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DESCRIPTION

[0001] The present invention relates generally to the field of wind generators, more
particularly, to methods and systems to allow for an increase in generator output to supply
frequency supporting current.

[0002] Recently, wind turbines have received increased attention as an environmentally safe
and relatively inexpensive alternative energy source. With this growing interest, considerable
efforts have been made to develop wind turbines that are reliable and efficient.

[0003] Generally, wind turbines use the wind to generate electricity. The wind turns multiple
blades connected to a rotor. The spin of the blades caused by the wind spins a shaft of the
rotor, which connects to a generator that generates electricity. Specifically, the rotor is mounted
within a housing or nacelle, which is positioned on top of a truss or tubular tower. Utility grade
wind turbines, i.e., wind turbines designed to provide electrical power to a utility grid can have
relatively large rotors ranging to thirty or more meters in diameter. Blades on these rotors
transform wind energy into a rotational torque or force that drives one or more generators that,
in some instances, are coupled to the rotor through a gearbox. The gearbox may be used to
step up the inherently low rotational speed of the turbine rotor for the generator to efficiently
convert mechanical energy to electrical energy, which is provided to a utility grid.

[0004] Some turbines utilize generators that are directly coupled to the rotor without using a
gearbox. In these instances, doubly fed induction generators (DFIG) may be used. Power
converters are used to transfer the power for the wound rotor of the generator to a grid
connection. In operation, a required level of energy will pass through a DC link of the power
converter. Under certain conditions (e.g., transient power conditions), a high power mismatch
between the rotor and the grid connection temporally exists and voltage transients become
amplified such that a DC link voltage level can increase above normal allowed or rated levels.
See, for example, EP 2 001 120.

[0005] Known systems for absorbing or deflecting power during excessive power level
conditions include using a fast acting shorting means, e.g., a crowbar circuit, between the rotor
terminals of the doubly fed induction generator and the rotor converter. In operation, these
shorting devices provide a short circuit at the rotor terminals, for example, during the excessive
power level conditions, to prevent excess power flowing to the rotor converter. Excess power
can result in the development of an excess DC link voltage that can damage the converter and
halt the operation of the wind turbine system.

[0006] The known extra shorting devices not only add cost to the wind turbine system, but may
cause high torque peaks to the generator shaft torque that excite vibrations in the coupled
drive train of the wind turbine. Excessive forces must be accounted for where sudden changes
of extracted power cause transient or oscillatory forces to exceed rated force or the force
related displacement to exceed the rated displacement.
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[0007] While the cost of providing increased strength for these components is high, the
capability provided by such components can be used to increase their value. On the other
hand, limits that must be placed on the operating system may reduce this value. The need for
the system to provide current for grid stability may reduce the generators capability to provide
frequency support where a portion of the grid stability current is supplied by the generator
alone.

[0008] Thus, there is a need for a method and system to dependably supply the grid stability
reactive power currents while allowing the generator to provide the frequency supporting
current without need to strengthen all the turbine equipment.

[0009] Various aspects and advantages of the invention will be set forth in part in the following
description, or may be clear from the description, or may be learned through practice of the
invention.

[0010] The present invention is defined by the appended claims.

[0011] Variations and modifications can be made to these exemplary embodiments of the
present disclosure. Various features, aspects and advantages of the present invention will
become better understood with reference to the following description and appended claims.
The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and, together with the description, serve
to explain the principles of the invention. In the drawings:

Fig. 1 depicts aspects of an exemplary control system for a wind turbine;

Fig. 2 depicts aspects of rotor side and line side converters and a dynamic brake in
accordance with present disclosure;

Fig. 3A depicts frequency supporting and grid stabilizing current flows available in previous
DFIG systems; and

Fig. 3B depicts frequency supporting and grid stabilizing current flows available in DFIG
systems in accordance with present disclosure.

[0012] Reference now will be made in detail to embodiments of the invention, one or more
examples of which are illustrated in the drawings. Each example is provided by way of
explanation of the invention, not limitation of the invention. In fact, it will be apparent to those
skilled in the art that various modifications and variations can be made in the present invention
without departing from the scope of the invention. For instance, features illustrated or
described as part of one embodiment, can be used with another embodiment to yield a still
further embodiment. Thus, it is intended that the present invention encompass such
modifications and variations as come within the scope of the appended claims and their
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equivalents.

[0013] In order to place the teachings of the current invention into context, a review of aspects
of components for generating electricity using a wind turbine are now discussed. Referring to
FIG. 1, there is shown an exemplary embodiment of aspects of wind turbine system 100.

[0014] In this embodiment, a rotor 106 includes a plurality of rotor blades 108 coupled to a
rotating hub 110, and together define a propeller. The propeller is coupled to an optional gear
box 118, which is, in turn, coupled to a generator 120. In accordance with present disclosure,
generator 120 is a doubly fed induction generator 120 (DFIG).

[0015] DFIG 120 is typically coupled to stator bus 154 and a power conversion component 162
via a rotor bus 156. The stator bus 154 provides output of three-phase power from a stator
(not separately illustrated) of DFIG 120 and the rotor bus 156 provides output of three-phase
power from a rotor (not separately illustrated) of the DFIG 120. With particular reference to the
power conversion component 162, DFIG 120 is coupled via the rotor bus 156 to a rotor side
converter 166. The rotor side converter 166 is coupled to a line side converter 168 which in
turn is coupled to line side bus 188. In exemplary configurations, the rotor side converter 166
and the line side converter 168 are configured for a normal operating mode in a three-phase,
two level, Pulse Width Modulation (PVWM) arrangement using Insulated Gate Bipolar Transistor
(IGBT) switching devices as illustrated in Fig. 2. The rotor side converter 166 and the line side
converter 168 are coupled via a DC link 136 across which is the DC link capacitor 138.

[0016] The power conversion component 162 also includes a controller 174 to control the
operation of the rotor side converter 166 and the line side converter 168. It should be noted
that the controller 174, in typical embodiments, is configured as an interface between the
power conversion component 162 and a control system 176.

[0017] In typical configurations, various line contactors and circuit breakers including, for
example, grid breaker 182 may be included to isolate the various components as necessary for
normal operation of DFIG 120 during connection to and disconnection from power grid 184. A
system circuit breaker 178 couples the system bus 160 to transformer 180, which is connected
to power grid 184 via grid breaker 182.

[0018] In operation, power generated at DFIG 120 by the rotating rotor 106 is provided via a
dual path to power grid 184. The dual paths are defined by the stator bus 154 and the rotor
bus 156. On the rotor bus 156 side, sinusoidal three-phase alternating current (AC) power is
converted to direct current (DC) power by the power conversion component 162. The
converted power from the power conversion component 162 is combined with the power from
the stator of DFIG 120 to provide three-phase power having a frequency that is maintained
substantially constant, for example, at a sixty Hertz AC level. The power conversion component
162 compensates or adjusts the frequency of the three-phase power from the rotor of DFIG
120 for changes.
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[0019] As is known in the art, various circuit breakers and switches within the wind turbine
system 100, including grid breaker 182, system breaker 178, stator sync switch 158, converter
breaker 186, and line contactor 172 are configured to connect or disconnect corresponding
buses, for example, when current flow is excessive and can damage the components of the
wind turbine system 100 or for other operational considerations. Additional protection
components (not shown) may also be provided.

[0020] It should be noted that wind turbine system 100 may be modified to operate in
connection with different power systems, etc. In general, the wind turbine system 100
generates power as is known in the art. It should also be recognized that aspects of wind
turbine system 100 as discussed herein are merely illustrative and not limiting thereof.

[0021] In various embodiments, the power conversion component 162 receives control signals
from, for example, the control system 176 via the controller 174. The control signals are based,
among other things, on sensed conditions or operating characteristics of the wind turbine
system 100. Typically, the control signals provide for control of the operation of the power
conversion component 162. For example, feedback in the form of sensed speed of the DFIG
120 may be used to control the conversion of the output power from the rotor bus 156 to
maintain a proper and balanced three-phase power supply. Other feedback from other sensors
also may be used by the control system 174 to control the power conversion component 162,
including, for example, stator and rotor bus voltages and current feedbacks. Using the various
forms of 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
known manner.

[0022] Referring now to Fig. 2, there are depicted aspects of rotor side converter 166, line side
168 converter, and dynamic brake 200 in accordance with present disclosure. As may be seen
from Fig. 2, both rotor side converter 166 and line side converter 168 correspond, in this
exemplary configuration, to a plurality of insulated gate bipolar transistors (IGBTs). It will be
appreciated by those of ordinary skill in the art that other types of devices may be used in
place of the IGBTs. The rotor side converter 166 is configured to receive AC input from rotor
bus 156 and to provide a DC voltage across capacitor 138 which is coupled across DC link
136. Line side converter 168, on the other hand, is configured to convert the DC voltage on DC
link 136 into an AC voltage and to supply such AC voltage to line bus 188.

[0023] In accordance with present disclosure, it has been found that by replacing the line side
converter 168 switches, i.e., presently illustrated IGBT devices, with switches having at least
the same current carrying capacity as the rotor side converter 166 switches and with the
addition of a dynamic brake 200 coupled across DC link 136, significantly increased grid
stabilizing reactive currents may be supplied during transient conditions. In the presently
illustrated exemplary configuration dynamic brake 200 may correspond to IGBT 202 coupled in
series with dissipative element 204. In an exemplary embodiment, dissipative element 204 may
correspond to a resistor of appropriate power handling capacity and IGBT 202 may be
controlled using pulse width modulation techniques via controller 206 which is responsive to
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voltage levels across DC link 136.

[0024] With reference now to Fig. 3A there is depicted a block diagram of frequency
supporting and grid stabilizing current flows in a previously available doubly fed induction
generator system (DFIG) system. As may be seen from Fig. 3A, frequency supporting and grid
stabilizing currents may flow along the path represented by current path arrow 302 from the
rotor of DFIG 300 and join with stator currents represented by current path arrow 304 after
passing through rotor side switches 310, DC link 312, and line side switches 314.

[0025] Fig. 3B depicts frequency supporting and grid stabilizing current flows available in
accordance with present disclosure. In accordance with present disclosure, previously used
line side switches 314 are replaced with higher capacity line side switches 314' corresponding
at least in current carrying capacity to that of the rotor side switches 310 as partly represented
by the increased font size in Fig. 3B vs. that of Fig. 3A. In addition, a dynamic brake 316 is
provided as previously noted with respect to Fig. 2 coupled across DC link 312. The
combination of these features provides for frequency supporting and more grid stabilizing
currents as represented by current path arrow 306’ from the line side switches 314' and
frequency supporting and less grid stabilizing currents from the stator of generator 300 as
represented by current path arrow 304'. At the same time the rotor of DFIG 300 is called upon
to supply frequency supporting and less grid stabilizing currents as represented by current
path arrow 302'. This combination results in increased power producing stator current, i.e.,
increased power capability of the generator, and improved response to grid transients.

[0026] During periods of transient disturbance on grid 188, provisions must be made to
compensate for the effect of reactive power. Generally wind turbines are supplied with
compensation mechanisms that allow operation at near unity power factor. For example, in an
exemplary DFIG systems, line side converters may be controlled via pulse width modulation
techniques to produce a higher or lower voltage than the bus to which they are connected to
achieve power factor correction.

[0027] In accordance with present disclosure, significantly increasing, for example by doubling,
the capacity of the line side switches provides a means to provide the additional current
capability of the line side converter to supply grid stabilizing current without increasing rotor or
stator current. At the same time, dynamic brake 316 is operated in response to the DC link
voltage using, for example, a pulse width modulation technique to control the DC link voltage to
provide a generally constant relatively normal level during periods of grid instability.

[0028] This written description uses examples to disclose the invention, including the preferred
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. 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 include structural elements that do not differ from the literal language of
the claims, or if they include equivalent structural elements with insubstantial differences from
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the literal languages of the claims.
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KRAV

1. Fremgangsmade til stabilisering af forstyrrelser i elnetsstrgmme i et elnet forsynet med energi
fra en vindmglle, omfattende:
kobling af statoren af en vindstyret dobbelttilfart asynkrongenerator (120) til
elnettet (184);
kobling af rotoren af den dobbelttilfgrte asynkrongenerator (120) til elnettet ved
hjeelp af en linje-side konverter (168), hvor linje-side konverteren omfatter en
flerhed af stramfgrende elektriske afbrydere;
kobling af rotoren af den dobbelttilfgrte asynkrongenerator (120) til linje-side
konverteren (168) ved hjaelp af en rotor-side konverter (166) og en
jeevnstrgmsforbindelse (136), hvor rotor-side konverteren (166) omfatter en flerhed
af strgmfgrende elektriske afbrydere; og kendetegnet ved:
tilvejebringelse af linje-side konverterens stramfgrende afbrydere med tilstraekkelig
strombeereevne til at frembringe frekvensunderstgtning og ggede netstabiliserende
stromme, samtidig med at der tilvejebringes frekvensunderstatning og kraeves
mindre maengder netstabiliserende strgmme fra statoren i den dobbelttilfgrte
asynkrongenerator og derved tilvejebringe gget effektproducerende statorstrgm
under forstyrrelser i elnettet, hvor strembaereevnen, der er tilvejebragt for linje-side
konverterafbryderne, er mindst lige sd stor som strgmbeereevnen, der er
tilvejebragt for rotor-side konverterafbryderne.

2. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, yderligere omfattende:
kobling af en dynamisk bremse (200) over jeevnstrgmsforbindelsen (136); og
styring af den dynamiske bremse i afhaengighed af spaendingsniveauet over
jeavnstrgmsforbindelsen.

3. Fremgangsmaéde ifglge et hvilket som helst af de foregdende krav, hvor kobling af den
dynamiske bremse (200) omfatter kobling af en seriekoblet afbryder (202) og en dissipativ
anordning (204) over jeevnstrgmforbindelsen (136).

4. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor styring af den
dynamiske bremse (200) omfatter modulering af et signal, der tilfgres fasttilstandsafbryderen
(202) i overensstemmelse med spaendingsvariationer over jaevnstromforbindelsen (136).

5. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor flerheden af
stramfgrende elektriske afbrydere i linje-side konverteren (166) og flerheden af stramfgrende
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elektriske afbrydere i rotor-side konverteren (168) er tilvejebragt som isolerede bipolaere

transistorer.

6. Apparat til stabilisering af forstyrrelser i elnetsstramme i et elnet forsynet med energi fra en
vindmglle, omfattende:
en vindstyret dobbelttilfgrt asynkrongenerator (120) med en stator og en rotor, hvor
neevnte stator er koblet til elnettet (184); og
en linje-side konverter (168), hvor linje-side konverteren (168) omfatter en flerhed
af stramfagrende elektriske afbrydere, der er konfigureret til at koble rotoren af den
dobbelttilfgrte asynkrongenerator (120) til naevnte net;
en rotor-side konverter (166), hvilken rotor-side konverteren (166) omfatter en
flerhed af stromfgrende elektriske afbrydere; og
en jaevnstrgmsforbindelse (136), der kobler rotor-side konverteren (166) til linje-
side konverteren (168); kendetegnet ved at:
hvori de strgmfgrende afbrydere er forsynet med tilstraekkelig streambaereevne til at
producere frekvensunderstgtning og ggede netstabiliserende strgamme, mens de
tilvejebringer frekvensunderstgtning og kraever mindre maengder netstabiliserende
stromme fra statoren i den dobbelttilfgrte asynkrongenerator (120) og derved
tilvejebringer gget effektproducerende statorstrom under forstyrrelser i elnettet,
hvor strambeereevnen, der er tilvejebragt for linje-side konverteren (168), er mindst
lige sd stor som strembaereevnen, der er tilvejebragt for rotor-side konverteren
(166).

7. Apparat ifglge krav 6, yderligere omfattende:
en dynamisk bremse (200) koblet over naevnte jeevnstrgmsforbindelse (136); og
en controller (206), der reagerer pd et spaendingsniveau over navnte
jeevnstrgmsforbindelse (136) koblet til den dynamiske bremse (200).

8. Apparat ifglge krav 7, hvor den dynamiske bremse (200) omfatter en seriekoblet afbryder (202)
og en dissipativ anordning (204) koblet over jeevnstrgmforbindelsen (136).

9. Apparat ifglge krav 8, hvor den seriekoblede afbryder (202) er en fasttilstandsafbryder, og den
dissipative anordning (204) er en modstand.

10. Apparat ifglge et hvilket som helst af kravene 7 til 9, hvor controlleren (206) er konfigureret til
at modulere et signal, der pafgres til fasttilstandsafbryderen (202) i overensstemmelse med
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spaendingsvariationer over jeevnstrgmsforbindelsen (136).

11. Apparat ifglge et hvilket som helst af kravene 6 til 10, hvor flerheden af streamfgrende
elektriske afbrydere i linje-side konverteren (168) og flerheden af stramfgrende elektriske
afbrydere i rotor-side konverteren (166) er isolerede bipolaere transistorer.
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DRAWINGS

9Ll : —\ mV_H_

991 — | jonueD m|4w©r
291 & 20 ove m 00l
i ovE LAmﬁuo rll_ _ \/\
ocl 8l _ Tr» z/L
951 puuil L

- > mfiY‘Wl a8l

801 | _ - .
TN A — A
oL @ | — -

ity

901 8li 0zt ySi 861 09L 844 081 <8l ¥8l



DK/EP 2448079 T3

¢ 9ld

T H "
; P ! ]
i » b i 1

! > i ) \ !
! P 1 |

| P ) ' )
1 Py V ' i
) [ 1 ' '
1 [ B ) 1
1 ) i ) 1
: Vo h i )
] [ ' | i
) Vg 1 H 1
1 [ | : ¥
) ™1 T 4 1
) £y ' ! '
1 Vg P | '
1 vy 1 1 !
||||||||||||| E 'llxluxl\rQ«\xln T ruln;p»»rr:\innnyx'vrnun._

991 00 90Z 9tEl 891



DK/EP 2448079 T3

0ot

00g

g¢ "bi4

(\V|V

{ sulpisuely dn

gals Qleidusn)
0Le Zle Fle //

J \L
o /
SaYIUMG SayIms 881

opiS ur apis \
100y 2a su 908

.C0E

9)eIg JIWBUAQ

aLe —~
ve b4
Jewupisuely dn

v

Z0e

de)s Jpjeisusn
Oilg AR vle
SOUOHIMS SBUONIMS \A> w/we
opIg Hu apIS

1010y oda aun 90€




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

