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e\ (57) Abstract: The invention relates to a protection system (28) for an electric generator (9) of a wind turbine (1) comprising at least
one current path (27) from the non drive end (29) of the generator shaft (8) to a ground potential (22), and at least one alternating
current path (20) from the drive end (30) of the generator shaft (8) to the ground potential. The invention also relates to a wind
turbine and use hereof.
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PROTECTION SYSTEM FOR AN ELECTRIC GENERATOR, WIND TURBINE AND USE HEREOF

Field of invention
The present invention relates to a protection system for an electric generator, a wind

turbine and a use hereof.

Description of the related art
Typically, modern wind turbines are connected to an electric utility grid in order to
be able to generate and supply electricity to consumers located remotely from the

wind turbines.

The rotor speed of the wind turbine increases and decreases with changing wind
speed in order to subtract as much energy from the wind as possible, and
consequently the electric generator generates electricity with a variable frequency.
The electricity is converted by a frequency converter to electricity with a fixed

frequency which is supplied to the electric utility grid.

The frequency converter may introduce different stray currents to the electric
generator such as in the shaft and housing of the generator. In order to avoid the stray

current it is well known to ground the stationary and rotating parts of the generator.

However, the well known ways of grounding the stationary and rotating parts may
often create problems in relation to circling stray currents within the generator.
Circling stray currents may result in bearing corrosion which negatively affects the

service life of the generator.

It is therefore an object of the present invention to provide a solution which is more

efficiently adapted to the situation of an electric generator such as in a wind turbine.

CONFIRMATION COPY
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The invention

The invention provides a protection system for an electric generator of a wind turbine
comprising at least one direct current path from the non drive end of the generator
shaft to a ground potential, and at least one alternating current path from the drive

end of the generator shatt to the ground potential.

Hereby 1s obtained a system which may efficiently protect the electric generator by
controlling the paths of different stray currents in the wind turbine. Especially it is
possible to avoid circling stray currents in the electric generator that may damage the

bearings.

The term “alternating current path” should be understood as a defined path only

directing alternating currents.

In one aspect of the invention, said alternating current path comprises an impedance

circuit such as at least one capacitor.

The term “impedance circuit” should be understood as a separate and defined electric

unit which at least is made up of one reactance value.

The capacitor establishes a desired path for the high frequency part of the stray
current. Further, the capacitor hinders an undesired path for DC stray current which

only 1s desired to be grounded at the non drive end.

In one aspect of the invention, said at least one capacitor 1s a type of capacitor with a
high rate of voltage change dV/dt capability e.g. at least 500 volt/usec such as
polypropylene capacitors. The high frequency part of the stray current may involve
high voltage pulses which require a capacitor with a high rate of voltage change

dV/dt capability as well as a high operational voltage value.
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In another aspect of the invention, the capacitance value of said at least one capacitor

is in the range of 100 and 1000 microfarad.

In further aspect of the invention, said at least one capacitor are a plurality of
capacitors in a serial and/or parallel connection. By using plurality of capacitors in
serial and/or parallel connections it is possibly in a cost efficient manner to obtain

desired values such as high capacitance and/or a high operational voltage value.

In an even further aspect of the invention, capacitance value of said at least one
capacitor 1s very different from at least one internal capacitance of the electric
generator such as at least 10 times the value of the capacitance at the bearings.
Hereby 1t is ensured that the capacitor is the desired path for a high frequency stray

current instead of the internal generator capacitors.

In an aspect of the invention, said connections to the drive end and the non drive end
are established by rotating electrical connectors. The rotating electrical connectors
may be any type of electrical connection to rotating equipment e.g. slip rings with

carbon or copper brushes e.g. carbon/silver brushes.

In aspects of the invention, the rotating electrical connector at the drive or non drive
end of the generator shaft are slip rings each comprising a plurality of connections
e.g. by using between two and four brushes such as three preferably positioned
symmetrically around the generator shaft. Hereby it is possible to establish a rotating
electric connection with a very low resistance and especially three brushes is

advantageous in relation to resistance, durability, size and costs.

It shall be emphasised that the brushes may be replaced with any other type of
electric rotating connection such as a ball bearing configuration comprising electric

conducting bearing grease.
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In an aspect of the invention, the electric generator is connected to other wind turbine
components by the shaft and an electrically isolated shaft connection e.g. a
composite connection with glass fiber separated flanges. Hereby it is ensured that the

generator and the other wind turbine components are electrically disconnected via the
shaft.

In another aspect of the invention, said electric generator is a double fed induction
generator with a wound rotor connected to a frequency converter. Especially the
close electric relationship between the rotor bearings and the rotor connected
frequency converter makes the use of the protection system advantageous e.g. in
relation to voltage spikes and common mode noise of a generator in a modem

variable speed wind turbine.

In further aspects of the invention, said electric generator is an induction or a

synchronous generator with a stator connected to a frequency converter.

In another aspect of the invention, said at least one current path is a short circuit
connection to the ground potential. Hereby it is possible to direct DC current to the

ground potential without flowing through any generator bearings.

The term “direct current path” should be understood as a connection intended to have
a very low resistance and reactance in connecting the non drive end of the generator

shaft to the ground potential.

The mvention further relates to a wind turbine supplying electric power to a utility
grid comprising at least one electric generator, at least one frequency converter
connected to said electric generator and utility grid, and at least one protection
system for the electric generator. Hereby it is possible to control any stray current
noise from following undesired paths in a wind turbine e.g. protecting the generator
and gearbox bearings. Further, the electromagnetic compatibility EMC of the wind

turbine is ensured as high frequency noise cannot use the shaft as an antenna.
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The invention also relates to a use of the protection system in a wind turbine as a
filter for electric noise. Hereby it is possible to control any stray current noise from
following undesired paths in a wind turbine e.g. protecting the shaft of the electric

generator from different currents.

L

Figures

The vention will be described in the following with reference to the figures in
which

Fig. 1 illustrates a large modern wind turbine,

Fig. 2 1llustrates the wind turbine of fig. 1 electrically connected to a
utility grid,

Fig. 3 1llustrates an electric generator of a wind turbine with a protection

system according to the invention,

Fig. 4 illustrates an enlarged view of parts of the electric generator with

the protection system according to the invention,

Fig. 5 1llustrates schematically a part of the electric generator with an
impedance circuit of the protection system according to the

invention, and

Fig. 6 illustrates schematically a preferred embodiment of the protection

system according to the invention.
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Detailed description of the present invention
Fig. 1 illustrates a modern wind turbine 1. The wind turbine 1 comprises a tower 2
positioned on a foundation 6. A wind turbine nacelle 3 with a yaw mechanism is

placed on top of the tower 2.

The wind turbine rotor comprises at least one rotor blade e.g. three rotor blades 5 as
1llustrated on the figure. The rotor blades 5 may be pitchable in relation to the hub 4

by using pitch mechanisms or fixed mounted to the hub 4 as stall rotor blades.

Fig. 2 illustrates main components of a modern wind turbine and especially the main
components of the nacelle 3 as well as the electric components in utility grid

connecting the wind turbine.

The wind turbine 1s illustrated with a gearbox 7 connected to the rotor blades 5
through the hub 4 as well as to the electric generator 9 through a shaft. The electric
generator transforms the rotation of the shaft to alternating electricity which partly or
totally 1s converted by a frequency converter 10 before being transmitted to a utility

grid 13 and electricity consumers 14a-c of the utility grid.

Fig. 3 1illustrates an electric generator 9 of a wind turbine with a protection system

according to the invention.

The figure illustrates that the electric generator 9 comprises a shaft 8 where the shaft
extends with a drive end out toward the gearbox 7 and with a non drive end out
toward the frequency converter 10. The shaft 8 rotates in bearings 17a, 17b in the
drive and non drive end of the generator housing 18 and hereby allowing the rotor

windings to rotate in relation to the stator windings.

The frequency converter 10 1s connected to the rotor windings through the shaft 8
with a slip ring connection 23 whereby the generated electricity of the rotor 15 may

be transferred to the frequency converter. The frequency converter converts the
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generated variable frequency electricity to fixed frequency electricity for the utility

grid with operating a number of electric switches.

The frequency converter 10 may also be a full scale converter converting the

generated electricity of the stator 16 and rotor 15 to the utility grid 13.

The switching operations will generate different types of electric noise e.g. low and
high frequency noise. Further, the noise may be transferred as stray currents to the
different main components of the wind turbine such as the stationary and rotating
parts of the generator and gearbox. The stray currents may for example follow a
current path from the rotating parts of the generator to the stationary part of the
generator through the bearings 17a, 17b.

The generator shaft 8 is illustrated with a protection system comprising a direct
connection circuit 24 of the non drive end through a slip ring connection to a ground
potential. The direct connection 24 ensures that any stray currents at the non drive

end are grounded.

The protection system further comprises a separate impedance circuit 19 with an
impedance value Z4 connected to a ground potential. The separate impedance circuit
19 1s also connected to the drive end of the shaft 8 through a slip ring connection.
The impedance ensures a ground path for high frequency stray currents and avoids

any DC stray current path at the drive end of the shatft.

The protection system especially ensures that stray currents are not circling through
the bearings 17a, 17b or use the shaft as an antenna radiating electromagnetic

interference.

Fig. 4 illustrates an enlarged view of a part of the electric generator 9 with a

protection system according to the invention.
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The impedance circuit is illustrated with the separate impedance 20 connected to the
slip ring connection 21 or similar rotating electrical connectors as well as the ground
potential 22. The slip ring connection 21 allows a sliding electric contact to the shaft

8 at the drive end.

The direct connection circuit is illustrated with a direct connection 27 between the
slip ring connection 26 or similar rotating electrical connectors and a ground
potential 22. The slip ring connection 26 allows a sliding electric contact to the shaft

8 at the non drive end.

Fig. 5 1llustrates schematically a part of the electric generator with an impedance

circult of the protection system according to the invention.

The impedance circuit 19 is illustrated as one capacitor with a capacitance value Cy.

The drive end bearing 17a of the electric generator is illustrated with a bearing ball
25 and with stray capacitors Cy to the raceways of the bearing. The stray capacitors
Cyp are established by the oil or grease film separating the raceways from the bearing
ball. One stray capacitor/raceway is connected to a ground potential through the
housing 18 of the generator and the other stray capacitor/raceway is connected to the
shaft 8. Further stray capacitances may for example be established between the

bearing and the adjacent parts of the stator housing.

The capacitor Cq is connected in parallel with the serial connected stray capacitors.

The reactance of a capacitor is given by

where
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o = 2xnf, the angular frequency

{f = frequency

C = capacitance.

The capacitance of the capacitor C4 is much larger than the sum of the stray
capacitance Cp. Consequently the reactance of the stray capacitors Cy, is significantly
larger than the reactance of the capacitor Cq. Almost all of a low or high frequency

stray current will thus choose the capacitor Cy as the current path.

Generally, the reactance is inversely proportional to the frequency. That is, for very
high-frequency alternating currents the reactance approaches zero so that a capacitor

1s nearly a short circuit to a very high frequency AC source.

Conversely, for very low frequency alternating currents, the reactance increases

without bound so that a capacitor is an open circuit to a DC source.

Further, a low frequency alternating current such as a current with the nominal grid
frequency or lower harmonics of the grid frequency will face a significant reactance
in the capacitor e.g. harmonics due to different loads on the phase windings of the
generator. Consequently, much of the energy in lower frequencies currents will be
converted to heat in the capacitor i.e. the low frequency current values will

suppressed by the capacitor.

The capacitor Cq is preferably capacitor with a high rate of voltage change dV/dt

capability as the stray currents often involves significant voltage pulses.
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The instantaneous current in a capacitor 1s often expressed by the rate of voltage
change, or dV/dt. The change is related according to the formula I = C * dV/dt, or
dV/dt=1/C.

The voltage changes may often be substantially square waved e.g. with a voltage

change rate of more than 500 volt/usec e.g. 700 or 800 V/usec.

Fig. 6 illustrates schematically a preferred embodiment of the protection system

according to the invention.

The two figures illustrate the drive 30 and non drive end 29 of the generator shaft 8

with the protection system 28 installed.

The first figure shows three stationary brushes 33a forced against the rotating non
drive end 29 of the generator shaft 8 e.g. the brushes sliding against a slip ring on the
shaft end. The brushes are symmetrically positioned around the shaft i.e.
substantially 120 degrees apart. Each brush is directly connected to the ground
potential 22 e.g. a connection to a common circuit for the non drive end brushes

wherein the circuit is connected to the ground potential.

The second figure shows three stationary brushes 34a forced against the rotating
drive end 30 of the generator shaft 8 e.g. the brushes sliding against a slip ring on the
shaft end. The brushes are symmetrically positioned around the shaft i.e.
substantially 120 degrees apart. Each brush is connected to the ground potential

through one capacitor 31a or a number of parallel and/or serial connected capacitors.

Altogether tigure 6 (with reference to figure 3) illustrates the protection system 28 in
relation to the electric generator of a wind turbine. The current path which is
established with the direct connection at the non drive end of the generator shaft
ensures that any DC current is directly sent to the ground potential. The alternating

current path which is established with the capacitors at the drive end of the generator
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shaft ensures that any high frequency current is directly sent to the ground potential

and any low frequency current is suppressed with the reactance of the capacitors.

The invention has been exemplified above with reference to specific examples of
impedances in a protection system in an electric generator. However, it should be
understood that the invention is not limited to the particular impedance example
described above but may be altered e.g. by using several impedances in parallel or
serial connection such as 3 capacitors in a parallel connection or 3 capacitors in a
serial connection. Further, it should be understood that the use of capacitors may be
replaced by coil/capacitor configurations e.g. in order to establish a band pass filter

instead of high pass filter solution at the drive end.

Even further, the protection system may be designed in a multitude of varieties

within the scope of the invention as specified in the claims.
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Reference list

In the drawings the following reference numbers refer to:

ol T A R o N

10,
11.
12.
13.
14a-c.
13.
16.
17a.
17b.
18.
19.

20,
21.

22,
23.

Wind turbine

Wind turbine tower

Wind turbine nacelle

Wind turbine rotor hub

Wind turbine rotor blade

Wind turbine foundation

Gearbox

Generator shaft such as the high speed shaft connecting the gearbox and
electric generator

Electric generator

Frequency converter

Connection from the wind turbine to a utility grid connection point
Utility grid transformer

Utility grid

Electricity consumers

Rotor winding of the electric generator

Stator winding of the electric generator

Drive end bearing of the electric generator

Non drive end bearing of the electric generator

Housing of the electric generator

Alternating current path part of the protection system for the electric
generator

Alternating current path e.g. an impedance of the protection system
Connection to the drive end of the generator shaft e.g. a slip ring
connection

Ground potential for the protection system

Slip ring connection between the electric generator and frequency

converter
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25.
26.

27.

28.
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Current path part e.g. a direct connection grounding the generator shaft at
the non drive end

Bearing rolling element such as a bearing ball

Connection to the non drive end of the generator shaft e.g. a slip ring
connection

Direct connection as a short circuit of the non drive end of the generator
shaft

Protection system comprising the parts with a current path 24 and an
alternating current path 19

Non drive end of the generator shaft

Drive end of the generator shaft

At least one capacitor e.g. with high dV/dt capability

Shaft connection e.g. comprising two glass fiber separated flanges

Brush - non drive end of the generator shaft

Brush - drive end of the generator shaft

Capacitor

Capacitances of a generator bearing

Capacitor of the protection system

Current

Impedance 1n the protection system
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CLAIMS

1. Protection system for an electric generator of a wind turbine comprising
at least one current path from a non drive end of a generator shaft to a ground

potential, and

at least one alternating current path from a drive end of the generator shaft to the

ground potential;

wherein said alternating current path comprises an impedance circuit comprising

at least one capacitor;

wherein said electric generator comprises a drive end bearing and a non drive

end bearing; ana

wherein a capacitance value of said at least one capacitor is different from at

least one internal capacitance of the electric generator.

2. Protection system according to claim 1 wherein said at least one capacitor Is a
type of capacitor with a high rate of voltage change dV/dt capability of at least 500

volt/usec.

3. Protection system according to claim 1 wherein the capacitance value of said at

least one capacitor is in the range of 100 and 1000 microfarad.

4 Protection system according to claim 1 wherein said at least one capacitor are a

plurality of capacitors in a serial and/or parallel connection.

D. Protection system according to claim 1 wherein the electric generator Is

connected to other wind turbine components by the shaft and an electrically isolated

shaft connection.
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6. Protection system according to claim 5 wherein the electrically isolated shaft

connection is a composite connection with glass fiber separated flanges.

7. Protection system according to claim 1 wherein said electric generator is a

double fed induction generator with a wound rotor connected to a frequency converter.

8. Protection system according to claim 1 wherein said electric generator is an

iInduction generator with a stator connected to a frequency converter.

9. Protection system according to claim 1 wherein said electric generator is a

synchronous generator with a stator connected to a frequency converter.

10.  Protection system according to claim 1 wherein said at least one current path is a

short circuit connection to the ground potential.

11.  Use of a protection system according to claim 1 in a wind turbine as a filter for

electric noise.

12.  Protection system according to claim 1 wherein the capacitance value is at least

10 times the value of the capacitance at the bearings.

13.  Protection system for an electric generator of a wind turbine comprising

at least one current path from a non drive end of a generator shaft to a ground
potential, and

at least one alternating current path from a drive end of the generator shaft to the
ground potential,

wherein said alternating current path comprises an impedance circuit comprising

at least one capacitor;
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wherein said electric generator comprises a drive end bearing and a non drive

end bearing;

wherein the at least one current path from the drive end and the at least one
current path from the non drive end of the generator shaft are established by rotating

electrical connectors; and

wherein the rotating electrical connector at the non drive end of the generator
shaft is a slip ring comprising a plurality of connections positioned symmetrically around

the generator shaft.

14.  Protection system for an electric generator of a wind turbine comprising

at least one current path from a non drive end of a generator shaft to a grouna

potential, ana

at least one alternating current path from a drive end of the generator shaft to the
ground potential;
wherein said alternating current path comprises an impedance circuit comprising

at least one capacitor;

wherein said electric generator comprises a drive end bearing and a non drive

end bearing;

wherein the at least one current path from the drive end and the at least one
current path from the non drive end of the generator shaft are established by rotating

electrical connectors; and

wherein the rotating electrical connector at the drive end of the generator shaft Is

a slip ring comprising a plurality of connections positioned symmetrically around the

generator shaft.

15. Wind turbine supplying electric power to a utility grid comprising

at least one electric generator,

at least one frequency converter connected to said electric generator and the

utility grid, and
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at least one protection system for the electric generator having at least one
current path from a non drive end of a generator shaft to a ground potential, and

at least one alternating current path from a drive end of the generator shaft to the
ground potential;

wherein said alternating current path comprises an impedance circuit comprising
at least one capacitor; and

wherein a capacitance value of said at least one capacitor is different from at

least one Internal capacitance of the electric generator.
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