Office de la Proprieté Canadian CA 2667229 C 2014/06/03

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 667 229
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2007/10/17 (51) ClLInt./Int.Cl. HO02J 3/40(2006.01)

(87) Date publication PCT/PCT Publication Date: 2008/05/02 | (72) Inventeurs/Inventors:

1 . FORTMANN, JENS, DE;
(45) Date de délivrance/lssue Date: 2014/06/03 LETAS HEINZ-HERMANN. DE
(85) Entree phase nationale/National Entry: 2009/04/22

(73) Proprietaire/Owner:
(86) N demande PCT/PCT Application No.: EP 200//009005 REPOWER SYSTEMS SE, DE

(87) N° publication PCT/PCT Publication No.: 2008/049541 (74) Agent: RIDOUT & MAYBEE LLP
(30) Priorite/Priority: 2006/10/24 (DE10 2006 050 077.6)

(54) Titre : CONVERTISSEUR A ANGLE DE PHASE COMMANDABLE
(54) Title: CONTROLLABLE PHASE-ANGLE CONVERTER

r——— - "-""-——-_--— -V -V—_--—__ T 1
63 —°
— 67
2| | .
|
Y : ——47
|
Lo e e T L — | 2
60 31
vy {JJ\ 9 O
" -
~ - ‘ -.
| 49
"\
32
(57) Abréegée/Abstract:

The Invention relates to a converter (4), in particular for wind energy installations, having a generator (3) which Is driven by a wind
rotor (2) In order to feed electrical power into a power supply system (9), with the converter (4) having a control input (44) for the
phase angle of the electrical power emitted to the power supply system. The invention provides a phase control device (6), which
has a power supply system fault detector (63), a phase angle detector (61) and a signal processing module (67). When a power
supply system fault with a determined phase error Is detected, a signal for a default angle of the converter (4) Is applied to the
control input (44) of the converter. As a result, the phase change which occurs at the end of the power supply system disturbance
does not lead to an undesirable sudden surge in the power output.
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(57) Abstract: The invention relates to a converter (4), in particular for wind energy installations, having a generator (3) which is
driven by a wind rotor (2) in order to feed electrical power into a power supply system (9), with the converter (4) having a control
input (44) for the phase angle of the electrical power emitted to the power supply system. The invention provides a phase control
device (6), which has a power supply system fault detector (63), a phase angle detector (61) and a signal processing module (67).
When a power supply system fault with a determined phase error is detected, a signal for a default angle of the converter (4) is
applied to the control input (44) of the converter. As a result, the phase change which occurs at the end of the power supply system
disturbance does not lead to an undesirable sudden surge in the power output.

[ Fortsetzung auf der niichsten Seite]



CA 02667229 2009-04-22

WO 2008/049541 A1 IHIHHVA!H AR AR 1 0 AT A AR

CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, — Erfindererklirung (Regel 4.17 Ziffer iv)
TG).
Veroftentlicht:
Erklarungen gemall Regel 4.17: —  mit internationalem Recherchenbericht
—  hinsichtlich der Identitiit des Erfinders (Regel 4.17 Zifferi) —  vor Ablauf der fiir Anderungen der Anspriiche geltenden
—  hinsichtlich der Berechtigung des Anmelders, ein Patent zu Frist; Verdffentlichung wird wiederholt, falls Anderungen
beantragen und zu erhalten (Regel 4.17 Ziffer ii) eintreffen

ar

(57) Zusammenfassung: Die Erfindung betrifft einen Umrichter (4), insbesondere fiir Windenergieanlagen, mit einem iiber einen
Windrotor (2) angetriebenen Generator (3), zum Einspeisen elektrischer Leistung in ein Netz (9), wobei der Umrichter (4) einen
Steuereingang (44) fiir einen Phasenwinkel der an das Netz abgegebenen elektrischen Leistung aufweist. Die Erfindung sieht eine
Phasenstelleinrichtung (6) vor, die einen Netzfehlerdetektor (63), einen Phasenwinkeldetektor (61) und ein Signalverarbeitungsmo-
dul (67) aufweist. Bei einem erkanntem Netzfehler mit einem ermittelten Phasenfehler wird ein Signal fiir einen Vorgabewinkel an
den Steuereingang (44) des Umrichters angelegt. Damit wird erreicht, dass die am Ende der Netzstorung auftretende Phasenidnde-

rung nicht zu einem unerwiinschten Sprung in der Wirkleistungsabgabe fiihrt.
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Controlléble'phase-angle converter

The invention relates to a converter, in particular for

wind energy installations having a generator which is

driven via a wind rotor, for feeding electrical power

into a network, with the converter having a control in-

put for a phase angle of the electrical power which is

 emitted to the network.

Converters are nowadays belng increasingly used to feed

electrical power into a network from local feeding
power stations. These converters are particularly suit-

able for use with Variable'rotation~speed generators,

such as those provided for modern wind energy installa-

tions. In this case, conversion to the frequency of the

fixed-frequency supply network (normally 50 Hz) 1s re-

quired in order to feed in the wild-frequency electri-

cal power produced by the generator. In the event of

disturbances in the network, the prhase angle of the

voltage can change suddenly. It has been found that

sudden phase changes can have similar negative effects

on converters to those of voltage dips. In the case of

conventional converters, overcurrents can therefore oc-

=

cur in the event of a sudden phase change, thus acti-

vating protective devices for the converter, such as
its crowbar circuit. The activation of the protective

devices changes the braking torque of the converter and

of the generator connected to it, thus leading to unde-

sirable reactions on the mechanical part. Torgue oscil-

lations can occur at the generator and on its drive

train, which can lead to increased wear or even to

'failure.
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Attempts have been made to use special additional cir-

gr—
—

cults to prevent activation of the converter protective

devices. For example, a chopper can be provided 1n an

intermediate circult of the converter which limits

-

overvoltages or overcurrents occurring as a result of

sudden phase changes, 1n the intermediate circuit it-

P

self. However, the additional circuits increase the

production compleXity and therefore increase the price

P

of the converter. Furthermore, their power-handling ca-

gr—

pablility 1s restricted, as a result of which they are

frequently 1nadequate for high power levels. In addi-

tion, 1f the protective device 1s switched on fre-

quently, reactions on the mechanical components of the

wind energy installation can reduce their life.

The 1nvention 1s based on the object of specifying a

converter and a wind energy installation having a con-
verter such as this, as well as a method for operation,

which achieves a better response to sudden phase

changes 1n the network.

The solution according to the invention lies in the

features of the independent claims. Advantageous devel-

opments are the subject matter of the dependent claims.

In the case of a converter, in particular wind energy

installations having a generator which is driven by a

prew

wind rotor, for feeding electrical power into a net-

work, with the converter having a control input for a
phase angle of the electrical power which is emitted to
the network, the invention provides a phase control de-

vice which has a network fault detector, a phase angle

detector and a nominal angle generator, with the latter

having a signal processing module which is designed to
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determine a signal for a preset angle for the converter

from the phase error signal of the phase angle detector

when a network fault occurs, which signal is applied to

p—
p—

the control input of the converter via a control line.

- The essence of the invention 1is the idea of detecting

the Change in the phase angle'which leads to the net-

work disturbance and using this as the basis for phase-

angle control of the converter. The occurrence of the

disturbance is determined by means of the network fault

detector in order, when a disturbance is identified, to

determine a phase error signal by means of the phase

angle detector from the phase'angle in the network be-

fore and after the disturbance occurs. Based on the

phase difference, the signal processor-module deter-

mines an angle which is preferably calculated such
that, at the end of the network disturbance and when
the phaée'suddenly changes back again, this'leads Lo no
change,'or as 1itt1e_change as possible, to the power
that 1s fed 1in. This angle.is applled to the control

et

1nput of the converter, as a preset angle.

Conventionally, when a network disturbance occurs, a

change in the phase is identified only after a delay,
to be precise in particular when it changes suddenly.
Before the change in phase is actually taken into ac-
count, the converter feeds into the network with an in-
correct phase angle. In-phase current and reactivé—
current regulators which are provided on the converter
can Operate correctly, however, only when the phase an-
gle is correct. If the phase angle is incorrect, only a
Small amount of in-phase current as provided can be-fed
into the network, and it is even possible for in-phase

current to be parasiticallY-drawn from the network
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~rather than being fed into it. As a consequence of too

little current being fed in'(or.the parasitic drawing),

p—

the energy level in the intermediate circuit of the

converter rises, and this can lead to an overvoltage or
an overcurrent in the intermediate circuit. These re-

sult in activation of the protective devices, such as

triggering of the'crowbar, with the negative effects

mentioned initially on the drive train and the genera-

tor.

The invention has now identified the fact that the dam-

aging effects of the phase suddenly changlng back at

the end of the dlsturbance on the converter and 1ts

control system, in particular its in-phase current con-
trol,.can be minimized by deliberately presetting the
phase angle. The preset angle can be chosen such that,
when a sudden change back thrOugh‘a predetermined angle

occurs, the power which 1s emitted remains unchanged.

If, for example a sudden phase change of +25 degrees

occurs as a consequence of the network disturbance,

then the preset angle of the converter is set to a

value of +12.5 degrees; as a result of this, when a

sudden phase change of a further 25 degrees occurs at

1

the end of the network disturbance, the phase angle o:

the converter with respect to the network has a value

‘of -12.5 degrees, and the power therefore remains con-

stant. For this purpOse, the processing module expedi-
ently has a lead module'whiCh is designed to determine

a lead angle from the phase error signal.

The lead module is expediently in the form of a'di~

vider, to be precise preferably with a divisor of 2.
This 1s based on the knowledge that, when the phase

changes back suddenly at the end of the network distur-



10

15

20

25

30

CA 02667229 2009-04-22

5

bancé, an angular magnitude can frequently be’expected

which corresponds to the magnitude_of the sudden phase

pravu

change that occurred at the start of the disturbance.

It is then expedient to choose the preset angle to be

half as great as the sudden phase change which occurred

,initially. This can be achieved in a simple and expedi-

—

ent manner by a divider with a divisor of 2.

A characteristic element is preferably additionally
provided, which limits the lead angle to adjustable
limit values. It 1s therefore possible to take account

of restrictions relating to the possible phase angles

of the wind energy installation and 1ts converter. In
particular,'it has been proven to provide as limit val-

ues those angles which correspond to the maximum magni-

tude of the volt-amperes of the converter. It is.also-

poSsible to provide for the characteristic element to

be provided with a memory of permissible'power and wat -

tleSs—component ranges from which the limit values can

‘be called up dynamically as a function of the respec-

tive power. This makes i1t possible to match the respec-

tive limit values to the instantaneous power situation

' of the converter and/or of its wind energy installa-

tion.

The phase angle detector can be proVided with'a pattern
wave generator which 1s synchronized to the network
frequency. This makes it possible to obtain a clean
phase curve even when the network frequency is noisy,
on the basis of which phase curve the sudden phase
change can be determined more accurately{ The accuracy
and the speed of determination of the phase error sig?
nal are thus increased. It 1is expedient for‘the pattern

wave generator to be in the form of a PLL circuit. This
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allows cleaner detection even when the network fre-

gquency 1s varylng 1ln a quasl-steady-state form.

According to one particularly advantageous embodiment,

which may be used for'independent'protection, the net-

the return of the network voltage and a switching de-

P

vice, which 1s connected to the'control input of the

~converter and 1s designed to apply a reference fre-

quency signal to the control input when‘the.voltage re-
turns. This makes 1t possible, when the network voltage
returns, to once agailn set on the converter a phase an-
gle that is the same as that before the occurrence of
the disturbance. This means that the correct phase an-
gle 1s availlable i1mmediately when the voltage returns
in all those situationsg in which the network phase once
egain assumes the original value before the disturbance
at the end of the disturbance. Thlis 1s also applicable
when the phase does not suddenly change back again ex-
actly, but a small phase error remains. The converter
can then feed the maximum power into the network with-

out any further delay.

The reference-frequency signal 1s generally synchro-
nized to the original network VOltage. However, 1t 1s
possible for the reference frequency signal to differ

from this. This applies 1n particular to the phase. For

example, the phase of the reference frequency signal

may have an offset in the inductive sense. Since the

‘phase angle is frequently inductive when tne voltage
- returns, this makes it easier to connect the converter

when the voltage returns.

The converter preferably has a protection unit which is

designed to determine the phase angle difference be-
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tween the network and the network-side inverter before

and after a network voltage returns, and to switch o‘f

the network-side inverter when the phase angle differ-

énce riges. This 1s achieved in that thé network—side

inverter of the converter can be switched off when the

p—
oy

phase difference of the network-side inverter increases
when the network voltage returns. This results in maxi-

mum protection for the components of the converter even

when the disturbance profile 1s poor.

A PLL circuit with a freewheeling device 1is preferably

provided as the generator for the reference frequency

signal, which is connected to the network frequency and

is decoupled by means of the freewheeling device When a

network fault occurs. This allows the reference fre-

quency signal to be generated from the networkiire-

quency in a simple manner, and to also be maintained

F

over the time duration of a network fault.

The invention also relates to a wind energy installa-
tion having a converter as described above for.feeding
electrical power into a network. The invention further-
more relates to a corresponding method fbr dperation of
the converter. Reference is made to the above state-

ments for a more detailed explanation.

The invention will be described in the following text

with reference to the attached drawing, which 1l1lus-
trates advantageous exemplary embodiments, and in

which:

n

Figure 1 shows a schematic overview illustration of a
wind energy installation connected to an

electrical supply network;
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2 shows a circuit diagram of a converter ac-

gy
p—

cording'to a first exemplary embodiment of

the wind energy installation illustrated in

Figure 1;

3 shows a partial circuit diagram of one varia-

tion for a second exemplary embodiment;

4 shows a graph 1llustrating the phase angle

during a netwOrk disturbance;

5 shows a graph wlth angle errors during the

network disturbance shown 1n Figure 4; and

6 shows a power diagram with a real component

and a wattless component.

energy 1nstallation which has a converter de-

according to the invention is illustrated sche-

matically in Figure 1, and 1is provided in 1ts totality

with the reference number 1. In a manner known per se,

which will not be explained in any more detail, the

wind energy installation has a pod 11 which is arranged"

such that it can rotate on a tower 10. A wind rotor 2

is arranged on its end face, such that it can rotate.

shaft.

- The wind rotor 2 drives a generator 3 via a rotor

This generator 3 may, in particular; be in the

-

- form o:

= a synchronous machine, an asynchronous machine

(1n each case coupled to the network via a conVerter),

but preferably a double-fed asynchronous machine. A

stator

of the generator 3 is connected directly or via

a transformer (not illustrated) to a three-phase con-

necting line to a network 9 of the wind power installa-
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tion 1. A rotor (not illustrated) of the generator 3 1is

connected to a generator;side end of a converter 4,
whose other,-network~side end 18 connected to the net-
work 9. A controller 5 is also provided for operation

of the converter 4.

The design and method of operation of the converter 4

will be explained with reference to the example of the
wind energy installation. The 1nvention can also be

used for other types ot electrical-enérgy generators

which provide a converter for feeding the electrical

~ power 1into the network. The converter 4 1s primarily

used to convert wild-frequency electrical power gener-
ated by the generator 3, which is driven at a variable
rotation speed, such that the electrical power can be

emitted at a frequencyfwhich matches that of a fixed-

frequency supply network 9. Figure 2 illustrates the

applicaticn'in’whiCh the converter 4 is connected to a

double-fed asynchronous generator 3. A rotor 31 of the

double-fed asyhchrOnous generator 3 1s connected to a
generator-side end 40 of the converter 4. The supply
network 9 is connected to a network-side end 49. The

stator 32 of the generator 3 is connected directly to

the electrical supply network.

The maln components of the converter 4 comprise a gen-
erétcr—side inverter which is operated as a rectifier
41, a network-side inverter 43 and an intermediate cir-
cult 42, which is arranged betweengthem, as a connec-
tion. The roEOr'Bl of'the generator 3 18 connected to
the generator-side i1inverter 41. A so-called crowbar
circuit 8 can be arranged at this point, for oVerload
protection. The crowbar circuit 8 1s designed to short

the rotor 31 and thus to prevent the occurrence of a .
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damaging overvoltage. The'design and method of opera-

tion of the crowbar circult 8 are known from the prior
art and therefore do not need to be explained in any
more detail. The generator-side inverter 41 proVides

full—wave-rectification for the three-phase current fed

in from the rotor 31. The intermediate circuit 42 is in

the form of a DC-voltage intermediate circuit and has a

capaclity 46 as an energy store. The network-side in-

- verter 43 has six controllable switching elements,

preferably IGBTs, in a full-bridge arrangement. The

IGBTs are operated'in a manner known per'se'by the con-

troller 5 of the converter such that a threé—phaSe Cur-

rent 1s produced at a varilable frequency and a variable

phase angle. The frequency and phase angle are in this

- case predetermined by the controller 5 such that they

match those of the supply network 9. In addition, a

control input 44 is provided for extérnally presetting

the phase angle, via a cohtrol'line 47 .

The supply network 9 1s connected to the output connec-

tion 49 of the converter 4, to be precise directly or

via a transformer (not illustrated), with the output

connection 49 being fed from the network-side inverter

43. Electrical energy which is generated by the rotor

31 of the generator 3 1s therefore fed into the Supply

network 9 via the converter 4 (depending on the operat-

ing point of the generator 3, the power £low may also

be reversed) .

—

A sensor pair 60 for the phase angle of the voltage and

current,in the supply network 9 are arranged on the

electrical supply network. The sensor pair 60 is illus-

trated on only one phase, for clarity reasons; the

other phases are correspondingly equipped. The sensor
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pralr 60 produces an input signal for a phase control

device 6, which will be explained in more detail in the

folloWing text. The phase control device 6 comprises a

phase angle detector 61, a network fault detector 63,

an angle calculation unit 65 and a Signal processing

module 67, at whose output a preset value for the phase

angle of the converter 4 is emitted. The output is con-

nected via a control line 47 to the control input 44 of

aas]

thé‘converter 4. The signal processing module_67 con-

tains a lead module which is in the form of a divider
69. The divider'69 is designed to halve the angle value
produced by the angle error module 65, and to emilt this

as a lead angle via the control line 47.

The method of operation will be explained in more de--

tall 1in the following text with additional reference to

Figures 4 and 5. It is assumed that a network distur-

bance occurs as a result of a change in the phase angle

of the voltage.iit is assumed that the disturbance oc-

H

to = 0.2 s. At this time, the phase

‘angle suddenly changes by an amount of about 17 degrees

pr—r
p——

in the inductive sense. The onset of the disturbance is

- determined by the network fault detector 63, and the

absolute sudden'phase-change,is determined at the same

time by the phase angle detector 61. Taking'aCcount of

the instantaneous network frequency, the angle error

module 65 corrects the angle data, as determined by the

phase anglé detector 61, with_the network frequency,

and sets the initial angle to 0 degrees. This results
in a representation of the network angle which is il-

lustrated in Figure'S and can be evaluated for the sub-

sequent signal processing module 67. As can easily be
seen from the 1llustration in Figure 5, the phase'angle

error, corrected to the network frequency, is
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17 degrees. This value 1s applied as the phase eTTOoYT

signal to the signal processing”module 67; The divider

P
p—

69 determines a lead angle of 8.5 degrees from this.

' and
oy

This lead angle 1s emitted at the output of the signal

processing module 67 and is applied, via a characteris-
tic element 64 for magnitude limiting and the control
line 47 to the control input 44 of the converter 4.

gy

This sets a control angle of 8.5 degrees inductive at

the converter. This results in an operating point which

lies on the straight line i1llustrated by dashéd lines

p—

in Figure 6. This setting of the converter 4 is optimum

in the sense that, when the phase suddenly changes,back
at the end of the network disturbance (gsee £t = 3.8 s 1in
Figures 4 and 5) this results in an angle change at the

converter amounting to 17 degrées 1n the capacitive di-

8.5 degrees 1nductive, leads to a new phase angle of

8.5 degrees capacitivé, as 1is 111ustrated by the
dashed-dotted line in Figure 6. The power'output,‘which
1s symbolized by the horizOntal solid line in Figure 6,
does not change, because the phase angle changes sym-
metrically.with respect to the power axis. The poWer

—

output of the converter 4 to the network 9 therefore

remalns unchanged, and the voltage in the intermediate

circult 42 of the converter in consequence also remains

stable. This therefore makes 1t possible to avoid the

‘derailment of the power control which_frequently oCccurs

in this situation in converters according to the prior

art. This therefore also prevents triggering of the

crowbar 8 in order to provide protection against a dam-

‘aging overvoltage in the intermediate circuit 42.

Thanks to the invention, when the network voltage re-
turns, the converter 4 still feeds power into the net-

work without any disturbance or interruption. The op-
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—

eration of the wind enerqgy installation can be contin-

ued without any reactions occurring'on the generator 3

and its drive train as a result of undesirable trigger-

ing of the crowbar 8.

A protectioﬁ'unit 48 18 expediently provided on the

-converter-and 18 used to detect the profile of the

phase angle difference when the network voltage re-
turns,‘using.the angle data determined by-the phase
control device 6. The protection unit 48 acts'on the
network-side inverter 43 and can switch this off when a
fault situation is identified. The protection unit 48

L

is designed to switch the network-side inverter 43 off

when the phase difference between the network-gside in-

verter 43 and the network 9 does not decrease, but in-

- Ccreases, when the network voltage returns. This there-

fore provides maximum protection for the components

even 1n extraordinary situations.

A second exemplary embodiment is based on the first ex-

emplary embodiment and has components as illustrated in

Figure 3 added to it. Corresponding elements are pro-

vided with the same reference symbols. Reference is

made to the above explanation, in order to avoid ex-

plaining them again. In the second exemplary embodiment

‘a reference frequency generator is also provided, and

1s 1n the form of a follow-up synchronization circuit
(phase locked loop - PLL circuit) 66. A measured value
for the phase of the network 9 is applied to its input.

The reference angle determined by the phase angle de-

‘tector 61 1is applied to the PLL circuit 66. When a nét—

‘work fault is identified, the PLL circuit 66 is decoup-

led .via a freewheeling device 62 and continues to os-

cillate freely. A device 64 is also provided in order
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to 1dentify the return of the network voltage. In the
eXemplary'embodiment, this device 64 is in the form of

a threshold-value switch which emits an output signal

for the return of the nétwork when a sudden phase angle

change above an adjustable threshold occurs. This out-

—

put signal is applied to a control input of a switching

device 68. When the switdhing device 68 1s operated,

then the network freqgquency signal, which 1s passed on

from the PLL circuit 66, 18 passed on and 1is applied £o

the control input 44 of the converter 4. This variant

operates as follows. The network angle is updated by

" means of the PLL circuit 66 throughout the duration of

the disturbance in the network 9. When a sudden change
1n the phase angle occurs at the end of the disturbance

in the network 9 (see the time t; in Figure 5), then

this 1s identified by the identification device 64.
This emits a correSponding control signal to the
switching device 68, as a result of which the output

pu—

signal of the PLL circuit 66 is applied as a control

signal-to the converter 4. This ensures that the con-

verter 4 can immediately orient itself again with re-

spect to the network frequency provided as a reference

by the PLL circuit 66. The converter 4 can'therefore be

resynchronized to the network more quickly, thus con-
siderably shortening any possible transient process.

The power control of the converter 4 can therefore op-

~erate immediately again, without any delay.



10

15

20

25

CA 02667229 2011-02-04

15

Patent Claims

1. A converter for feeding electrical power into a network,

the converter comprising:

a control input for a phase angle of the electrical power

which i1is emitted to the network; and
a phase control device, which has:
a network fault detector;

a phase angle detector that interacts with the
network fault detector such that a phase error
signal 1s generated based on a comparison between
the phase angle before and after onset of a network

fault; and

a signal processing module designed to determine a
signal for a preset angle from the phase error
signal determined by the phase angle detector, the
signal for a preset signal being applied via a

control line to the control input of the converter.

2. The converter as claimed in claim 1, wherein signal the
processing module has a lead module which is in the form of a

divider.

3. The converter as claimed i1n c¢laim 2, wherein the lead

module 1s a divisoxr of 2.

4. The converter as claimed in claim 2 or 3, wherein a

characteristic element is additionally provided, and limits

the lead angle to adjustable limit values.

5. The converter as c¢laimed in claim 4, wherein the
characteristic element 1is provided with a memory for

permissible power and wattless-component ranges, from which
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the limit values can be called up dynamically as a function of

the respective power.

6. The converter as claimed i1n any one of c¢laims 1 to 5,
wherein the phase angle detector is provided with a pattern

wave generator which is synchronized to the network frequency.

7. The converter asgs claimed in claim 1, wherein the network
fault detector interacts with a device for identification of
network voltage return, and a switching device 1is provided,
which is designed to apply a reference frequency signal to the

control input of the converter when the network returns.

8 . The converter as claimed in claim 7, wherein the

reference frequency signal 1s designed to map the network

frequency.

9, The converter as claimed in claim 7 or 8, wherein a PLL

circuit is provided in order to form the reference frequency

signal.

10. The converter as claimed in c¢laim 9, wherein a
freewheeling device is provided for the PLL circuit, and 1s

driven by the network fault detector.

11. The converter as claimed in one of claims 7 to 10,
wherein a protection unit is provided and 1s designed to
determine the phase angle difference between the network and
the network-side inverter before and after the network voltage
returns, and to switch off the network-side inverter 1f the

phase angle difference 1ncreases.
12. A wind energy installation comprising:

a generator which is driven via a wind rotor; and
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a converter for feeding electrical power into a network,

with the converter having:

a control input for a phase angle of the electrical

power which is emitted to the network; and
a phase control device, which has:

a network fault detector;

a phase angle detector that interacts with the
network fault detector such that a phase error
signal 1is generated based on a comparison

between the phase angle before and after onset

of a network fault; and

a signal processing module designed to
determine a signal for a preset angle from the
phase error signal determined by the phase
angle detector, the signal for a preset angle

being applied via a control line to the control

input of the converter.

13. A method for operation of a converter, in particular for
wind energy installations having a generator which is driven
via a wind rotor, for feeding electrical power into a network,
with a control signal for a phase angle of the electrical
power which 1s to be emitted to the network being applied to a
control input of the converter, and an identification of a

network fault being performed, the method comprising:

comparing the phase angle before and after onset of a

network fault;

determining a phase error signal based on the comparing;
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determining a preset signal from the determined phase

error signal; and

applying the preset angle as a signal to the control

input of the converter.
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