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(54) Title: CONTACTLESS POWER TRANSFER DEVICE AND METHOD

(57) Abstract: A contactless power transfer device
for transferring electrical power from a nacelle to a

FIG. 4 hub of a wind turbine is provided. The power trans
fer device includes power input terminals arranged
at the nacelle for inputting electrical input power
and power output terminals arranged at the hub for
outputting electrical output power. A wound rotor
radial flux electrical machine is provided which has
at least one stationary winding electrically connec
ted to the power input terminals and arranged at a
stationary component coupled to the nacelle, and at
least one rotatable winding electrically connected to
the power output terminals and arranged at a rotat
able component coupled to the hub, for converting
the electrical input power into the electrical output
power.
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CONTACTLESS POWER TRANSFER DEVICE

AND METHOD

BACKGROUND OF THE INVENTION

[00 ] The subject matter described herein relates generally to methods

and systems for operating electrical devices in a wi d turbine, and more particularly, to

methods and systems for transferring electrical power from a nacelle to a rotor hub of the

wind turbine.

[0002] Generally, a wind turbine includes a turbine thai has a rotor that

includes a rotatable hub assembly having multiple blades. The blades transform wind

energy into a mechanical rotational torque that drives one or more generators via the

rotor. The generators are sometimes, but not always, rotationally coupled to the rotor

through a gearbox. The gearbox steps up the inherently low rotational speed of the rotor

for the generator to efficiently convert the rotational mechanical energy to electrical

energy, which is fed into a utility grid via at least one electrical connection. Gearless

direct drive wind turbines also exist. The rotor, generator, gearbox and other components

are typically mounted within a housing, or nacelle, that is positioned on top of a base that

may be a truss or tubular tower.

[0003] Some wind turbine configurations include double-fed induction

generators (DFiGs) for the production of electrical energy. Such configurations may also

include power converters tha are used to convert a frequency of generated electrical

power to a frequency substantially similar to a utility grid frequency. Moreover, such

converters, in conjunction with the DFIG, also transmit electrical power between the

utility grid and the generator as well as transmit generator excitation power to a wound

generator rotor from one of the connections to the electrical utility grid connection.

Alternatively, some wind turbine configurations include, but are not limited to,

alternative types of induction generators, permanent magnet (PM) synchronous

generators and electrically-excited synchronous generators and switched reluctance

generators. These alternative configurations may also include power converters that are



used to convert the frequencies as described above and transmit electrical power between

the uti y grid and the generator.

[0004] Known wind turbines have a plurality of mechanical and

electrical components. Each electrical and/or mechanical component may have

independent or different operating limitations, such as current, voltage, power, and/or

temperature limits, than other components. Moreover, known wind turbines typically are

designed and/or assembled with predefined rated power limits. To operate within such

rated power limits, the electrical and/or mechanical components may be operated with

large margins for the operating limitations. Such operation may result in inefficient wind

turbine operation, and a power generation capability of the wind turbine may be

underutilized.

[0005] n a hub of a wind turbine, electrical devices are arranged which

are supplied with electrical power. The electrical devices include e.g. pitch motors, plate

position control, electronic control devices etc. During operation of the wind turbine, a

transfer of electrical power and communication signals for controlling components of the

wind turbine may be transferred between a stationary component, i.e. the nacelle of the

wind turbine, and a rotatable component, i.e. the rotor hub. Power transfer in many cases

is typically provided by a slip ring which provides an electrical contact between

terminals arranged at the nacelle and electrical terminals arranged at the hub such that a

power transfer may be provided during the rotation of the rotor hub. Slip ring

arrangements, however, are complicated to set-up and sometimes only provide unreliable

power transfer. Thus, the cost of quality, such as cost of repairs, maintenance,

replacement and revenue loss due to up-down times of the wind turbine, increase in case

of slip ring failures n order to provide electrical power for electrical and electronic

components which are arranged within the rotatable hub. a reliable power transfer by

means of a rugged device is desired.



BRIEF DESCRIPTION OF THE INVENTION

[0006] n one aspect, a contactless power transfer device for

transferring electrical power from a nacelle to a hub of a wind turbine is provided, the

contactless power transfer device including power input terminals arranged at the

nacelle for inputting electrical input power, power output terminals arranged at the hub

for outputting electrical output power, and a wound rotor radial flux electrical machine

having at least one stationary component and at least one rotatable component, wherein

the stationary component is coupled to the nacelle and has at least one stationary

winding connected to the power input terminals, and wherein the rotatable component is

coupled to the hub and has at least one rotatable winding connected to the power output

terminals.

[0007] n another aspect, a wind turbine is provided including a

contactless power transfer device for transferring electrical power from a nacelle to a

hub of said wind turbine, the contactless power transfer device including power input

ienninals arranged at the nacelle for inputting electrical input power, power output

ienninals arrangai at the hub for outputting electrical output power, and a wound rotor

radial flux electrical machine having at least one stationary component and at least one

rotatable component, wherein the stationary component is coupled to the nacelle and

has at least one stationary winding connected to the power input terminals, and wherein

the rotatable component is coupled to the hub and has at least one rotatable winding

connected to the power output terminals.

[0008] In yet another aspect, a method for transferring electrical power

from a nacelle to a hub of a wind turbine during operation of the wind turbine is

provided, the method including providing electrical input power at the nacelle

transferring at least a portion of the electrical input power from the nacelle to the hub

via a wound rotor radial flux electrical machine, receiving the transferred electrical

power at the hub, and outputting the received electrical power as electrical output

power.



[0009] Further aspects, advantages and features of the present

invention are apparent from the dependent claims, the description and the

accompanying drawings

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A full and enabling disclosure including the best mode thereof,

to one of ordinary skill in the art, is set forth more particularly in the remainder of the

specification, including reference to the accompanying figures wherein:

[00 ] Figure 1 is a perspective view of a portion of an exemplary

wind turbine

[0012] Figure 2 is a schematic view of an exemplary electrical and

control system suitable for use with the wind turbine shown in Figure .

[0013] Figure 3 is a schematic block diagram of a system for power

and data transfer between a nacelle and a hub of a wind turbine according to a typical

embodiment.

[0014] Figure 4 is a schematic drawing of an arrangement of a

contactiess power transfer device with respect to a rotor shaft of the wind turbine

according to a typical embodiment.

[00 5] Figure 5 is a schematic configuration of an equivalent circuit of

a wound rotor radial flux electrical machine, according to another typical embodiment.

[0016] Figure 6 is a flowchart illustrating a method for transferring

electrical power from a nacelle to a hub of a wind turbine during operation of the wind

turbine.

[0017] Figure 7 is a flowchart illustrating a method for transferring

electrical power from a nacelle to a hub of a wind turbine during operation of the wind

turbine, according to a further typical embodiment.



DETAILED DESCRIPTION OF THE INVENTION

[0 8] Reference will now be made in detail to the various

embodiments, one or more examples of which are illustrated in each figure. Each

example is provided by way of explanation and is not meant as a limitation. For

example, features illustrated or described as part of one embodiment can be used on or

in conjunction with other embodiments to yield yet further embodiments t is intended

that the present disclosure includes such modifications and variations.

[0019] The embodiments described herein include a wind turbine

system that provides electrical power transfer from a nacelle to a rotatable hub of the

wind turbine. More specifically, a transfer of electrical power is provided by a

contactiess means, such as an induction motor or an induction machine such as a wound

rotor radial flux electrical machine. An induction motor is based on a power transfer

without slip rings or galvanic contact such as brush contacts. The induction motor

includes a stationary component stator coupled to the nacelle and a rotaiable component

coupled to the hub. Both the stationary component and the rotatable may include at least

one set of windings which provide inductive transfer of electrical energy. According to

a typical embodiment, the stationary component may be coupled to the nacelle and may

include at least one stationary winding connected to power input terminals, wherein the

rotaiable component may be coupled to the hub and may include least one rotatable

winding connected to the power output terminals

[0020] As used herein, the term "stationary component" is intended to

be representative of a component of the contactiess power transfer device which is

located in the nacelle of the wind turbine, i .e. the term "stationary component" is

intended to be representative of a component of the contactiess power transfer device

which is not rotating. On the other hand, as used herein, the term "rotatable component"

is intended to be representative of a component of the contactiess power transfer device

which is located in the rotor hub of the wind turbine, i .e. the term "rotatable component"

is intended to be representative of a component of the contactiess power transfer device

which is rotatable, e.g. with the hub. As used herein, the ter "blade" is intended to be

representative of any device that provides a reactive force when in motion relative to a



surrounding fluid. As used herein, the term "wind turbine" is intended to be

representative of any device tha generates rotational energy from wind energy, and

more specifically, conveils kinetic energy of wind into mechanical energy. As used

herein, the term "wind generator" is intended to be representative of any wind turbine

that generates electrical power from rotational energy generated from wind energy, and

more specifically, converts mechanical energy converted from kinetic energy of wind to

electrical power.

[0021] Figure 1 is a perspective view of a portion of an exemplary

wind turbine 100. Wind turbine 100 includes a nacelle 02 housing a generator (not

shown in Figure 1). Nacelle 02 is mounted on a tower 104 (a portion of tower 4

being shown in Figure 1). Tower 104 may have any suitable height that facilitates

operation of wind turbine 100 as described herein. Wind turbine 100 also includes a

rotor 106 that includes three b des 08 attached to a rotatable hub 10. Alternatively,

wind turbine 100 includes any number of blades 08 that facilitates operation of wind

turbine 100 as described herein. In the exemplary embodiment, wind turbine 100

includes a gearbox (not shown in Figure 1) operative! y coupled to rotor 06 and a

generator (not shown in Figure ).

[0022] Figure 2 is a schematic view of an exemplary electrical and

control system 200 that may be used with wind turbine 100. Rotor 106 includes blades

108 coupled to hub 0 . Rotor 106 also includes a low-speed shaft 12 rotatably

coupied to hub 10. Low-speed shaft 112 is coupled to a step-up gearbox 4 that is

configured to step up the rotational speed of low-speed shaft and transfer that speed

to a high-speed shaft 16. In the exemplary embodiment, gearbox 1 4 has a step-up

ratio of approximately 70:1. For example, low-speed shaft 112 rotating at approximately

20 revolutions per minute (rpm) coupled to gearbox 4 with an approximately 70:1

step-up ratio generates a speed for high-speed shaft 16 of approximately 1400 rpm.

Alternatively, gearbox 4 has any suitable step-up ratio that facilitates operation of

wind turbine 100 as described herein. As a further alternative, wind turbine 00 includes

a direct-drive generator that is rotatably coupled to rotor 106 without any intervening

gearbox.



[0023] High-speed shaft 6 is rota (ably coupled to generator 118. In

the exemplary embodiment, generator 8 is a wound rotor, three-phase, double-fed

induction (asynchronous) generator (DFIG) that includes a generator stator 320

magnetically coupled to a generator rotor 122. In an alternative embodiment, generator

rotor 122 includes a plurality of permanent magnets in place of rotor windings.

[0024] Electrical and control system 200 includes a turbine controller

202. Turbine controller 202 includes at least one processor and a memory at least one

processor input channel, at least one processor output channel, and may include at least

one computer (none shown in Figure 2). As used herein, the term computer is not

limited to integrated circuits referred to in the art as a computer, but broadly refers to a

processor, a microcontroller, a microcomputer, a programmable logic controller (PLC),

an application specific integrated circuit, and other programmable circuits (none shown

in Figure 2), and these terms are used interchangeably herein. In the exemplary

embodiment, memory may include, but is not limited to, a computer-readable medium,

such as a random access memory (RAM) (none shown in Figure 2). Alternatively, one

or more storage devices, such as a floppy disk, a compact disc read only memory (CD-

ROM), a magneto-optical disk (MOD), and/or a digital versatile disc (DVD) (none

shown in Figure 2) may also be used. Also, in the exemplary embodiment, additional

input channels (not shown in Figure 2) may be, but are not limited to, computer

peripherals associated with an operator interface such as a mouse and a keyboard

(neither shown in Figure 2). Further, in the exemplary embodiment, additional output

channels may include, but are not limited to, an operator interface monitor (not shown

in Figure 2).

[0025] Processors or turbine controller 202 process information

transmitted from a plurality of electrical and electronic devices that may include, but are

not limited to, voltage and current transducers. RAM and/or storage devices store and

transfer information and instructions to be executed by the processor. RAM and/or

storage devices can also be used to store and provide temporary variables, static (i.e.,

non-changing) infonnaiion and instructions, or other intermediate information to the

processors during execution of instructions by the processors. Instructions that are



executed include, but are not limited to, resident conversion and/or comparator

algorithms. The execution of sequences of instructions is not limited to any specific

combination of hardware circuitry and software instructions.

[0026] Generator stator 120 is electrically coupled to a stator

synchronizing switch 206 via a stator bus 208. n an exemplary embodiment, to

facilitate the DF G configuration, generator rotor 122 is electrically coupled to a bi¬

directional power conversion assembly 21 via a rotor bus 2. Alternatively, generator

rotor 1 2 is electrically coupled to rotor bus 2 via any other device that facilitates

operation of electrical and control system 200 as described herein. As a further

alternative, electrical and control system 200 is configured as a full power conversion

system (not shown) that includes a full power conversion assembly (not shown in

Figure 2) similar in design and operation to power conversion assembly 210 and

electrically coupled to generator stator 120. The full power conversion assembly

facilitates channeling electric power between generator stator 20 and an electric power

transmission and distribution grid (not shown). In the exemplary embodiment, stator bus

208 transmits three-phase power from generator stator 120 to stator synchronizing

switch 206. Rotor bus 212 transmits three-phase power from generator rotor 122 to

power conversion assembly 210. In the exemplary embodiment, stator synchronizing

switch 206 is electrically coupled to a mai transformer circuit breaker 2 4 via a system

bus 2 1 . In an alternative embodiment, one or more fuses (not shown) are used instead

of main transformer circuit breaker 214, In another embodiment, neither fuses nor main

transformer circuit breaker 214 is used.

[0027] Power conversion assembly 210 includes a rotor filter 2 8 tha

is electrically coupled to generator rotor 122 via rotor bus 212. A rotor filter bus 219

electrically couples rotor filter 2 to a rotor-side power converter 220, and rotor-side

power converter 220 is electrically coupled to a line-side power converter 222. Rotor-

side power converter 220 and line-side power converter 222 are power converter

bridges including power semiconductors (not shown). In the exemplary embodiment,

rotor-side power converter 220 and line-side power converter 222 are configured in a

three-phase, pulse width modulation (PWM) configuration including insulated gate



bipolar transistor (IGBT) switching devices (not shown i Figure 2) that operate as

known in the art. Alternatively, rotor-side power converter 220 and line-side power

converter 222 have any configuration using any switching devices that facilitate

operation of electrical and control system 200 as described herein. Power conversion

assembly 210 is coupled in electronic data communication with turbine controller 202 to

control the operation of rotor-side power converter 220 and line-side power converter

[0028] n the exemplary embodiment, a line-side power converter bus

223 electrically couples line-side power converter 222 to a line filter 224. Also, a line

bus 225 electrically couples line filter 224 to a line contactor 226. Moreover, line

contactor 226 is electrically coupled to a conversion circuit breaker 228 via a

conversion circuit breaker bus 230. In addition, conversion circuit breaker 228 is

electrically coupled to main transformer circuit breaker 2 4 via system bus 216 and a

connection bus 232. Alternatively, line filter 224 is electrically coupled to system bus

2 6 directly via connection bus 232 and includes any suitable protection scheme (not

shown) configured to account for removal of line contactor 226 and conversion circuit

breaker 228 from electrical and control system 200. Main transformer circuit breaker

214 is electrically coupled to an electric power main transformer 234 via a generator-

side bus 236. Main transformer 234 is electrically coupled to a grid circuit breaker 238

via a breaker-side bus 240. Grid circuit breaker 238 is connected to the electric power

transmission and distribution grid via a grid bus 242. n an alternative embodiment,

main transformer 234 is electrically coupled to one or more rases (not shown), rather

than to grid circuit breaker 238, via breaker-side bus 240. In another embodiment,

neither fuses nor grid circuit breaker 238 is used, but rather main transformer 234 is

coupled to the electric power transmission and distribution grid via breaker-side bus 240

and grid bus 242.

[0029] In the exemplary embodiment, rotor-side power converter 220

is coupled in electrical communication with Sine-side power converter 222 via a single

direct current (DC) link 244 Alternatively, rotor-side power converter 220 and line-side

power converter 222 are electrically coupled via individual and separate DC links (not



shown in Figure 2). DC link 244 includes a positive rail 246, a negative rail 248, and at

least one capacitor 250 coupled between positive rail 246 and negative rail 248

Alternatively, capacitor 250 includes one or more capacitors configured in series and/or

in parallel between positive rail 246 and negative rail 248.

[0030] Turbine controller 202 is configured to receive a plurality of

voltage and electric current measurement signals from a first set of voltage and electric

current sensors 252 Moreover turbine controller 202 is configured to monitor and

control at least some of the operational variables associated with wind turbine 100. n

the exemplary embodiment, each of three voltage and electric current sensors 252 are

electrically coupled to each one of the three phases of grid bus 242. Alternatively,

voltage and electric current sensors 252 are electrically coupled to system bus 2 . As a

further alternative, voltage and electric current sensors 252 are electrically coupled to

any portion of electrical and control system 200 that facilitates operation of electrical

and control system 200 as described herein. As a still further alternative, turbine

controller 202 is configured to receive any number of voltage and electric current

measurement signals from any number of voltage and electric current sensors 252

including, but not limited to, one voltage and electric current measurement signal from

one transducer.

[0031] As shown in Figure 2, electrical and control system 200 also

includes a converter controller 262 tha is configured to receive a plurality of voltage

and electric current measurement signals. For example, in one embodiment, converter

controller 262 receives voltage and electric current measurement signals from a second

set of voltage and electric current sensors 254 coupled in electronic data communication

with stator bus 208. Converter controller 262 receives a third set of voltage and electric

current measurement signals from a third set of voltage and electric current sensors 256

coupled in electronic data communication with rotor bus 212. Converter controller 262

also receives a fourth set of voltage and electric current measurement signals from a

fourth set of voltage and electric current sensors 264 coupled in electronic data

communication with conversion circuit breaker bus 230. Second set of voltage and

electric current sensors 254 is substantially similar to first set. of voltage and electric



current sensors 252, and fourth set of voltage and electric current sensors 264 is

substantially similar to third set of voltage and electric current sensors 256. Converter

controller 262 is substantially similar to turbine controller 202 and is coupled in

electronic data communication with turbine controller 202. Moreover, in the exemplary

embodiment, converter controller 262 is physically integrated within power conversion

assembly 210. Alternatively, converter controller 262 has any configuration that

facilitates operation of electrical and control system 200 as described herein.

[0032] During operation, wind impacts blades 108 and blades 108

transform wind energy into a mechanical rotational torque tha rotaiably drives low-

speed shaft 1 via hub 10. Low-speed shaft 112 drives gearbox 1 that subsequently

steps up the low rotational speed of low-speed shaft 2 to drive high-speed shaft 16 at

an increased rotational speed. High speed shaft 6 rotaiably drives generator rotor 2 .

A rotating magnetic field is induced by generator rotor 122 and a voltage is induced

within generator stator 120 that is magnetically coupled to generator rotor 122.

Generator 8 converts the rotational mechanical energy to a sinusoidal, three-phase

alternating current (AC) electrical energy signal in generator stator 20. The associated

electrical power is transmitted to main transformer 234 via stator bus 208, stator

synchronizing switch 206, system bus 216, main transformer circuit breaker 2 4 and

generator-side bus 236. Main transformer 234 steps up the voltage amplitude of the

electrical power and the transformed electrical power is further transmitted to a grid via

breaker-side bus 240, grid circuit breaker 238 and grid bus 242.

[0033] In the exemplary embodiment, a second electrical power

transmission path is provided. Electrical, three-phase, sinusoidal, AC power is generated

within generator rotor 2 and is transmitted to power conversion assembly 0 via

rotor bus 212. Within power conversion assembly 210, the electrical power is

transmitted to rotor filter 2 8 and the electrical power is modified for the rate of change

of the PWM signals associated with rotor-side power converter 220. Rotor-side power

converter 220 acts as a rectifier and rectifies the sinusoidal, three-phase AC power to

DC power. The DC power is transmitted into DC link 244. Capacitor 250 facilitates



mitigating DC link 244 voltage amplitude variations by facilitating mitigation of a DC

ripple associated with A rectification.

[0034] The DC power is subsequently transmitted from DC link 244 to

line-side power converter 222 and line-side power converter 222 acts as an inverter

configured to convert the DC electrical power fro DC link 244 to three-phase,

sinusoidal AC electrical power with pre-determined voltages, currents, and frequencies.

This conversion is monitored and controlled via converter controller 262. The converted

AC power is transmitted from line-side power converter 222 to system bus 216 via line-

side power converter bus 223 and line bus 225, line contactor 226, conversion circuit

breaker bus 230, conversion circuit breaker 228, and connection bus 232. Line filter 224

compensates or adjusts for harmonic currents in the electric power transmitted from

line-side power converter 222. Stator synchronizing switch 206 is configured to close to

facilitate connecting the three-phase power from generator stator 120 with the three-

phase power from power conversion assembly 0.

[0035] Conversion circuit breaker 228, main transformer circuit

breaker 214, and grid circuit breaker 238 are configured to disconnect corresponding

buses, for example, when excessive current flow may damage the components of

electrical and control system 200. Additional protection components are also provided

including line contactor 226, which may be controlled to form a disconnect by opening

a switch (not shown in Figure 2) corresponding to each line of line bus 225.

[0036] Power conversion assembly 210 compensates or adjusts the

frequency of the three-phase power from generator rotor 122 for changes, for example,

in the wind speed at hub 1 and blades 108. Therefore, in this manner, mechanical and

electrical rotor frequencies are decoupled fro stator frequency.

[0037] Under some conditions, the bi-directional characteristics of

power conversion assembly 210, and specifically, the bi-directional characteristics of

rotor-side power converter 220 and line-side power converter 222, facilitate feeding

back at least some of the generated electrical power into generator rotor 122. More

specifically, electrical power is transmitted from system bus 216 to connection bus 232



and subsequently through conversion circuit breaker 228 and conversion circuit breaker

bus 230 into power conversion assembly 0. Within power conversion assembly 210,

the electrical power is transmitted through line contactor 226, line bus 225, and line-side

power converter bus 223 into line-side power converter 222. Line-side power converter

222 acts as a rectifier and rectifies the sinusoidal, three-phase AC power to DC power.

The DC power is transmitted into DC link 244. Capacitor 250 facilitates mitigating DC

link 244 voltage amplitude variations by facilitating mitigation of a DC ripple

sometimes associated with three-phase AC rectification.

[0038] The DC power is subsequently transmitted from DC link 244 to

rotor-side power converter 220 and rotor-side power converter 220 acts as an inverter

configured to convert the DC electrical power transmitted from DC link 244 to a three-

phase, sinusoidal AC electrical power with pre-determined voltages, currents, and

frequencies. This conversion is monitored and controlled via converter controller 262.

The converted AC power is transmitted from rotor-side power converter 220 to rotor

filter 218 via rotor filter bus 219 and is subsequently transmitted to generator rotor 122

via rotor bus 212, thereby facilitating sub-synchronous operation.

[0039] Power conversion assembly 2 0 is configured to receive control

signals from turbine controller 202. The control signals are based on sensed conditions

or operating characteristics of wind turbine 00 and electrical and control system 200.

The control signals are received by turbine controller 202 and used to control operation

of power conversion assembly 0. Feedback from one or more sensors may be used by

electrical and control system 200 to control power conversion assembly 210 via

converter controller 262 including, for example, conversion circuit breaker bus 230,

stator bus and rotor bus voltages or current feedbacks via second set of voltage and

electric current sensors 254, third set of voltage and electric current sensors 256, and

fourth set of voltage and electric current sensors 264. Using this feedback information,

and for example, switching control signals, stator synchronizing switch control signals

and system circuit breaker control (trip) signals may be generated in any know manner.

For example, for a grid voltage transient with predetermined characteristics, converter

controller 262 will at least temporarily substantially suspend the IGBTs from



conducting within line-side power converter 222. Such suspension of operation of line-

side power converter 222 will substantially mitigate electric power being channeled

through power conversion assembly 2 0 to approximately zero.

[0040] Figure 3 is a block diagram of a transfer device for contactless

transfer of electrical power and communication signals from the nacelle 102 to the hub

10 of the wind turbine 100. As shown in Figure 3, electrical power 404 and

communication signals 405 are transferred between the hub 0 and the nacelle 2 via

a contactless power transfer device 300 including a wound rotor radial flux electrical

machine (wound rotor electrical machine). For providing contactless power transfer, the

nacelle 2 includes a power supply 4 which is connected to the contactless power

transfer device 300. On the other hand, a power converter 1 arranged within the hub

110 of the wind turbine 100 is connected to an output side of the contactless power

transfer device 300. As the power transfer device 300 includes the wound rotor radial

flux electrical machine, a contactless power transfer between a stationary component,

e.g. the nacelle 102 of the wind turbine 100 and a rotatable component, e.g. the hub 10

of the wind turbine 00, tay be provided. A frequency of the electrical input power

may be provided by means of the converter or an inverter, and a frequency of the

electrical output power may vary in accordance with the frequency of the electrical

input power when the wind turbine is rotating. Outputting the received electrical power

may include outputting the received electrical power at an output frequency different

from a frequency of the electrical input power.

[0041 ] Furthermore, a nacelle-based transceiver module 402 is shown

to be arranged within the nacelle 102. The nacelle-based transceiver module 402 may be

used for communicating control signals via the power transfer device 300. At the

rotatable component, i.e. at the hub 110 of the wind turbine, a corresponding hub-based

transceiver module 403 is arranged which may communicate control signals via the

power transfer device 300. The contactless power transfer device 300 which may

include the wound rotor radial flux electrical machine wil be described herein belo

with respect to Figure 4 . Besides transfer of communication signals via the contactless



power transfer device 300, communication and/or control signals may be transferred via

links, Bluetooth, WLAN, or other appropriate wireless systems.

[0042] It is noted here, although not shown in Figure 3, that the power

supply may be represented by a utility grid which is connected to components and

systems within the nacelle 102 of the wind turbine 00 The power converter 3

provides electrical power for electrical and electronic components within the hub 110,

wherein the electrical power provided by the power converter 3 11 is in a range from 5

kVA to 20 kVA, typically in a range from 8 k to 14 kVA, and more typically

amounts to approximately 1 kVA.

[0043] t is noted here, although the main application for the power

transfer device 300 according to typical embodiments is a power transfer from the

nacelle 02 to the hub 0 of the wind turbine 100, a power transfer from the hub 0 to

the nacelle 2 of the wind turbine may be provided as well.

[0044] Figure 4 is a schematic drawing illustrating the set-up of the

contactless power transfer device 300 within the nacelle 02 of the wind turbine 100. As

shown in Figure 4, the power transfer device 300 includes a stationary component 301

and a rotatable component 302. According to a typical embodiment the stationary

component 3 may be fixedly mounted at the nacelle, wherein the rotatable component

302 may be coupled to a rotor shaft 3 6 of the roior of the wind turbine 100 and may

thus rotate together with the rotor. The rotor shaft is connected to the generator 1

which in turn may be coupled to a gearbox 114 which can be provided optionally. The

ow speed shaft 2 (see Fig. 2) may be connected through the generator 18 and the

gearbox 1 4 to the rotatable component 302. Thereby, the rotor shaft 3 rotates with

the hub having attached thereon the rotor blades 108 to the rotor 106. The power

transfer device 300 is designed for transferring electrical power 404 from the nacelle

02 to the hub 110 of the wind turbine 00.

[0045] In other words, electrical input power which is applied at power

input terminals 314 of the contactless power transfer device 300 is inductively coupled

from the stationary component 30 to the rotatable component 302 such that transferred



electrical input power may be output from output terminals 5 provided at the rotatable

component 302. The contactless power transfer device 300 may include a wound rotor

radial flux electrical machine having at least one stationary winding electrically

connected to the power input terminals 314 and arranged at the stationary component

301 coupled to the nacelle 102, and at least one rotatable winding electrically connected

to the power output terminals 5 and arranged at the rotatable component 302 coupled

to the hub 10. Thus, the electrical input power may be converted into the electrical

output power. In order to provide an efficient power transfer between the nacelle 102

and the hub 0 of the wind turbine 100, no particular alignment except the rotation axis

set-up of the wound rotor radial flux electrical machine in an alignment with the axis of

the rotor shaft 316 may be provided. The wound rotor radial flux electrical machine

may include at least one stationary component 30 and at least one rotatable component

302, wherein the stationary component 301 is coupled to the nacelle 02 and has at least

one stationary winding connected to the power input terminals and wherein the

rotatable component 302 is coupled to the hub 0 and has at least one rotatable

winding connected to the power output terminals.

[0046] The wound rotor radial flux electrical machine may be formed

of at least one of a doubly-fed electrical machine, an asynchronous wound rotor

induction machine, an external rotor electrical machine, and any combination thereof.

As the wound rotor radial flux electrical machine is not mechanically driven by the

electrical input power, but by the rotation of the rotor 06 of the wind turbine 00, the

form of power at the input and the output of the wound rotor radial flux electrical

machine is not changed, i.e. electrical input power provided at the power input terminals

3 4 arranged at the nacelle 02 is converted into electrical output power provided at the

power output terminals 3 5 which are rotating with the hub 0 . Moreover, a frequency

converter may be provided which may be connected to the input terminals or the output

terminals,

[0047] Although not shown in Figure 4, besides the transfer of

electrical power from the stationary component 301 to the rotatable component 302,

communication signal transfer 405 may be provided via induction between at least one



stationary winding provided at the stationary component and at least one ro atabl

winding provided at the rotatable component. In accordance with the rotation of the

rotor 106 of the wind turbine 100, at least one rotatable winding arranged at the

rotatable component 302 of the contactless power transfer device 300 can be rotated

with respect to the at least one stationary winding arranged at the stationary component

301 of the power transfer device 0.

[0048] A power rating of the wound rotor radial flux electrical machine

which is included in the power transfer device 300 may be in a range from 5 to 20

kVA, typically from 8 kVA to kVA, and more typically the power rating amounts to

approximately 1 kVA. The axis of the wound rotor radial flux electrical machine

provided in the power transfer device 300 may be arranged such that the rotation axis of

the machine approximately coincides with an axis of the rotor shaft 316 of the rotor of

the wind turbine.

[0049] According to a typical embodiment described herein, wind

turbines 100 having electrical pitch control mechanisms for plate position control

include a power transfer device 300 for transfer of electrical power from the nacelle 102

as stationary component 301 to the hub 10 as rotatable component 302. Thereby, the

plate position may be controlled. Furthermore, besides power transfer communication

signal transfer may be achieved. By using a wound rotor radial flux electrical machine

for power and signal transfer, failures occurring when using slip rings and cost of

maintenance may be reduced. According to a typical embodiment, which may be

combined with other embodiments described herein, an induction machine with wound

rotor may be provided for contactless power and signal transfer. The power rating of the

radial flux electrical machine may be adapted to the power requirements of electrical

and electronic components in the hub 0 and according to losses in the transfer of

electrical power from the nacelle 102 to the hub 10 of the wind turbine 100.

[0050] As indicated in Figure 4, the positioning of the contactless

power transfer device 300 may be provided at the end of the rotor shaft 3 16. A shaft of

the wound rotor radial flux electrical machine may be connected to the turbine rotor

connected to the hub, and a stator of the machine may be a fixed part with AC power



excitation to at least one stationary winding within the nacelle 102. The wound rotor

induction radial flux electrical machine ay be used as contactless power supply for

components mounted in the hub 10. According to a typical embodiment, a machine

stator may be located at a stationary component 301 in the nacelle of the wind turbine.

On the other hand, a machine rotor may be located at a rotatable component 302, e.g. in

the rotor hub of the wind turbine. Thereby, the stationary component 301 may be a

machine stator of the wound rotor radial flux electrical machine, and the rotatable

component 302 may be a machine rotor of the wound rotor radial flux electrical

machine. According to yet another typical embodiment which may be combined with

other embodiments described herein, the stationary component 301 may be a machine

rotor of the wound rotor radial flux electrical machine, and the rotatable component 302

may be a machine stator of the wound rotor radial flux electrical machine. The AC

power may be provided for electrical and electronic components within the hub 1 0 and

may then be processed for further use, e.g. for powering axis boxes and battery

chargers.

[005 According to the schematic set-up shown in Figure 4, the input

terminals 314 of the power transfer device 300 are stationary, wherein the output

terminals 5 of the power transfer device 300 are rotating together with the rotor shaft

. Thus, electrical power may be transferred between a stationary subsystem, i.e. the

nacelle 102 having fixed thereon the stationary component 301 of the power transfer

device 300, and a rotatable subsystem that is rotating with the rotor hub 0 of the rotor

106 The rotatable component 302 is thus connected to the rotatable subsystem t is

noted here that the components shown in Figure 4 and the respective coupling

arrangements are not drawn to scale.

[0052] Figure 5 is a circuit diagram of an equivalent circuit of a wound

rotor radial flux electrical machine which may be used in the contactless power transfer

device 300 described herein above. The equivalent circuit of the wound rotor radial flux

electrical machine of the power transfer device 300 includes, at its stationary component

301, the input terminals 4, where the input voltage 312 is applied. An input current

313 flows via a series resistor 303 and a series inductance 304 to a parallel circuit



including a parallel resistor 305 and a parallel inductance 306. At least one stationary

winding 307 is connected in parallel to the parallel circuit 305, 306. The stationary

winding 307 is inductively coupled to at least one rotatable winding 3 0 provided at the

rotatable component 302 of the wound rotor radial flux electrical machine. Power

transferred from the stationary component 301 to the rotatable component 302, i.e. an

appropriate power transfer 404, results in an output power provided at the output

terminals 3 5 of the rotatable component 302. The rotatable component 302 includes, in

a series connection to the rotatable winding 3 0, a rotor series resistor 308 and a rotor

series inductance 309.

[0053] As shown in Figure 5, the output terminals 5 are connected to

a power converter 3 which is used e.g. for converting output power into a form of

electrical power which is used by electrical and electronic components arranged within

the hub 10 within the wind turbine 00 .

[0054] According to another typical embodiment, which may be

combined with other embodiments described herein, a frequency converter may be

provided which is electrically connected to the power input terminals 314 and/or to the

power output terminals 3 5 and adapted for varying a frequency of the transferred

electrical power. t is noted here, although not shown i the schematic equivalent circuit

diagram of Figure 5, that the wound rotor radial flux electrical machine may include

poly-phase stationary windings and/or poly-phase rotatable windings. The wound rotor

radial flux electrical machine provided as an induction motor may be designed as a

motor having three phases, i.e. any poly-phase arrangement may be provided.

Furthermore, the electrical machine may be designed as a machine having less than

three or more than three phases. The rotor-side power converter 3 may act as a

rectifier and may rectify sinusoidal AC power in order to provide DC power

[0055] Figure 6 is a flowchart illustrating a method for transferring

electrical power from a nacelle to a hub of a wind turbine during operation of the wind

turbine. The procedure illustrated in Figure 6 starts at a block 501. Then, the wind

turbine is operated and electrical grid power is provided to the wind turbine (block 502).



Electrical input power may be provided at the nacelle 02, e.g. at the input terminals

314 of the contaciless power transfer device 300 as shown in block 503.

[0056] Then, at least a portion of the electrical input power may be

transferred from the nacelle 102 to the hub 10 via a wound rotor radial flux electrical

machine (block 504). The transferred electrical input power may be received at the hub

102 (block 505), and the procedure is ended at a block 506.

[0057] When transferring the electrical input power from the nacelle

2 to the hub 110, the hub 0 may rotate. Alternatively, when transferring the

electrical input power from the nacelle 102 to the hub 10, the hub 0 may be

stationary. Moreover, positive or negative torque may be applied at the hub of the wind

turbine by means of the wound rotor radial flux electrical machine when transferring

power to the hub. in other words, torque may be transferred from the stationary

component to the rotatable component when transferring power to the hub, or torque

may be transferred from the rotatable component to the stationary component when

transferring power to the hub. The transferred electrical input power may be rectified in

the hub 10. Furthermore, transferring the electrical input power from the nacelle 102 to

the hub 0 of the wind turbine 00 via the wound rotor radial flux electrical machine

may include transferring three phases of AC current, or less than three phases of AC

current, or more than three phases of AC current.

[0058] Figure 7 is a flowchart illustrating a method for transferring

electricai power from a nacelle to a hub of a wind turbine, according to a further typical

embodiment. The procedure illustrated in Figure 7 starts at a block 60 . Then, the wind

turbine is operated and electrical grid power is provided to the wind turbine (block 602).

Electrical input power may be provided at the nacelle 102, e.g. at the input terminals

314 of the contaciless power transfer device 300, as shown in block 603. Then, at least a

portion of the electrical input power may be transferred from the nacelle 02 to the hub

110 via a wound rotor radial flux electrical machine (block 604). The transferred

electrical input power may be received at the hub 102 (block 605). Using the transferred

electrical input power, e.g. pitch motors may be operated in order to adjust at least one

rotor blade angle (pitch angle) of at least one rotor blade of the wind turbine, as



illustrated by block 606. Then, electrical power may be generated with the wind turbine

(block 607). The procedure is ended at a block 608.

[0059] The frequency of the electrical input power may be adapted to

the grid frequency of an electrical utility grid, and the frequency of the transferred

electrical input power may be varied in accordance with ratings of electrical and

electronic components arranged within the hub 102. During transferring the electrical

input power from the nacelle 102 to the hub 110 via the wound rotor radial flux

electrical machine, a frequency conversion from the stationary component to the

rotatable component of the wound rotor radial flux electrical machine may be applied.

Furthermore, in addition to or instead of transferring electrical input power from the

nacelle 102 to the hub 0 via the wound rotor radial flux electrical machine,

communication signals may be transferred contactlessly between the nacelle 102 and

the hub 10.

[0060] The above-described systems and methods facilitate a power

supply for electrical and electronic components in the rotatable hub 0 of a wind

turbine 100. Using the contactless power transfer device 300 according to exemplary

embodiments described herein, a reduction in the cost of quality and a higher reliability

for electrical power transfer may be provided. The power transfer between a stationary

and a rotatable component 302 may be provided by means of a rugged device.

Furthermore, manufacturing of power transfer devices having wound rotor radial flux

electrical machines may be facilitated. Thereby, according to typical embodiments

described herein, a rugged power transfer device may be provided. Failures caused by

slip rings are thus eliminated. A simplified procedure for assembling the unit compared

to present complex arrangements for slip rings is achieved. Furthermore, the

maintenance costs are reduced and enhanced lifetime of the contactless power transfer

device as compared to slip ring arrangements is possible. Furthermore, an additional

isolation between the stationary component 301 and the rotatable component 302 is

achieved. Communication signals can be transferred through wireless devices,

Bluetooth devices or PLCC.



[0061] The conlaetless power transfer device according to

embodiments described herein provides contactless transfer of electrical power from a

stationary component 301 to a rotatable component 302 of a wind turbine. The wound

rotor induction radial flux electrical machine used in the contactless power transfer

device 300 reduces costs and increases the reliability. Electrical power may be

transferred while the rotor of the wind turbine is rotating. For example, electrical three

phase sinusoidal, AC power may be transferred. Furthermore, communication signals

used for data exchange may be transferred via the contactless power transfer device 300.

[0062] Exemplary embodiments of systems and methods for electrical

power transfer in a wind turbine are described above in detail. The systems and methods

are not limited to the specific embodiment-s described herein, but rather, components of

the systems and/or steps of the methods may be utilized independently and separately

from other components and/or steps described herein. For example, the contactless

power transfer may be used in many applications where a direct connection via

electrical cables is not possible, and is not limited to practice with only the wind turbine

systems as described herein. Rather the exemplary embodiment can be implemented

and utilized in connection with many rotating machines applications.

[0063] Although specific features of various embodiments of the

invention may be shown in some drawings and not in others, this is for convenience

only- accordance with the principles of the invention, a y feature of a drawing may

be referenced and/or claimed in combination with any feature of any other drawing.

[0064] This written description uses examples to disclose the invention,

including the best mode, and also to enable any person skilled in the art to practice the

invention, including making and using any devices or systems and performing any

incorporated methods. While various specific embodiments have been disclosed in the

foregoing, those skilled in the art will recognize that the spirit and scope of the claims

allows for equally effective modifications. Especially, mutually non-exclusive features

of the embodiments described above may be combined with each other. The patentable

scope of the invention is defined by the claims, and may include other examples that

occur to those skilled in the art. Such other examples are intended to be within the scope



of the claims if they have structural elements that do not differ from the literal language

of the claims, or if they include eqinvalent structural elements with insubstantial

differences from the literal language of the claims.



WHAT IS CLAIMED IS:

A contaciless power transfer device for transferring electrical power from a

nacelle to a hub of a wi d turbine, the contaciless power transfer device

comprising:

power input terminals arranged at the nacelle for inputting electrical input

power;

power output terminals arranged at the hub for outputting electrical output

power; and

a wound rotor radial flux electrical machine having at least one stationary

component and at least one rotatahle component, wherein the stationary

component is coupled to the nacelle and has at least one stationary winding

connected to the power input terminals, and wherein the rotatable component is

coupled to the hub and has at least one rotatable winding connected to the power

output terminals.

The device according to claim 1, wherein the wound rotor radial flux electrical

machine is formed of at least one of a doubly-fed electrical machine, an

asynchronous wound rotor induction machine, an external rotor electrical

machine, and any combination thereof.

The device according to claim 1, further comprising a frequency converter

electrically connected to the power output terminals and/or the power output

terminals, for varying a frequency of the transferred electrical power.



4 . The device according to claim 1, wherein the wound rotor radial flux electrical

machine comprises poly-phase stationary windings and/or poiy-phase rotatable

windings.

5 The device according to claim 1, wherein a power rating of the wound rotor

radial flux electrical machine is in a range from 5 kVA to 20 kVA.

6 A wind turbine, comprising:

a contactless power transfer device for transferring electrical power from a

nacelle to a hub of said wind turbine, the contactless power transfer device

comprising:

power input terminals arranged at the nacelle for inputting electrical input

power;

power output terminals arranged at the hub for outputting electrical output

power; and

a wound rotor radial flux electrical machine having at least one stationary

component and at least one rotatable component, wherein the stationary

component is coupled to the nacelle and has at least one stationary winding

connected to the power input terminals, and wherein the rotatable component is

coupled to the hub and has at least one rotatable winding connected to the power

output terminals.

7. The wind turbine according to claim 6, the wind turbine further comprising a

wind turbine rotor having a rotor shaft, wherein the wound rotor radial flux

electrical machine is arranged such that a rotational axis of the electrical

machine coincides with a rotational axis of the rotor shaft.



8. The wind turbine according to claim 6, farther comprising at least one nacelle-

based transceiver module and at least one hub-based transceiver module for

communicating control signals via the wound rotor radial flux electrical

machine.

9. The wind turbine e according to claim 6, wherein the wound rotor radial flux

electrical machine is formed of a least one of a doubly-fed electrical machine,

an asynchronous wound rotor induction machine, an external rotor electrical

machine, and any combination thereof.

10. The wind turbine according to claim 6, wherein the wound rotor radial flux

electrical machine comprises poly-phase stationary windings and/or poly-phase

rotatabie windings.

. The wind turbine according to claim 6, wherein a power rating of the wound

rotor radial flux electrical machine is in a range from 5 kVA to 20 kVA.

2 . The wind turbine according to claim 6, wherein the stationary component is a

machine stator of the wound rotor radial flux electrical machine, and wherein the

rotatabie component is a machine rotor of the wound rotor radial flux electrical

machine.

13. The wind turbine according to claim 6, wherein the stationary component is a

machine rotor of the wound rotor radial flux electrical machine, and wherein the



rotatable component is a machine stator of the wound rotor radial flux electrical

machine.

4 . A method for contactless transfer of electrical power from a nacelle to a hub of a

wind turbine during operation of the wind turbine, the method comprising:

providing electrical grid input power at the nacelle of the wind turbine;

transferring at least a portion of the electrical input power from the nacelle to the

hub via a wound rotor radial flux electrical machine;

receiving the transferred electrical power at the hub; and

outputting the received electrical power as electrical output power.

5. The method according to claim 14, wherein transferring the electrical input

power from the nacelle to the hub is performed while the hub is rotating.

. The method according to claim 14, further comprising rectifying the transferred

electrical input power within the hub.

17. The method according to claim 14, wherein transferring the electrical input

power from the nacelle to the hub via the wound rotor radial flux electrical

machine comprises transferring polyphase AC current.

. The method according to claim 14, wherein an input frequency of the electrical

input power is the grid frequency of a utility grid and an output frequency of the



transferred electrical input power is varied with respect to the input frequency

when the wind turbine is rotating

. The method according to claim 14, wherein transferring the electrical input

power from the nacelle to the hub via the wound rotor radial flux electrical

machine comprises a frequency conversion from a stationary component to a

rotatable component of the wound rotor radial flux electrical machine when the

wind turbine rotor is rotating

20. The method according to claim 14, wherein transferring the electrical input

power from the nacelle to the hub via the wound rotor radial flux electrical

machine comprises transferring communication signals between the nacelle and

the hub.

2 1. The method according to claim 14, wherein positive or negative torque is

applied at the hub of the wind turbine by means of the wound ro or radial flux

electrical machine when transferring power to the hub.

22. The method according to claim 14, wherein outputting the received electrical

power comprises outputting the received electrical power at an output frequency

different from a frequency of the electrical input power.

23. The method according to claim 14, wherein a frequency of the electrical input

power is provided by means of a converter or inverter, and wherein a frequency

of the electrical output power varies in accordance with the frequency of the

electrical input power when the wind turbine is rotating.



The method according to claim 14, wherein transferring the electrical

power from the nacelle to the hub is performed while the hub is stationary.



CONTACTLESS POWER TRANSFER DEVICE

AND METHOD

ABSTRACT OF THE DISCLOSURE

A con tactless power transfer device for transferring electrical power from a nacelle to a

hub of a wind turbine is provided. The power transfer device includes power input

terminals arranged at the nacelle for inputting electrical input power and power output

terminals arranged at the hub for outputting electrical output power. A wound rotor

radial lux electrical machine is provided which has at least one stationary winding

electrical y connected to the power input terminals and arranged at a stationary

component coupled to the nacelle, and at least one rotatable winding electrically

connected to the power output terminals and arranged at a rotatable component coupled

to the hub, for converting the electrical input power into the electrical output power.
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The additional search fees were accompanied by the applicant's protest but the applicable protest
' ' fee was not paid within the time limit specified in the invitation.

I INo protest accompanied the payment of additional search fees.

Form PCT/ISA/21 0 (continuation of first sheet (2)) (April 2005)
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Conti nuati on of Box I I .

Cl aims Nos . : 1, 6 , 1 (al parti al ly)

The appl i cati on does not meet the requi rements of Arti c l e 6 PCT, because
i ndependent c l aims 1, 6, 14 are not c l ear. 1 Regardi ng Cl aim 1
1. 1 When taki ng the descri pti on paragraphs [0005] , [0013] - [0014] ,
[0020] - [0022] [0040] - [0044] , i n combi nati on wi t h the f i gures 1, 3 & 4 for
the i nterpretati on of c l aim 1, the subject matter of c l aim 1 i s rendered
uncl ear. 1. 2 Cl aim 1 defi nes : 2 A contactl ess power
transfer devi ce for transferri ng el ectri cal power from a nacel l e t o a hub
of a wi nd turbi ne, the contactl ess power transfer devi ce compri si ng: -
power i nput termi nal s arranged at the nacel l e for i nputti ng el ectri cal
i nput power; - power output termi nal s arranged at the hub for outputti ng
el ectri cal output power; and - a wound rotor radi al f l ux el ectri cal
machi ne havi ng at l east one stati onary component and at l east one
rotatabl e component, - wherei n the stati onary component i s coupl ed t o
the nacel l e and has at l east one stati onary wi ndi ng connected t o the
power i nput termi nal s , and - wherei n the rotatabl e component i s
coupl ed t o the hub and has at l east one rotatabl e wi ndi ng connected t o
the power output termi nal s . 1. 1 Accordi ng t o - Paragraph [0022] ,
the hub i s defi ned as the component Fi g . 1-4, " 110" and the nacel l e as
Fi g . l , 3-4 " 102" - Paragraph [0040] &[0044] , the contactl ess power
transfer devi ce as Fi g . 3 , "300" , compri si ng - stati onary component
Fi g . 4 , "301" , - rotatabl e component Fi g . 4 , "302" - i nput termi nal s
Fi g . 4 , "314" - output termi nal s Fi g . 4 , "315" 1. 1 Fi g . 3
di scl oses the contacl ess power transfer devi ce bei ng pl aced between the
nacel l e and hub whi ch i s contrary t o the di scl osure of Fi g . 4 showi ng the
contactl ess power transfer devi ce i ncl udi ng i nput and output termi nal s
i nsi de the nacel l e i n combi nati on wi t h the generator " 118" and gearbox
" 114" . The hub " 110" i s separately shown outsi de of the nacel l e and
pl aced after the gearbox. Thi s di screpancy between Fi g . 3 and Fi g . 4
resul t s i n a l ack of c l ari t y when usi ng the f i gures for the
i nterpretati on of the i ndependent c l aim 1. 1. 2 The same probl em
arri ves when referri ng t o Par. [0020] , " . . . the term rotatabl e component i s
i ntended t o be representati ve of a component of the contactl ess power
transfer devi ce whi ch i s l ocatedi n the rotor hub of the wi nd turbi ne. . . "
thus the resul t i ng i n a further l ack of c l ari t y i n combi nati on wi t h Fi g . 3
and / or Fi g . 4 and al so wi t h regard t o the wordi ng i n the present c l aim 1
" . . . coupl edto the hub. . . " . 1. 3 When referri ng t o the di scl osure of
c l aim 1, " . . .power output termi nal s arranged at the hub ( i nconsi stenci es ,
see [ l i nk t o #i dl] ) for outputti ng el ectri cal output power. . . wherei n
the rotatabl e component i s coupl ed t o the hub(remai ns uncl ear how thi s i s
t o be achi eved wi t h reference t o Fi g . 4 and al so Par. [0043] havi ng the
generator and gearbox i n-between and coupl ed t o the hi gh speed shaft 316)
and has at l east one rotatabl e wi ndi ng connected t o the power output
termi nal s" a resul t t o be achi eved i s generated as i t remai ns uncl ear how
the energy shoul d be provi ded t o the hub " 110" that i s obvi ously rotati ng
wi t h a l ower revol uti on speed whi ch . 1. 4 Summi ng up, starti ng from
cl aim 1 i n combi nati on wi t h the descri pti on i t remai ns uncl ear how the
probl em stated (Par. [0005] , " . . . t o provi de el ectri cal power for
el ectri cal and el ectroni c components whi ch are arranged wi thi n the
rotatabl e hub " ) i s sol ved. A detai l ed and cl ear sol uti on for thi s
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probl em appears not t o be di scl osed i n the embodiments of the present
appl i cati on . 1. 5 The same as for c l aim 1 simi l arly appl i es for
i ndependent cl aims 6 and 14 wi t h correspondi ng scope.

The appl i cant ' s attenti on i s drawn t o the fact that c l aims rel ati ng t o
i nventi ons i n respect of whi ch no i nternati onal search report has been
establ i shed need not be the subject of an i nternati onal prel imi nary
exami nati on (Rul e 66. 1(e) PCT) . The appl i cant i s advi sed that the EPO

pol i cy when acti ng as an Internati onal Prel imi nary Exami ni ng Authori t y i s
normal l y not t o carry out a prel imi nary exami nati on on matter whi ch has
not been searched. Thi s i s the case i rrespecti ve of whether or not the
cl aims are amended fol l owi ng recei pt of the search report or duri ng any
Chapter I I procedure. I f the appl i cati on proceeds i nto the regi onal phase
before the EPO, the appl i cant i s remi nded that a search may be carri ed
out duri ng exami nati on before the EPO (see EPO Gui del i nes C-IV, 7.2) ,
shoul d the probl ems whi ch l ed t o the Arti c l e 17 (2) decl arati on be
overcome.
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