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DESCRIPTION

FIELD OF THE INVENTION

[0001] This invention relates to wind turbines and more particularly to methods and systems
for monitoring the insulating state of their generator windings.

BACKGROUND (amendment included)

[0002] In order to maximize energy production and avoid unscheduled stops In large plants
producing electricity there are different techniques and systems for assessing the insulation
state of their generator. These technique and/or systems use special equipment so that when
facing an incipient failure Iin the generator electrical insulation an appropriate corrective
maintenance can be programmed.

[0003] As In other industrial sectors, In the wind industry would be advisable to monitor the
Insulation state of generators to avoid the negative consequences that occur in case of failure.
In a wind turbine a failure Iin the generator insulation makes necessary a replacement thereof
due to the difficulty for carrying out its on-site repair. Furthermore, in the case of wind power,
wind turbines are often Installed In places far from an industrial environment and, thus, a
generator replacement involves a long repair time and a considerable loss of energy produced.

[0004] US2013/054043 discloses a fault detection system including a generator, a power
converter, a breaker, a current monitoring device, and a control mode to detect a fault when
the breaker is In the open position.

[0005] EP2541217A1, EP2851698A1 and US2010277137disclose a method for identifying a
fault in an electrical machine. EP2565658 discloses method for detecting mechanical faults In
wind turbine generator.

[0006] However the techniques used for assessing the generator insulation state in other
Industrial sector such as, for example, the electrical generators of conventional thermal or
hydroelectric plants are not applicable to wind turbines. The reason is that conventional plants
are equipped with a generator of high power, for example S0MVA and above, while a wind
farm of the same power can be formed by several wind turbines with generators having a
power lesser than 10MVA. Therefore, to detect generator insulation faults in a wind farm, a
fault detection system should be installed in each generator increasing significantly the system
cost.

[0007] In other words, those methods that require the use of specific equipment to monitor the
status of each generator in a planned manner throughout its lifetime are not profitable in the
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wind industry.

[0008] It would be, therefore, desirable for the wind industry methods and systems specifically
designed to detect insulation failures of wind turbine generators not needing to incorporate
additional elements for that task as well as to their integration into existing wind turbines so that
their cost Is not increased.

[0009] The present invention Is directed to the attention of these demands.

SUMMARY OF THE INVENTION

[0010] In one aspect, the invention provides a method for detecting faults in the insulation of a
generator of a wind turbine coupled to an electrical network via a converter and provided with
means for measuring electrical variables of the generator (voltage and current in rotor and
stator) as well as their radial-horizontal and radial-vertical vibrations in the coupling side and In
the opposite side to It.

[0011] The method comprises the following steps: a) capturing In real-time, during a
predetermined time period (in situations where the generator is synchronized to the electrical
network but i1s not yet coupled thereto as well as In situations where the generator is producing
energy) the values of one or more generator electrical variables and the values of the
generator radial-horizontal and radial-vertical vibrations in at least one of its two coupling sides;
b) obtaining in real-time, the temporal evolution of the inverse values of said electrical variables
at one or more predetermined frequencies and the temporal evolution of the values of said
vibrations at one or more predetermined frequencies; c) identifying a possible generator
Insulation fault when the inverse value of at least one electrical variable and one of said
vibrations at a predetermined frequency exceeds an absolute threshold or a temporal increase
threshold pre-sets.

[0012] Embodiments of the method for different types of generator (doubly fed, permanent
magnet and squirrel cage) in the mentioned coupling situations to the electrical network are
envisaged and the relevant variables and predetermined frequencies for each of them are
described.

[0013] In another aspect, the Invention provides a system for implementing said method
comprising a computer system connected to the data bus of the wind turbine for capturing the
measures of the electrical variables (which can be provided by the converter or by a separate
device thereof) and of the vibration variables provided by a measurement device connected to
a set of sensors arranged on the generator.

[0014] Other characteristics and advantages of the present invention will be clear from the
following detailed description of embodiments illustrative of its object in relation to the attached
figures,
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BRIEF DESCRIPTION OF THE FIGURES

10015]

Figure 1 shows a Fast Fourier Transform containing the reverse (or negative) and direct (or
positive) sequence of the stator voltage of a doubly fed wind-powered generator illustrating
fault cases with a rhombus and cases without failure with a circle.

Figure 2a Is a diagram showing the temporal evolution of the inverse component of the stator
voltage of a doubly-fed wind-powered generator at -50Hz and Figure 2b is the same diagram
Indicating the absolute threshold and the temporal increase threshold used as fault indicators.

Figure 3 Is a diagram showing comparatively the vibration components of a doubly fed wind-
powered generator illustrating fault cases with a rhombus and cases without failure with a
circle.

Figure 4 Is a schematic diagram of the fault detection system In the Insulation of a wind-
powered generator according to the invention.

Figures 5 and 6 are schematic diagram of two embodiments of the fault detection system In
the Insulation of a permanent magnets wind-powered generator according to the invention.

Figure 7 Illustrates the position of radial-vertical and radial-horizontal vibration sensors
arranged Iin a wind-powered generator on the coupling side (the generator shaft exit side) and
on the opposite side to the coupling.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention provides methods and systems for detecting the state of the
Insulation of the windings of a wind turbine generator by means of a real-time monitoring of, on
the one hand, electrical variables and, on the other hand, its vibration, thereby enabling
performing preventive maintenance work to avoid catastrophic failures in the generator
Insulation.

[0017] It has been noted In this regard that an insulation fault in the generator produces an
Imbalance In their voltages and currents in the rotor and in the stator leading to an increase In
the Inverse component of said variables particularly at certain frequencies.

[0018] For example, when analysing the reverse and the direct sequence of the stator voltage
of a doubly fed generator (see Figure 1) it can be seen that fallure occurs when the inverse
component of the stator voltage at -50Hz stator reaches a certain value.
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[0019] The monitoring of electrical variables proposed by the invention involves three steps:

o Capturing in real-time, during a predetermined time period, measurements of the values
of one or more electrical variables of the generator (which, as discussed below, can be
performed in the converter by which the generator is coupled to the electrical network or
In a specific device separated from it).

e Obtaining In real time, from the measurements of voltage and/or current in the rotor
and/or stator of the generator, the temporal evolution of the inverse components of one
or more electrical variables at one or more predetermined frequencies where it Is
considered that there may be a fault in the generator. Following the case shown In
Figure 1, once it has been identified that in a doubly fed generator a failure occurs In the
Inverse component of the stator at -50Hz, the temporal evolution of said variable must
be obtained. As shown In Figure 2a the value of the inverse component of the stator
voltage at -50Hz increases over time depending on the severity of the short-circult.

o |dentifying a possible insulation fault in the generator when the inverse component of, at
least, one electric variable at a given frequency exceeds an absolute threshold or a
temporal increase threshold pre-sets. Following the example of Figure 2a and as
llustrated in Figure 2b such a possibility of failure would be identified when:

1.a) The absolute threshold Ua of the Iinverse component of the stator voltage
reaches the value of 10V.

2. b) The temporal increase threshold Uit reaches a pre-set value. This value would
be reached when the inverse component of the stator voltage reaches the value
of S5v as In the range 2.5- 5v the derivative of the function representing the
temporal evolution of the inverse component of the stator voltage reaches high
values.

[0020] It has also been found that an imbalance of currents caused by a fault in the insulation
produces an electromagnetic imbalance that will result in vibration of the generator at a certain
frequency. For example, when analysing the evolution of the vibration of a doubly-fed
generator of 11 kW it can be seen (see Figure 3) that there is an increase of vibration at 100Hz
and 200Hz (2 and 4 times the frequency of a 50 Hz electrical network) when there Is an
Incipient short-circuit in the generator stator.

[0021] The monitoring of the vibration proposed by the invention involves three similar steps to
those of the electrical variables:

e Capturing In real-time, during a predetermined time period, measurements of the radial-
horizontal vibration and the radial-vertical vibration of the generator on the side of the
coupling to the electrical network and on the side opposite to it which, as will be
discussed below, are performed by vibration measuring means incorporated to the
generator such as those described in EP 1 531 376 B1.
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e Obtaining In real-time, from these measurements, the temporal evolution of said
vibrations at one or more predetermined frequencies where it Is considered that there
may be a fault in the generator.

e |dentifying a possible insulation fault in the generator when at least one of said vibrations
at a certain frequency exceeds an absolute threshold or a temporal increase threshold
pre-sets.

[0022] Once identified a possible insulation fault because any one of the electrical or vibration
mentioned variables exceeds any of the above mentioned thresholds appropriate corrective
measures would be activated.

[0023] Said monitoring will be performed In time periods corresponding to low wind situations
In which the generator i1s synchronized to the electrical network but not coupled thereto and In

energy production periods.

[0024] In the first case, the objective Is to verify the correct state of the insulation before
coupling to the electrical network. This will prevent coupling the generator to the electrical
network Iin case of significant loss of insulation and also minimizing the damages occurring In
the generator in case of an outright short circuit. Damage or fatigue to other components will
be also prevented as high currents or pairs of high short-circuits especially in double-fed
generators are avoided. Checking the state of insulation in low wind situations i1s more effective
as both transient events produced in the electrical network and unexpected wind gusts may
cause erroneous measurements. Consequently, insulation faults can be detected In more
Incipient stages, because the lack of transient events allows refining the detection system.

[0025] In the second case, the objective Is to detect loss of insulation in operation. In this case
the generator can be stopped and the condition of the insulation In the previous mode be
checked.

[0026] Following Figure 4 it can be seen that the mentioned monitoring in a generator 11 of a
wind turbine connected to an electrical network 15 via a converter 13 I1s performed In an
external computer system 21 connected to the data bus 17 of the wind turbine to which its
control system 19 is also connected.

[0027] The data bus 17 receives In real-time a data stream D1 of measurements of the
mentioned electrical variables and a data stream D2 of measurements of the mentioned
vibrations.

[0028] As lllustrated in more detail in Figure 5 the data stream D2 of measurements of
vibration Is generated on a vibration measuring device 14 connected to a sensor assembly 12
arranged on the generator 11. This assembly may comprise (see Figure /) sensors In the
positions Indicated by arrows F1 and F3 for measuring the radial-vertical vibration and by
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arrows F2 and F4 for measuring the radial-horizontal vibration In, respectively, the coupling
side of generator 11 and the side opposite.

[0029] Meanwhile, as illustrated Iin Figure 6, the data stream D1 can be generated In a
measuring device 16 separated from the converter 13 and provided with means for measuring
the electrical variables of generator 11,

[0030] The software of the computer system 21 would obtain in real-time the temporal
evolution of the inverse component of the mentioned electrical variables and of the mentioned
vibrations at the indicated frequencies from data streams D1, D2. Furthermore, through the
analysis of their temporal evolution, it would identify a possible failure of the insulation of
generator 11 when the value of the inverse component of an electric variable and/or the value
of one of the mentioned vibrations of generator 11 exceeds any of the pre-set thresholds.
Finally, it would execute the foreseen appropriate alarm and message measures so that when
a possible insulation failure i1s detected appropriate corrective actions can be taken.

[0031] The computer system 21 can be used for monitoring the insulation condition of the
generator of various wind turbines by accessing their data buses.

[0032] The system of the invention Is thus applicable to wind turbines having means for
supplying Iin real-time values of the mentioned variables to a computer system 21.

[0033] The specific variables to be monitored, depending on the type of generator and on the
temporal period in which monitoring is performed, comprise one or more of the following.

A) Doubly fed generators

10034]

al) The inverse component of the stator voltage at one or more of the following frequencies:
frequency of the electrical network, an Iinteger multiple of the inverse component of the
frequency of the electrical network, an integer multiple of the direct component of the
frequency of the electrical network.

aZ2) The inverse component of the stator current at one or more of the following frequencies:
frequency of the electrical network; an Iinteger multiple of the inverse component of the
frequency of the electrical network; an integer multiple of the direct component of the
frequency of the electrical network (only when the generator is coupled to the network).

a3d) The inverse component of the rotor voltage at one or more of the following frequencies at
a given speed (a speed should be selected for processing the measurements at that speed
because the fundamental frequency of the rotor varies with its rotation speed) fundamental
frequency of the rotor; an Iinteger multiple of the Inverse component of the fundamental
frequency of the rotor, an Integer multiple of the direct component of the fundamental
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frequency of the rotor.

a4) The inverse component of the rotor current at one or more of the following frequencies at a
given speed (a speed shall be selected for processing the measurements at that speed
because the fundamental frequency of the rotor varies with its rotation speed). fundamental
frequency of the rotor; an Integer multiple of the Inverse component of the fundamental
frequency of the rotor; an integer multiple of the inverse component of the frequency of the
electrical network; an integer multiple of the direct component of the frequency of the electrical
network; frequencies defined by the formula £nfg, £ Mmftgr, P€INg N and m Iinteger numbers,

fsw the switching frequency of the converter and f,5tor the fundamental frequency of the rotor.

ad) The vibrations mentioned at one or more of the following frequencies: frequencies multiple
of the frequency of the electrical network; frequencies defined by the formula

frea|t1+75 (1-5)|

being freq the fundamental frequency of the electrical network, g an integer, Q the number of

slots of the stator or the rotor (two calculations must, thus, be performed: one for the stator
and one for the rotor), p the number of pole pairs y s the slip of the generator (as the slip of
the generator varies with the rotational speed, a speed shall be selected for processing the
measurements at that speed).

B) Permanent magnet generators

[0035]

b1) The inverse component of the stator voltage at one or more of the following frequencies:
fundamental frequency of the stator; an integer multiple of the Iinverse component of the
fundamental frequency of the stator; an integer multiple of the direct component of the
fundamental frequency of the stator,

b2) The Inverse component of the stator current at one or more of the following frequencies:
fundamental frequency of the stator; an integer multiple of the Inverse component of the
fundamental frequency of the stator; an Integer multiple of the direct component of
fundamental frequency the stator, frequencies defined by the formula £nfg,, £ Mfgiatqr, PEING N

and m Integer numbers, fg, the switching frequency of the converter and fgigor the

fundamental frequency of the stator.

b3) The mentioned vibrations at one or more of the following frequencies: frequencies multiple
of the frequency of the electrical network; frequencies defined by the formula

4 4 18Q
f stator [il T ) (1- 3)];
being fsiotor the fundamental frequency of the stator, g an integer, Q the number of slots of the

stator and p the number of pole pairs.
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[0036] In the case where the permanent magnet generator is synchronized to the network but
not coupled thereto only the values of electrical variables and vibration at a same rotation
speed will be taken into account for the calculation, (i.e, the analysis will be carried out at i1so-
speed). In this case the generator does not Iinject active power to the network and pure

reactive power Is used for operating the generator.

[0037] When the generator is coupled to the network only the values of electrical variables and
vibration at a same rotation speed and at a same power will be taken into account for the
calculation (i.e. the analysis will be carried out at iIso-speed and iso-power).

C) Squirrel cage generators

10038]

c1) The inverse component of the stator voltage at one or more of the following frequencies:
fundamental frequency of the stator; an integer multiple of the inverse component of the
fundamental frequency of the stator; an integer multiple of the direct component of the
fundamental frequency of the stator.

c2) The inverse component of the stator current at one or more of the following frequencies:
fundamental frequency of the stator; an integer multiple of the inverse component of the
fundamental frequency of the stator; an Integer multiple of the direct component of
fundamental frequency the stator; frequencies defined by the formula £nfg,, £ Mfsiator, PEING N

and m Integer numbers, fg, the switching frequency of the converter and fgig9r the

fundamental frequency of the stator.

c3) The mentioned vibrations at one or more of the following frequencies: frequencies multiple
of the frequency of the electrical network; frequencies defined by the formula

L. 420 .
f stator [il T _5" (1 - S)],
being fstator the fundamental frequency of the stator, g an integer, Q the number of slots of the

stator, p the number of pole pairs and s the slip of the generator.

[0039] In the case where the squirrel cage generator is synchronized to the network but not
coupled thereto only the values of electrical variables and vibration at a same rotation speed
will be taken into account for the calculation. (i.e. the analysis will be carried out at Iso-speed).
In this case the generator does not inject active power to the network and pure reactive power
IS used for operating the generator.
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[0040] When the generator is coupled to the network only the values of electrical variables and
vibration at a same rotation speed and at a same power will be taken into account for the
calculation (i.e. the analysis will be carried out at iso-speed and iso-power).

[0041] Although the present invention has been described In connection with various
embodiments, 1t will be appreciated from the specification that various combinations of
elements, variations or improvements therein may be made, and are within the scope of the
iInvention as defined by the appended claims.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. |t does not
form part of the European patent document. Even though great care has been taken In
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llability in this regard.
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Patentkrayv

1. Fremgangsmade til detektering af fejl i isoleringen af generatoren (11) af en
vindmalle, som er tilkoblet et elektrisk netvaerk (15) gennem en omformer (13),
hvor vindmallen er forsynet med malemidler af de elektriske variabler for ge-
neratoren (11) og af dens radial-horisontale og radial-vertikale vibrationer pa
koblingssiden til det elektriske netveerk og pa den modstaende side dertil, ken-
detegnet ved, at fremgangsmaden omfatter de f@lgende trin:

- at indfange 1 realtid, | et forudbestemt tidsrum, veerdierne af en eller flere
elektriske variabler for generatoren og veerdierne af de radial-vertikale og ra-
dial-horisontale vibrationer for generatoren 1 mindst en af de naevnte sider til-
vejebragt af maleindretningerne;

- at opna i realtid den tidsmaessige udvikling af de inverse veerdier af de elek-
triske variabler pa en eller flere forudbestemte frekvenser og den tidsmeaessige
udvikling af veerdierne af vibrationerne pa en eller flere forudbestemte frekven-
ser,

- at identificere en mulig isoleringsfejl i generatoren, nar den inverse veerdi af
mindst en elektrisk variabel og en af vibrationerne pa en af den forudbestemte
frekvens overstiger en absolut teerskelvaerdi eller forudindstillinger for en teer-
skelveerdi for en tidsmeessig stigning.

2. Fremgangsmade ifalge krav 1, kendetegn et ved, at:

- generatoren er en dobbeltforsynet generator;

- tidsrummet, hvor Indfangningen af veerdierne udfares, er en periode, hvor
generatoren er synkroniseret med det elektriske netvaerk, men endnu ikke er
koblet dertil;

- den tidsmaessige udvikling af en eller flere af de felgende variabler opnas i
realtid:

a) den inverse veerdi af statorspeendingen pa en eller flere af de felgende fre-
kvenser: frekvens | det elektriske netveerk; et heltalsmultiplum af den inverse
veerdi af frekvensen | det elektriske netveerk; et heltalsmultiplum af den direkte
komponent af frekvensen | det elektriske netveerk;

b) den inverse veerdi af rotorspaendingen pa en eller flere af de falgende fre-
kvenser ved en given hastighed: rotorens grundfrekvens; et heltalsmultiplum
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af den inverse veerdi af rotorens grundfrekvens; et heltalsmultiplum af den di-
rekte komponent af rotorens grundfrekvens;

c) den inverse veerdi af rotorstrammen pa en eller flere af de falgende frekven-
ser: rotorens grundfrekvens ved en given hastighed; et heltalsmultiplum af den
Inverse komponent af rotorens grundfrekvens ved en given hastighed; et hel-
talsmultiplum af den inverse komponent af frekvensen | det elektriske netveerk;
et heltalsmultiplum af den direkte komponent af frekvensen | det elektriske net-
veerk; frekvenser defineret af formlen xnfsw = mfrotor, véerende n y m, veerende
n og m heltal, fsw switching-frekvensen af omformeren og frotor rotorens grund-
frekvens:

d) de naevnte vibrationer pa en eller flere af de felgende frekvenser: frekvenser
multiple af frekvensen | det elektriske netveerk; frekvenser defineret af formlen,

f-a-'en'[ i1+tiq [1_5) )

hvor fred er grundfrekvensen i det elektriske netveerk, g er et heltal, Q er antallet
af slots af statoren eller rotoren, p er antallet af polpar, og s er generatorens
slip.

3. Fremgangsmade ifalge krav 1, kendetegn et ved, at:

- generatoren er en dobbeltforsynet generator:;

- tidsrummet, hvor indfangningen af veerdierne udfares, er en periode, hvor
generatoren er tilkoblet nettet og genererer effekt;

- den tidsmeessige udvikling af en eller flere af de felgende variabler ved den
samme effekt opnas i realtid:

a) den inverse veerdi af statorspaendingen pa en eller flere af de felgende fre-
kvenser: frekvens | det elektriske netveerk; et heltalsmultiplum af den inverse
veerdi af frekvensen | det elektriske netveerk; et heltalsmultiplum af den direkte
komponent af frekvensen | det elektriske netveerk;

b) den inverse veerdi af statorstrammen pa en eller flere af de felgende fre-
kvenser: frekvens | det elektriske netveerk; et heltalsmultiplum af den inverse
veerdi af frekvensen | det elektriske netveerk; et heltalsmultiplum af den direkte
veerd| af frekvensen | det elektriske netvaerk:

c) den inverse veerdi af rotorspaendingen pa en eller flere af de felgende fre-
kvenser ved en given hastighed: rotorens grundfrekvens; et heltalsmultiplum
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af den inverse veerdi af rotorens grundfrekvens; et heltalsmultiplum af den di-
rekte komponent af rotorens grundfrekvens;

d) den inverse veerdi af rotorstrammen pa en eller flere af de falgende frekven-
ser: rotorens grundfrekvens ved en given hastighed; et heltalsmultiplum af den
Inverse veerdi af rotorens grundfrekvens ved en given hastighed; et heltalsmul-
tiplum af den inverse veerdi af frekvensen | det elektriske netveerk; et heltals-
multiplum af den direkte veerdi af frekvensen | det elektriske netveerk; frekven-
ser defineret af formlen xnfsw £ Mfrotor, veerende n og m heltal, fsw switching-
frekvensen af omformeren og frotor rotorens grundfrekvens;

e) de naevnte vibrationer pa en eller flere af de felgende frekvenser: frekvenser
multiple af frekvensen | det elektrisk netveerk; frekvenser defineret af formlen,

f-rei il | tiq (1—.5]-:

hvor fred er grundfrekvensen i det elektriske netveerk, g er et heltal, Q er antallet
af slidser af statoren eller rotoren, p er antallet af polpar, og s er generatorens
slip.

4. Fremgangsmade ifalge krav 1, kendetegn et ved, at:

- generatoren er en generator med permanent magnet;

- ved anvendelse af veerdier ved en given hastighed, nar generatoren i det
naevnte tidsrum er synkroniseret med det elektriske netveerk (15), men endnu
Ikke koblet dertil, og veerdier ved en given hastighed og ved en given effekt,
nar generatoren er koblet til det elektriske netveerk (15), opnas den tidsmaes-
sige udvikling af en eller flere af de felgende variabler | realtid:

a) den inverse veerdi af statorspaendingen pa en eller flere af de felgende fre-
kvenser: statorens grundfrekvens; et heltalsmultiplum af den inverse veerdi af
statorens grundfrekvens; et heltalsmultiplum af den direkte veerdi af statorens
grundfrekvens;

b) den inverse veerdi af statorstrammen pa en eller flere af de felgende fre-
kvenser: statorens grundfrekvens; et heltalsmultiplum af den inverse veerdi af
statorens grundfrekvens; et heltalsmultiplum af den direkte veerdi af statorens
grundfrekvens; frekvenser defineret af formlen £nfsw £ mfstator, véerende n og
m heltal, fsw switching-frekvensen af omformeren og fstator statorens grundfre-
Kvens:
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c) de naevnte vibrationer pa en eller flere af de felgende frekvenser: frekvenser
multiple af frekvensen | det elektriske netveerk; frekvenser defineret af formlen

fsml:m' 1+ tiTQEI _5] 5

hvor fstator €r statorens grundfrekvens, g er et heltal, Q er antallet af slots af
statoren, og p er antallet af polpar.

5. Fremgangsmade ifelge krav 1, kendetegn et ved, at:

- generatoren er en burviklingsgenerator;

- ved anvendelse af veerdier ved en given hastighed, nar generatoren i det
naevnte tidsrum er synkroniseret med det elektriske netveerk (15), men endnu
Ikke koblet dertil, og veerdier ved en given hastighed og ved en given effekt,
nar generatoren (11) er koblet til det elektriske netveerk, opnas den tidsmeaes-
sige udvikling af en eller flere af de felgende variabler | realtid:

a) den inverse veerdi af statorspaendingen pa en eller flere af de felgende fre-
kvenser: statorens grundfrekvens; et heltalsmultiplum af den inverse veerdi af
statorens grundfrekvens; et heltalsmultiplum af den direkte veerdi af statorens
grundfrekvens;

b) den inverse veerdi af statorstrammen pa en eller flere af de felgende fre-
kvenser: statorens grundfrekvens; et heltalsmultiplum af den inverse veerdi af
statorens grundfrekvens; et heltalsmultiplum af den direkte veerdi af statorens
grundfrekvens; frekvenser defineret af formlen £nfsw £ mfstator, véerende n og
m heltal, fsw switching-frekvensen af omformeren, og fstator €r statorens grund-
frekvens og ligger mellem = 1 kHz og £ 10 kHz;

c) de naevnte vibrationer pa en eller flere af de felgende frekvenser: frekvenser
multiple af frekvensen | det elektriske netveerk; frekvenser defineret af formlen

41+ 22y - l

f.‘i!iﬂnliﬂ'ﬂ"

- hvor fstator er statorens grundfrekvens, g er et heltal, Q er antallet af slots af
statoren, p er antallet af polpar, og s er generatorens slip.

6. System til detektering af fe|l i isoleringen af generatoren (11) 1 en vindmalle,
som er koblet til et elektrisk netveerk (15) gennem en omformer (13), hvor vind-
mallen er forsynet med malemidler af de elektriske variabler af generatoren
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(11) og af dens radial-horisontale og radial-vertikale vibrationer pa koblingssi-
den og pa den modstaende side dertil savel som med et styresystem (19) og
en databus (17), kendetegnet ved, at systemet omfatter et computersystem
(21), der er forbundet med databussen (1/) med en software, som er tilpasset
til:

- at Indfange | realtid | et forudbestemt tidsrum veerdierne af en eller flere elek-
triske variabler af generatoren (11) og veerdierne af de radial-vertikale og ra-
dial-horisontale vibrationer af generatoren (11) | mindst en af de naevnte sider
tilvejebragt af maleindretningerne;

- at opna i realtid den tidsmeessige udvikling af de inverse veerdier af de elek-
triske variabler pa en eller flere forudbestemte frekvenser og den tidsmeaessige
udvikling af veerdierne af vibrationerne pa en eller flere forudbestemte frekven-
ser,

- at identificere en mulig isolationsfejl i generatoren (11), nar den inverse veerdi
af mindst en elektrisk variabel og en af vibrationerne pa en af den forudbe-
stemte frekvens overstiger en absolut teerskelveerdi eller forudindstillinger for
en teerskelveerdi for en midlertidig stigning.

7. System ifelge krav 6, kendetegnet ved, at malemidlerne af de elektriske
variabler for generatoren (11) er integreret | omformeren (13).

8. System ifelge krav 6, kendetegnet ved, at malemidlerne af de elektriske
variabler for generatoren (11) er anbragt i en maleindretning (16), der er adskilt
fra omformeren (13) og forbundet med databussen (17).

9. System ifalge et af kravene 6-8, kendeteg net ved, at:

- generatoren (11) er en dobbeltforsynet generator;

- tidsrummet, hvor indfangningen af veerdierne udfares, er en periode, hvor
generatoren (11) er synkroniseret med det elektriske netvaerk (15), men endnu
lkke er koblet dertil:

- den tidsmaessige udvikling af en eller flere af de felgende variabler opnas i
realtid:
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a) den inverse veerdi af statorspaendingen pa en eller flere af de felgende fre-
kvenser: frekvens | det elektriske netveerk (15); et heltalsmultiplum af den In-
verse veerdl af frekvensen | det elektriske netveerk (195); et heltalsmultiplum af
den direkte veerdi af frekvensen | det elektriske netveerk (15);

b) den inverse veerdi af rotorspaendingen pa en eller flere af de falgende fre-
Kvenser ved en given hastighed: rotorens grundfrekvens; et heltalsmultiplum
af den inverse veerdi af rotorens grundfrekvens; et heltalsmultiplum af den di-
rekte veerdi af rotorens grundfrekvens;

c) den inverse veerdi af rotorstrammen pa en eller flere af de falgende frekven-
ser: rotorens grundfrekvens ved en given hastighed; et heltalsmultiplum af den
Inverse veerdi af rotorens grundfrekvens ved en given hastighed; et heltalsmul-
tiplum af den inverse veaerdi af frekvensen | det elektriske netveerk (15); et hel-
talsmultiplum af den direkte veerdi af frekvensen | det elektriske netveerk (15);
frekvenser defineret af formlen £tnfsw £ mfrotor, vaerende n y m, vaerende n og
m heltal, fsw switching-frekvensen af omformeren og frotor rotorens grundfre-
Kvens:

d) de naevnte vibrationer pa en eller flere af de felgende frekvenser: frekvenser
multiple af frekvensen | det elektriske netveerk; frekvenser defineret af formlen,

f‘il'Ed i1+%[1_5] ,

hvor fred er grundfrekvensen i det elektriske netveerk, g er et heltal, Q er antallet
af slots af statoren eller rotoren, p er antallet af polpar y s generatorens slip

(11).

10. System ifelge et af kravene 6-8 kendetegnet ved, at:

- generatoren (11) er en dobbeltforsynet generator:;

- tidsrummet, hvor indfangningen af veerdierne udfares, er en periode, hvor
generatoren (11) er tilkoblet nettet og genererer effekt;

- den tidsmeessige udvikling af en eller flere af de felgende variabler ved den
samme effekt opnas i realtid:

a) den inverse veerdi af statorspaendingen pa en eller flere af de felgende fre-
kvenser: frekvens | det elektriske netveerk (15), et heltalsmultiplum af den In-
verse veerdi af frekvensen | det elektriske netveerk (15), et heltalsmultiplum af
den direkte veerdi af frekvensen | det elektriske netveerk (15);
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b) den inverse veerdi af statorstrammen pa en eller flere af de felgende fre-
kvenser: frekvens | det elektriske netveerk (15); et heltalsmultiplum af den In-
verse veerdl af frekvensen | det elektriske netveerk (195); et heltalsmultiplum af
den direkte veerdi af frekvensen | det elektriske netveerk (15);

c) den inverse veerdi af rotorspaendingen pa en eller flere af de felgende fre-
Kvenser ved en given hastighed: rotorens grundfrekvens; et heltalsmultiplum
af den inverse veerdi af rotorens grundfrekvens; et heltalsmultiplum af den di-
rekte veerdi af rotorens grundfrekvens;

d) den inverse veerdi af rotorstrammen pa en eller flere af de falgende frekven-
ser: rotorens grundfrekvens ved en given hastighed; et heltalsmultiplum af den
Inverse veerdi af rotorens grundfrekvens ved en given hastighed; et heltalsmul-
tiplum af den inverse veaerdi af frekvensen | det elektriske netveerk (15); et hel-
talsmultiplum af den direkte veerdi af frekvensen | det elektriske netveerk (15);
frekvenser defineret af formlen xnfsw * mfrotor, Véerende n og m heltal, fsw
switching-frekvensen af omformeren og frotor rotorens grundfrekvens;

e) de naevnte vibrationer pa en eller flere af de felgende frekvenser: frekvenser

multiple af frekvensen | det elektriske netveerk; frekvenser defineret af formlen

f-a-'ei il | tiq [1_53_!

~hvor freq er grundfrekvensen i det elektriske netveerk, g et heltal, Q antallet af
slots af statoren eller rotoren, p antallet af polpar y s generatorens (11) slip.

11. System falge et af kravene 6-8, hvor:

- generatoren (11) er en generator med permanent magnet;

- ved anvendelse af veerdier ved en given hastighed, nar generatoren (11) |
det naevnte tidsrum er synkroniseret med det elektriske netveerk (15), men
endnu Ikke koblet dertil, og veerdier ved en given hastighed og ved en given
effekt, nar generatoren (11) er koblet til det elektriske netvaerk (15), opnas den
tidsmaessige udvikling af en eller flere af de falgende variabler | realtid:

a) den inverse veerdi af statorspaendingen pa en eller flere af de felgende fre-
kvenser: statorens grundfrekvens; et heltalsmultiplum af den inverse vaerdi af
statorens grundfrekvens; et heltalsmultiplum af den direkte veerdi af statorens
grundfrekvens;

b) den inverse veerdi af statorstrammen pa en eller flere af de felgende fre-
kvenser: statorens grundfrekvens; et heltalsmultiplum af den inverse vaerdi af
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statorens grundfrekvens; et heltalsmultiplum af den direkte veerdi af statorens
grundfrekvens; frekvenser defineret af formlen £nfsw £ mfstator, véerende n og
m heltal, fsw switching-frekvensen af omformeren (13) og fstator Statorens
grundfrekvens;

c) de naevnte vibrationer pa en eller flere af de felgende frekvenser: frekvenser
multiple af frekvensen | det elektriske netveerk; frekvenser domineret af form-
len

+z()
fsmt.m' _+1 T i (1 — 5]]

hvor fstator er statorens grundfrekvens, g er et heltal, Q er antallet af slots af
statoren, og p er antallet af polpar.

12. System ifelge et af kravene 6-8, kendeteg net ved, at:

- generatoren (11) er en burviklingsgenerator:;

- ved anvendelse af veerdier ved en given hastighed, nar generatoren (11) |
det naevnte tidsrum er synkroniseret med det elektriske netveerk (15), men
endnu Ikke koblet dertil, og veerdier ved en given hastighed og ved en given
effekt, nar generatoren (11) er koblet til det elektriske netvaerk (15), opnas den
tidsmaessige udvikling af en eller flere af de falgende variabler | realtid:

a) den inverse veerdi af statorspaendingen pa en eller flere af de felgende fre-
kvenser: statorens grundfrekvens; et heltalsmultiplum af den inverse vaerdi af
statorens grundfrekvens; et heltalsmultiplum af den direkte veerdi af statorens
grundfrekvens;

b) den inverse veerdi af statorstrammen pa en eller flere af de felgende fre-
kvenser: statorens grundfrekvens; et heltalsmultiplum af den inverse vaerdi af
statorens grundfrekvens; et heltalsmultiplum af den direkte veerdi af statorens
grundfrekvens; frekvenser defineret af formlen £nfsw £ mfstator, véerende n og
m heltal, fsw switching-frekvensen af omformeren, og fstator €r statorens grund-
frekvens og ligger mellem = 1 kHz og £ 10 kHz;

c) de naevnte vibrationer pa en eller flere af de felgende frekvenser: frekvenser

multiple af frekvensen | det elektriske netveerk; frekvenser defineret af formlen

fs!:ﬂ.!:m-' +1+£[1_5j!

hvor fstator €r statorens grundfrekvens, g er et heltal, Q er antallet af slots af
statoren, p er antallet af polpar, og s er generatorens (11) slip.
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