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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, VTRI, VTR2) and a protection relay
having at least one protection module configured: - to detect
faults from measurement values received from the instru-
ment transformers, - when a fault is detected, to set a start
signal and start a trip timer, - to set a trip signal when the trip
timer is expired, - to pause the trip timer and to start a reset
timer when detection of the fault ends, - when no new fault
is detected before expiration of the reset timer, to hold the
start signal and the trip signal in their current states, - when
no new fault is detected at expiration of the reset timer, to re-
set the start signal, the trip signal and the trip timer, - when a
new fault is detected before expiration of the reset timer, to
stop pause of the trip timer.
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SAMPLE VALUE 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 wvariable speed rotor and
in the stator during the initial start-up and braking.
The invention can also be applied to any other AC or DC
system requiring fast operating protection using

sampled 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
variation 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

variable speed rotors (typically 0.1Hz to 6Hz in the
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rotor when running) and in the stator during the
initial start-up and braking (OHz 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 is 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 1s due to the fact that the
Fourier methods, such as the Discrete Fourier transform
(DF'T) which is typically used in conventional
protection relays, are not adequate to provide fast
protection for the low frequency 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).

Also, conventional ©protection relays are

normally connected to iron cored instrument
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transformers that are not capable of accurately
measuring low freguency 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 according to 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 signals from the rotor and/or the stator, and
a protection relay having at least one protection
module configured:

- to detect faults from rotor or stator measurement
values received from the instrument transformers,

- to issue a protection start signal and a protection
trip signal each being either in a reset state or in a
set state,

- when a fault is detected, to set the protection
start signal 1in its set state and to start a trip
timer,

- to set the protection trip signal in its set state
when the trip timer is expired,

- to start a reset timer and to pause the trip timer
when detection of the fault ends,

- as long as no new fault is detected Dbefore

expiration of the reset timer, to hold each of the
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protection start signal and the protection trip signal
in its current state,

- as long as no new fault is detected, at expiration
of the reset timer, to reset the protection start
signal and the protection trip signal in their reset
states and to reset the trip timer,

- when a new fault is detected before expiration of

the reset timer, to stop pause of the trip timer.

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 1is a single 1line diagram showing a
possible embodiment of a protection system according
to the invention;

- figure 2 shows time diagrams illustrating a reset
timer that holds a trip timer for a set period after
the observed quantity falls below a drop-off
threshold;

- figure 3 shows time diagrams illustrating multiple
pick-ups and drop-offs (chattering) that occur in
the presence of a sinusoidal fault for conventional
protection relays;

- figure 4 shows time diagrams where chattering is
prevented in a protection relay according to the

invention.
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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 1is 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 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 VTRl for measuring rotor voltages. Each
set comprises n transformers (with n typically equal to
three), one being associated to each phase of the rotor
or stator.

In an embodiment, the instrument
transformers further comprises a second set of voltage
transformers for measuring rotor voltages. This second,

duplicated, set of voltage transformers might be used



WO 2015/011013 6 PCT/EP2014/065388

10

15

20

25

30

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 VTR2.

The protection system further comprises a
protection relay R1 which is configured to receive
rotor and/or stator measurement values from the
instrument transformers CTR1, CTS1l, VTRl (and from the
duplicated rotor voltage transformers 1if applicable)
via respective primary converters PC and a merging unit
MUl which is configured to provide 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. To
provide fast protection for DC, low frequencies or
nominal frequencies, the protection system of the
invention comprises at least one protection module that
implements a protection algorithm which makes use of
rotor or stator sampled measurement values as described

in more detail below.
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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 cycle. Therefore, when the relay 1is
used with non conventional instrument transformers and
merging units as it is the case in the invention, the
protection relay down gsamples 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 MUIL.
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 CTR1l), 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
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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 (VTR1, CTR1, CTs1, for
protection relay R1l; VTR2, CTR2, CTS2 for protection
relay R2) by means of a respective merging unit MU1,
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 Rl, R2 can also receive voltage measurement
values from the voltage transformers VTRZ and VTRI
respectively. Each relay R1l, 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 wuse 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 sampled values (SV). A protection algorithm

can also make use of root mean square (RMS) wvalues each
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calculated from a series of rotor or stator measurement
values sampled at said constant sampling rate within a
variable size window. Use of sampled values achieves
fast operating times, while use of variable size window
RMS values achieves better measurement accuracy.

The invention more precisely relates to
SV based protection where chattering that may be caused
by sinusoidal fluctuations 1s prevented. Chattering
prevention is achieved by extending the scope of use of
a reset timer which is provided in the overcurrent
protection of some conventional protection relays.

Figure 2 illustrates the characteristics of
such a reset timer having a set period of duration
Treset. Four timing diagrams are represented on figure
2 which are, from top to bottom, the observed quantity
(for instance current), a Start signal, a Trip timer
and a Trip signal.

When the observed quantity rises above a
first threshold (pick-up threshold P/U) at instants tl,
t4, t7, t9, the Start signal is set to a high state,
and the Trip timer is started from a pick up state.

The Trip signal is set to a high state at
expiration of the trip timer (or stated differently,
when a tripping time t, has been reached, instant tl10).

When the observed quantity falls below a
second threshold (drop-off threshold D/0O, which
accounts usually for 95 - 98% of the pick-up threshold
P/U), the Start signal is reset (instant t2, t5, t8,
tll).

At this time the reset timer is started,

and the trip timer is paused.
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When the observed gquantity remains below
the second threshold D/0O during the set period Treset
of the reset timer, at expiration of the reset timer,
the trip timer is reset (see instant t3 and t6).

On the contrary, when the observed quantity
rises above the first threshold P/U during duration
Treset of the reset timer, pause of the trip timer is
stopped, and the trip timer restarts running from the
timing point it was paused (in other words it 1is
started from a pick up state; instant t9).

Figure 3 illustrates an observed sinusoidal
shaped waveform that causes relay contact chattering
and the generation of a large number of events. The top
time diagram on figure 3 represents a sinusoidal fault
current. The Start signal therefore repeatedly picks up
(high state during t,,) and drops off (reset state
during t.re) 1n accordance with the fluctuation of the
sampled values of the fault current. As an illustrative
example, a reset timer is considered for the trip timer
with a set period Treset greater than tgse.

The Trip signal and the relay contact
follow the same pattern as the Start Signal 1f the
protection module is set to instantaneous trip. They
follow a similar periodic pattern, as evidenced by
figure 3, if a reset timer for holding the trip timer
is used (the period depending upon the set period
Treset and the duration of the trip timer).

This problem is referred to as
‘chattering’. Moreover, an event record 1s generated
every time the Start signal or the Trip signal changes

state. Therefore a large amount of events will be
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generated by chattering, which phenomenon is known as
‘event avalanche’. When the signal frequency is high
(e.g. b5H0Hz), many events are generated in a short
period of time.

In order to prevent chattering for
sinusoidal waveforms, the protection modules of the
system according invention uses a reset timer that not
only holds the trip timer but also holds both the Start
signal and the Trip signals.

The invention thereby relates to a
protection system comprising a protection relay having
at least one protection module configured to detect
faults from sampled rotor or stator measurement values
received from instrument transformers.

The protection module is further configured
to issue a protection start signal and a protection
trip signal which can each be either in a reset state
or in a set state.

In an embodiment, a fault is detected when
a plurality of consecutive samples, for instance 3
consecutive samples, of the rotor or stator
measurements values are above (in case of over-
protection), or respectively below (in case of under-
protection), a first threshold (pick-up threshold in
case of over-protection). This prevents maloperations
due to transient fluctuations.

End of a fault is detected when samples of
the rotor or stator measurements values fall below (in
case of over-protection), or respectively rise above
(in case of under-protection), a second threshold

(drop-off threshold). For the sake of clarity, the
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first and second thresholds are equal on figure 4. But
these thresholds may be different, with the second
threshold accounting for a fraction of the first
threshold, such as 95-98% of the first threshold.

With reference to figure 4, when a fault is
detected (at instants tl1, t3, tb), the protection
module sets the protection start signal “Start” in its
set state (for instance in the high state) and starts a
trip timer. By starting of the trip timer, it is meant
that the trip timer starts running from tl and resumes
from its current value at t3 and t5 which is after a
pause state.

The protection module is further configured
to set the protection trip signal “Trip” 1in its set
state (for instance high state, at t6 on figure 4) when
the trip timer has expired (in other words when the
tripping time t, has been reached).

The protection module is further configured
to start a reset timer having a set period tReset, and
to pause the trip timer, when the sampled wvalues fall
below (in case of over-protection) or rise above (in
case of under-protection) the drop-off threshold (at
t2, t4, t7; when detection of the fault ends).

When no new fault 1s detected during
running of the reset timer before its expiration, each
of the protection start signal and the protection trip
signal is held in its current state, and the trip timer
remains paused. In the example of figure 4, such
holding and pause occur in particular within the

following time intervals: t2-t3, t4-tb5, t7-t8.
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When a new fault is detected before
expiration of the reset timer, the protection module
stops the pause of the trip timer. In other words, the
trip timer is restarted from the timing point where it
was paused. This occurs at instants t3 and tb on figure
4,

When the reset timer expires, with no new
fault being detected since its start, the protection
start signal and the protection trip signal are reset
into their reset state, and the trip timer is reset.
This occurs at instant t8 on figure 4.

When, as shown on figure 4, the set period
tReset of the reset timer is longer than each of the
non-faulty periods t.rr, the protection start signal 1is
maintained is its set state and thereby does not
repeatedly pick up and drop off in accordance with the
sinusoidal fault. Correspondingly, once the trip timer
has expired, the protection trip signal 1is maintained
in its set state (period from t6 to t8). In the same
manner, the trip timer is paused and does not reset at
each non faulty-period.

Hence in a preferred embodiment, the reset
timer has a set period which is larger than half the
cycle period of the lowest frequency (usually 0,1 Hz)of
the frequency range 1in which the ©protection relay
operates, which corresponds to the longest possible
non-faulty period t.sr on figure 4. As a consequence,
the protection start signal and the protection trip
signal do not reset until the sinusoidal fault has been
cleared. This also ensures that the protection can

effectively trip, whereas it may never trip if the set
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period were to be lower than the smallest possible non-
faulty-period.

Amongst possible protection modules that
can use as 1inputs raw samples of rotor or stator
measurement values are for instance a stator
overcurrent ©protection module, a rotor overcurrent
protection module, or a rotor overvoltage protection
module.

The rotor overcurrent protection module is
configured to select a rotor current transformer source
IA-1, IR-1 or IC-1 for receiving rotor current
measurement values, and to implement a rotor
overcurrent protection function that samples the
current measurement values from the selected source at
a constant rate, and makes use of these raw samples to
provide for rotor overcurrent protection implementing
the above presented reset timer scheme for chattering
prevention.

In the same manner, the stator overcurrent
protection module 1is configured to select a stator
current transformer source IA-2, IB-2 or IC-2 for
receiving stator current measurement values, and to
implement a stator overcurrent protection function that
samples the stator current measurement values from the
selected source at a constant rate, and makes use of
these raw samples to provide for stator overcurrent
protection implementing the above presented reset timer
scheme for chattering prevention.

The rotor overvoltage protection module is
configured to receive rotor voltage measurement values

from the three sources VA-1, VB-1 and VC-1, and to
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implement a rotor voltage protection function that
samples the rotor voltage measurement values at a
constant rate, and makes use of these raw samples to
provide for rotor overvoltage protection implementing
the above presented reset timer scheme for chattering
prevention.

These protection modules ensure protection
for frequencies in the range of 0Hz (DC) to 70Hz during
the induction machine IM start-up, braking and normal
running.

In an embodiment, as any degradation in the
measurement or transmission of measurement values may
result 1in 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 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”.
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The protection system described above has
the following advantages.

Fast protection 1is provided for DC, low
frequencies or nominal frequencies using sampled values
and fixed sampling rate.

The count strategy used before starting the
trip timer prevents maloperations due to transient
fluctuations.

Use of the reset timer that not only holds
the trip timer but also the Start and Trip signals
prevents chattering.

Both rotor and stator of a variable gspeed
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 during normal 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.
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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.

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:

- detecting faults from rotor or stator measurement
values received from instrument transformers,

- 1ssuing a protection start signal and a protection
trip signal which can each be either in a reset state
or in a set state,

- when a fault is detected, setting the protection
start signal 1in 1ts set state and starting a trip
timer,

- getting the protection trip signal in its set state

when the trip timer is expired,
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- starting a reset timer and pausing the trip timer
when detection of the fault ends,

- as long as no new fault is detected Dbefore
expiration of the reset timer, holding each of the
protection start signal and the protection trip signal
in its current state,

- as long as no new fault is detected, at expiration
of the reset timer setting the protection start signal
and the protection trip signal in their reset states
and performing reset of the trip timer,

- upon detection of a new fault before expiration of

the reset timer, stopping pause of the trip timer.
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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, CTRZ, CTs1, CTSs2, VTR1, VTR2) capable of
measuring signals from the rotor and/or the stator, and
a protection relay having at least one protection
module configured:

- to detect faults from rotor or stator measurement
values received from the instrument transformers,

- to issue a protection start signal and a protection
trip signal each being either in a reset state or in a
set state,

- when a fault is detected, to set the protection
start signal 1in its set state and to start a trip
timer,

- to set the protection trip signal in its set state
when the trip timer is expired,

- to start a reset timer and to pause the trip timer
when detection of the fault ends,

- as long as no new fault is detected Dbefore
expiration of the reset timer, to hold each of the
protection start signal and the protection trip signal
in its current state,

- as long as no new fault is detected, at expiration
of the reset timer, to reset the protection start
signal and the protection trip signal in their reset
states and to reset the trip timer,

- when a new fault is detected before expiration of

the reset timer, to stop pause of the trip timer.
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2. The protection system of claim 1, wherein the
instrument transformers (CTR1l, CTR2, CTS1l, CTS2, VTRI,
VTR2) are 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, and the protection
system further comprises primary converters (PC) and a
merging unit (MUl, MU2) configured to provide the rotor
and/or stator measurement values received from the
instrument transformers as sampled values at a constant

sampling rate to the protection relay.

3. The protection system of claim 2, wherein the at
least one protection module is configured to detect a
fault when a plurality of consecutive samples of the
rotor or stator measurements values are above in case
of over-protection, or respectively below in case of

under-protection, a first threshold.

4. The protection system of claim 3, wherein the at
least one protection module is configured in such way
that a fault is no more detected when samples of the
rotor or stator measurements values fall below in case
of over-protection, respectively rise above in case of

under-protection, a second threshold.

5. The protection system of claim 4, wherein the at
least one protection module is configured to detect no
new fault during running of the reset timer when the
samples of the rzrotor or stator measurements values
remain below in case of over-protection, respectively

above in case of under-protection, a second threshold.
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6. The protection system of any one of claims 4-5,
wherein the second threshold is a percentage of the

first threshold.

7. The protection system of any one of claims 1-6,
wherein the protection relay is configured to operate
over a frequency range having a lower frequency and
wherein the set timer is larger than half the cycle

period of said lower frequency.

8. The protection system of any one of claims 1-7,
wherein the instrument transformers comprise a first
set of current transformers (CTR1) for measuring rotor
currents, a second set of current transformers (CTS1)
for measuring stator currents, and at least one set of
voltage transformers (VTR1) for measuring rotor

voltages.

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 the protection relay (R1, R2) is 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.
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11. 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:

- detecting faults from rotor or stator measurement
values received from instrument transformers (CTRI1,
CTR2, CTS1, CTs2, VTR1, VTR2),

- 1ssuing a protection start signal and a protection
trip signal which can each be either in a reset state
or in a set state,

- when a fault is detected, setting the protection
start signal 1in 1ts set state and starting a trip
timer,

- getting the protection trip signal in its set state
when the trip timer is expired,

- starting a reset timer and pausing the trip timer
when detection of the fault ends,

- as long as no new fault is detected Dbefore
expiration of the reset timer, holding each of the
protection start signal and the protection trip signal
in its current state,

- as long as no new fault is detected, at expiration
of the reset timer setting the protection start signal
and the protection trip signal in their reset states
and performing reset of the trip timer,

- upon detection of a new fault before expiration of

the reset timer, stopping pause of the trip timer.
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