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(57) Abréegée/Abstract:

The Invention relates to a wind turbine having a generator (19) for generating electrical energy and a transformer (20). The
transformer (20) Is designhed to recelve electrical energy from the generator (19) on a secondary side (29) and to discharge said
electrical energy again on a primary side (28) at a higher voltage. The wind turbine also comprises a temperature monitoring means
(26, 27) for the transformer (20). According to the invention the voltage supply to the temperature monitoring means is fed from the
primary side (28) of the transformer (20). The temperature monitoring means (26, 27) Is thereby independent of the control system
(21) of the wind turbine. The temperature monitoring means (26, 27) according to the invention reduces the risk of the transformer
(20) overheating. The invention also relates to a method for operating such a wind turbine.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




w0 2012/065992 A1 IH]H0FI0H 0D WA 10 A RO ORI A

(19) Weltorganisation fur geistiges

CA 02811120 2013-03-12

(12) NACH DEM VERTRAG UBER DIE INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES
PATENTWESENS (PCT) VEROFFENTLICHTE INTERNATIONALE ANMELDUNG

Eigentum
Internationales Buiro

(43) Internationales
Verottentlichungsdatum

24. Mai 2012 (24.05.2012)

WIRPO I PCT

(10) Internationale Verotfentlichungsnummer

WO 2012/065992 Al

(1)

(21)
(22)

(25)

(26)
(30)

(71)

(72)
(75)

Internationale Patentklassifikation:
FO3D 9/00 (2006.01) Fo3D 11/00 (2006.01)

Internationales Aktenzeichen:

Internationales Anmeldedatum:
15. November 2011 (15.11.2011)

Einreichungssprache: Deutsch
Veroffentlichungssprache: Deutsch
Angaben zur Prioritat:
102010 051 675.9

17. November 2010 (17.11.2010) DE

Anmelder (fir alle Bestimmungsstaaten mit Ausnahme
von US): REPOWER SYSTEMS AG [DE/DE];
Uberseering 10, 22297 Hamburg (DE).

Erfinder; und

Erfinder/Anmelder (nur fir US): MATZEN, Bjorn
[DE/DE]; Dortstr. 26, 24855 Bollingstedt (DE).
NIETMANN, Lars [DE/DE]; Kimpen 13, 25767
Albersdorf (DE). BOTTGER, Jan [DE/DE]; Seefeld 35,
23843 Bad Oldesloe (DE). SCHLURICKE, Sebastian
[DE/DE]; Wilhelmstr. 14, 24768 Rendsburg (DE).

(74) Anwalt: GLAWE DELFS MOLL; Rothenbaumchaussee

58, 20148 Hamburg (DE).

PCT/EP2011/070153 (81) Bestimmungsstaaten (soweit nicht anders angegeben, fur

jede verfugbare nationale Schutzrechtsart). AE, AG, AL,
AM, AO, AT, AU, AZ, BA, BB, BG, BH, 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, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
W,

(84) Bestimmungsstaaten (soweit nicht anders angegeben, fur

jede verfugbare regionale Schutzrechtsart). ARIPO (BW,
GH, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ,
TZ, UG, ZM, ZW), eurasisches (AM, AZ, BY, KG, KZ,
MD, RU, TJ, TM), europaisches (AL, AT, BE, BG, CH,
CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE,
IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO,
RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Fortsetzung auf der nachsten Seite/

(54) Title: WIND TURBINE AND METHOD FOR OPERATING A WIND TURBINE WITH TEMPERATURE MONITORING
OF THE TRANSFORMER

(54) Bezeichnung : WINDENERGIFEANLAGE UND VERFAHREN ZUM BETREIBEN EINER WINDENERGIEANLAGE MIT
TEMPERATURUBERWACHUNG DES TRANSFORMATORS

29\ 20\

2%
S

S

27— ]

(57) Abstract: The mvention relates to a wind turbine having a generator (19) for generating electrical energy and a transtformer
(20). The transtormer (20) 1s designed to receive electrical energy from the generator (19) on a secondary side (29) and to discharge
sald electrical energy again on a primary side (28) at a higher voltage. The wind turbine also comprises a temperature monitoring
means (26, 27) for the transtormer (20). According to the invention the voltage supply to the temperature monitoring means 1s fed
from the primary side (28) of the transtormer (20). The temperature monitoring means (26, 27) 1s thereby independent of the control
system (21) of the wind turbine. The temperature monitoring means (26, 27) according to the mvention reduces the risk of the
transformer (20) overheating. The invention also relates to a method for operating such a wind turbine.

(57) Zusammenfassung:

[Fortsetzung auf der nachsten Seite/



CA 02811120 2013-03-12

WO 2012/065992 A1 IO A0 00 VR OO

Erklarungen gemall Regel 4.17: Verottentlicht:

—  hinsichtlich der Identitat des Erfinders (Regel 4.17 Ziffer —  mit internationalem Recherchenbericht (Artikel 21 Absatz
) 3)

—  hinsichtlich der Berechtigung des Anmelders, ein Patent —  vor Ablauf der fiir Anderungen der Anspriiche geltenden
zu beantragen und zu erhalten (Regel 4.17 Ziffer ii) Frist;  Veroffentlichung  wird  wiederholt,  falls

—  Erfindererklirung (Regel 4.17 Ziffer iv) Anderungen eingehen (Regel 48 Absatz 2 Buchstabe h)

Die Erfindung betrifft eine Windenergicanlage mit einem Generator (19) zum Erzeugen elektrischer Energie und einem
Transtormator (20). Der Transtormator (20) i1st dazu ausgelegt, aut einer Sekundarseite (29) elektrische Energie von dem
Generator (19) zu empfangen und diese auf einer Primérseite (28) mit hoherer Spannung wieder abzugeben. Die
Windenergieanlage umtasst aullerdem eme Temperaturiiberwachung (26, 27) fiir den Transtormator (20). Erfindungsgemal 1st die
Spannungsversorgung der Temperaturiiberwachung von der Primarseite (28) des Transtormators (20) gespeist. Die
Temperaturiiberwachung (26, 27) i1st dadurch unabhédngig von der Steuerung (21) der Windenergieanlage. Durch die
erfindungsgemifBe Temperaturiiberwachung (26, 27) wird die Gefahr einer Uberhitzung des Transformators (20) vermindert. Die
Erfindung betrifft aullerdem ein Verfahren zum Betreiben einer solchen Windenergieanlage.
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Wind energy installation and method for operating a
wind energy installation with temperature monitoring

for the transformer

The invention relates to a wind energy installation

having a generator for generating electrical energy and

having a transformer. The transformer receives

electrical energy from the generator on a secondary
side and outputs said electrical energy again at a
higher voltage on a primary side. The wind energy

installation further comprises a temperature-monitoring

means for the transformer. The invention also relates

"

to a method for operating a wind energy installation of

this type.

Conventionally, the control system for the wind energy

installation is responsible for monitoring the

temperature of the transformer. Information about the

temperature of the transformer is processed 1n the

control system. If the temperature exceeds predefined
limit values, the control system initiates suitable

countermeasures. For example, a cooling means may be

put into operation or the transformer may be 1solated

from the mains. This temperature monitoring 1s

dependent on the control system of the wind energy

installation being in operation.

pr—
—

The problem addressed by the invention 1s that of

providing a wind energy installation and a method for

operating a wind energy installation in which the risk

of damage to the transformer 1s reduced. Proceeding

from the prior art mentioned at the outset, the problem

r——

is solved by means of the features of the 1independent
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claims. Advantageous embodiments are found in the
dependent claims. In the case of the wind energy

installation, the invention provides that the voltage

supply for the temperature-monitoring means 1s fed from

the primary side of the transformer.

The invention has identified that there are phases
during the operation of a wind energy installation 1n
which the control system of the wind energy

installation is not in operation but in which the

primary side of the transformer is nevertheless

connected to the mains without transferring appreciable
power into the mains. In particular, this state

regularly arises before a wind energy installation 1s

first put into operation. The transformer already has
the primary side connected to the medium-voltage

network while the wind energy installation 1is not yet

in operation. All of the no-load power of the

transformer is then converted into heat. There 1s the

danger of overheating since no protective measures can

be initiated by the control system. The transformer can

be destroyved within a few hours.

In the case of the wind energy installation according

to the invention, the temperature-monitoring means 1S

independent of the control system of the wind energy

installation and has its own power supply, which 1s

permanently connected to the transformer. As sooOn as

the primary side of the transformer is connected to the

mains, the voltage supply 1is also available for the

temperature-monitoring means. It is ensured that the

temperature of the transformer cannot increase

f-"

unnoticed and the transformer cannot suffer damage as a

result.
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The voltage on the primary side of the transformer 1s
regularly higher than 10 kV and lies 1n the range
between 10 kV and 33 kV, for example. The operating
voltage of the temperature-monitoring means 1s

gr-

substantially lower, for example in the order of 100 V.

Preferably, a voltage transformer, which is used to

convert the voltage present on the primary side of the
transformer into a suiltable auxiliary operating voltage

for the temperature-monitoring means, 1s provided. The

auxiliary operating voltage is preferably lower than

500 V, more preferably lower than 200 V. In many cases,

the auxiliary operating voltage is a different voltage

P

than the voltage on the secondary silde of the

transformer.

Temperature sensors are regularly configured such that

they have an electrical resistance for which the value

changes as a function of the measured temperature. The

temperature sensor is preferably a PTC thermistor for
which the electrical resistance increases with
temperature. There is normally a continuous
relationship between the temperature and the electrical
resistance. In order to be able to determine when a
predefined temperature limit value has been exceeded,
the PTC thermistor can be combined with a PTC

thermistor triggering device. If the electrical

resistance of the PTC thermistor exceeds a predefilined
limit value, the PTC thermistor triggering device

outputs a signal and countermeasures can be triggered.

F

If the transformer has a power breaker which can be

used to isolate the primary side of the transformer

from the mains, the countermeasures can consist 1in
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opening the power breaker. Preferably, an energy store
is provided for the power breaker, which energy store

can be used to open the power breaker without

additional power having to be supplied from outside.

For this purpose, the voltage transformer can be

designed to charge said energy store tooO.

Alternatively or in addition, the countermeasures can

also consist in starting up a cooling means for the

transformer. For this purpose, the voltage transformer

can be designed to supply the cooling means too with

electrical energy. In one advantageous embodiment, a

cooling means 1s started up in the event that a first
temperature limit value is exceeded, and the power
breaker is opened in the event that a second, higher

temperature limit value is exceeded.

The temperature 1is preferably measured in a region of

the transformer in which the voltage 1s lower than on

the primary side of the transformer. The lower the

voltage, the higher the current intensity and therefore

the larger the amount of heat introduced 1into the

transformer. The temperature measurement can, for
4

example, take place on the secondary side of the

transformer. If the transformer is operated under no-
load conditions, the temperature increases 1n the core
of the transformer rather than in the windings. For
this reason, the temperature measurement preferably
relates to the core of the transformer. The temperature

limit value at which the transformer must be i1solated

from the mains can be 150°C, for example.

The voltage transformer responsible for the voltage

supply for the temperature-monitoring means can also be
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b

used to supply other functions on the primary side of

the transformer with voltage. For example, these

functions can be a voltage measurement Or a poOwer

measurement on the primary side of the transformer.

In addition to the first temperature-monitoring means

according to the invention, which is supplied with

voltage from the primary side of the transformer, a
second temperature-monitoring means can be provided
which is independent of the primary side of the

transformer. The second temperature-monitoring means

H)

can, for example, be connected to the control system of

the wind energy installation.

During normal operation of the wind energy

installation, the first temperature-monitoring means
and the second temperature-monitoring means can be
active in parallel with one another. A higher
temperature limit value is preferably assigned to the

first temperature-monitoring means than to the second

temperature-monitoring means. Suitable measures for

cooling the transformer can be taken by means of the

il

control system of the wind energy installation 1f the

lower temperature limit value of the second

temperature-monitoring means is exceeded. Such measures
can include switching on a cooling means or reducing
the output power, for example. The hlgher temperature

limit value of the first temperature-monitoring means

-

fective.

is only exceeded when sald measures are not e:

This provides additional safety against overheating of

the transformer.

The invention also relates to a method for operating a

wind energy installation of this type. The method
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involves tapping off the voltage on the primary side o:

|

the transformer and converting said voltage into a

lower auxililary operating voltage. The transformer 1s

the main transformer of the wind energy installation,

and receives electrical energy from the generator on
the secondary side and outputs said electrical energqgy

again at a higher voltage on the primary side. A

temperature-monitoring means for the transformer 1is

operated using the auxiliary operating voltage tapped

FF
i

off on the primary side. The auxiliary operating

voltage can be a different voltage than the voltage

present on the secondary side of the transformer. If 1t
1s detected that a temperature limit value has been

exceeded, a countermeasure can be taken 1in order to

avold a further 1ncrease 1n temperature. For example,

the countermeasure can consist 1n isolating the primary

side the transformer from the mains. The temperature

measurement for the temperature-monitoring means 1S

preferably performed on the secondary side of the

transformer. The method can be combined with further

features which have been described above with respect

to the wind energy 1nstallation according to the

invention.

The invention will be described by way of example in

the following text on the basis of an advantageous
embodiment and with reference to the appended drawings,

in which:

figure 1 shows a schematic 1llustration of a wind

energy 1lnstallation;

-

figure Z shows an enlarged i1llustration of components

of the wind energy installation from figure

1;
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figure 3 shows an enlarged illustration of the

transformer from figure 2Z; and

figure 4 shows the view from figure 3 in the case of

another embodiment of the i1nvention.

A wind energy installation 10 in figure 1 comprises a

machine housing 12 arranged on a tower 11. A rotor 13

having three rotor blades 16 is mounted in the machine
housing 12, said rotor being connected to a generator

18 via a gear mechanism 17 which is shown in figure 2.
The electrical energy which is generated by the

generator is output via an inverter 19 and a

transformer 20 to a medium-voltage network 22. The

electrical energy 1is directed to a transfer point 14

via the medium-voltage network 21 and is transferred
from said transfer point to a power distribution

network 15. The wind energy installation 10 1is usually

combined with a plurality of further wind energy
installations to form a wind farm, wherein the

electrical energy from the wind energy installations 1s

brought together at the transfer point 14. A control

system 21 controls the interaction of the components of

the wind energy installation.

i
.

The electrical energy at a voltage of, for example,

660 V is routed from the inverter 19 to the secondary

side of the transformer 20. A conversion to a higher

voltage of, for example, 30 kV takes place 1in the

transformer 20. At this voltage, the electrical energy

is transferred from the primary side of the transformer

20 to the medium-voltage network 22. A power breaker

23, which can be used to interrupt the flow of current,

is arranged on the primary side of the transformer 20.

L
i1}

the wind energy installation is in operation and 1s
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feeding electrical energy into the mains, both switches

23, 24 are closed.

The state can arise where the switch 23 1s closed and,
as a result, a connection exists from the medium-

voltage network 22 to the transformer 20 while little

or no power is transferred via the transformer. The

transformer 20 is then operating under no-load
conditions, which i1s associated with a power loss of

approximately 10 kW. This power loss is converted 1nto

heat and causes the transformer 20 to heat up. If the

switch 24 is open, the wind energy installation 10 as a

whole 1s often also out of operation. This state
regularly arises, for example, before the wind energy
installation 10 is first put into operation. If the

wind energy installation 10 is out of operation, the

transformer 20 1is not subject to any control by the

control system Z21.

The invention introduces a temperature-monitoring means

for the transformer 20, which means prevents the

transformer 20 from overheating in this operating

state.

As shown in figure 3, a voltage transformer 25 1s

F

arranged on the primary side 28 of the transformer 20.

The voltage transformer 25 converts the medium voltage

g~ g
p—

of 30 kV to an auxiliary operating voltage of, for

F

example, 230 V. The temperature-monitoring means for

the transformer 20 1s operated using this auXiliary

operating voltage. The temperature-monitoring means

comprises a temperature sensor 26 1n the form of a PTC
thermistor and a PTC thermistor triggering device 27.

The temperature sensor 26 measures the temperature of
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the core of the transformer 20 on the secondary side

29, because the danger of overheating while the

transformer 20 is operating under no-load conditions 1s
greatest there. The PTC thermistor comprises an
electrical resistance for which the wvalue changes

depending on the measured temperature. The higher the

1}

temperature, the greater the electrical resistance of

the PTC thermlstor.

The electrical resistance of the PTC thermistor 1s

F

monitored by means of the PTC thermistor triggering

device 27. If the electrical resistance exceeds a
predefined limit value, the PTC thermistor triggering
device 27 outputs a signal to the power breaker 23,
with the result that the power breaker 23 1s opened. If
appropriate, an energy store, from which the actuation

gt

of the power breaker 23 is powered, can be provided.

The predefined limit value can, for example, be chosen

such that it is exceeded when the temperature 1n the

core of the transformer 20 is 150°C. After the power

breaker 23 has been opened, no further energy 1s

N

supplied to the transformer 20 and there 1s no risk of

further heating. Alternatively or in addition to

opening the power breaker 23, a cooling means for the

transformer 20 can also be started up.

In an alternative embodiment, which is shown 1n figure

4, the transformer 20 comprises, 1n addition to the
660 V on the secondary side 29 and the 30 kV on the
primary side 28, a third voltage level of 950 V or

6600 V. The voltage transformer 25 1s agalin used to tap

of f the medium voltage on the primary side 28 of the

transformer 20 and to convert it into an auxiliary

gro—

operating voltage of 100 V. A temperature-monitoring
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means comprising a PTC thermistor triggering device 27
and two temperature sensors 26 1s operated using the

auxiliary operating voltage. The temperature sensors 26

-

measure the temperature of the core of the transformer

20. One of the temperature sensors 1s arranged at the

660 V level and the other at the 950 V level. If the

e

electrical resistance 1n one of the temperature sensors

26 exceeds a predefined limit wvalue, the PTC thermistor
triggering device 27 triggers and the power breaker 23

1s opened.

In addition, a measuring device 30 can also be operated

using the auxiliary operating voltage. For this

purpose, the measuring device 30 1s configured to

perform voltage and power measurements on the primary

side 28 of the transformer 20.

Moreover, a plurality of further temperature sensors 31

is arranged on the transformer 20, said sensors beilng

connected to the control system 21 of the wind energy

installation 10 via a PTC thermistor triggering device

32. The temperature of the transformer 20 is monitored

by means of said temperature sensors 31 during normal

operation of the wind energy installation. The

temperature sensors 31 measure both the temperature 1in

the core of the transformer 20 and that 1n the

windings.

During normal operation of the wind energy installation
10, the temperature-monitoring means having the
temperature sensors 31 and the PTC thermistor
triggering device 32 can operate 1n parallel with the
temperature-monitoring means having the temperature

sensors 26 and the PTC thermistor triggering device 27.
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The temperature signals from the temperature sensors 31
are processed in the control system 21 of the wind
energy installation 10. If one of the temperatures
exceeds a predefined limit value, the control system 21

takes suitable measures to lower the temperature 1n the

transformer 20 again. The control system 21 will

primarily initiate active cooling measures, for example

will switch on a ventilation means. If this 1s not

sufficient, the power output of the wind energy

installation 10 can be adapted. As a final measure,

which can be triggered by the PTC thermistor triggering

device 32, for example, the wind energy installation 10

is switched off. The temperature limit values at which
these countermeasures are taken in the control system
21 are lower than the temperature limit value at which
the PTC thermistor triggering device 27 triggers and
the power breaker 23 1s opened. The temperature-

monitoring means with the temperature sensor 26 and the

PTC thermistor triggering device 27 therefore provides

p—~

a second level of safety if the temperature 1n the

transformer 20 increases further despite the

countermeasures of the control system Z21.
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Patent claims

A wind energy 1nstallation having a generator (19)

F

for generating electrical enerqy, having a

transformer (20) which 1s designed to receilive

electrical energy from the generator (19) on a
secondary side (29) and to output sailid electrical
energy agaliln at a higher voltage on a primary side

(28), and having a temperature-monitoring means

(26, 27) for the transformer (20), characterized

in that the voltage supply for the temperature-

monitoring means is fed from the primary side (28)

P
p—

of the transformer (20).

The wind energy installation as claimed in claim
1, characterized 1n that a voltage transformer

(25), which 1s used to convert the voltage present

on the primary side (28) of the transformer (20)

into a suiltable auxiliary operating voltage for

the temperature-monitoring means (26, 27), 1s

provided.

The wind energy 1nstallation as claimed 1n claim 1
or 2, characterized 1n that +the temperature-
monitoring means (26, 27 ) comprilises a PTC

thermistor (26) and a PTC thermistor triggering

device (27).

The wind energy 1nstallation as claimed 1n one of
claims 1 to 3, characterized in that the
temperature-monitoring means (26, 27) 1s designed

pr—
)

to isolate the primary side (28) of the

transformer (20) from the mains (22) 1n the event
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that a predefined temperature limit value 1is

exceeded.

The wind energy installation as claimed 1n one of

claims 1 to 4, characterized in that the

temperature-monitoring means (26, 27) 1s designed

to put a cooling means for the transformer (20)
into operation 1n the event that a predefined

temperature limit value 1s exceeded.

The wind energy 1nstallation as claimed in one of
claims 1 to 5, characterized in that the
temperature SEensor (20) of the temperature-
monitoring means (26, 27) 1s arranged 1in a region

P

of the transformer (20) 1n which the wvoltage 1is

lower than on the primary side (28) of the

transformer (20).

F
p—

The wind energy 1installation as claimed 1n one of

claims 1 to o, characterized 1n that the

F
—

temperature Sensor (20) of the temperature-

monlitoring means (26, 27) 1s arranged at the core

o

of the transformer (20).

The wind energy installation as claimed in one of

claims 1 to 7, characterized in that a measuring

device (30) for the voltage on the primary side

(28) of the transformer (20) 1s provided and 1n

that the voltage supply for the measuring device

e

(30) 1s fed from the primary side (28) of the

transformer (20).

The wind energy 1nstallation as claimed in one of

claims 1 to 8, characterized 1n that a second
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temperature-monitoring means (31, 32) 1s provided
and 1n that the second temperature-monitoring

means (31, 32) 1s connected to the control system

(21) of the wind energy installation.

The wind energy 1nstallation as claimed 1in claim

8, characterized 1n that the first -temperature-
monitoring means (206, 27) and the second
temperature-monitoring means (31, 32) are active
1n parallel when the wind energy 1installation (10)

1s 1n operation.

The wind energy installation as claimed in claim

10, characterized 1n that a higher temperature

limit wvalue 1s assigned to the first temperature-
monitoring means (26, 27) than to the second

temperature-monitoring means (31, 32).

A method for operating a wind energy 1installation

‘Or generating

| - |

(10) having a generator (19)

electrical energy and having a transformer (20),

wherein the transformer (20) 1s designed to

receive electrical energy from the generator (19)

on a secondary side (29) and to output said

electrical energy again at a higher voltage on a

primary slide (28), the method having the followiling
steps:

a. tapping off the voltage on the primary side
(28) of the transformer (20);

b. converting the voltage 1nto a lower auxililary
operating voltage;

C. operating a temperature-monitoring means

(26, 27) for the transformer (20) using the

auxlliary operating voltage.
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