 13 betWeen the layers. With some justi?cation, such 
a slot cross section may be referred to as a “cycle chain slot”. 
Since in such a high-voltage machine, a relatively large 
number of layers Will be needed, and the supply of relevant 
cable dimensions as far as insulation and outer semiconduc 
tors are concerned is limited, it may in practice be difficult 
to achieve a desired continuous tapering of the cable insu 
lation and the stator slot, respectively. In the embodiment 
shoWn in FIG. 6, cables With three different dimensions of 
the cable insulation are used, arranged in three correspond 
ingly dimensioned sections 14, 15 and 16, that is, in practice 
a modi?ed cycle chain slot Will be obtained. The ?gure also 
shoWs that the stator tooth can be shaped With a practically 
constant radial Width along the depth of the Whole slot. 

[0107] In an alternative embodiment, the cable Which is 
used as a Winding may be a conventional poWer cable as the 
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one described above. The grounding of the outer semicon 
ducting shield then takes place by stripping the metal shield 
and the sheath of the cable at suitable locations. 

[0108] The scope of the invention accommodates a large 
number of alternative embodiments, depending on the avail 
able cable dimensions as far as insulation and the outer 
semiconductor layer etc. are concerned. Also embodiments 
With so-called cycle chain slots can be modi?ed in eXcess of 
What has been described here. 

[0109] As mentioned above, the magnetic circuit may be 
located in the stator and/or the rotor of the rotating high 
voltage single-Winding/multiple-Winding machine. HoW 
ever, the design of the magnetic circuit Will largely corre 
spond to the above description independently of Whether the 
magnetic circuit is located in the stator and/or the rotor. As 
mentioned in the introductory part of the description, the 
machine may be designed as an air-gap-Wound machine 
Without magnetic material or With magnetic material in the 
back portion only. 

[0110] As Windings, Windings are preferably used Which 
may be described as multilayer, concentric cable Windings. 
Such Windings mean 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 also permits a 
simpler method for the manufacture and the threading of the 
stator Winding in the different slots. If the machine is made 
as a machine With salient poles, the Winding/Windings Will 
be Wound around the salient poles. 

[0111] In an alternative embodiment of the rotating high 
voltage single-Winding/multiple-Winding machine, the cable 
may be Wound around salient poles in a Way Which 
resembles an embodiment of a high-voltage transformer 
according to SWedish patent application 9700335-4. 

[0112] In the eXamples of embodiments of single-Winding/ 
multiple-Winding machines illustrated here, embodiments 
With a radial ?uX and aXial Winding currents have been used. 
Single-Winding/multiple-Winding machines With an aXial 
air-gap ?uX and radial Winding currents may also be 
designed in a Way similar to that of loW-voltage machines 
using present-day technique. 
[0113] In one embodiment of an installation according to 
the invention, the semiconductor devices may constitute an 
integral part of the high-voltage single-Winding/multiple 
Winding machine. 

[0114] The single-Winding/multiple-Winding machine and 
the semiconductor devices may have a common cooling 
system. 

[0115] The single-Winding/multiple-Winding machine and 
the semiconductor devices shall have the same, and com 
mon, ground connection. 

1. An installation comprising a rotating high-voltage 
single-Winding/multiple-Winding machine and a converter, 
characteriZed in that a mechanical torque is converted into 
direct current and direct voltage via the converter Without 
intermediate transformers and/or reactors. 

2. An installation according to claim 1, characteriZed in 
that the converter comprises semiconductor devices Which 
are connected and function as an AC/DC converter. 

3. An installation comprising a rotating high-voltage 
single-Winding/multiple-Winding machine and a converter, 
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characteriZed in that direct current and direct voltage are 
converted via the converter into a mechanical torque Without 
intermediate transformers and/or reactors. 

4. An installation according to claim 3, characteriZed in 
that the converter comprises semiconductor devices Which 
are connected and function as a DC/AC converter. 

5. An installation according to claims 1 and 2, character 
iZed in that to the AC/DC recti?er there is connected a 
DC/AC inverter With direct connection to an ac netWork 
Without intermediate transformers and/or reactors. 

6. An installation according to claims 3 and 4, character 
iZed in that to the dc side of the DC/AC inverter there is 
connected a DC/AC recti?er With direct connection to an ac 

netWork Without intermediate transformers and/or reactors. 

7. An installation according to claims 2 and 4, character 
iZed in that to the semiconductor devices may consist of 
thyristors, diodes, triacs, gate turn-off thyristors (GTO), 
bipolar transistors (BJT), PWM transistors, MOSFET, insu 
lated gate bipolar transistors (IGBT), static induction tran 
sistors (SIT), static induction thyristors (SITH), MOS-con 
trolled thyristors (MCT) and similar components With 
semiconductor properties. 

8. An installation according to claims 1, 2, 3 and 4, 
characteriZed in that the converters constitute an integral 
part of the rotating high-voltage single-Winding/multiple 
Winding machine. 

9. An installation according to claims 1, 2 and 5, charac 
teriZed in that the converters constitute an integral part of the 
rotating high-voltage single-Winding/multiple-Winding 
machine. 

10. An installation according to claims 1, 2 and 6, 
characteriZed in that the converters constitute an integral 
part of the rotating high-voltage single-Winding/multiple 
Winding machine. 

11. An installation according to claims 1, 2 and 5, char 
acteriZed in that the rotating high-voltage single-Winding/ 
multiple-Winding machine and the semiconductor devices 
have a common cooling system. 

12. An installation according to claims 1, 2 and 6, 
characteriZed in that the rotating high-voltage single-Wind 
ing/multiple-Winding machine and the semiconductor 
devices have a common cooling system. 

13. An installation according to claims 1, 2 and 5, 
characteriZed in that the rotating high-voltage single-Wind 
ing/multiple-Winding machine and the semiconductor 
devices have the same and common ground connection. 

14. An installation according to claims 1, 2 and 6, 
characteriZed in that the rotating high-voltage single-Wind 
ing/multiple-Winding machine and the semiconductor 
devices have the same and common ground connection. 

15. An installation according to claims 1 and 3 and 
Wherein the rotating high-voltage single-Winding/multiple 
Winding machine comprises a magnetic circuit With one or 
more magnetic cores and one or more Windings phase 
shifted in space, characteriZed in that the Windings comprise 
one or more current-carrying conductors (2), that around 
each conductor there is arranged a ?rst layer (3) With 
semiconducting properties, that around the ?rst layer there is 
arranged a solid insulating layer (4), and that around the 
insulating layer there is arranged a second layer (5) With 
semiconducting properties. 
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16. A rotating high-voltage single-Winding/multiple 
Winding machine according to claim 15, characterized in 
that the ?rst layer (3) is at substantially the same potential as 
the conductor. 

17. A rotating high-voltage single-Winding/multiple 
Winding machine according to claim 15, characteriZed in 
that the second layer (5) is arranged in such a Way that it 
constitutes an equipotential surface surrounding the conduc 
tor/conductors. 

18. A rotating high-voltage single-Winding/multiple 
Winding machine according to claim 15, characteriZed in 
that the second layer (5) is connected to ground potential. 

19. A rotating high-voltage single-Winding/multiple 
Winding machine according to claim 15, 16, 17 or 18, 
characteriZed in that, for the Winding, all the semiconducting 
layers and insulating layers exhibit similar thermal proper 
ties, such that, upon a thermal movement in the Winding, no 
defects, cracks, or the like, occur in the insulating parts. 

20. A rotating high-voltage single-Winding/multiple 
Winding machine according to claim 15, characteriZed in 
that the current-carrying conductor comprises a number of 
strands, Whereby only a small number of the strands are 
non-insulated from each other. 

21. A rotating high-voltage single-Winding/multiple 
Winding machine Wherein the magnetic circuit comprises a 
magnetic core and one or more Windings phase-shifted in 
space, characteriZed in that the Windings comprise a cable 
including one or more current carrying conductors (2), that 
each conductor comprises a number of strands, that around 
each conductor there is arranged an inner semiconducting 
layer (3), around Which there is arranged an insulating layer 
(4) of solid insulation, around Which there is arranged an 
outer semiconducting layer 

22. A rotating high-voltage single-Winding/multiple 
Winding machine With a magnetic circuit according to claim 
21, characteriZed in that the cable also comprises a metal 
shield and/or a protective layer. 

23. A rotating high-voltage single-Winding/multiple 
Winding machine according to claim 21, characteriZed in 
that the magnetic circuit is arranged in the stator and/or the 
rotor of the rotating electric machine. 

24. A rotating high-voltage single-Winding/multiple 
Winding machine according to claim 21, characteriZed in 
that the outer semiconducting layer (5) is cut off into a 
number of parts Which are separately connected to ground 
potential. 

25. A rotating high-voltage single-Winding/multiple 
Winding machine according to claim 21, 22, 23 or 24, 
characteriZed in that With connection of the outer semicon 
ducting layer to ground potential, the electric ?eld of the 
machine outside the semiconducting layer both in the slots 
and in the coil-end region Will be near Zero. 

26. A rotating high-voltage single-Winding/multiple 
Winding machine according to claims 21 and 22, character 
iZed in that, When the cable comprises several conductors, 
these are transposed. 

27. A rotating high-voltage single-Winding/multiple 
Winding machine With a magnetic circuit according to claim 
21, characteriZed in that the current-carrying conductor/ 
conductors (2) comprise both non-insulated and insulated 
Wires, stranded into a number of layers. 

28. A rotating high-voltage single-Winding/multiple 
Winding machine With a magnetic circuit according to claim 
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21, characteriZed in that the current-carrying conductor/ 
conductors (2) comprise both non-insulated and insulated 
strands, transposed into a number of layers. 

29. A rotating high-voltage single-Winding/multiple 
Winding machine With a magnetic circuit according to claim 
21, characteriZed in that the slots (10) are formed as a 
number of cylindrical openings (12), extending axially and 
radially outside one another, With a substantially circular 
cross section separated by a narroWer Waist portion (13) 
betWeen the cylindrical openings. 

30. A rotating high-voltage single-Winding/multiple 
Winding machine With a magnetic circuit according to 
claims 21 and 29, characteriZed in that the substantially 
circular cross section of the cylindrical openings (12) of the 
slots, counting from a back portion (8) of the laminated core, 
is designed With a continuously decreasing radius. 

31. A rotating high-voltage single-Winding/multiple 
Winding machine With a magnetic circuit according to 
claims 21 and 29, characteriZed in that the substantially 
circular cross section of the cylindrical openings (12) of the 
slots, counting from a back portion (8) of the laminated core, 
is designed With a discontinuously decreasing radius. 

32. A rotating high-voltage single-Winding/multiple 
Winding machine Wherein the magnetic circuit comprises a 
magnetic core and one or more Windings, phase-shifted in 
space, characteriZed in that the magnetic core is formed With 
salient poles. 

33. A rotating high-voltage single-Winding/multiple 
Winding machine, characteriZed in that it is air-gap-Wound. 

34. A rotating high-voltage single-Winding/multiple 
Winding machine, characteriZed in that the air-gap ?ux is 
radial. 

35. A rotating high-voltage single-Winding/multiple 
Winding machine, characteriZed in that the air-gap ?ux is 
axial. 

36. A method for manufacturing a rotating high-voltage 
single-Winding/multiple-Winding machine comprising a 
magnetic circuit comprising a magnetic core comprising 
slots, channels or the like, Whereby these slots etc. have at 
least one opening, accessible from the outside of the mag 
netic core, and a Winding, characteriZed in that the Winding 
is ?exible and is threaded into the opening. 

37. A method for manufacturing a magnetic circuit for a 
rotating high-voltage single-Winding/multiple-Winding 
machine, Wherein the magnetic circuit is arranged in the 
stator and/or rotor of the rotating electric machine, Which 
magnetic circuit comprises a magnetic core (8) With slots 
(10) for tWo or more Windings (1), phase-shifted in space, 
and Wherein the slots are formed as cylindrical openings 
(12), extending axially and radially, outside one another, 
With a substantially circular cross section, the method being 
characteriZed in that the Winding comprises a cable Which is 
threaded into the cylindrical openings. 

38. A method for manufacturing a magnetic circuit for a 
rotating high-voltage single-Winding/multiple-Winding 
machine, Wherein the magnetic circuit is arranged in the 
stator and/or rotor of the rotating electric machine and is 
formed as salient poles, the method being characteriZed in 
that the Winding comprises a cable Which is Wound around 
the salient poles. 


