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DESCRIPTION

[0001] The present disclosure relates generally to electrical power systems, and more
particular to a system and method for limiting temperature of switching devices of electrical
power systems using torque control.

[0002] Wind power is considered one of the cleanest, most environmentally friendly energy
sources presently available, and wind turbines have gained increased attention in this regard.
A modern wind turbine typically includes a tower, generator, gearbox, nacelle, and one or more
rotor blades. The rotor blades capture kinetic energy of wind using known airfoil principles. For
example, rotor blades typically have the crosssectional profile of an airfoil such that, during
operation, air flows over the blade producing a pressure difference between the sides.
Consequently, a lift force, which is directed from a pressure side towards a suction side, acts
on the blade. The lift force generates torque on the main rotor shaft, which is geared to a
generator for producing electricity.

[0003] During operation, wind impacts the rotor blades of the wind turbine and the blades
transform wind energy into a mechanical rotational torque that rotatably drives a low-speed
shaft. The low-speed shaft is configured to drive the gearbox that subsequently steps up the
low rotational speed of the low-speed shaft to drive a high-speed shaft at an increased
rotational speed. The high-speed shaft is generally rotatably coupled to a generator so as to
rotatably drive a generator rotor. As such, a rotating magnetic field may be induced by the
generator rotor and a voltage may be induced within a generator stator that is magnetically
coupled to the generator rotor. In certain configurations, the associated electrical power can be
transmitted to a turbine transformer that is typically connected to a power grid via a grid
breaker. Thus, the turbine transformer steps up the voltage amplitude of the electrical power
such that the transformed electrical power may be further transmitted to the power grid.

[0004] In many wind turbines, the generator rotor may be electrically coupled to a bidirectional
power converter that includes a rotor side converter joined to a line side converter via a
regulated DC link. More specifically, some wind turbines, such as winddriven doubly-fed
induction generator (DFIG) systems or full power conversion systems, may include a power
converter with an AC-DC-AC topology. In such system, the generator stator is separately
connected to the power grid via a main transformer. The power converter usually includes
several switching devices such as insulated gate bipolar transistors (IGBTs), integrated gate
commutated thyristors (IGCTs or GCTs), diodes, or metal oxide semiconductor field effect
transistors (MOSFETs) that are switched at certain frequencies to generate the desired
converter output voltage and frequency. The converter output voltage is then provided to
various loads such as motors, power grids, resistive loads, etc.

[0005] Some grid and/or wind conditions, when combined with high ambient temperatures, can
cause the switching devices junction temperatures to reach their design limit, which forces a
trip in the converter control to occur in order to protect the switching devices. Such tripping,
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however, can cause a sudden drop in torque applied via the generator to the main shaft of the
wind turbine, thereby leading to an over-speed condition if pitch and braking strategies are not
applied. This in turn forces pitch and braking mechanisms to act to prevent the over-speed
condition. Each application of the braking mechanisms must be accounted for in either the
robustness of the design or in the frequency of the maintenance inspections and
replacements.

[0006] EP 2 398 134 describes a converter lifetime improvement method for a doubly fed
induction generator. US 2013/0241463 describes a doubly-fed generator and a doubly-fed
electrical machine.

[0007] Thus, the present disclosure is directed to systems and methods for limiting
temperature of the switching devices using torque control that addresses the aforementioned
issues. 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. The invention is defined in method of claim 1 and in device of claim 4. Preferred
embodiments are disclosed in claims 2, 3, 5 and 6.

[0008] In the drawings:

FIG. 1 illustrates one embodiment of an example renewable energy power system according to
the present disclosure;

FIG. 2 illustrates a block diagram of one embodiment of a control system suitable for use with
the renewable energy power system shown in FIG. 1;

FIG. 3 illustrates a schematic diagram of one embodiment of the various components of a
rotor-side converter according to the present disclosure, particularly illustrating one of the three
phases;

FIG. 4 illustrates a flow diagram of one embodiment of a method for controlling temperature of
a switching device of an electrical power system according to the present disclosure; and

FIG. 5 illustrates a flow diagram of another embodiment of a method for controlling
temperature of a switching device of an electrical power system according to the present
disclosure.

[0009] 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 or spirit 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 covers such modifications
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and variations as come within the scope of the appended claims and their equivalents.

[0010] Generally, the present disclosure is directed to systems and methods for limiting
temperature of the switching devices of electrical power systems, such as DFIG power
systems, using torque control. More specifically, the present disclosure provides a system for
controlling torque in response to various operating conditions, such as coolant temperatures,
baseplate temperatures, switching device temperatures, DC link voltage, DC link current,
bridge currents, system current feedbacks, system voltage feedbacks, generator speed, wind
speed, wind turbulence, and/or grid frequency for the purpose of reducing the peak and
sustained switching device temperatures in order to avoid a trip, device damage, or to improve
lifetime. For example, the torque is increased under certain conditions to prevent an imminent
increase in speed from causing elevated switching device temperatures. In other instances, the
torque is decreased to lower the currents in the bridge for the purpose of lowering the
switching device temperatures.

[0011] In particular embodiments, the method may include reducing the torque in direct
response to the combination of coolant temperature, baseplate temperature, and modeled
switching device die temperatures to avoid adversely high die temperatures that would trigger
system trips and limit device lifetimes. Further, the system and method may be applied to any
electrical power systems, including but not limiting to wind conversion systems, solar
conversions systems, energy storage systems, and combinations thereof. In solar conversion
systems, bridge current can be controlled instead of torque as there is not a rotating machine
component of the system. Accordingly, the present disclosure has many advantages not
present in the prior art. For example, the system and method of the present disclosure
provides a higher system reliability (e.g. fewer trips, less device damage, etc.) as well as lower
system cost (e.g. lower design margin in the switching devices, lower design margin in the
braking systems, and/or lower maintenance costs).

[0012] Referring now to the drawings, FIG. 1 illustrates an example wind driven doubly-fed
induction generator (DFIG) system 100 according to one embodiment of the present
disclosure. Example aspects of the present disclosure are discussed with reference to the
DFIG wind turbine 10 of FIG. 1 for purposes of illustration and discussion. Those of ordinary
skill in the art, using the disclosures provided herein, should understand that example aspects
of the present disclosure are also applicable in other power systems, such as a wind, solar,
gas turbine, or other suitable power generation system.

[0013] In the example system 100, a rotor 106 includes a plurality of rotor blades 108 coupled
to a rotatable hub 110, and together define a propeller. The propeller is coupled to an optional
gearbox 118, which is, in turn, coupled to a generator 120 having a rotor 122 and a stator 124.
In accordance with aspects of the present disclosure, the generator 120 may be any suitable
generator, including for example, a doubly fed induction generator (DFIG). The generator 120
is typically coupled to a stator bus 154 and a power converter 162 via a rotor bus 156. The
stator bus 154 provides an output multiphase power (e.g. three-phase power) from a stator of
the generator 120 and the rotor bus 156 provides an output multiphase power (e.g. three-
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phase power) of a rotor of the generator 120.

[0014] The power converter 162 includes a rotor-side converter 166 coupled to a line-side
converter 168. The DFIG 120 is coupled to the rotor-side converter 166 via the rotor bus 156.
The line-side converter 168 is coupled to a line-side bus 188. Further, as shown, the stator bus
154 may be directly connected to the line-side bus 188. In example configurations, the rotor-
side converter 166 and the line-side converter 168 are configured for normal operating mode
in a three-phase, PWM arrangement using insulated gate bipolar transistor (IGBT) switching
devices, which are discussed in more detail herein. The rotor-side converter 166 and the line-
side converter 168 can be coupled via a DC link 136 across which is the DC link capacitor 138.
In alternative embodiments, the stator bus 154 and the power converter 162 may be
connected to separate isolated windings of a transformer (not shown), i.e. at the junction of the
generator breaker 158 and the converter breaker 186.

[0015] The power converter 162 can be coupled to a control system 174 to control the
operation of the rotor-side converter 166 and the line-side converter 168 and other aspects of
the power system 100. For example, as shown particularly in FIG. 2, the control system 174
can include any number of control devices. In one implementation, for example, the control
system 174 can include one or more processor(s) 176 and associated memory device(s) 178
configured to perform a variety of computer-implemented functions and/or instructions (e.g.,
performing the methods, steps, calculations and the like and storing relevant data as disclosed
herein). The instructions when executed by the processor 176 can cause the processor 176 to
perform operations, including providing control commands (e.g. pulse width modulation
commands) to the switching devices of the power converter 162 and other aspects of the
power system 100. Additionally, the control system 174 may also include a communications
module 180 to facilitate communications between the control system 174 and the various
components of the power system 100, e.g. any of the components of FIG. 1. Further, the
communications module 180 may include a sensor interface 182 (e.g., one or more analog-to-
digital converters) to permit signals transmitted from one or more sensors to be converted into
signals that can be understood and processed by the processors 176. It should be appreciated
that the sensors (e.g. sensors 181, 183, 185) may be communicatively coupled to the
communications module 180 using any suitable means. For example, as shown in FIG. 2, the
sensors 181, 183, 185 are coupled to the sensor interface 182 via a wired connection.
However, in other embodiments, the sensors 181, 183, 185 may be coupled to the sensor
interface 182 via a wireless connection, such as by using any suitable wireless communications
protocol known in the art. As such, the processor 176 may be configured to receive one or
more signals from the sensors.

[0016] As used herein, the term "processor” refers not only to integrated circuits referred to in
the art as being included in a computer, but also refers to a controller, a microcontroller, a
microcomputer, a programmable logic controller (PLC), an application specific integrated
circuit, and other programmable circuits. The processor 176 is also configured to compute
advanced control algorithms and communicate to a variety of Ethernet or serial-based
protocols (Modbus, OPC, CAN, etc.). Additionally, the memory device(s) 178 may generally
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comprise memory element(s) including, but not limited to, computer readable medium (e.g.,
random access memory (RAM)), computer readable non-volatiie medium (e.g.,, a flash
memory), a floppy disk, a compact disc-read only memory (CD-ROM), a magnetooptical disk
(MOD), a digital versatile disc (DVD) and/or other suitable memory elements. Such memory
device(s) 178 may generally be configured to store suitable computer-readable instructions
that, when implemented by the processor(s) 176, configure the control system 174 to perform
the various functions as described herein.

[0017] In operation, alternating current power generated at the DFIG 120 by rotation of the
rotor 106 is provided via a dual path to an electrical grid 160. The dual paths are defined by a
generator power path 130 and a converter power path 132. On the converter power path 132,
sinusoidal multi-phase (e.g. three-phase) alternating current (AC) power is provided to the
power converter 162 via the rotor bus 156.

[0018] The rotor-side power converter 166 converts the AC power provided from the rotor bus
156 into direct current (DC) power and provides the DC power to the DC link 136. Switching
devices (e.g. IGBTs) used in bridge circuits of the rotor side power converter 166 can be
modulated to convert the AC power provided from the rotor bus 156 into DC power suitable for
the DC link 136.

[0019] The line-side converter 168 converts the DC power on the DC link 136 into AC output
power suitable for the electrical grid 160. In particular, switching devices (e.g. IGBTs) used in
bridge circuits of the line-side power converter 168 can be modulated to convert the DC power
on the DC link 136 into AC power on the line-side bus 188. The AC power from the power
converter 162 can be combined with the power from the stator of the DFIG 120 to provide
multi-phase power (e.g. three-phase power) having a frequency maintained substantially at the
frequency of the electrical grid 160 (e.g. 50 Hz/60 Hz).

[0020] Various circuit breakers and switches, such as a generator breaker 158 and converter
breaker 186, can be included in the system 100 to connect or disconnect corresponding buses,
for example, when current flow is excessive and can damage components of the wind turbine
system 100 or for other operational considerations. Additional protection components can also
be included in the wind turbine system 100.

[0021] The power converter 162 can receive control signals from, for instance, the control
system 174. The control signals can be 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 converter 162. For example, feedback in the form of
sensed speed of the DFIG 120 can be used to control the conversion of the output power from
the rotor bus 156 to maintain a proper and balanced multi-phase (e.g. three-phase) power
supply. Other feedback from other sensors can also be used by the control system 174 to
control the power converter 162, including, for example, stator and rotor bus voltages and
current feedbacks. Using the various forms of feedback information, switching control signals
(e.g. gate timing commands for IGBTs), stator synchronizing control signals, and circuit
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breaker signals can be generated.

[0022] Referring now to FIG. 3, a partial schematic diagram of the rotor-side power converter
166 is illustrated. More specifically, as shown, the rotor-side converter 166 may include two
power bridge circuits 144, 145 connected in parallel. Though it should be understood that the
rotor-side converter 166 may include any number of power bridge circuits connected in
parallel, including more than two. Further, as shown, each of the power bridge circuits 144,
145 may include one or more switching devices (i.e. 190, 192 and 191, 193, respectively)
coupled in series with one another. It should be understood by those of ordinary skill in the art
that the switching devices 190, 191, 192, 193 can be any suitable switching device, such as an
IGBT (i.e. an insulated-gate bipolar transistor), power MOSFET (i.e. a metal-oxide
semiconductor field-effect transistor), or other suitable switching device. For instance, as
shown, the switching devices 190, 191, 192, 193 may correspond to IGBTs having a gate, a
collector, and an emitter. In addition, as shown, the illustrated IGBTs 190, 191, 192, 193 can be
coupled to an antiparallel diode. Moreover, as shown, the power converter 162 may include an
IGBT gate drive 194, 196 for each of the power bridge circuits 144, 145.

[0023] The switching devices 190, 191, 192, 193 can be controlled, for instance, by the control
system 174 (FIGS. 1 and 2). Thus, pulse frequency modulation commands (e.g. gate drive
commands) can be provided to one or more of the switching devices 190, 191, 192, 193 via
the IGBT gate drives 194, 196. Each of the power bridge circuits 144, 145 may also be coupled
to a rotor shunt 195, 197 which is coupled to a respective rotor reactor 198, 199.

[0024] Some grid and/or wind conditions, when combined with high ambient temperatures, can
cause the bridge switching devices (e.g. IGBTs 190, 191, 192, 193) junction temperatures to
reach a limit placed on the device. This will force a trip in the converter control to occur in order
to protect the switching devices 190, 191, 192, 193. A trip of the power converter 162 causes a
sudden drop in torque applied via the generator 120 to the main shaft of the wind turbine
power system 100. This will lead to an over-speed condition if pitch and braking strategies are
not applied; therefore, this in turn forces pitch and braking mechanisms to act to prevent the
over-speed condition. Each application of the braking mechanisms must be accounted for the
in either the robustness of the design or in the frequency of the maintenance inspections and
replacements. As such, the present disclosure is directed to a system and method for
controlling temperature of the switching devices 190, 191, 192, 193 of the electrical power
system 100 so as to prevent such trips.

[0025] Referring particularly to FIG. 4, a flow diagram of one embodiment of a method 200 for
controlling temperature of the switching devices 190, 191, 192, 193 of the electrical power
system 100 according to the present disclosure is illustrated. Further, FIG. 4 depicts steps
performed in a particular order for purposes of illustration and discussion. Those of ordinary
skill in the art, using the disclosures provided herein, will understand that various steps of any
of the methods disclosed herein can be adapted, omitted, rearranged, or expanded in various
ways without deviating from the scope of the present disclosure.
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[0026] As shown at 202, the method 200 includes monitoring, via one or more sensors 181,
183, 185, at least one operating condition of the electrical power system 100. For example, in
one embodiment, the operating condition(s) of the electrical power system 100 may include
any one of or combination of the following: coolant temperature, baseplate temperature,
modeled switching device temperature, DC link voltage, DC link current, bridge currents of the
power bridge circuits 144, 145, system current feedbacks, system voltage feedbacks,
generator speed of the generator 120, wind speed, wind turbulence, or grid frequency. As
shown at 204, the method 200 may also include monitoring the temperature of the switching
devices 190, 191, 192, 193.

[0027] Thus, as shown at 206, the method 200 also includes controlling torque of the electrical
power system 100 based on the operating condition(s) of the electrical power system 100 so
as maintain the temperature of the switching devices 190, 191, 192, 193 below a
predetermined threshold (i.e. to reduce a peak or sustained temperature of the switching
devices 190, 191, 192, 193). For example, as shown at 208, the control device 174 may
increase the torque of the electrical power system 100 in response to certain grid and wind
conditions to prevent an increase in generator speed from causing an increase in temperature
of one or more of the switching devices 190, 191, 192, 193. In addition, as shown at 210, the
control device 174 may decrease the torque of the electrical power system 100 to lower
currents in the power bridge circuits 144, 145 so as to lower the temperature in one or more of
the switching devices 190, 191, 192, 193. More specifically, in one example, the control device
174 may directly reduce the torque in response to the combination of the coolant temperature,
the baseplate temperature, and the modeled switching temperature exceeding a
predetermined temperature threshold.

[0028] Referring now to FIG. 5, a flow diagram of another embodiment of a method 300 for
controlling temperature of one or more switching devices of an electrical power system
according to the present disclosure is illustrated. For example, the illustrated method 300 may
be applied to a solar conversion system. As shown at 302, the method 300 includes monitoring
at least one operating condition of the electrical power system via one or more sensors. For
example, as mentioned, the operating condition(s) may include any one of or combination of
the following: coolant temperature, baseplate temperature, modeled switching device
temperature, DC link voltage, DC link current, bridge currents of the power bridge circuits 144,
145, system current feedbacks, system voltage feedbacks, generator speed of the generator
120, wind speed, wind turbulence, or grid frequency. As shown at 304, the method 200 may
also include monitoring the temperature of the switching devices 190, 191, 192, 193. Further,
as shown at 306, the method 300 includes controlling current of one or more power bridge
circuits of the electrical power system based on the operating condition(s) so as maintain the
temperature of the switching devices below a predetermined threshold, e.g. by reducing the
temperature of the switching devices.

[0029] More specifically, as shown at 308, the step of controlling current of one or more bridge
circuits of the electrical power system based on the operating condition(s) of the electrical
power system may include increasing the current of one or more bridge circuits in response to



DK/EP 3506489 T3

certain grid and wind conditions to prevent an increase in generator speed of the electrical
power system from causing an increase in the temperature of the switching devices. In
addition, as shown at 310, the step of controlling current of one or more bridge circuits of the
electrical power system based on the operating condition(s) may include decreasing the
current of one or more bridge circuits to lower currents in bridge circuits of the electrical power
system so as to lower the temperature of the switching devices.

[0030] Exemplary embodiments of a wind turbine, a control system for a wind turbine, and
methods of controlling a wind turbine are described above in detail. The methods, wind turbine,
and control system are not limited to the specific embodiments described herein, but rather,
components of the wind turbine and/or the control system and/or steps of the methods may be
utilized independently and separately from other components and/or steps described herein.
For example, the control system and methods may also be used in combination with other
wind turbine power systems and methods, and are not limited to practice with only the power
system as described herein. Rather, the exemplary embodiment can be implemented and
utilized in connection with many other wind turbine or power system applications, such as solar
power systems and energy storage systems.

[0031] Although specific features of various embodiments of the invention may be shown in
some drawings and not in others, this is for convenience only. In accordance with the principles
of the invention, any feature of a drawing may be referenced and/or claimed in combination
with any feature of any other drawing.

[0032] 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.
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KRAV

1. Fremgangsmdde (200) til styring af temperaturen af en omskifteranordning i et elektrisk
effektsystem, hvor det elektriske effektsystem har en generator og en effektomformer der
omfatter omskifteranordningen, hvilken fremgangsmade omfatter:

overvdgning (202), via en eller flere sensorer, af mindst én driftstilstand af det
elektriske effektsystem, hvor den mindst ene driftstilstand af det elektriske
effektsystem omfatter mindst én af: kgleveesketemperatur, bundpladetemperatur
(eng: baseplate temperature), modelleret omskiftertemperatur, DC-linkspaending,
DC-linkstrgm, brostrgmme, systemstrgmstilbagekoblinger,
systemspaendingstilbagekoblinger, generatorhastighed, vindhastighed, vindturbulens
og elnetfrekvens;

overvagning (204) af en temperatur af omskifteranordningen; og

styring (206), via et styresystem der er kommunikativt koblet til den ene eller flere
sensorer, af drejningsmomentet for generatoren i det elektriske effektsystem baseret
pad den mindst ene driftstilstand af det elektriske effektsystem,

idet fremgangsmdden (200) er kendetegnet ved at styringen (206) af
drejningsmomentet omfatter:

@gning, som reaktion pd bestemte elnet- og vindforhold, af drejningsmomentet for at
forhindre at en stigning i generatorhastigheden i det elektriske effektsystem
fordrsager en stigning i temperaturen pd omskifteranordningen, og reduktion af
drejningsmomentet som reaktion pa at kglevaesketemperaturen,
bundpladetemperaturen og den modellerede omskiftertemperatur overstiger en
forudbestemt temperaturtaerskel.

2. Fremgangsmade (200) ifelge krav 1, hvor omskifteranordningen omfatter mindst én af: en
isoleret gate bipolaer transistor, en diode eller en metaloxid-halvleder-felteffekttransistor.

3. Fremgangsmade (200) ifglge et hvilket som helst af de foregdende krav, hvor det elektriske
effektsystem omfatter mindst én af: et vindmglleeffektsystem eller et energilagringssystem.

4. Et effektsystem (100) med induktionsgenerator med dobbelt effektforsyning (DFIG, eng:
doubly fed induction generator), forbundet til et elnet (160), idet DFIG-effektsystemet
omfatter:
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en DFIG (120) omfattende en rotor (122) og en stator (124);

en effektomformer (162) omfattende en rotorsideomformer (166) koblet til en
linjesideomformer (168) via et DC-link (136), hvor effektomformeren omfatter mindst
én omskifteranordning;

én eller flere sensorer (181) til overvdgning af mindst en driftstilstand af DFIG-
effektsystemet og en temperatur af den mindst ene omskifteranordning, hvor den
mindst ene driftstilstand af DFIG-effektsystemet omfatter mindst én af:
kaglevaesketemperatur, bundpladetemperatur, modelleret omskiftertemperatur, DC-
linkspaending, DC-linkstrgm, brostrgmme, systemstrgmstilbagekoblinger,
systemspaendingstilbagekoblinger, generatorhastighed, vindhastighed, vindturbulens
og elnetfrekvens; og

et styresystem (174) der er kommunikativt koblet til den ene eller flere sensorer, idet
styresystemet er konfigureret til at styre drejningsmomentet for DFIG'en i DFIG-
effektsystemet baseret p&d den mindst ene driftstilstand af DFIG-effektsystemet,

idet DFIG-effektsystemet (100) er kendetegnet ved at styringen af
drejningsmomentet omfatter:

@gning, som reaktion pd bestemte elnet- og vindforhold, af drejningsmomentet for at
forhindre at en stigning i generatorhastigheden i det elektriske effektsystem
fordrsager en stigning i temperaturen pd omskifteranordningen, og reduktion af
drejningsmomentet som reaktion pa at kglevaesketemperaturen,
bundpladetemperaturen og den modellerede omskiftertemperatur overstiger en
forudbestemt temperaturtaerskel.

5. DFIG-effektsystem (100) ifalge krav 4, hvor den mindst ene omskifteranordning omfatter
mindst én af: en isoleret gate bipolaer transistor, en diode eller en metaloxid-halvieder-
felteffekttransistor.

6. DFIG-energisystem (100) ifglge krav 4 eller 5, hvor DFIG-effektsystemet omfatter et
vindmglleeffektsystem.
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202
\

MONITOR, VIA ONE OR MORE SENSORS,
AT LEAST ONE OPERATING CONDITION OF
THE ELECTRICAL POWER SYSTEM

¥

0
\

MONITOR THE TEMPERATURE OF A
SWITCHING DEVICE

206
\

CONTROL, VIA A CONTROL SYSTEM
COMMUNICATIVELY COUPLED TO THE ONE OR
MORE SENSORS, TORQUE OF THE GENERATOR

OF THE ELECTRICAL POWER SYSTEM BASED
ON THE AT LEAST ONE OPERATING
CONDITION OF THE ELECTRICAL POWER
SYSTEM TO REDUCE A TEMPERATURE OF THE
AT LEAST ONE SWITCHING DEVICE

208
.

INCREASE THE TORQUE IN RESPONSE TO
CERTAIN GRID AND WIND CONDITIONS TO
PREVENT AN INCREASE IN GENERATOR
SPEED OF THE ELECTRICAL POWER SYSTEM
FROM CASING AN INCREASE IN THE
TEMPERATURE OF THE AT LEAST ONE
SWITCHING DEVICE

200

DK/EP 3506489 T3

210
P

DECREASE THE TORQUE TO LOWER CURRENTS
IN BRIDGE CIRCUITS OF THE ELECTRICAL
POWER SYSTEM SO AS TO LOWER THE
TEMPERATURE OF THE AT LEAST ONE
SWITCHING DEVICE

FIG.4



302
\

MONITOR, VIA ONE OR MORE SENSORS,
AT LEAST ONE OPERATING CONDITION OF
THE ELECTRICAL POWER SYSTEM

|

304
\

MONITOR THE TEMPERATURE OF A
SWITCHING DEVICE

|

306
1

CONTROL, VIA A CONTROL SYSTEM
COMMUNICATIVELY COUPLED TO THE ONE OR
MORE SENSORS, CURRENT OF ONE OR MORE
BRIDGE CIRCUITS OF THE ELECTRICAL POWER
SYSTEM BASED ON THE AT LEAST ONE
OPERATING CONDITION OF THE ELECTRICAL
POWER SYSTEM TO REDUCE A TEMPERATURE
OF THE A LEAST ONE SWITCHING DEVICE

308
e

INCREASE THE CURRENT OF ONE OR MORE
BRIDGE CIRCUITS IN RESPONSE TO
CERTAIN GRID AND WIND CONDITIONS TO
PREVENT AN INCREASE IN GENERATOR
SPEED OF THE ELECTRICAL POWER SYSTEM
FROM CAUSING AN INCREASE IN THE
TEMPERATURE OF THE AT LEAST ONE
SWITCHING DEVICE

DK/EP 3506489 T3

300

310
)

DECREASE THE CURRENT OF ONE OR MORE
BRIDGE CIRCUTTS TO LOWER CURRENTS IN
BRIDGE CIRCUITS OF THE ELECTRICAL POWER
SYSTEM SO AS TO LOWER THE TEMPERATURE
OF THE AT LEAST ONE SWITCH DEVICE

FIG. 5
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