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(57) Abstract: A protection system for an electrical variable
speed doubly fed induction machine (IM) having a stator (S)
and a rotor (R), comprising: -instrument transformers (CTR1,
CTR2, CTS1, CTS2, VIR1, VTR2) capable of measuring
low frequency signals from the rotor and/or the stator; -a pro-
tection relay (R1, R2) configured to receive measurement
values from the instrument transformers sampled at a con-
stant sampling rate, wherein the protection relay comprises a
frequency determination module for determining the fie-
quency of the rotor or stator low frequency signals, and at
least one protection module configured to implement an al-
gorithm making use of root mean square values each calcu-
lated from a series of rotor or stator sampled measurement
values within a variable size window size of which depends
upon the determined frequency of the rotor or stator low fre-
quency signals.



WO 2015/011011 PCT/EP2014/065378

10

15

20

25

VARIABLE WINDOW RMS BASED PROTECTION SYSTEM AND METHOD
FOR AN ELECTRICAL VARIABLE SPEED DOUBLY FED INDUCTION
MACHINE

FIELD OF THE INVENTION

The field of the invention 1s that of
protection of electrical wvariable speed doubly fed
induction machines such as motors and generators. The
invention more precisely relates to a protection relay
to provide ©protection for extremely low frequency
currents and voltages in the variable speed rotor and in
the stator during the initial start-up and braking. The
invention can also be applied to any other AC gsystem

requiring protection using RMS values.

DESCRIPTION OF THE PRIOR ART

Doubly fed electric machines are electric
motors or electric generators that have windings on both
stationary and rotating parts, where both windings
transfer significant power between shaft and electrical
system. The stator winding is directly connected to the
three-phase grid and the three-phase rotor winding is
fed from the grid through a power electronic converter.

The main difficulties when developing relays
for the protection of such machines relate to the rotor
protection design concerning the dynamic wvariation of
frequency, the extremely low frequency and the effect of
the converter power modulation (PWM).

At the moment there is no protection relay
available in the market to provide protection for the

extremely low frequency currents and voltages in the
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variable speed rotors (typically 0.1Hz to 6Hz in the
rotor when running) and in the stator during the initial
start-up and braking (0Hz to 50Hz/60Hz).

Moreover, although there is overcurrent and
overvoltage protection built in to the power electronic
converters connected to the rotor circuit to protect the
converters, there 1is no dedicated protection for the
machine rotor.

Indeed conventional protection relays
provide mainly stator protection functions which can
provide protection down to typically 5Hz. Some relays
can provide protection below the normal frequency range
of the standard protection functions. For example an
r.m.s. overcurrent start-up protection can be used for
low frequencies 2Hz to 10Hz for the stator.

It thus appears that conventional protection
relays do not provide protection for very low
frequencies. This is due to the fact that the Fourier
methods, such as the Discrete Fourier transform (DFT)
which is +typically wused 1in conventional protection
relays, are not adequate to provide fast protection for
the low fregquency application, as the sampling rate has
to be aligned to the fundamental frequency before the
Fourier methods can correctly calculate the main PWM
frequency component and its harmonics. These Fourier
methods indeed rely on a frequency tracking technique
which provides for a protection execution rate which
slows down with the tracked rotor frequency (which as
shown above can be as low as 0.1 Hz during normal

running) .
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Also, conventional ©protection relays are
normally connected to iron cored instrument transformers
that are not capable of accurately measuring low
frequency signals.

There is thus a need for protection relays
not using DFT and frequency tracking that would be
capable of achieving fast operating times and capable of
connection to instrument transformers capable of
measuring accurately low frequency signals, so as to

guarantee the safety of the machine in all conditions.

SUMMARY OF THE INVENTION

In order to respond to this need, the
invention provides in accordance with a first aspect a
protection system for an electrical variable speed doubly
fed induction machine having a stator and a rotor,
comprising:
- instrument transformers capable of measuring low
frequency signals from the rotor and/or the stator,
in particular rotor and/or stator low frequency
signals having a frequency in the range of 0.1 Hz to
6 Hz;
- a protection relay configured to receive rotor
and/or stator measurement values from the instrument
transformers, said rotor and/or stator measurements
values being sampled at a constant sampling rate,
wherein the protection relay comprises a fregquency
determination module for determining the frequency of
the rotor and/or stator low frequency signals, and at
least one protection module configured to implement a
rotor or stator protection algorithm making use of root

mean square values each corresponding to the root mean
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square value of a series of rotor or stator sampled
measurement values within a variable size rolling window
which size depends upon the determined frequency of the

rotor or stator low frequency signals.

DESCRIPTION OF THE DRAWINGS

Other aspects, goals, advantages and
features of the invention will appear more clearly on
reading the following detailed description of preferred
embodiments thereof, given by way of non-limiting example
and with reference to the accompanying drawing in which
figure 1 is a single line diagram showing a possible
embodiment of a protection system according to the

invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

With reference to figure 1, the invention
relates to a protection system for an electrical variable
speed doubly fed induction machine IM having a stator S
and a rotor R.

The induction machine IM has windings on both
the stator and the rotor. The n-phase (with n being
typically three) stator winding is directly connected to
a n-phase grid G and the n-phase rotor winding is fed
from the grid G through a power electronic converter
which conventionally comprises a grid side converter 1,
a DC link 2 and a rotor side converter 3.

The protection system comprises instrument
transformers capable of measuring low freguency signals
from the rotor and/or stator, in particular rotor and/or

stator low frequency signals in the range of 0.1 Hz to 6
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Hz. Such instrument transformers, also known as non-
conventional instrument transformers, such as optical and
Rogowski devices, may comprise a first set of current
transformers CTR1 for measuring rotor currents, a second
set of current transformers CTS1 for measuring stator
currents, and a first set of voltage transformers VTRI
for measuring rotor voltages. Each set comprises n
transformers (with n typically equal to three), each
transformer being associated to a respective phase of
the rotor or stator and forming part of a respective
measurement channel.

In an embodiment, the instrument
transformers further comprises a second set of voltage
transformers for measuring rotor voltages. AS will be
described below, this second, duplicated, set of voltage
transformers might be used so as to provide rotor voltage
transformer supervision capability.

It will be contemplated that the protection
system of figure 1 is a redundant one, in that it
comprises, in addition to rotor current transformers
CTR1, stator current transformers CTS1 and rotor voltage
transformers VTR1, further rotor current transformers
CTR2, further stator current transformers CTS2 and
further rotor voltage transformers VTRZ2.

The protection system further comprises a
protection relay Rl which is configured to receive rotor
and/or stator measurement values from the instrument
transformers CTR1, CTS1, VTRl (and from the duplicated
rotor voltage transformers if applicable) wvia respective

primary converters PC and a merging unit MUl which
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provides the measurements as sampled values at a constant
sampling rate.

With such a constant sampling rate, and on
the contrary to the frequency tracking technigue, the
protection execution rate does not slow down with the
tracked rotor frequency which can be as low as 0.1 Hz in
the rotor during normal running and in the stator during
start-up and braking.

As a consequence of fixing the sampling rate,
the Fourier algorithms are no longer suitable and the
protection algorithms need to be redesigned. The
invention provides for such new algorithms which make
use of root means square values each corresponding to
the root mean square value of a series of rotor and/or
stator sampled measurement values as described in more
detail below.

The protection relay R1 can be connected to
the instrument transformers CTR1, CTS1l, VTRl (and the
duplicated rotor voltage transformers if applicable) by
means of respective primary converters PC and a merging
unit MUl which receives and samples the measurement
values from the instrument transformers, the sampled
measurement values being transmitted to the protection
relay which may re-sample the measurement values at a
constant sampling rate.

For instance, the ©protection relay may
receive sampled measurement values from the merging unit
at 80 samples/cycle (this rate being the one stipulated
by the IEC61850-9-2 LE standard). With conventional
instrument transformers, a conventional protection relay

analogue to digital converter samples at 24/samples per
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cycle. Therefore, when the relay is used with non
conventional instrument transformers and merging units
as it is the case in the invention, the protection relay
down samples the sampled measurement values at 80
samples/cycle to 24 samples/cycle to be compatible with
the existing protection relay algorithms.

In an embodiment, the protection relay RI1
comprises an IEC 61850 9-2 LE compliant interface module
to communicate with the merging unit MUl. Allocation of
the logical nodes for receiving sampled measurement
values from the merging unit can be as follows: IA-1,
IB-1 and IC-1 for rotor currents (current transformers
CTR1), IA-2, IB-2 and IC-2 for stator currents (current
transformers CTS1), VA-1, VB-1 and VC-1 for rotor
voltages (voltage transformers VTR1), and if applicable
VA-2, VB-2 and VC-2 for rotor voltages (voltage
transformers VTR2) from a second duplicated set of
voltage transformers.

In an embodiment, the protection relay RI1
communicates with the merging unit MUl wvia an
intermediate switch S1, such as an Ethernet switch.

The redundant system of figure 1 comprises
two protection relays R1l, R2, each connected, via a
respective switch S1, S2, to a resgpective set of
instrument transformers (VIR1l, CTR1, CTS1l, for protection
relay R1; VTR2, CTR2, CTS2 for protection relay R2) by
means of a respective merging unit MUl, MU2. In addition,
as shown on figure 1, each switch S1, S2 may be configured
to receive measurement values from both merging units
MUl, MU2 so that each protection relay R1, R2 can also

receive voltage measurement values from the wvoltage
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transformers VTR2 and VTR1 respectively. Each relay RI1,
R2 therefore receives duplicated voltage measurement
values that can be used to provide rotor voltage
transformer supervision capability. The merging units
MUl, MU2 can also be time synchronized so that the
channels are on the same time base, which may be required
for some protection functions that use channels from
different merging units, for example, voltage transformer
supervision.

The protection relay Rl comprises at least
one rotor or stator protection module configured to
implement a protection algorithm. A protection algorithm
can make use of the rotor or stator measurement values
sampled at said constant sampling rate. A protection
algorithm can also make use of root mean square (RMS)
values each corresponding to the root mean square value
of a series of rotor or stator measurement values sampled
at said constant sampling rate within a wvariable size
window. Use of sampled values achieves fast operating
times, while use of wvariable sgize window RMS wvalues
achieves better measurement accuracy.

The invention more precisely relates to RMS
based ©protection and <calculates RMS wvalues each
corresponding to the root mean square value of a series
of rotor or stator measurement values, sampled at said
constant rate, within a wvariable size rolling window
which size depends upon the frequency of the rotor or
stator low frequency signals.

To this purpose, the ©protection relay
comprises a frequency determination module configured to

determine the frequency of the rotor and/or stator low
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frequency signals, and to provide the determined rotor
and/or stator frequency to at least one rotor or stator
protection module.

The frequency determination module can in
particular be configured to make use of sampled rotor
current measurement values from logical nodes IA-1, IBR-
1, IC-1 for determining the rotor frequency, and of
sampled stator current measurement values from logical
nodes IA-2, IB-2, IC-2 for determining the rotor
frequency.

The size of the variable size rolling window
can be inversely proportional to said determined
frequency of the rotor or stator low freguency signals.
It can also be limited between a lower and an upper size.
For instance, the size of the wvariable size rolling
window 1s said lower size when the rotor or stator
determined frequency is 70 Hz or higher, and the size of
the variable size rolling window is said upper size when
the rotor or stator determined frequency is 0,1 Hz or
lower.

Since the calculation window of the rotor RMS
quantities is full cycle of the measured rotor frequency,
it is expected that the response of the RMS measurements
is proportionally slower at a lower frequency than a
higher frequency. Hence, according to a ©possible
embodiment, when the rotor fregquency falls below a set
threshold (for instance from 0.1Hz to 2Hz), a block will
be applied to all RMS based rotor protection modules.

In an embodiment, the frequency
determination module is configured to filter the received

rotor and/or stator sampled measurement values, so as to
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filter out harmonics, in particular those that may be
high in the rotor.

Such filtering can be done according to
different manners, depending upon the operating mode of
the induction machine. For instance, measurement of the
rotor frequency can use a first filter during the start-
up and run down of the machine and a second filter during
normal running of the machine.

Measurement of the stator frequency can use
the first filter in all operating modes of the machine.

The first and second filters are preferably
low pass filters, the pass band frequency of the first
filter being higher than the pass band frequency of the
second filter.

The first filter is used for removing high
frequency noise, mainly PWM frequency (250Hz) and its
harmonics. A pass band frequency of 70 Hz may be chosen.
A stop band frequency (where the band attenuation is 80
dB) of 100 Hz can be chosen to sufficiently attenuate
the second harmonic of the power frequency that may be
present in both the stator and rotor currents during
fault conditions.

The second filter is used for removing any
frequency components above the maximum rotor frequency
during normal running (the rotor frequency typically
being between 0.1Hz to 6Hz), especially nominal system
frequency of 50Hz or ©60Hz which may be present in the
rotor currents during some stator faults. A pass band
frequency of 20 Hz may be chosen, along with a stop band
frequency (where the band attenuation is 80 dB) of 50
Hz.
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The frequency determination module may be
configured to detect zero-crossings of the filtered rotor
and/or stator sampled measurement values.

In particular, the rotor and stator
frequencies can be measured by averaging the interval
between two consecutive falling c¢rossings and that
between two consecutive rising <crossings of @ the
corresponding filtered rotor and stator sampled
measurement values.

This measurement method can measure the
frequency correctly when there is DC offset as the time
interval Dbetween two rising and two falling =zero
crossings will be the same with or without DC offset.
This method is wvulnerable to noise interference (DC
offset, harmonics etc.) in that it is easily corrupted
by a distorted waveform. For this reason the first filter
is not suitable during machine normal running. Indeed,
when there is more than one frequency component below
70Hz (the pass band frequency of the first filter), there
will be confusion as to which frequency to measure. For
example, the rotor frequency component may be
superimposed with 50 Hz component in the rotor currents
during some stator faults, which may result in the
measured frequency Jjumping between the two frequencies.
This is the reason why  the second filter is
preferentially used during machine normal running in
order to ensure that the rotor slip frequency is being
measured, rather than any other frequencies that may be
present during fault conditions.

In an embodiment, the frequency

determination module is configured to perform channel
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management for the rotor and stator frequency measurement
using the rotor (IA-1, IB-1, IC-1) and stator (IA-2, IB-
2, IC-2) filtered and sampled currents.

To this purpose, each current measurement
channel of a set is assigned a priority, for instance in
the order IA, IB and IC. The frequency determination
module is configured to perform the steps of:

- selecting one current channel of a set (either a set
of rotor current channels or a set of stator current
channels), wherein a highest priority current channel
is selected if the absolute wvalue of a channel’s
sampled value exceeds a preset threshold
corresponding to a minimum acceptable measured
magnitude threshold, otherwise a lower priority
current channel is tested with respect to said preset
threshold;

- measuring the frequency on the basis of current
measurement values received from the selected current
channel, after sampling and filtering, as long as a
series of current measurement values provided by the
selected current channel within half a cycle of the
measured frequency has a peak value which is higher
than said preset threshold; when this criteria is not
met, the selection step is repeated.

The preset threshold can for instance be set
to 5% of the rated current.

Amongst possible protection modules, that
can be implemented alone or in combination, are modules
that can use as inputs either sampled values or RMS values
calculated as disclosed above. These are for instance a

stator overcurrent protection module, a rotor overcurrent
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protection module, a rotor overvoltage protection module,
or a rotor overfrequency protection module.

The rotor overcurrent protection module is
configured to select a rotor current measurement channel
IA-1, IR-1 or IC-1 for receiving rotor current
measurement values, and to implement a rotor overcurrent
protection algorithm that uses RMS values each calculated
from a series of rotor current measurement values,
sampled at the constant rate, within a rolling window,
size of which depends upon the rotor frequency.

In the same manner, the stator overcurrent
protection module 1is configured to select a stator
current measurement channel IA-2, 1IB-2 or IC-2 for
receiving stator current measurement values, and to
implement a stator overcurrent protection algorithm that
uses RMS values each calculated from a series of stator
current measurement values, sampled at the constant rate,
within a rolling window, size of which depends upon the
stator frequency.

The rotor overvoltage protection module is
configured to receive rotor voltage measurement values
from the three measurement channels VA-1, VB-1 and VC-1,
and to implement a rotor voltage protection algorithm
that uses RMS values each calculated from a series of
rotor voltage measurement values, sampled at the constant
rate, within a rolling window, size of which depends upon
the rotor frequency.

Amongst other possible protection modules,
that can be implemented alone or in combination, are
modules that use RMS wvalues as inputs. These are for

instance a stator negative phase sequence overcurrent
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protection module, or a rotor neutral voltage
displacement overvoltage protection module. Each of these
modules is configured to calculate derived measurement
values from received measurement values and to implement
a protection algorithm making use of root mean square
values each corresponding to the root mean square values
of a series of said derived measurement values with a
said variable size rolling window.

More ©precisely, the stator NPS (Negative
Phase Sequence) overcurrent protection module is
configured to receive stator current measurement values
from the stator current measurement channels IA-2, IB-2
and IC-2, to derive stator NPS current values from the
stator current measurement values sampled at the constant
rate which involves shifting the samples from channels
IB-2 and IC-2 according to the measured stator frequency,
and to implement a stator NPS overcurrent protection
algorithm that uses RMS values each calculated from a
series of derived stator NPS current values within a
rolling window size of which depends upon the stator
frequency.

The negative phase sequence current phasor

can be calculated by Eguation 1.

3.0,=1 +a*-I,+a-1, Equation 1

Where the multiple factor a=e’"".

Assuming the sampling rate is N

1
samples/cycle, thus shifting by §~A7 points is equal to

shifting the phase angle by 120°. Equation 2 is the sample

value equivalent to Egquation 1:
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3-i2(k):I'a(k)+l'b(k+§-N)+l'c(k+§-N)

Equation 2
Equation 2 can be expressed in terms of the
following Equation 3, where & is any angle and n is the

number of samples equivalent to O.

r i B sin(60°) ¥ sin(60°) - .
3-1,(ky=1,(k) (0.5+~7§B€53— cos(6)] [b(k)+”755253_ I, (k—n)
B _ sin(60°) i _sin(60°) .

(O.S povre ) cos(6)] 1.(k) —sin(é) I.(k—n)

Equation 3

The smaller the &, the larger the calculation
error when the waveform is not purely sinusoidal and
balanced but the faster the calculation.

The rotor NVD (Neutral Voltage Displacement)
overvoltage protection is configured to receive rotor
voltage measurement values from the rotor voltage
measurement channels VA-1, VB-1 and VC-1, to derive a
rotor NVD voltage value from the <rotor voltage
measurement values sampled at the constant rate which
involves summating the samples from the sources VA-1,
VB-1 and VC-1, and to implement a rotor NVD overvoltage
protection algorithm that uses RMS values each calculated
from a series of derived rotor NVD voltage values within
a rolling window size of which depends upon the rotor
frequency.

In an embodiment, the protection relay can
comprise a rotor overfrequency protection module
configured to implement a rotor overfrequency algorithm
that uses the rotor frequency determined by the frequency

determination module as indicated above.
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In an embodiment, the protection relay
comprises a stator current transformer supervision module
configured to block the stator NPS overcurrent protection
module 1in case of failure of a current transformer
associated to the stator. This stator current transformer
supervision module operates by detecting the presence of
residual current in the absence of residual voltage. The
residual current is derived from the sampled values of
the three phase stator currents IA-2, IB-2, IC-2 and the
stator current transformer supervision uses the RMS value
of such sampled values within a said rolling window. As
the protection relay may not be directly connected to
measuring means of the stator voltages, it 1s not
possible to get direct information as to the residual
voltage. In such case, knowledge of the residual voltage
may come from an external source, such as a conventional
stator protection relay using conventional instrument
transformers.

In an embodiment the ©protection relay
receives measurement values from two redundant sets of
rotor voltage transformers VTR1, VTR2, and comprises a
rotor voltage transformer supervision module configured
to block the rotor neutral voltage protection module in
case of failure of a voltage transformer associated to
the rotor. This rotor voltage transformer supervision
module implements a balance voltage method according to
which the difference between the voltages from the two
set of voltage transformers is used to indicate a failure
of one of the voltage transformers.

The rotor voltage <transformer supervision

module receives voltage measurement values from the two
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sets of voltage transformers VTR1, VTR2 (from inputs VA-
1, vB-1, VC-1 and VA-2, VB-2, VC-2), and calculates the
difference Dbetween the RMS values, determined in
accordance with the invention from sampled voltage
measurement values within a rolling window size of which
depends on the rotor frequency, of the two voltages.

These protection modules ensure protection
for frequencies in the range of 0.1 to 70Hz, during the
induction machine IM start-up, braking and normal
running.

It shall be noted that the RMS values used
by the protection modules are calculated from the raw
samples of the measurement values, without being filtered
in particular by the first or second filters used by the
frequency determination module.

In an embodiment, as any degradation in the
measurement or transmission of measurement values may
result in the protection modules of the protection relay
not operating correctly, a quality flag is associated
with each sampled measurement value so that questionable
data may be detected and the protection relay may adapt
the behavior of the protection modules according to the
quality flags.

As for the IEC 61850-9-2 LE protocol, a
quality flag may have three states “Good”, “Invalid” or
“Questionable”. For protection modules to work correctly,
all the necessary sampled values should have Good
quality. Samples that have an Invalid or Questionable
quality could result in unacceptable performance from

the protection modules. Hence reception of an Invalid or
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Questionable flag may result in freezing and/or in
inhibiting a protection module.

The way that the protection relay treats
questionable data is wuser configurable. However, the
default setting can be changed to “Trust Questionable
Data”.

It shall be noted that IEC 61850-9-2 LE
quality flags will not be able to determine if there is
loss of 1 or 3 phase current signals due to a current
transformer fault or when the machine is out of service
so current transformer supervision 1s required in
addition to the quality flags for the supervision of the
stator negative phase sequence overcurrent protection.

As shown above, the rotor voltage transformer
supervision is based on a voltage balance method. It
shall be noted that IEC 61850-9-2 LE quality flags will
not be able to determine if there is loss of 1 or 3 phase
voltage signals due to a voltage transformer fault or
when the machine is out of service or if there is a
single phase fault for example. Rotor voltage transformer
supervision 1is therefore required in addition to the
quality flags for the supervision of the rotor neutral
voltage protection.

The protection system described above has the
following advantages.

Both rotor and stator of a wvariable speed
doubly fed induction motors and generators are protected
from damaging rotor and stator faults such as
overcurrents and overvoltages caused by phase and earth

faults and excessive slip frequencies during normal
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running, the start-up and braking in both motor and
generator modes.

Maximum protection availability is achieved
with redundant non conventional instrument transformers
(NCITs), primary converters, merging units and protection
relays.

Use of NCITs has particular benefits for
generator applications. Conventional generator current
transformers (CTs) can physically be very large whereas
NCITs are much smaller and can measure very large
currents more accurately. Also, the X/R ratio of
generator fault currents can Dbe very high causing
saturation with conventional CTs whereas NCITs do not
suffer from saturation and so provide a more accurate
linear output.

An open standard (IEC61850 9-2 LE) can be
used to interface the protection relay with the merging
units and the NCITs making integration of different
vendors products easier.

Communications between the merging unit and
the ©protection relay can use Ethernet fiber optic
communications instead of copper wiring used with
conventional CT wiring. Security is enhanced by the use
of fiber optic Ethernet connections for any links which
run outside of a single local cabinet, such that there
are no long, cross-site runs of copper-based
communications. This eliminates the risk of induced
interference, thereby boosting both security and

dependability.
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Accurate RMS protection is provided for low
frequencies or nominal frequencies using variable sized
rolling window and fixed sampling rate.

Accurate RMS measurements over a wide
frequency range are ensured thanks to the two low pass
filtering characteristics which provide insensitivity to
harmonics.

Protection is available from very low
frequency (0.1Hz) to nominal fregquencies (50Hz or 60Hz)
because the window size 1is based on the measured
frequency.

The protection execution rate is fixed and
not dependent on the freguency as in standard Fourier
based on relays which use frequency tracking.

The invention is not limited to the above-
described protection system, but also extends to a method
implemented by such a protection system, and in
particular to a method for protecting an electrical
variable speed doubly fed induction machine having a
stator and a rotor, comprising, at a protection relay,
the steps of:

- receiving rotor and/or stator measurement values
from instrument transformers capable of measuring
low frequency signals from the rotor and/or the
stator, in particular rotor and/or stator low
frequency signals in the range of 0.1 Hz to 6 Hz,
said rotor and/or stator measurements values being
sampled at a constant sampling rate;

- determining the frequency of the rotor and/or stator

low frequency signals;
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- implementing at least one rotor or stator protection
algorithm making use of root mean square values each
corresponding to the root mean square value of a
series of rotor or stator sampled measurement values

5 within a variable size rolling window size of which
depends upon the determined frequency of the rotor
or stator low frequency signals.

In an embodiment, when the rotor frequency
falls below a set threshold (for instance from 0.1Hz to

10 2Hz), a block is applied to all RMS based rotor protection

modules.
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CLAIMS

1. A protection system for an electrical wvariable
speed doubly fed induction machine (IM) having a stator
(S) and a rotor (R), comprising:

- instrument transformers (CTR1, CTR2, CTS1l, CTSZ2,

VTR1, VTR2) capable of measuring low frequency

signals from the rotor and/or the stator, in
particular rotor and/or stator low frequency signals
having a frequency in the range of 0.1 Hz to 6 Hz;

- a protection relay (R1, R2) configured to receive

rotor and/or stator measurement values from the

instrument transformers, salid rotor and/or stator

measurements values being sampled at a constant

sampling rate,
wherein the protection relay comprises a fregquency
determination module for determining the frequency of
the rotor and/or stator low frequency signals, and at
least one protection module configured to implement a
rotor or stator protection algorithm making use of root
mean square values each corresponding to the root mean
square value of a series of rotor or stator sampled
measurement values within a variable size rolling window
which size depends upon the determined frequency of the

rotor or stator low frequency signals.

2. The protection system of claim 1, wherein the size
of the wvariable size rolling window 1is 1inversely
proportional to said determined frequency of the rotor
or stator low frequency signals, and limited between a

lower and an upper size.
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3. The protection system of any one of claims 1-2,
wherein the frequency determination module is configured
to filter the sampled rotor measurement values with a
first filter during the start-up and run down of said
machine and with a second filter during normal running

of the machine.

4. The protection system of claim 3, wherein the
frequency determination module is configured to filter
the sampled stator measurement values with said first
filter during start-up, run down and normal running of

the machine.

5. The protection system of any one of claims 3-4,
wherein the first and second filters are low pass
filters, the pass band fregquency of the first filter
being higher than the pass band frequency of the second
filter.

6. The protection system of any one of claims 3-5,
wherein the frequency determination module is configured
to detect zero-crossings of the filtered rotor and/or

stator measurement values.

7. The protection system of any one of claims 1-6,
wherein the instrument transformers comprise a first set
of current transformers (CTR1, CTR2) for measuring rotor
currents, a second set of current transformers (CTS1,
CTS2) for measuring stator currents, and at least one
set of voltage transformers (VTR1, VTR2) for measuring
rotor voltages, each transformer forming part of a

measurement channel.
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8. The protection system of claim 7, wherein each
current measurement channel associated to a current
transformer of a set is assigned a priority and wherein
the frequency determination module is configured to
perform the steps of:

- gelecting one current measurement channel of the
first set of current transformers and/or one current
measurement channel of the second set of current
transformers, wherein a higher priority current
measurement channel is selected if a sampled wvalue
of said measurement channel exceeds a preset
threshold;

- measuring the frequency of the rotor and/or stator
low frequency signals on the basis of current
measurement values received from the selected current
measurement channel of the first set and/or from the
selected current measurement channel of the second
set, as long as a gseries of current measurement
values provided by a selected current measurement
channel within half a cycle of the measured frequency
has a peak wvalue which is higher than said preset

threshold.

9. The protection system of any one of claims 1-8,
wherein said at least one protection module comprises a
stator overcurrent protection module and/or a rotor
overcurrent protection module and/or a rotor overvoltage

protection module.

10. The protection system of any one of claims 1-

9, wherein said at least one protection module comprises
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a stator negative phase sequence overcurrent protection
module and/or a rotor neutral voltage displacement
overvoltage protection module, each configured to
calculate derived measurement values from received
measurement values and to implement a protection
algorithm making use of root mean square values each
corresponding to the root mean square value of a series
of said derived measurement values within a said variable

size rolling window.

11. The protection system of claim 10, wherein the
protection relay further comprises a stator current
transformer supervision module configured to derive
residual current measurement values from received stator
current measurement values, to implement a protection
algorithm making use of root mean square values each
corresponding to the root mean square value of a series
of said derived residual current measurement values
within a said variable size rolling window, and to block
the stator negative phase sequence overcurrent protection
module in case of detecting the presence of residual

current in the absence of residual voltage.

12. The protection system of claim 10, wherein the
protection relay comprises a voltage transformer
supervision module configured to calculate the difference
between two root mean square values each calculated from
a series of rotor voltage measurement values within a
said variable size rolling window, and to block the rotor
neutral voltage displacement protection module in case
of failure of a voltage transformer associated to the

rotor.
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13. The protection system of any one of claims 1-
12, wherein the protection relay further comprises a
rotor overfrequency protection module configured to use
said determined frequency of the rotor low frequency

signals.

14. The protection system of any one of claims 1-
13, wherein the protection relay (R1, R2) 1is connected
to the instrument transformers by means of primary
converters (PC) and of a merging unit (MU1l, MUZ2), and
wherein the protection relay further comprises an IEC
61850-9-2 LE compliant interface module to communicate

with the merging unit.

15. A method for protecting an electrical variable
speed doubly fed induction machine (IM) having a stator
(S) and a rotor (R), comprising, at a protection relay
(R1, R2), the steps of:

- receiving rotor and/or stator measurement values
from instrument transformers (CTR1l, CTR2, CTS1,
CTS2, VIR1, VTR2) capable of measuring low frequency
signals from the rotor and/or the stator, in
particular rotor and/or stator low frequency signals
in the range of 0.1 Hz to 6 Hz, said rotor and/or
stator measurements values being sampled at a
constant sampling rate;

- determining the frequency of the rotor and/or stator
low frequency signals;

- implementing at least one rotor or stator protection
algorithm making use of root mean square values each

corresponding to the root mean square value of a
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series of rotor or stator sampled measurement values
within a variable size rolling window size of which
depends upon the determined frequency of the rotor

or stator low frequency signals.
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