wo 2013/013678 A2 || IO OO0 O A R

(43) International Publication Date

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

31 January 2013 (31.01.2013)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2013/013678 A2

WIPOIPCT

(51
eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

International Patent Classification: Not classified

International Application Number:
PCT/DK2012/050278

International Filing Date:
24 July 2012 (24.07.2012)

Filing Language: English
Publication Language: English
Priority Data:

PA 2011 70410 27 July 2011 (27.07.2011) DK
61/512,436 28 July 2011 (28.07.2011) US

Applicant (for all designated States except US): VESTAS
WIND SYSTEMS A/S [DK/DK]; Hedeager 44, DK-8200
Arhus N (DK).

Inventors; and

Inventors/Applicants (for US only): STYHM, Ove
[DK/DK]; Islandsvej 32, DK-8370 Hadsten (DK). TRI-
PATHI, Anshuman [IN/SG]; Blk 1 Bukit Batok Street 25
#04-01, Singapore 658882 (SG). GUPTA, Amit Kumar

(8D

(84)

[IN/SG]; Blk 601, Clementi West Street 1 #09-04, Singa-
pore 120601 (SG).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

[Continued on next page]

(54) Title: A POWER DISSIPATING ARRANGEMENT IN A WIND TURBINE

215
210
o
/
311 | 312 |, —313
314 315 316
|~ L~ |~ 240
| —~341
T~ 318~ 319 4
05 308
y [F T
320 321 ~322
323 324 325
.307 i
350
Fig. 3

(57) Abstract: A power dissipating arrangement for dissip-
ating power from a generator in a wind turbine is provided.
The generator comprises a plurality of output terminals cor-
responding to a multi-phase output. The power dissipating
arrangement comprises a plurality of dissipating units, a
plurality of semiconductor switches, a trigger circuit for
switching the semiconductor switches and a control unit for
controlling the operation of the trigger circuit, thereby con-
trolling the switching of the semiconductor switches. Each
dissipating unit includes a first terminal and a second ter-
minal. The first terminal of each dissipating unit is coupled
to each output terminal of the generator. Each semiconduct-
or switch includes a first terminal anode, a second terminal
and a gate terminal. The first terminal of each semiconductor
switch is coupled to the second terminal of each dissipating
unit and the second terminal of the semiconductor switch is
coupled to the second terminal of another dissipating unit,
such that the second terminal of each dissipating unit is
coupled to the first terminal of one semiconductor switch
and the second terminal of another semiconductor switch.
The trigger circuit is coupled to the gate terminal of the plur-
ality of the semiconductor switches for switching the semi-
conductor switches.
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A POWER DISSIPATING ARRANGEMENT IN A WIND TURBINE

Field of the Invention
The present invention relates generally to a power dissipating arrangement, and 1o

particular, to a power dissipating arrangement for use in a wind turbine.

Background of the Invention

A wind turbine is an energy conversion systern which converts kinetic wind
energy into electrical energy for utility power grids. Specifically, wind incident on blades
of the wind turbine generator (WTG) causes a rotor of the WTG to rotate. The
mechanical energy of the rotating rotor in turn is converied into electrical energy by an
electrical generator. One type of wind turbine that provides constant frequency electrical
power is a fixed-speed wind turbine. This type of wind turbine requires a generator rotor
that rotates at a constant speed. Another type of wind turbine is a variable speed wind
turbine. This type of wind turbine allows the generator to rotate at variable speeds to
accommodate for fluctuating wind speeds.

A full scale power converter based wind turbine (which is a type of variable speed
wind turbine) wsually includes a power converter having a generator side converter
coupled to a grid side converter via a direct current (DC) link. The generator side
converter regulates the power of the generator. This power passes through the DC-link,
and is eventually fed to the grid through the grid side converter and other power
components. The grid side converter regulates the grid side power. The same is true for
the Doubly Fed Induction Generator (DFIG) systems where only a portion of the power
from the generator may pass through the power converter.

A wind turbine may be requested to shut down, {or example due to an extreme
fault in the grid, component fatlure in the turbine/wind farm or requested by the grid
operator. A power dissipating unit is usually applied to the generator windings to
dissipate the power {rom the generator during shut down. This ensures that when there is
a sudden loss of power, there is no significant change in the shaft torque.

The activation of the dissipating unit to dissipate power from the generator is

usually controlied by power switches and control circuits. In order for the wind turbine



10

20

25

WO 2013/013678 PCT/DK2012/050278

to shut down properly and safely, it is crucial that the dissipating unit, the associated
switches and the control circuits are reliable. I any one of the components is faulty, it
should be ecasily detectable in order to ensure that the drive train health is not
compromised.

Hence it is desirable to provide a power dissipating arrangement which has a

higher reliability compared to the existing state of the art.

Summary of the Invention

According to a first aspect of the invention, a power dissipating arrangement {or
dissipating power from a generator in a wind turbine is provided. The generator
comprises a plarality of ouiput terminals corresponding to a multi-phase output. The
power dissipating arrangement comprises a plurality of dissipating units, a plurality of
semiconductor switches, a trigger circuit for switching the semiconductor switches and a
control unit for controlling the operation of the trigger circuit, thereby controlling the
switching of the semiconductor switches.

Bach dissipating unit includes a first terminal and a second terminal. The first
terminal of each dissipating unit is coupled to each output terminal of the generator.
Each semiconductor swiich includes a first terminal, a second terminal and a gate
terminal. The first terminal of each semiconductor switch is coupled to the second
terminal of each dissipating unit and the second terminal of the semiconductor switch is
coupled to the second terminal of another dissipating unit, such that the second terminal
of cach dissipating unit is coupled to the first terminal of one semiconductor switch and
the second terminal of another semiconductor switch. The trigger circuit is coupled to
the gate terminals of the plurality of the semiconductor switches for switching the
semiconductor switches.

According to a second aspect of the invention, a power dissipating arrangement
for dissipating power from a generator in a wind turbine 1s provided. The generator
comprises a first, second and third output terminal corresponding to a three-phase output.
The power dissipating arrangement comprises a first, second and third dissipating unit, a

first, second and third semiconductor switch, a trigger circuit for switching the
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semiconductor switches, and a control unit for controlling the operation of the trigger
circuit, thereby controlling the swiiching of the semiconductor switches.

Each of the first, second and third dissipating unit has a first terminal and a
second terminal. The [{irst terminal of the first dissipating unit 1s coupled to the first
output terminal of the generator, the first terminal of the second dissipating unit is
coupled to the sccond output terminal of the generator, and the first terminal of the third
dissipating unit is coupled to the third output terminal of the generator.

EBach of the first, second and third semiconductor switch has a first terminal, a
second terminal and a gate terminal. The first terounal of the first semiconductor swiich
is coupled to the second terminal of the first dissipating unit and the second terminal of
the {irst semiconductor switch 1s coupled to the second terminal of the second dissipating
unit, the first terminal of the second semiconductor switch is coupled to the second
terminal of the sccond dissipating unit and the sccond terminal of the second
semiconductor switch is coupled to the second terminal of the third dissipating unit, and
the first terminal of the third semiconductor switch is coupled to the second terminal of
the third dissipating unit and the second terminal of the third semiconductor switch is
coupled to the second terminal of the first dissipating unit. The trigger circuit is coupled
to the gate terminals of the first, second and third semiconductor swiiches for switching
the semiconductor switches.

According to a third aspect of the jnvention, a wind turbine 1s provided. The wind
turbine comprises a generator having a plurality of output terminals corresponding to a
multi-phase power output, a power converter for converting the power output from the
generator, and a power dissipating arrangement for dissipating power from the generator.
The power dissipating arrangement includes a plurality of dissipating units, a plurality of
semiconductor swilches, a trigger circuit for swilching the semiconductor switches and a
control unit for controlling the operation of the trigger circuit, thereby controlling the
swilching of the semiconductor switches.

Each dissipating unit includes a first terminal and a second terminal. The first
terminal of cach dissipating unit is coupled to cach output terminal of the generator.
Each semiconductor switch includes a first terminal, a second terminal and a gate

terminal. The first terminal of each semiconductor switch is coupled to the second

(9]
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terminal of each dissipating unit and the second terminal of the semiconductor switch is
coupled to the second terminal of another dissipating unit, such that the second terminal
of each dissipating unit is coupled to the first terminal of one semiconductor switch and
the second terminal of another semiconductor switch. The trigger circuit is coupled to
the gate terminals of the plurality of the semiconductor switches for switching the

semiconductor swiiches.

Brief Description of the Drawings

The invention will be better understood with reference to the detailed description
when considered in conjunction with the non-lirniting examples and the accompanying
drawings.

Figure 1 shows a general structure of a wind turbine.

Figure 2 shows an electrical system layout of the wind turbine.

Figure 3 shows an exemplary power dissipating arrangement in the wind turbine

according to an embodiment.

Detailed Description of the Invention

In the following, reference is made to embodiments of the invention. However, it
should be understood that the invention is not limited to specific described embodiments.
Instead, any combination of the following features and elements, whether related to
different embodiments or not, is contemplated to implement and practice the invention.

Furthermore, in various embodiments the invention provides numerous
advantages over the prior art. However, although embodiments of the invention may
achieve advantages over other possible solutions and/or over the prior art, whether or not
a particular advantage is achieved by a given embodiment is not limiting of the invention.
Thus, the following aspects, features, embodiments and advantages are merely llustrative
and are not considered elements or limitations of the appended claims except where
explicitly recited in a claim(s). Likewise, reference to "the invention" shall not be

construed as a generalization of any inventive subject matter disclosed herein and shall
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not be considered to be an element or limitation of the appended claims except where

explicitly recited in a claim(s).

A power dissipating arrangement {or dissipating power from a generator in a wind
turbine is provided. The generator comprises output terminals corresponding to a multi-
phase output. The power dissipating arrangement compriscs a plurality of dissipating
units, a plorality of semiconductor switches, a trigger circuit for switching the
semiconductor switches and a control unit for controlling the operation of the trigger
circuit, thereby controlling the switching of the semiconductor switches.

Each dissipating unit includes a first terminal and a second terminal. The first
terminal of each dissipating unit is coupled to each output terminal of the generator.
Each semiconductor switches includes a first terminal, a second terminal and a gate
terminal. The first terminal of each semiconductor switches is coupled to the second
terminal of each dissipating unit and the second terminal of the semiconductor switch is
coupled to the second terminal of another dissipating unit, such that the second terminal
of each dissipating unit is coupled to the first terminal of one semiconductor switch and
the second terminal of another semiconductor switch. The trigger circuit is coupled to
the gale terminals of the plurality of the semiconductor switches for swiiching the
semiconductor switches.

The generator is an electromechanical machine capable of converting mechanical
energy into electrical energy. The generator used in a wind turbine could be any type of
generators including but not limited to, a permanent magnet generator, a synchronous
generator and a doubly-fed induction generator. The generator normally has a plurality
of windings providing a multiphase power output, with each phase of the power output
on each winding. Typically, a generator has a 3-phase outpul with each phase displaced
with the other two phases by 120 degrees.

The dissipating unit includes any component suitable for dissipating power. For
example, the dissipating unit may include a resistor or a bank of resistors. The current
flow between the first terminal and the second terminal of the semiconductor swiich is
blocked. To render the semiconductor switch into a conducting state or activate the

semiconductor switch, a suitable gating signal 1s applied to the gate terminal. This gating

|91
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signal is supplied by the trigger circuit which is coupled to the gate terminals of the
plurality of semiconductor switches. The semiconducior switches and the dissipaling
units are connected in a manner such that the second terminal of each dissipating unit is
coupled to the {irst terminal of one semiconductor switch and the second terminal of one
other different semiconductor switch. When the semiconductor switches are activated or
switched on, they are in the conducting state and power from the generator is dissipated
through the dissipating units.

The power dissipating arrangement according to the invention uses minimal
power elecltronic components compared to the prior art. Specifically, only one
semiconductor switch is needed for each phase. For example for a generator having a 3-
phase power output, only three semiconductor swiiches are needed. When fewer
components are used, the probability of any one of the components failing is also reduced.
Accordingly, the reliability of the power dissipating arrangement is increased. As fewer
components are used, there are also savings in space and cost. As will be apparent in the
description later, this power dissipating arrangement also allows faulty components in the
system to be identified easily and hence can be replaced in advance of the operation of
the wind turbine. This reduces unnecessary turbine down-time.

According to an embodiment, the semiconductor swiiches comprise thyristors,
insulated gate bipolar transistors (IGBT) or metal oxide semiconductor field-effect
transistors (MOSFET). A thyristor comprises an anode, a cathode and a gate terminal.
The anode and cathode of the thyristor correspond to the first terminal and second
terminal of the semiconductor swiich, respectively. An IGBT comprises a collector, an
emitter and a gate terminal. The collector and emitter of the IGBT correspond to the first
terminal and second terminal of the semiconductor switch, respectively. A MOSFET
comprises a drain, a source and a gate terminal. The drain and source of the MOSFET
correspond to the first terminal and second terminal of the semiconductor switch,
respectively.

It should be noted that other types of semiconductor switches, such as silicon
controlled rectifiers (SCR), bipolar junction transistors (BJT), MOS controlled thyristors

(MCT), gate turn-off thyristors (GTQO), etc, may be used in other embodiments.



10

20

25

WO 2013/013678 PCT/DK2012/050278

According to an embodiment, the control unit controls the operation of the trigger
circutt based on inputs oblained from at least one of voltage at the first or second
terminals of the dissipating units, current at the output terminals of the generator,
temperature of the dissipaling units and a shutl down signal. The countrol uoit should not
be limited to obtaining inputs only from these four sources of inputs mentioned in this
embodiment. The control unit can also receive inputs from other sources to decide
whether the semiconductor switches should be turned on. For example, the control unit
may turn on the semiconductor switches based on grid voltages or based on instruction
from an operator of the wind turbine.

According to an embodiment, the wind turbine comprises a turbine control, and
wherein the control woit is coofigured to cause the trigger circuit to furn on the
semiconductor swiiches when the control unit detected a shut down signal from the
turbine control, thereby causing the power from the generator to be dissipated through the
power dissipating units. The turbine control may be a central controller in the wind
turbine for controlling the overall operation of the turbine, a safety controller for ensuring
the safe operation of the turbine or any distributed controllers for performing any control
functions. When the turbine conirol determines that the turbine should shut down, for
example due to unacceptable loadings of turbine components or unfavorable wind
conditions, it sends out a shut down signal to initiate a shut down process. When such a
shut down signal is received by the conirol unit, the semniconductor switches are activaled
to dissipate the power from the generator.

According to an cmbodiment, the power dissipating arrangement further
comprises a voltage measurement unit, wherein the voltage measurement unit is
configured to measure the voltages at the second terminal of the dissipating units. The
voliages at the second terminals of the dissipating units correspond to the output voltage
of the generator. If the semiconductor switches are in the conducting state, the voltages
at the second terminal of the dissipating units are zero. It should be noted that it is also
possible to measure the voltages at the first terminals of the dissipating wnits in an
alternative embodiment.

According to an embodiment, the control unit is configured to cause the trigger

circuit to turn on the semiconductor switches to dissipate power from the generator
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through the dissipating units when the measured voltages exhibit a predetermined voltage
characteristic.  According to a further embodiment, the predetermined voltage
characteristic comprises at least one of asymmetry in the measured voltages and at least
one of the measured voltages is outside a predetermined range.

The voltage at each output terminal (line voltage) is measured {or monitored) and
processed. Monitoring of the line voltages includes but not limited to filtering the
voltages, determining the root-mean-square (rms) of the voltages, summing and
averaging the voltages, and observing the asymmetry in the voltages. I there is
significant asymmetry in the measured voltages, this may indicate that geveralor is
generating asymmetrical voltages, one or more semiconductor switches are in a
conducting siate or any other associated component is faulty.  Accordingly, the
semiconductor switches are turned on by the control unit. The control unit may also turn
on the semiconductor switches when it is detected that one of the measured voltages is
too low or too high, i.e. outside a predetermined range. If one of the measured voltages is
too low, for example near zero, this may indicate that one of the components is faulty.
Accordingly, the turbine is shut down and the semiconductor switches are switched on to
dissipate the generator power. Therefore, the embodiment ensures when there is a fault
in the generator or the semiconductor swiiches, the wind turbine is shut down and the
dissipating unit is activated to dissipate the power from the generator.

According to an embodiment, the power dissipating arrangement further
comprises a current measurement unit, wherein the current measurement unit is
configured to measure the current at a plurality of input terminals of a power converter
coupled to the output termiinals of the generator. By measuring the current at the power
converter inputs, the health of the converter can be monitored.

According to an embodiment, the control unit is configured to cause the trigger
circuit {o turn on the semiconductor switches to dissipate power from the generator
through the dissipating units when the measured currents exhibit a predetermined current
characteristic.  According to a further embodiment, the predetermined current
characteristic comprises at least one of asymmetry in the measured currents, and at least

one of the measured currents is outside a predetermined range.
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Similarly, the current at each input terminal (line current) is measured or
monitored. Monitoring of the line currents include but not limited to filtering the currents,
determining the root-mean-squared of the currents, summing and/or averaging the
currents, observing the asymmetry in the measured currents. If there is signilicant
asymmetry in the currents or one of the measured currents is too low or too high, this
may indicate that the converter is faulty or any other associated component is faulty.
Accordingly, the semiconductor switches are turned on by the control unit to dissipate the
generator power.

According to an embodimeni, the power dissipating arrangement further
comprises a health monitoring unit, wherein the health monitoring unit is configured to
determine a health status of the power dissipating arrangement during a testing phase of
the wind turbine by:

- obtaining a first voltage measurement from the voltage measurement unit;

- determining the status of the generator based on the first voltage measurement;

- controlling the controller unit to turn on the semiconductor switches for a

predefined period of time;

- obtaining a second voltage measurement from the voltage measurement unit;

and

- determining the status of the semiconductor switches and the trigger circuit

based on the second voltage measurement.

In this embodiment, the health status of the power dissipating arrangement and/or
the generator is determined. The determining of the health status may be performed
during the startup phase of the wind turbine or while during the commissioning of the
turbine drive train in a factory. At this stage, the power converter is normally
disconnected from the generator e.g. by circuit breakers. According to the embodiment,
it is thus possible to determine the health status of the generator and also of the other
components of the power dissipating arrangement. This allows any faulty components to
be identified at an early stage, and replacement arrangement can be made easily. This
ensures a reliable system during the operation of the wind turbine. The continual
monitoring of the generator and converter during the operation of the wind turbine also

cnsures the robustness of the system.
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The following is a detailed description of embodiments of the invention depicted
in the accompanying drawings. The embodiments are examples and are in such detail as
to clearly communicate the invention. However, the amount of detail offered is not
intended to Iimit the anticipated variations of embodiments; but on the contrary, the
intention is to cover all modifications. equivalents, and alternatives falling within the
spirit and scope of the present invention as defined by the appended claims.

Fig.1 illustrates an exemplary wind turbine 100 according to an embodiment. As
tllustrated in Fig.1, the wind turbine 100 includes a tower 110, a nacelle 120, and a rotor
130. In one embodiment, the wind turbine 100 may be an onshore wind
turbine. However, ernbodiments of the invention are not limited only to onshore wind
turbines. In alternative embodiments, the wind turbine 100 may be an offshore wind
turbine located over a water body such as, for example, a lake, an occan, or the like. The
tower 110 of such an offshore wind turbine is installed on either the sea floor or on
platforms stabilized on or above the sea level.

The tower 110 of the wind turbine 100 may be configured to raise the nacelle 120
and the rotor 130 to a height where sirong, less turbulent, and generally unobstructed
flow of air may be received by the rotor 130. The height of the tower 110 may be any
reasonable height, and should consider the length of wind turbine blades extending from
the rotor 130. The tower 110 may be made from any type of material, for example, steel,
concrete, or the like. In some embodiments the tower 110 may be made from a
monolithic material. However, in alternative embodiments, the tower 110 may include a
plurality of sections, for example, two or more tubular steel sections 111 and 112, as
illustrated in Fig.l. In some embodiments of the invention, the tower 110 may be a
lattice tower. Accordingly, the tower 110 may include welded steel profiles.

The rotor 130 may include a rotor hub (hereinafter referred to simply as the
“hub”) 132 and at least one blade 140 (three such blades 140 are shown in Fig.1). The
rotor hub 132 may be configured to couple the at least one blade 140 to a shaft (not
shown). In one embodiment, the blades 140 may have an aerodynamic profile such that,
at predefined wind speeds, the blades 140 experience lift, thereby causing the blades to

radially rotate around the hub. The hub 140 further comprises mechanisms (not shown)

10
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for adjusting the pitch of the blade 140 to increase or reduce the amount of wind energy
captured by the blade 140. Pitching adjusts the angle at which the wind strikes the blade
140. It is also possibie that the pitch of the blades 140 cannot be adjusted. In this case,
the aerodynamic profile of the blades 140 is designed in a manner that the BLift
experienced by the blades are lost when the wind speed exceeded a certain threshold,
causing the turbine to stall.

The hub 132 typically rotates about a substantially horizontal axis along a drive
shaft (not shown) extending from the hub 132 to the nacelle 120. The drive shaft is
usually coupled to one or more coroponents in the nacelle 120, which are configured to
convert the rotational energy of the shaft into electrical energy.

Although the wind turbine 100 shown 1o Fig.1 bhas three blades 140, it should be
noted that a wind turbine may have different number of blades. It is common to find
wind turbines having two to four blades. The wind turbine 100 shown in Fig.l is a
Horizontal Axis Wind Turbine (HAW'T) as the rotor 130 rotates about a horizontal axis.
It should be noted that the rotor 130 may rotate about a vertical axis. Such a wind turbine
having its rotor rotates about the vertical axis is known as a Vertical Axis Wind Turbine
(VAWT). The embodiments described henceforth are not limited to HAWT having 3
blades. They may be implemented in both HAWT and VAWT, and having any number
of blades 140 in the rotor 130.

Fig.2 shows an electrical system of the wind turbine having a power dissipating
arrangement 220 according to an embodiment. The electrical system includes a generator
201, a power converter 202 and a main transformer 203. The electrical system is
connected to a power grid 207. The power converter 202 includes a generator-side
converter 210 and a grid-side converter 211 connected via a direct current (DC) link 212,
The DC-link 212 includes a DC-link capacitor 213. The power dissipating arrangement
220 is connected to the output of the generator 201. The electrical system also include
grid-side {ilters 208 (also known as grid harmenic {ilter) for filtering switching harmonics,
generator-side breaker 215 between the generator 201 and the power converter 202, and
grid-side breaker 216 between the filters 208 and the transformer 203.

The generator 201 converts mechanical energy or power to electrical energy or

power having AC voltage and current (collectively referred to as “AC signals”), and

i1



10

20

30

WO 2013/013678 PCT/DK2012/050278

provides the generated AC signals to the generator-side converter 210. The AC signals
from the generator have a variable frequency, due to varying wind. The generator-side
converter 210 converts or rectifies the AC signals to DC voltage and current {collectively
know as “DC signals”). The grid-side converter 211 converts the DC signals from the
DC-link 212 into fixed frequency AC signals for the power grid 207. The voltage of the
fixed frequency AC signals at the output of the grid-side converter 211 is stepped up by
the main transformer 203. The power dissipating arrangement 220 connected to the
output of the generator 201 is adapted to dissipate power from the generator 201. The
structure of the power dissipating arrangement 220 will be explained in greater detail
later.

It should be noted that Fig.2 is only an illustration of an electrical sysiem in a
wind turbine where only common components are shown. The electrical system may
include other components such as gencrator-side filters, sensors, DC-link voltage pre-
charge arrangement, resonant filter, etc.

Fig.3 illustrates the power dissipating arrangement 220 according to an
embodiment. The power dissipating arrangement 220 inclades a first resistor 301, a
second resistor 302, a third resistor 303, a first thyristor 304, a second thyristor 305, a
third thyristor 306, a trigger circuit 307 and a conirol unit 308. Each of the first, second
and third resistor 301, 302, 303 includes a first terminal 311, 312, 313 and a second
terminal 314, 315, 316. Each thyristor 304, 305, 306 includes an anode 317, 318, 319, a
cathode 320, 321, 322 and a gate terminal 323, 324, 325.

The first terminal 311 of the first resistor 301 is coupled to the first output
winding of the generator 201, and the second terminal 314 is coupled to the anode 317 of
the first thyristor 304. The first terminal 312 of the second resistor 302 is coupled to the
second output winding of the generator 201, and the second terminal 315 is coupled to
the anode 318 of the second thyristor 305. The f{irst terminal 313 of the third resistor 303
is coupled to the third output winding of the generator 201, and the second termunal 316
is coupled to the anode 319 of the third thyristor 306. The cathode 320 of the first
thyristor 304 is coupled to the anode 318 of the second thyristor 305 (or the second
terminal 315 of the second resistor 302). The cathode 321 of the second thyristor 305 is

coupled to the anode 319 of the third thyristor 306 (or the second terminal 316 of the
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third resistor 303). The cathode 322 of the third thyristor 306 is coupled to the anode 317
of the first thyristor 304 (or the second terminal 314 of the {rst resistor 301). The gate
terminal 323, 324, 325 of the first, second and third thyristors 304, 305, 306 are coupled
to the trigger circuit 307,

The control unit 308 is coupled to the trigger circuit 307. As mentioned earlier,
current flow between the anode and the cathode is blocked. To render the thyristor into a
conducting state or activate the thyristor, a gating signal is applied to the gate terminal by
the trigger circuit 307. The thyristor can be said to be switched/turned on when it is in
the conducting state. The control unit 308 controls the operation of the trigger circuit 307,
and hence conftrols the switching or activation of the thyristors 304, 305, 306. A
common type of thyristor is silicon controlled rectifier (SCR).

The control unit 308 may obtain input {from various sources to determine whether
to activate the thyristors 304, 305, 306, including but not limited to signal from turbine
control 350, voltage at the generator output, current at the converter 210 input and
temperature of the resistors 301, 302, 303. According to an embodiment, the power
dissipating arrangement 220 includes a measurement circuit 340 for obtaining voltage
and current information. As an example, the measurement circuit 340 receives the
voltage al the second terminals 314, 315, 316. Additionally or aliernatively, the
measurement circuit 340 receives the current at the input of the converter 210, or more
generally at a point between the output of the generator 201 and the input of the converter
210. The measurement circuit 340 provides an output signal 341 to the contro} unit 308.
The control unit 308 also receives a control signal 351, for example a shut down signal,
from the turbine control 350. Based on the output signal 341 from the measurement
circuit 340 and/or the control signal 351 from the turbine control 350, the control unit 308
controls the operation of the thyristors 304, 305, 306 through the trigger circuit 307,
thereby dissipating power from the generator through the resistors 301, 302, 303.

It should be voted that the resistors 301, 302, 303 may be a single resistor or a
resistor bank comprising a plurality of resistors. The resistors 301, 302, 303 might also
be replaced with other components suitable for dissipating power.  The measurement
circuit 340 is an optional component in the power dissipating arrangement 22(,

depending on what input the control unit 308 is configured (o receive to control the
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operation of the thyristors. In an embodiment, the control unit 308 controls the operation
of the thyristors based on temperature of the resistors 301, 302, 303. In this embodiment,
the measurement circuit 340 may be configured to measure the temperature of the
resistors 301, 302, 303.

As mentioned earlier, the power dissipating arrangement {or a 3-phase generator
comprises only three thyristors. Accordingly, the number of components used has been
reduced compared to the prior art. This increases the reliability of power dissipating
arrangement because the probability of any one of the components failing is reduced.
According to the embodiment, it is also possible to determine which of the components
of the power dissipating arrangement is faulty.

It should be noted that thyristors are used as the semiconductor switches in this
example shown in Fig.3. It is also possible to use other semiconductor switches such as
IGBTs, MOSFETS, ete, in other embodiments.

A method for determining the health status of the power dissipating arrangement
according to an embodiment shall now be described with reference to Fig.3. The health
status check of the power dissipating arrangement may be done any time, but usually
during the starting up of the wind turbine when the generator is rotating but the power
converter 202 is disconnected from the generator 201 by the generator-side breaker 215.
At this stage, the voltages at the second terminal of the resistors 301, 302, 303 are
measured by the measurement circuit 340. The measured voliages are further processed
and analyzed to determine the health of the generator. Further processing includes
filtering the voltages, determining the root-means-square {(rms) of the voltages, summing
and/or averaging the voltages, etc. The voltages are then analyzed. Analysis of the
voltages includes observing the asymmetry of the measured voltages. If the asymmetry
of the measured voltages exceeds a certain threshold (i.e. there is significant asymmetry
in the voltages), it means that there could be problems with the generator. For example,
the sum of the line voltages is determoined. The sum of the line voltages should be
approximately zero or is very low for a healthy generator. If the sum of the line voltages
is not approximatcly zero, the generator is possibly faulty. The health status of the

generator may also be determined from the rins values of the measured voltages.
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After determining the health of the generator, the thyristors are turned on for a
short period of time e.g. 10-50ms. When the thyristors are turned on, the measurement
unit 340 measures the voltages at the second terminal of the resistors 301, 302, 303. If
any of the measured voltages are not zero, the corresponding thyristor and/or associated
circuit {e.g. the trigger circuit) is potentially faulty. If no faults are detected in the
generator, the thyristors and the associated circuit, the converter 210 is connected to the
generator 201 via the generator-side breakers 215 to start the operation of the wind
turbine.

It should be noted that the steps for delermining the health status of the power
dissipating arrangement may be reversed in an alternative embodiment. In this
alternative embodiment, the thyristors are first turned on {or a short period of time to
determine the health status of the thyristors and the associated circuits {e.g. the trigger
circuit). Subsequently, the thyristors are turned off and the health status of the generator
is determined.

The method for performing health check can be performed by a health monitoring
unit (not shown). The health monitoring unit may be part of the control unit 308 or the
turbine controller 350. This health status check of the power dissipating arrangement is
simple and can be done quickly. By detecting generator, thyristor and other associated
circuit {(e.g. trigger circuit) faults during the start up or testing phase, any faulty
components can be replaced early. This is advantageous over the prior art where the
faulty thyristor, generator and/or other components are only discovered later when the
turbine is in operation, resulting in further damage or unnecessary turbine down time and
possibly unscheduled visit by a service technician to replace the faulty components. The
faulty components in the power dissipating arrangement may also result in damage of
other components in the wind tarbine when in operation. According to the embodiment,
all these problems are avoided.

During operation of the wind turbioe, the power dissipating arrangemnent 220
monitors the status of the generator or the power converter, and activates the thyristors
304, 305, 306 to dissipate the power from the generator 201 if it has detected a fault in
the generator or the converters. In an embodiment, the measurement unit 340 measures

the voltages at the second terminal 314, 315, 316 of the resistors 301, 302, 303.  If the
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voltages measured by the measurement unit 340 are significantly asymmetrical {outside a
predetermined limit) and/or if one of the line voltages is approximately zero or is very
low, it means that the generator, one or more of the thyristors or ifs associated circuit is
faulty. Accordingly, the control untt 308 turns on the thyristors 304, 305, 306. For
example, if the voltage measured between the second terminal 315 of the second resistor
302 and second terminal 314 of the first resistor 301 is near to zero signifying a fault in
the thyristor or its associated circuit, the control unit 308 activates all the thyristors 304,
305, 306 to dissipate power from the generator 201.

In another embodiment, the measurement unit 340 measures the currents at the
input terminals of the generator-side converter 210. If the currents measured by the
measurement unit 340 are significantly asymmetrical and/or U one of the line currents is
outside a predetermined range (i.c. too high or too low), it means that the converter 210
or associated circuit is faulty, Accordingly, the control unit turns on the thyristors 304,
305, 306.  For example, if the current measured at the third input terminal of the
converter 210 1s much higher than a predetermined current threshold, the control unit 308
activates all the thyristors 304, 305, 306 to dissipate power from the generator 201.
Stmilarly, if asymmetry in the measured currents is more than a predetermined limit, then
at least one of the components in the system is faulty and the thryistors are turned on.
Further investigations may need to be made before the operation can be continued.
Depending on the nature of the faults, it may also be necessary to open the generator-side
breakers 215 to prevent fusther damage to the converter and other components. The
controls for the converter may also be stopped.

In an embodiment, the control unit 308 activates the thyristors 304, 305, 306 to
dissipate power from the generator 201 when it receives a shut down signal 351 from the
turbine control 350. The wind turbine may be requested to shut down, for example due (o
a supervision alert, extreme wind conditions, component failures or for other safety
related reasons. When the turbine is requested fo shut down, a shut down signal 1s
usually sent by the turbine controller 350 to various components in the wind turbine to
initiate shut down operation. When the control unit 308 receives the shut down signal

351, it switches on the thyristors 304, 305, 306.
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It should be emphasized that the embodiments described above are possible
examples of implementations which are merely set forth for a clear understanding of the
principles of the invention. The person skilled in the art may make many variations and
modifications to the embodiment(s) described above, said variations and modifications

are intended to be included herein within the scope of the following claims.
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Claim:

1. A power dissipating arrangement for dissipating power from a geoeralor in a wind
turbine, wherein the generator comprises a piurality of output terminals corresponding to
a multi-phase ouiput, the power dissipating arrangement comprises:

a plurality of dissipating units, each dissipating unit having a first terminal and a
second terminal, wherein the first terminal of cach dissipating unit is coupled to cach
output terminal of the generator;

a plurality of semiconductor switches, each semiconductor switch having a first
terminal, a second terminal and a gate terminal, wherein the first terminal of each
semiconductor switch is coupled to the second terminal of each dissipating unit and the
second terminal of the semiconductor switch is coupled to the second terminal of another
dissipating unit, such that the second terminal of each dissipating unit is coupled to the
first terminal of one semiconductor switch and the second terminal of another
semiconductor switch;

a trigger circuit coupled to the gate terminals of the plurality of the semiconductor
switches for switching the semiconductor switches; and

a control unit for controlling the operation of the trigger circuit, thereby

controlling the switching of the semiconductor switches.

2. The power dissipating arrangement according to clairn 1, where the plurality of
semiconductor switches comprise thyristors, insulated gate bipolar transistors (IGBT) or

metal oxide semiconductor field-effect transistors (MOSFET).

3. The power dissipating arrangement according to claim 1 or 2, wherein the control
unit controls the operation of the trigger circuit based on inputs obtained from at least one
of voltage at the first or second terminals of the dissipating units, current at the output

terminals of the generator, temperature of the dissipating units and a shut down sigoal.

4. The power dissipating arrangement according to any of the preceding claims,
wherein the wind turbine comprises a turbine control, and wherein the control unit is

configured to cause the trigger circuit to turn on the semiconductor switches when the
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control unit detects a shut down signal from the turbine control, thereby causing power

from the generator o be dissipaled through the power dissipating units.

5. The power dissipating arrangement according to any one of the preceding clairas,
further comprising a voltage measurement unit, wherein the voltage measurement unit is

configured to measure the voltages at the sccond terminals of the dissipating units.

6. The power dissipating arrangement according to claim 5, wherein the control unit
is configured to cause the trigger circuit to turn on the semiconductor switches to
dissipate power from the generator through the dissipating units when the measured

voliages exhibil a predetermined vollage characteristic.

7. The power dissipating arrangement according to claim 6, wherein the
predetermined voltage characteristic comprises at least one of:
- asymmetry in the measured voltages; and

- at least one of the measured voltages is outside a predetermined range.

8. The power dissipating arrangement according to any one of the preceding clairas,
further comprising a current measurement unit, wherein the current measurement unit is
configured to measure the current at a plurality of input terminals of a power converter

coupled to the output terminals of the generator.

9. The power dissipating arrangement according to claim 8, wherein the control unit
is configured to cause the trigger circuit to torn on the semiconductor switches to
dissipate power {rom the generator through the dissipating units when the measured

currents exhibit a predetermined current characteristic.

10. The power dissipating arrangement according to claim 9, wherein the
predetermined current characteristic comprises at east one oft
- asymmetry in the measured currents; and

- at lcast one of the measured currents is outside a predetermined range.
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11. The power dissipating arrangement according to any one of claims 4 to 7. {urther
comprising a health monitoring unit, wherein the health monitoring unit is configured to
determine a health status of the power dissipating arrangement during a testing phase of
the wind turbine by:

- obtaining a first voltage measurement {rom the voltage measurement unit;

- determining the health status of the generator based on the first voltage

medsurement;

- couotrolling the controller unit to turn on the semiconductor switches {or a

predefined period of time;

- obtaining a second voltage measurernent from the voltage measurement unit;

and

- determining the health status of the semiconductor switches and the trigger

circuit based on the second voltage measurement.

12. The power dissipating arrangement according to any one of the preceding claims,

wherein the dissipating unit is a resistor or a bank of resistors.

13. The power dissipating arrangement according to any one of the preceding claims,
wherein the trigger circuit turns on at least one of the semiconductor switches by

providing a gating signal.

14. A power dissipating arrangement for dissipating power from a generator in a wind
turbine, wherein the gencrator comprises a first, second and third output terminal
corresponding to a three-phase output, the power dissipating arrangement comprises:
a first, second and third dissipating unit, each dissipating unit having a first
terminal and a second terminal, wherein
- the first terminal of the first dissipating unit is coupled to the first output
terminal of the generator,
- the first terminal of the second dissipating unit is coupled to the second

output terminal of the generator, and
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- the first terminal of the third dissipating unit is coupled to the third
output terminal of the generator;

a first, second and third semiconductor switches, ecach semiconductor swiich
having a first terminal, a second terminal and a gate termunal, wherein

- the first terminal of the first semiconductor switch is coupled to the
second terminal of the first dissipating unit and the second terminal of the first
semiconductor switch is coupled to the second terminal of the second dissipating
unit,

- the first terminal of the second semiconductor switch is coupled to the
second terminal of the second dissipating unit and the second terminal of the
second semiconductor switch is coupled to the second terminal of the third
dissipating unit,

- the {irst terminal of the third semiconductor switch is coupled to the
second terminal of the third dissipating unit and the second terminal of the third
semiconductor switch is coupled to the second terminal of the first dissipating
unit:

a trigger circuit coupled to the gate terminals of the first, second and third
serniconductor switches for switching the semiconductor switches; and
a control unit for controlling the operation of the trigger circuit, thereby

confrolling the switching of the semiconductor swiiches.

15. The power dissipating arrangement according to claim 14, where the plurality of
semiconductor switches comprise thyristors, insulated gate bipolar transistors (IGBT) or

metal oxide semiconductor field-effect transistors (MOSFET).

16. The power dissipating arrangement according to claim 14 or 15, further
comprising a voltage measurement unil, wherein the voltage reasurement unit 1s

configured to measure the voltage at the second terminal of the dissipating units.
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17.

A wind turbine comprising:

a generator comprising a plurality of output terminals corresponding to a multi-

phase power output;

10

20

a power converter for converting the power output from the generator; and
a power dissipating arrangement {or dissipating power from the generator,
wherein the power dissipating arrangement comprises:

a plurality of dissipating units, each dissipating unit having a first terminal
and a sccond terminal, wherein the first terminal of cach dissipating unit is
coupled to each output terminal of the generator;

a plurality of semiconductor switches, each semiconductor switch having a
first terminal anode, a second terminal and a gate terminal, wherein the first
terminal of each semiconductor switch is coupled to the second terminal of each
dissipating unit and the second terminal of the semiconductor switch is coupled to
the second terminal of another dissipating unit, such that the second terminal of
cach dissipating unit is coupled to the first terminal of one semiconductor switch
and the second terminal of another semiconductor switch;

a trigger circuit coupled to the gate terminals of the plurality of the
semiconductor switches for switching the semiconductor switches; and

a control unit for controlling the operation of the trigger circuit, thereby

controlling the switching of the semiconductor switches.
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