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(57) Abrégée/Abstract:
The invention relates to a wind energy system having a rotor (12), a generator being driven by the same for generating electric
energy, wherein the rotor has at least one blade (14) that can be adjusted by a pitch device (2), and wherein the pitch device (2)
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(57) Abrege(suite)/Abstract(continued):

comprises an energy supply unit having a battery (21) and an actuator (3) and a controller (4). The invention provides a load
module (5), which switches the actuator (3) between the operating mode and the testing mode, wherein the actuator (3) produces
a predefined load for the battery (21) Iin the testing mode. In this manner a high and reproducible load, which Is not dependent

upon environmental conditions, may be applied without any additional effort with regard to hardware In order to be able to carry out
a stress test of high informative value in a simple and gquick manner, even during ongoing operation.
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(57) Abstract: The mvention relates to a wind energy system having a ro-
tor (12), a generator being driven by the same for generating electric enetr-
gy, wherein the rotor has at least one blade (14) that can be adjusted by a
pitch device (2), and wherein the pitch device (2) comprises an energy
supply unit having a battery (21) and an actuator (3) and a controller (4).
The invention provides a load module (5), which switches the actuator (3)
between the operating mode and the testing mode, wherein the actuator
(3) produces a predefined load for the battery (21) in the testing mode. In
this manner a high and reproducible load, which i1s not dependent upon
environmental conditions, may be applied without any additional etfort
with regard to hardware m order to be able to carry out a stress test of
high mformative value mn a simple and quick manner, even during on-
going operation.

(57) Zusammenfassung: Die Erfindung betrifft eine Windenergieanlage
mit einem Rotor (12), einem davon angetriebenen Generator zur Erzeu-
gung elektrischer Energie, wobel der Rotor mindestens ein mittels einer
Pitcheinrichtung (2) verstellbares Blatt (14) aufweist, und die Pitchein-
richtung (2) eine Energieversorgungseinheit mit einer Batterie (21) und
cinem Stellantrieb (3) und weiter eine Kontrolleinheit (4) umitasst. Erfin-
dungsgemall 1st ein Belastungsmodul (5) vorgesehen, welches den Stel-
lantrieb (3) zwischen einem Betriebsmodus und emem Prifmodus um-
schaltet, wobei 1im Priifmodus der Stellantrieb (3) eine vorwéahlbare defi-
nierte Last

[Fortsetzung auf der nachsten Seite/
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fiir die Batterie (21) bildet. Damit kann ohne Zusatzaufwand mm Bezug auf Hardware eine hohe und reproduzierbare Belastung, die
nicht von Umgebungsbedingungen abhéangig ist, autgebracht werden, um so einen Stress-Test mit hoher Aussagekratt einfach und

schnell auch 1m lautenden Betrieb durchtiihren zu kdnnen.
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Monitoring device for pitch systems of wind energy systems

The 1nvention relates to a monitoring device for piltch sys-
tems for wind energy installations. To be more precise, the
invention relates to wind energy 1nstallations having a ro-

tor, a generator which 1s driven by the rotor 1n order to

_produce electrical energy, wherein the rotor has at least

F

one blade which can be varied by means of a pitch device,

—
e

wherein the pitch device has a power supply by means of a

battery and has an actuating drive, and whereln a monlitor-

ing unit 1s provided for the battery for the pitch device.

gr—

Wind energy installations of the type mentioned 1nitially

have variable-pitch rotor blades whose pitch angle with re-

spect to the i1ncident wind can be varied. Pitch systems

such as these allow two different functionalities, specifi-
cally on the one hand variable rotation-speed operation,

and on the other hand allow the wind energy 1nstallation to
be shut down. The latter 1s done by moving the rotor blades

to a feathered position i1n which they are no longer caused

to rotate by the wind. The latter function 1s actually par-

ticularly 1mportant since 1t acts as a braking function.

This 1s a particularly safety-critical aspect for the wind

enerqgy 1nstallation. In order to make.l1t possible to ensure
that the wind energy i1nstallation can be shut down via the

pitch control, even 1f the electrical pewer supply to the

wind energy installation fails, dedicated rechargeable-

pattery systems are generally provided for the pitch de-

vice. These ensure that electrical power 1s supplied to the

pitch device even 1n the event of power supply system fail-

ure. Conventional rechargeable batteries or else capacitors

with a particularly high capacitance (for example ultra

caps) are used as enerqgy stores. Absolutely independently
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of the precise design used for the rechargeable batteries,

il

they are nevertheless subject to the same disadvantage that

these are parts which are subject to wear. In order to

B

-

safely prevent the failure of the pitch device because of a

possibly defective rechargeable battery, because of the

safety-critical functionality, the rechargeable batteries

are checked at regular time 1intervals. Various methods have

become known in the prior art for this purpose.

— —

DE 10 2005 030 709 discloses the life of the rechargeable

batteries being lengthened by optimizing the load and

charging processes, by using current-limiting measures,

—

monitoring the temperature of the rechargeable batteries,

and measuring the terminal voltage of the i1ndividual re-

chargeable batteries.

r—

The invention i1is based on the object of specifying an 1im-

proved monlitoring device and method which are less suscep-

e

tible to faults, on the basis of said methods.

The solution according to the invention resides in the fea-

tures of the 1ndependent claims. Advantageous developments

are the subject matter of the dependent claims.

In a wind energy 1nstallation having a rotor, a generator

-

which i1s driven by the rotor for production of electrical

energy, whereiln the rotor has at least one blade which can
be varied by means of a pitch device, and the pitch device
has a power supply unit with a battery and an actuating
drive and, furthermore, a monitoring unit, the 1nvention
provides a load module, which switches the actuating drive

between an operating mode and a test mode, whereln, 1n the

test mode, the actuating drive forms a preselectable de-
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fined load for the battery. This allows a load to be ap-

plied to the battery, and its response to be tested when

subject to this load (stress test).

A battery means an electrical energy store. In particular,

this may be a rechargeable battery or a high-capacitance

capacltor (ultra-cap).

The invention 1is based on the idea of using the actuating

drive to create constraints which are defined 1n the test

-

mode, and in which the quality of the power supply unit for

the pitch device can be tested. When a known, well-defined

4.

load

fixed load) 1is connected, reproducible conditions can

be created for the test. This makes 1t possible to also
compare measurements taken at successive times with one an-

other. Changes to the batteries over time can be 1denti-

fied, and can be taken i1nto account when deciding that they

are ready for replacement. Furthermore, the reproducible

A

measurements offer the advantage that more precise limit

ﬁ

values can be set. This not only improves the quality of

the measurement, but also makes 1t possible to dispense

Jr—
S

with safety margins as buffers for environmental fluctua-

tions which cannot be i1influenced, thus ailowing the batter-

ies to be used until they actually need to be replaced.

There is therefore no longer any need for the rather prema-

ture replacement which 1s normally required for satety rea--
sons, reducing the costs incurred. At the same time, the

reproducible conditions prevent batteries which need to be

replaced from still being incorrectly classitied as belng

serviceable on the basis of test conditions which are bet-

ter for them. In the past, an 1ncorrect classification such

as this has involved a considerable safety risk for the

fail-safety of the wind energy 1nstallation, which the 1in-
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vention avoids. The invention therefore combines advantages

relating to better operating costs with enhanced safety.

The actuating drive preferably has a switchable resistance

at its input, and the resistance acts as a fixed load 1n

the test mode. The provision of a resistance such as this

involves negligible complexity. A resistance such as this

at the input therefore allows a fixed load to be produced

in. a particularly simple and advantageous manner.

It 1s preferable for the actuating drive to have a con-
verter and a direct current motor, with the load module be-
ing designed to apply a predeterminable current to the di-

-+

rect current motor, in accordance with a defined load. In

this case, the i1nvention makes use of the fact that 1n mod-

ern wind energy installations, the actuating drive for the
pltch devices generally has a converter and a motor, gener-
ally a direct current motor, 1n any case. No additional
complexity 1s therefore incurred for this. Since the con-

verter 1s connected to the motor 1t 1s supplied from, such

that it acts as a fixed load, a fixed and desired high load
can be applied without any additional hardware complexity.

The converter allows the: battery to be tested~at-a-high-

~current level as well. This allows not only a_rapid_.test_to_.._.

be carried out, but also a stress test, which 1s very im-

pr—

portant for the serviceability of the battery. -A further

—

advantage of using the converter 1s that the load to be ap-

plied to the battery 1s not limited by the resistance and

the power with which 1t can be loaded. In order to make 1t
possible to apply an even greater load 1f desired, a brake
1S expedlently operated on the actuating drive, against

which the actuating drive acts. This makes 1t possible to

1]

-

carry out the battery test 1ndependently of the position of
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the rotor blades. There is therefore no need to move the

rotor blade to a limit position in which, for example, it

is resting on a stop. The load test can therefore be used

more universally. In particular, the test can also be car-

ried out while the wind energy installation 1s 1n opera-

tion, to be precise while it is being operated on a partial

load. In order to further increase the load on the battery,

it 1s also possible to additionally pass current through

. _.the resistance at the input to the actuating drive. In or-

der to prevent overloading when large test currents are be-

ing used, temperature monitoring is preferably provided for

the converter and/or the resistance.

According to one preferred development of the invention, a
discharge control module is provided, which 1s designed to

reduce the voltage acting on the actuating drive to a pre-

determinable voltage level at the test start. In general,
this is the battery voltage level to which the i1ntermediate
circuit 1s discharged. However, the battery can also be

discharged to a greater extent. This 1s worthwhile when, 1n

order to ensure adequate safety, the power supply unit 1s

designed such that the variable pitch of the rotor blade

can be effected not only with an ideal, ‘fully charged bat-

tery, but also when the battery 1s only partially charged.

Furthermore, the load module preferably interacts with an
isolating contactor, which disconnects the battery from a

power supply system. The isolating contactor means that the

charging of the battery via the power supply system 1s pre-

f‘ﬁ

vented during the test, thus preventing the risk of the

test result being corrupted by the power supply system.
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Furthermore, a monitoring module is preferably provided,

f-
pr—

which monitors the state, 1n particular the temperature or

the resistance, the position of the rotor blade (and/or the

—

function of the brake) and/or of the direct current motor,

-

and 1f necessary terminates the test. This absolves the

risk of the components used for testing being overloaded,
in particular when testing at high current levels. Damage

occurring in this case would not only have the disadvantage

... that.it would lead to component faillure, but would even

lead to the wind energy installation being shutdown (which

involves considerable costs), because these are safety-

critical components.

A load identification module 1is advantageously provided,

r‘-‘

which determines the load state of the wind energy 1nstal-

—

lation and 1nhibits the load control module i1f a threshold

1s exceeded. In this case, 1inhibiting means that the load

control module if a threshold is exceeded. In this case,
inhibiting means that the load control module 1s changed to

a state 1n which 1t does not carry out any battery tests.

It has been found that although, 1n principle, the i1nven-
tion allows the wind energy 1nstallation to be tested dur-

ing operation, this should not be done, however, when on

full load or on a high partial load since the pitch must be
varied by the pitch motor in these ranges. The additional
loads applied by the battery test can lead,- 1f the wind 1is

relatively strong, to the pitch device beling unloaded with

excessively high pitch-variation forces. In order to pre-

clude the risk of damage or failure, the load identifica-

tion module 1dentifies that a situation with a high load
has occurred, and 1in this case prevents the pbattery test

from being carried out, or interrupts 1t, 1f a high load 1s
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ldentified during the battery test, for example on the ba-

sis of the rotation speed, the power and/or the wind speed.

The load 1dentification module expediently 1nteracts with a
timer which carries out a test at predeterminable 1nter-
vals, and monitors timinés during testing. This allows the
wind energy 1nstallation to be monitored largely automatil-

cally, when being operated autonomously.

The load control module according to the invention can

preferably also be designed to monitor the rotor blade for

a pitch change when the brake 1s operated. If the rotor
blade moves despite the brake being operated when carrying
out the load test, then this means a brake fault, and an
appropriate signal 1s output to the operating control sys-

-

tem of the wind energy i1installation. This can also be done

deliberately. For example, a brake test unit can addition-

ally be provided 1n order to test the state of the brake

and passes current through the actuating drive, with a spe-

ci1fic test moment. The test moment 1s chosen such that 1t

1s less than the holding moment which can be applied by the

brake. If the brake nevertheless slips, then the brake 1s

faulty, and a fault signal 1is output. - S =

Preferably, a monitor module 1s also provided, which tests

the serviceability of the battery monitor. This allows a -

pr—
—

seltf-check to be 1mplemented. In particular, this avoids

the dangerous situation 1n which batteries which are no

longer serviceable are still incorrectly classified as

“good” because the load control module is not operating
correctly. For this purpose, the monitor module expediently
has a detector which monitors the battery voltage for a dip

at the test start, and outputs a fault signal in the ab-
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sence of this. Because of the high load at the start of the

test, a voltage dip occurs even with good batteries. If
there 1s no such dip, this means that either the voltage
monitoring 1s not operating correctly, or that the battery

1s sti1ll being supplied via the power supply system. In

both cases, the test is impossible, and a fault signal 1s

correspondingly output.

J—

A first monitoring method consists of checking the voltage

of the rechargeable battery on load. For this purpose, the

pitch device 1s operated, with current being taken from the

rechargeable battery, and with the voltage dip that occurs

in the process being determined. In a second, more advanced

ﬂ-—

monitoring method, not only 1s the magnitude of the voltage

dip checked, but the time profile 1s also monitored. A bat-

tery monitor 1s provided for this purpose, and 1s selected
to tolerate the voltage dip for a short time when loaded,
and to check the voltage profile to determline whether the

g—

voltage recovers within a defined time after the end of the

load. If predefined limit values are not complied with in

this case, then the rechargeable battery 1s classified as

——

being no longer serviceable. One disadvantage of these

methods 1s the dependency on external factors. For example:

the .current drawn by the actuating drive may.be 1ncreased

g—

pecause of heaviness of the gearbox because of a disadvan-

- tageous wind load, or because the temperatures are very

cold. An i1ncrease 1n the current drawn caused by this leads
to a greater and more long-lasting voltage dip, as a result

of which rechargeable batteries which are still useable ap-

pear to be ready for replacement when subjected to this 1in-

creased load. In addition, it 1s also possible for the load
to be reduced with a certain wind load to such an extent

that only a small voltage dip will occur with rechargeable
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batteries which are intrinsically worn out, therefore re-

sulting 1n them still beling classified as serviceable.

-

According to a further advantageous embodiment of the 1n-

5 wventilon, which may be used for independent protection, a
test control module is provided. This 1s designed to apply
a selectable test characteristic to the actuating drive.

For this purpose, the test control module has a memory with

a.plurality of test control characteristics, one of which

F

10 1s selected, and 1is used for testing by means of the load

control module. At least three test characteristics are

preferably contained as profiles 1n the memory. A first

profile, which forms a load with a fixed resistance, a sec-

ond profile, which forms a load with a constant current,

15 and a third profile, which forms a load with a constant

power. The load with a resistance forms the simplest case,
which requires the least hardware complexity. The load with
a constant power offers the advantage that 1t corresponds
pbest to the load durling actual operation. The load with a
20 constant current offers the advantage that 1t produces the

results which can be evaluated best, since the voltage

changes of the battery when loaded can be used directly as

a measure. In this case,: the actuating drive-is-operated -

such that a constant current 1s passed. through.the motor.

29 In this case, the actuating drive, together with i1its con-
verter, acts like a transformer for direct current, 1in
which case the transformation ratio can be varied by the

drive. This 1s generally done by the test control module

controlling the actuating drive with a predeterminable

30 modulation degree. This can be varied corresponding to the

respectively desired load. The intrinsically fixed resis-

o

tance of the actual motor thus becomes a variable resis-

tance on the battery side. This results in two major advan-
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10

tages with a minimal amount of additional hardware complex-
1ty, specifically on the one hand that the load on the bat-
tery can be changed and adjusted variably, and on the other

hand that 1t 1s easily possible to compensate for other

O changes 1in the motor resistance, for example in the steady
state as a result of scatters between individual motors, or
dynamically as a result of a resistance increase because of
heating. The test control module is expediently designed

f‘

such that 1t detects actual parameters of the motor and has

Ld

10 a compensation unit, which compensates for changes in the

I —

parameters from a standard value.

Compound motors, which have a series winding and a shunt

winding, are preferably used as actuating drives in rela-

15 tively large wind energy installations. It has been found

that operation as a pure series—-wound motor 1is better for
the load test. The test control module expediently inter-
acts with an excitation switching module which passes cur-
rent only through the series winding, and disconnects the

20  shunt winding, during the test.

In order to manage with as little additional load as possi-

-

ple on the components of the actuating drive, ‘a direction -

selection module 1s preferably provided. This is designed
25 to determine a load direction on the rotor blade during op-

eration of the wind energy installation, and to act on the

test control module such that the actuating drive operates

the blade in the opposite direction. This advantageously
makes use of the initial load on the blade caused by aero-
30  dynamic forces as an additional load, such that this re-

lieves the load on the actuating drive and on the brake.
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i1

A recording unit is preferably provided, that 1s designed

to record data and status signals for carrying out the

test, as well as results. It 1s advantageously connected to

the operating control system of the wind energy 1nstalla-

“ion, and/or to a control system for the pitch device. An

assessment can be carried out and can be passed on such

that, in the event of a fault, an appropriate fault message

can be transmitted to a superordinate entity (park master,

power supply system company, or malntenance concern). This

can react to the defect, and can initiate rectification.

#—

The invention also relates to a monitoring device for a

pltch device for wind energy 1nstallations having a battery

and an actuating drive, whereln the monitoring device com-
prises a battery monitor, whereln a load control module 1s
provided, according to the invention, which switches the

actuating drive between an operating mode and a test mode,

wherein, 1n the test mode, the actuating drive forms a pre-

selectable defined load for the battery.

Furthermore, the 1nvention relates to a method for monitor-

1ng a pitch device for wind energy 1nstallations, whereiln
the pitch device has a battery and an actuating drive, and -
a battery voltage .1s monitored i1in the load case during
testing, and, according to the invention, the actuating
drive switches between an operating mode and a test mode,

wherein, 1in the test mode, the actuating drive 1s used un-

der a defined load for the battery.

Reference is made to the above statements, for a more de-

talled explanation.
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The invention will be explained in the following text with

reference to the attached drawing, which 1ilustrates one

advantageous exemplary embodiment of the invention, and in

which:
5
Figure 1 shows a wind energy installation according
to one exemplary embodiment of the i1nven-
tion, 1n the form of a schematlic overview;
10 Figure Z shows an enlarged i1llustration of the hub
with a pitch device for the wind energy 1n-
stallation as 1llustrated in Figure 1;
Figure 3 shows a functional diagram for closed-loop
15 control of an actuating drive for the piltch
device;
Figure 4 shows a block diagram of the electrical
circuit for the pitch device with a moni-
20 toring unit, and
Figures 5Sa-d show graphs of the profile of voltages and

currents.

—_— - - —_— — J— —_— - —_— J— - -—

iy

25 According to one exemplary embodiment of the 1nvention, a

wind energy installation has a pod 11, which can be pivoted

1in the azimuth direction on a tower 10 and on whose end

face a wind rotor 12 1s arranged such that 1t can rotate.

The wind rotor 12 has a hub 13 and one or more rotor blades

30 14. It drives a generator 15 via a rotor shatt (which 1is
not 1llustrated). This generator converts the mechanical
power produced from the wind by the wind rotor 12 to elec-

trical power. The generator 15 1s a doubly-fed asynchronous
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machine (however, 1t 1s also possible to provide other

types of generator). This generator 15 1s connected to a
converter 16. A line 17 1s connected to the generator 15
and to the converter 16, and transports the electrical

power that has been produced through the tower 10 to a me-

dium-voltage transformer 18, which i1s arranged at the foot

r—-
P

of the tower 10, for passing on 1nto a power supply system

(not illustrated). An operating control system 19 1s also

arranged in the pod 11, and monitors the operation of the

entire wind enerqgy 1installation.

In order to vary the pitch angle of the rotor blades 14, a
pitch device, which is annotated i1in 1ts totality with the

reference number 2, 1s provided in the hub 13 and comprises

a power supply unit 20, which has a battery 21 and a con-
nection to a power supply systém 22 within the 1nstalla-

tion. This supplies at least one actuating drive 3, which
essentially comprises an intermediate circuit 34, a resis-
tance 30, a converter 31 and a direct current motor 32 as

— y—

an actuator. Via a set of gearwheels 1n the form of a spur

gearbox 33, the latter causes the rotor blades to rotate

about their longitudinal axils, 1n order 1n this way to vary

the pitch angle 0. This and the rate variation n are de-

tected by a sensor 38 on the toothed rim. The gearwheel set

22 15 designed such that 1t 1s self-locking. This means
that the rotor blade 14 cannot rotate the direct current
motor 32 via the spur—-gear gearbox 33 (or can do so only

yo——

slightly) under the influence of aerodynamic loads. It

should be noted that other types of gearbox can also be
provided, for example a worm-drive gearbox in order to 1n-

crease the self-locking. In order to position the rotor

blades 14 securely with respect to their pitch angle 0 in

all operating states, a brake 39 1s also provided. This may
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be of the disk brake type, or may be an electromagnetic

brake, 1n a manner known per se.

A monitoring unit 4 is provided in order to control the

pitch device 2, is connected to the other components of the

pitch device via signaling lines (which are not 1llus-

—

trated), and itself receives its reference signals via sig-

naling lines (which are likewise not illustrated) from the

operating- control system 19 and transmits state signals and

fault messages thereto in the opposlite direction.

ﬁ

The method of operation for the variation of the pitch an-

gle will be explained with reference to Figure 3. A nominal

value for the pitch angle 0 is applied to a nominal value

—

input for closed-loop control of the pitch angle. To be

—

more precise, it is applied to the positive 1nput of an ad-

der 41. A measured value, determined by the sensor 38, for

the actual pitch angle 1is applied to the negative 1nput of

the adder 41. A difference 1s formed therefrom, and 1s ap-
plied to an orientation, angle or position regulator 4Z2Z.
This uses this difference to determine a variation rate n,

which is limited by means of a limit-value element 43. The

value for the speed, as determined once agailn by the sénsor
38, 1is subtracted from this nominal speed at the addition
point 44, and the difference which results from this 1s ap-
plied to a rotation-speed regulator 45, which uses this to -
determine a current measure for the torque required from
the motor 32. The current measure 1s connected to a limilter
46. The current measure limited 1n this way 1s applied as

the nominal value to an addition point 4/, to whose nega-

tive 1nput a measure for the actual motor current 1s ap-

plied. The difference resulting from this 1s applied to the

o

input of a current regulator 48, which uses this to deter-
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mine a signal for the length of the switch-on pulses for
the active switches for the converter 31. This signal 1s 1n
turn limited by maximum and minimum limiters, and 1s then
applied to the control input of the pulse-width modulator
35, which controls the switching of the active elements of
the converter 31. This structure 1s subject to the problem

that, when the motor 32 has been braked to rest, a change

in the nominal value for the angle situation means that the

corresponding nominal values for the rotation speed and mo-

tor current run into the limits. In order to prevent this,

g

the current regulation of the rotation-speed regulator 42

can additionally be reduced by a feedback signal, to be

precise to upper and lower limits for the motor current.
This can be done within a pre-control system 50, as 1s

shown in Figure 3. The pre-control system 50 is designed to

produce an appropriate motor current nominal value for a
desired battery current. This prevents the regulators 42,

45 and 48 from becoming saturated during the test.

A battery monitor 40 1is connected to the monitoring unit 4

g

and 1is designed to monitor the state of charge of the bat-

tery 21. In principle, the battery 21 can be charged via

the installation-internal power supply system 22 ‘during

normal operation, as a result of which 1t can ensure an

adequate power supply for the pitch device 2 1n the event

of a power supply system failure. This 1s of such a magni-

tude that the rotor blades 14 can safely be moved to a neu-

tral feathered position 1n all conditions. It 1s self-

evident that the batteries 21 must have sufficient capacity

for this purpose, and that neither as result of a defect

nor as a result of wear may so much capacity be lost that

the charge stored therein 1s no longer sufficient to move

the rotor blades 14 to the safe feathered position. This 1s
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tested for its serviceability at regular intervals by means

of the battery monitor 40.

P

First of all, the design of the actuating drive 3, with 1ts

interaction with the battery 21, as shown in Figure 4, will
be explained in more detail. The converter 31 supplies the
direct current motor 32, which is 1in the form of a compound

motor with a series winding 36 and a shunt winding 37. The

converter 31 1is in turn supplied from an intermediate cilr-

cuit 34 with a smoothing capacitor 35. The 1ntermediate

circulit 34 1s supplied with electrical power in two differ-
ent ways. On the one hand, the power supply system 22 1s
available, and can be connected to an input side of the 1in-
termediate circuit via an isolating contactor 24. On the
other hand, a battery 21 is provided, and 1is connected via

-

a battery contactor 23 to the input side of the intermedi-

ate circuit 34. The power supply system 22 1s used on the

one hand to directly supply the converter 31 with the di-

rect current motor 32, and on the other hand for charging
the battery 21. As already explained, the battery 21 pro-
vides the supply 1n the event of a power supply system

failure, such that the direct current motor 32 can be oper-

ated via the converter 31, 1in order to move the rotor - -

blades to a safe position. A voltage sensor. 25 1s arranged
between the battery contactor 23 and the converter 31 on
the intermediate circuit 34. Furthermore, a switchable
fixed resistance 30 1s optionally connected to the 1nterme-
diate circuilt 34, 1in parallel with the input of the con-
verter 31. This allows the 1ntermediate circuit 34, and

therefore the battery 21, to be loaded. The contactors 23,

24 and the converter 31 are operated by the monitoring

unit.
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The monitoring unit 4 interacts with a load control module
5, a load identification module 6 and a test control module
7. The load control module 5 has a discharge control module
51, a monitoring module 52, a timer 53, a monitor module 54
and a detector 55. The test control module / has a memory

70, a modulation degree transmitter /1 and a measurement

unit 72 for determining actual parameters of the direct

current motor 32, a compensation unit 73, a brake test unit

.. 74, a direction selection module 75 and an excitation

10

15

20

29

30

o
-

switching module 76. The memory 70 contains a plurality ot

profiles for different loads. In the test mode, one of the

profiles can be selected, and the converter 31 can be oper-

ated appropriately, such that the direct current motor 32,

which has been braked such that i1t 1s stationary, produces

the load according to the selected profile. In this case,

the test control module 7 operates the excitation switching
module 76, which is designed to disconnect the shunt wind-

ing 37 in the test mode. This means that the excitation 1in

the test mode is produced solely by the series winding 36.

.

The torgque of the direct current motor 32 1s therefore 1n-

g

dependent of the battery voltage, thus allowling a better

pr—

response of the direct current motor 32 to be achieved in

the test mode. In this case, the converter 31 -acts like a: -

transformer for direct current, 1in which _case_the transfor-

mation ratio can be varied by operating the converter 31 by

-

means of the modulation degree transmitter- -71.-The i1ntrin-

f'.‘

sically fixed resistance of the direct current motor 32

therefore represents a variable (load) resistance on the

intermediate circuilt 34, and therefore for the battery 21.

A test of the battery 21 is generally initiated by the op-
erating control system 19. However, 1t 1s also possible for

the monitoring unit 4 to autonomously 1nitiate the test or
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to request the control system to carry out the test, for
example via the timer 53. The test can thus be carried out
at regular time intervals, for example weekly, depending on

the load on the battery, for example after every tenth

charging process, or in special situations, for example

when the voltage returns after a power supply system fail-

ure, or in response to a manual demand by servicing person-

nel.

-

pr—

In a first step of the test, defined i1nitial conditions are

- §

created. For this purpose, the load control module 5 oper-

ates the discharge control module 51 such that the interme-

diate circuit 34 is discharged via the fixed resistance 30

to a previously defined voltage level, 1n general the bat-
tery voltage level. The magnitude of the voltage 1s gov-

erned via the voltage sensor 25 and the battery monitor 40.

This creates defined conditions for the test, which ensure

reproducibility. The test control module 7 determines what

tvpe of test will be carried out.

For illustrative purposes, this will be explalned using the

simple case 1n which a defined load 1s produced by the

fixed resistance 30. The fixed resistance 30-1s operated - -

for the test. A current then flows from the battery 21 1nto

the 1ntermediate circuit 34 and 1nto the resistance 30. By

means of the-voltage sensor 25, the battery monitor 40

measures the battery voltage, and checks 1t for a voltage

dip. If a previously definable voltage threshold 1s under-

shot 1n this case, then the battery monitor 40 1dentifies a

fault. A corresponding fault signal 1s passed back from the

monitoring unit 4 to the operating control system 19.
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The load with a passive resistance can also be simulated by

the converter 31 1n conjunction with the motor 32, as a re-

"-!

sult of which there 1s no need for a separate fixed resis-

tance 30. For this purpose, the profile for the fixed re-
sistance 1s downloaded from the memory 70. The test control

module 7 operates the converter 31 1n accordance with this

profile, such that the direct current motor 32 acts like a

fixed resistance on the intermediate circuit 34, and there-

fore for the battery 21.

It 1s also possible to use the direct current motor 32 to-

gether with the “"fixed resistance” profile together with

the fixed resistance 30 as a load, 1n order to i1ncrease the

battery load during the test. This makes 1t possible to

achieve a very high load current without having to overload

the components used for this purpose. In particular, this

arrangement has a considerably greater thermal energy ab-

sorption capability than a fixed resistance. As described

apbove, the test control module /7 operates the converter 31

such that 1t behaves like a fixed resistance. This results
in a load of the same type, which can be evaluated easily
1n the manner already described by means of the voltage

sensor 25 and the battery monitor 40.

-

In order to prevent undesirable rotation of the rotor blade

14 when current passes through the direct current motor 32, -

the brake 39 1s operated by the load control module 5. This

ensures that the pitch angle 0O is unchanged. The pitch an-

gle O is 1in this case expediently monitored by means of

sensors (which are not 1llustrated). If the blade pitch an-

gle changes despite the brake 39 being operated, this is a
signal that the brake 39 1s defective. This is monitored by

the brake test unit 74 which, 1n the event of a fault,
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transmits an appropriate fault signal to the monitoring
unit 4, which passes this signal to the operating control
system 19. The pitch-change torques which occur in thils
case may be considerable. Overall, the test represents a

considerable load. In order to allow a reliable statement

y—

to be made about the state of the battery 21, the current

drawn should be greater than a specific current for a spe-

[

‘ic time period. The values are not constant and depend

C1l

A

on the respective operating state. To indicate the order oL

magnitude, a time period of at least about 7 seconds and at

least 50 amperes may be quoted for a 2Z2MW wind energy in-

stallation; this would result in about 0.1 Ah being drawn.

r—

The temperature of both the switchable resistance 30 and

that at the direct current motor 32 are expediently moni-

—

tored by means of temperature sensors (which are not 1llus-

trated), in order to prevent overheating. A monitoring mod-

ule 52 is provided for this purpose.

Furthermore, the monitoring module 55 1s used to test
whether the battery monitor 40 is serviceable. A load 1s
applied or the battery is charged sufficiently that, when
the load is applied, a voltage dip occurs to which the bat-

ﬁ

tery monitor responds. If, nevertheless, 1t does:not re—: .

spond, then .it is probable.that the battery monitor 40 1is .

-

not operating correctly. If a fault is found, for example

sticking of a switching contact, such that “good” 1is aiways:

indicated, then the test 1s ended.

The memory 70 may also contain other profiles. Profiles for
loading with a constant current and loading wlth a constant
power have likewise been proven. The latter offers the ad-
vantage that it at least approximates to the load on the

battery 21 during actual operation when the rotor blades 14
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are moved to the feathered position. In contrast, the pro-

e

file for loading with a constant current offers the advan-

tage that this allows better evaluation by the test control

module 5. This will be explained in more detail 1n the fol-

lowing text.

For the test mode with a constant current, the battery cur-

rent must be measured and must be kept constant by a

closed-loop control system. To do this, the current flow

must be determined. A current sensor 28 can be arranged on

the intermediate circuit 34 for this purpose. In order to

avold the additional current sensor 28, the battery current

can be determined from other existing variliables, by means

r— —

of a first estimator. This 1s done by making use of knowl-

—e

edge that the power balance must be compensated for via the
battery 21 and the motor 32 in the test mode when the 1so0-

lating contactor 24 to the power supply system 22 has been

r-—

opened. The product of the battery voltage and current must

therefore be equal to the product of the motor voltage and

current. The current which is loading the battery 1s there-

fore inversely proportional to the respective voltages,

that 1s to say

Tbhbatt = Imotor x Umotor / Ubatt.

The value of the battery voltage 1s available 1n any case

1n the monitoring unit 4, and the value for the motor volt-
age Umotor 1s determined by the converter 31, to be precise
depending on the operation of 1ts active switching ele-
ments. The measure for operation 1s the modulation degree
M. Technically speaking, this 1s the output signal from a
pulse-width modulator 35 which operates the converter 31.

The modulation degree M 1s avallaple in any case as a pa-
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rameter for converter control. The determination of the

battery current 1s therefore simplified to become:

IThatt = Imotor x M.

It should be noted that, by definition, M and Imotor always

have the same mathematical sign, thus resulting 1n a posil-

tive value for the battery current irrespective of the di-

f~

- rection of the torque of the direct current motor 32. The

rotation direction 1n the test mode 1is therefore intrinsi-

cally arbitrary. In order to keep the load for the brake 39
low, the direction selection module 75 determines the total
torque acting on the brake 39 taking account of the other
loads acting on the rotor blade 14, 1n particular the aero-
dynamic loads. It determines the rotation direction 1in

which the brake 39 1s more likely loaded (because the aero-

dynamic load counteracts the torque of the direct current

motor 32), and selects this rotation direction.

p— pp—
St

The measurement unit 72 1s designed to determine the effec-

tive resistance of the direct current motor 32 from the

values for the motor voltage and current. It does this us-

ing the relationship:

Umotor / Imotor.

Rmotor

L - . -~

g

If sudden and/or serious changes occur, then this indicates

a fault 1n the form of contact faults, a discontinuity,
ground faults or shorts. Furthermore, heating of the direct
current motor 32 can also be deduced from the resistance
value and, 1f specific limits are overshot, 1t 1s possible
together with the monitoring module to leave the test mode,

and thus end the test. This therefore minimizes the risk of
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components being overloaded by the test. Thils allows the

tests to be carried out not only when the wind energy 1in-
stallation 1is stationary, but also during operation, 1n any

case on partial load.

.

The effect of the invention will be explained with refer-

ence to Figure 5. The profile of the battery voltage 1s

sketched in Figure 5a). The test starts at the time t0, and

a load is applied to the battery to be tested. As can be .

gr—

- seen, the voltage first of all falls suddenly and subse-

———

quently on a quite flat profile, until the end of the test

load at the time Tl. The corresponding motor current Imotor

is 1llustrated in Figure 5b). As can be seen, the current

becomes greater, the greater the extent to which the bat-

f.'- ﬂ'

tery voltage dips. Because of the transformer effect of the

converter 31, the current Ibatt from the battery 21 differs
considerably. For example, the battery current as shown 1in
Figure 5c) does not have such a pronounced rise when the

voltage decreases. This 1s because a change 1s made to com-

pensate for the modulation degree M, as 1s 1llustrated 1n

Figure >5d).

The brake test unit 71 i1s deigned to check :the brake 39. As
described above, the direct current motor 32 1s for this
purpose operated as a load, and the torgque produced by 1t
1s-used as the test torque. The brake test unit 74 in-

creases the torque to a value which 1s still less than or

P

at most equal to the holding torgque of the brake 39. It

b

must then not slip. If this nevertheless occurs, a fault

signal 1s generated and 1s output to the operating control

system 19. The direction selection module 77 1s used appro-

priately 1n order to keep the i1nfluence of the rotor blade

14 and of the loads acting on i1t low. It 1s also possible
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to carry out in each case one measurement per rotation di-

rection 1n a rapid time sequence, and to carry out at least

one qualitative good/bad assessment on this basis.

5 The parameters determined 1n the manner described above can
be supplied to the compensation unit 73. This 1s designed
to determine changes 1n the parameters, and to output ap-

proprlate compensation signals. For example, the motor re-

....... . ..sistance can .be monitored and, 1f 1t 1ncreases, a correc-

10  tion signal to the modulation degree M can be output, so0 as

to compensate for the reduction in the motor current re-

sulting from the resistance increase. Differences resulting

gro——

tfrom scatters between different motors can also be i1denti-

fied and compensated for in a corresponding manner. The

15 quality of the tests can be further improved in this way,

leading to higher operational reliability of the wind en-

ergy 1nstallations.

A recording unit 8 1s also provided. This 1s provided on
20 the pitch controllier 2. This 1s designed to recelve and to

store status signals and measured values from the test con-

trol module and the monitor module. It can also carry out

—

an assessment and, 1f required, can transmit: appropriate

fault signals to a.superordinate entity, such.as the oper-

25 ating control system.
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Patent Claims

A wind energy installation having a rotor (12), & gen-
erator (15) which 1s driven by the rotor (12) for pro-
duction of electrical enerqgy, wherein the rotor (12)
has at least one blade (14) which can be varied by

means of a pitch device (2), and the pitch device (2)

has a power supply unit with a battery (Z21) and an ac-

tuating drive (3) and, furthermore, a monitoring unit

(4),

characterized 1n that

a load module (5) 1s provided, which switches the ac-
tuating drive (3) between an operating mode and a test

mode, wherein, 1n the test mode, the actuating drive

(3) forms a preselectable defined load for the battery

(21) .

The wind energy installation as claimed in claim 1,

characterized in that B I

the actuating drive (3) has a swlitchable resistance

(30) at 1ts 1nput, and the resistance acts as a fixed

load.

The wind energy 1nstallation as claimed in claim 1 or

2,

characterized in that
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the actuating draive (3) comprises a converter (31) and

a direct current motor (32), and the load control mod-

ule (5) 1s designed to apply a predeterminable cur-—

rent, which corresponds to the defined load, to the

direct current motor (32).

The wind energy installation as claimed in claim 3,

. Ccharacterized 1n that .

a brake (39) 1s operated, against which the actuating

drive (3) acts.

The wind energy installation as claimed in one of the

preceding claims,

characterized 1n that

a discharge control module (51) is provided, which re-

duces the voltage acting on the actuating drive (3) to

a predetermined voltage level at the test start.

The wind enerqgy installation as claimed inone of-the

preceding claims,

characterized 1n that

a load 1dentification module (6) 1s provided, which

—

determines a load state of the wind energy installa-

L ™
-

tion and inhibits the load control module (5) if a

threshold 1s exceeded.
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B

The wind energy 1nstallation as claimed in one of

claims 4 to o,

characterized in that,

when the brake (39) 1s operated, the load control mod-

ule (5) monitors the blade (14) for a pitch change,

-

and outputs a fault signal.

-

The wind energy installation as claimed in one of the

preceding claims,

characterized 1n that

a test control module (7) 1s provided, which applies a

selectable test characteristic to the actuating drive

(3) .

The wind energy installation as claimed in claim 8,

characterized in that

a memory (/0) 1s provided, 1in which profiles are -

stored, preferably for a passive resistance, a .con-

stant current and a constant power.

—

The wind energy installation as claimed in claim 8 or

J,

characterized 1n that

the test control module (7) has a modulation degree

transmitter (35), which is designed to adjust the cur-
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rent output from the actuating drive (3) such that the

desired modulation degree is produced.

The wind enerqgy 1installation as claimed in one of

claims 8 to 10,

characterized 1in that

the test control module .(7) has a measurement unit

'ﬁ

(72) for detection of actual parameters of the direct

current motor (72), and has a compensation unit (73)

which compensates for changes in the parameters from a

standard value.

The wind energy installation as claimed in one of

claims 8 to 11,

characterized 1n that

the test control module (7) interacts with an excita-
tion switching module (76), which passes current only
through a series winding (36), and disconnects a shunt

winding (37). : L

The wind energy installation as claimed in one of

claims 8 to 11,

characterized 1n that

the test control module (7) has a direction selection
module (75) which defines a load direction of the
blade (14) during operation of the wind energy instal-

lation and acts on the test control module such that
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the actuating drive (3) operates the blade (14) in the

opposite direction.

The wind energy 1nstallation as claimed in claims 8 to

13,

characterized 1n that

.the test control module (5) has a brake test unit (74)

which produces a specific test torque by means of the

actuating drive (3).

The wind energy installation as claimed in claim 14,

characterized 1n that

the brake test unit (74) carries out a bi-directional
test by operating the direct current motor (32) in
both torque directions against the brake, and wherein

f"‘

a good/bad identification is carried out by means of a

classifier.

The wind energy 1installation as claimed in one: of: the

preceding claims,

. characterized 1n that

at least one of the following apparatuses is addition-

ally provided:

a discharge control module (51) which reduces the
voltage acting on the actuating drive (3) to a prede-

terminable voltage level at the test start,
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a pattery monitor (40) which, 1n particular, monitors

the voltage state of the battery,

a monitoring module (52) which monitors the state, in
particular the temperature of the resistance (30)

and/or of the direct current motor (32),

~a timer (53) in the load control module (5) which car-

ries out a test at predeterminable intervals and moni-

tors timings during testing,

a load 1dentification module (6), which determines a

-

load state of the wind energy installation and inhib-

1ts the load control module (5) if a threshold is ex-

ceeded,

a monitor module (54) for the battery monitor (40),

which monitors 1ts serviceability.

A monitoring device for a pitch device (2) for wind
energy 1nstallations having a battery (21) and an ac-

tuating drive (3),

characterized 1n that

a load control module (5) is provided, which switches
the actuating drive (3) between an operating mode and

a test mode, whereiln, 1in the test mode, the actuating

drive (3) forms a preselectable defined load for the

battery (21).

The monitoring device as claimed in claim 17,
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characterized in that

the monitoring device 1s developed as claimed in one

fr——

of claims 2 to 16.

A method for monitoring a pitch device for wind energy

1nstallations, wherein the pitch device (2) has a bat-

- tery (Z21) and an actuating drive (3), and a battery

voltage 1s monitored in the load case during testing,
characterized 1n that

the actuating drive (3) switches between an operating

mode and a test mode, wherein, in the test mode, the

actuating drive 1s used under a defined load for the

pattery (21).

The method as claimed in claim 19,

characterized by

use of a monitoring unit as claimed in .one of claims 2

to lo.
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