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(57) Abstract: In the field of multi-terminal electrical power
network protection, a protection apparatus (10) comprises a
measurement apparatus (14) to measure the respective ter-
minal current (Ir, Iri, Ir2, Irs, Irs, Irs) flowing at each terminal
(L, Ry, Ry, Rs, Ry, Rs) in a multi-terminal network (12) that
includes a plurality of electrically interconnected terminals
(L, Ry, R2, Rs, R4, Rs). The protection apparatus (10) also in-
cludes a control unit (20) that is programmed to process the
measured terminal currents (IL, IRI, IRz, IR3, IR4, IR5) to obtain
first and second summed values (lpo(n), Ings(n)). The first
summed value (lp.s(n)) is the sum at a given time (n) of the or
each terminal current (Ir, Ir1, Ire, Irs, Ir4, Irs) flowing in a first
direction (D)) relative to a corresponding terminal (L, R;, R,
Rs, R4, Rs) and the second summed value (Inps(n)) is the sum
at the same given time (n) of the or each terminal current (I,
IRI, IRz, IR3, IR4, IR5) ﬂowing in a second direction (Dz) oppos-
ite the first direction (D,) relative to the corresponding ter-
minal (L, Ry, R,, Rs, R4, Rs). The control unit (20) is further
programmed to compare the phase of the first summed value
(Lyos(n)) with the phase of the second summed value (lxgc(1))
to determine whether a fault in the multi-terminal network
(12) is internal or external to the multi-terminal network and
thereatter to produce an internal fault output signal (24) upon
the determination of an internal fault.
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A PROTECTION APPARATUS

This invention relates to a protection apparatus for protecting a multi-terminal electrical

power network including a plurality of electrically interconnected terminals.

Network protection devices, such as circuit breakers and relays, are activated in the

event of a fault to protect electrical power networks.

The reliable activation, i.e. triggering, of such protection devices is highly desirable
because a failure to activate in the event of such a fault can have extremely detrimental
consequences such as human injuries, power system blackout and considerable

damage to nearby power network equipment.

Similarly, incorrect activation of such a device causes unnecessary interruption to the

supply of power within the network with likely financial penalties for the network operator.

According to an aspect of the invention there is provided a protection apparatus, for
protecting a multi-terminal electrical power network, comprising:

a measurement apparatus to measure the respective terminal current flowing at
each terminal in a multi-terminal network including a plurality of electrically
interconnected terminals; and

a control unit programmed to process the measured terminal currents to obtain
first and second summed values, the first summed value being the sum at a given time of
the or each terminal current fiowing in a first direction relative to a corresponding terminal,
the second summed value being the sum at the same given time of the or each terminal
current flowing in a second direction opposite the first direction relative to the
corresponding terminal, and

the control unit being further programmed to compare the phase of the first
summed value with the phase of the second summed value to determine whether a fault
in the multi-terminal network is internal or external to the multi-terminal network and
thereafter to produce an internal fault output sighal upon the determination of an internal

fault.

The production of an internal fault output signal permits the triggering of a network
protection device, such as a circuit breaker or relay, to protect the power network in the

event of a fault within the network, i.e. an internal fault, arising.
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The inclusion of a control unit that is able to obtain first and second summed values
means that the protection apparatus of the invention is able to protect an electrical power
network with any number of terminals, i.e. there is no upper limit of terminals that a

protection apparatus according to the invention can handle.

In addition, basing the first summed value on currents flowing in a first direction relative
to each terminal and the second summed value on currents flowing in a second, opposite
direction relative to each terminal provides values that are indicative of whether an
internal or external fault has arisen, i.e. by virtue of the relative direction of current flow,
but which are independent of the magnitude of current flow. Having indicative values that
are independent of the magnitude of current flow provides the protection apparatus of the
invention with a degree of immunity to terminal current measurement errors, e.g. such as
those that might arise if one or more elements of the measurement apparatus becomes

saturated.

As a consequence, the measurement apparatus needs only to ascertain the correct
relative direction of current flow, rather than an accurate measurement of the magnitude
of current flow in order for the control unit of the invention to be able to make the required
determination of whether an internal or external fault has occurred. The measurement
apparatus and control unit, and hence the protection apparatus of the invention,
therefore exhibit a high degree of immunity to saturation of one or more measuring

elements, such as current transformers, within the measurement apparatus.

The protection apparatus of the invention therefore avoids the need to check and
establish the status of the measurement apparatus, e.g. whether one of more elements
thereof have become saturated with the result that erroneous current measurements

arise.

As a consequence of the foregoing the protection apparatus of the invention operates
more reliably than, e.g. conventional protection apparatuses where accurate

measurement of the magnitude of terminal current flow is required.

The need essentially for the measurement apparatus to only accurately establish the
relative direction of current flow also means that the performance requirements of the
measurement apparatus can be lower than in conventional protection apparatuses, and
so the measurement apparatus (and in particular any individual elements thereof) can be

smaller and less expensive.
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In addition, the subsequent comparison of the respective phases of the first and second
summed values with one another can be done so by way of relatively simple calculations,
and so can be implemented in relatively simple and inexpensive integrated electronic

devices such as programmable microcontrollers and the like.

In a preferred embodiment of the invention having the control unit programmed to
compare the phase of the first summed value with the phase of the second summed
value includes the control unit considering whether the difference between the phases is
one of 180° or 90°.

Such consideration by the control unit is advantageous because a phase difference of
180° is indicative of an external fault having occurred and a phase difference of 90° is

indicative of an internal fault having occurred.

Optionally considering whether the difference between the phases is one of 180° or 90°
includes the control unit being programmed to carry out one of:

(a) a correlation algorithm;

(b) a Fourier based algorithm; and

(c) a magnitude comparison algorithm

Having the control unit so programmed permits the ready assessment of the respective
phases of the first and second summed values in a manner which can be
straightforwardly implemented in an integrated electronic device, such as a

programmable microcontroller.

Preferably the control unit being programmed to carry out a magnitude comparison
algorithm includes the control unit comparing a sum of the first and second summed

values with a difference between the first and second summed values.

Such a comparison is desirably indicative of whether a 180° or 90° phase difference
exists between the phases of the first and second summed values, and hence is

ultimately indicative of whether an internal or external fault has arisen.

The control unit being programmed to carry out a magnitude comparison algorithm may
include the control unit comparing a norm of a sum of the first and second summed

values with a norm of a difference between the first and second summed values.
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A norm value is less susceptible to perturbations in individual first and second summed
values because it is averaged over, e.g. an operating cycle at the fundamental frequency
of the electrical power network that the protection apparatus of the invention is arranged
to protect, and so helps to further improve the reliability of the protection apparatus of the

invention.

In a further preferred embodiment of the invention the control unit being programmed to
carry out a magnitude comparison algorithm includes the control unit being programmed
to establishing a discriminative ratio based on the sum of the first and second summed
values and the difference between the first and second summed values and to compare

the discriminative ratio with a threshold value.

Establishing a discriminative ratio, and a subsequent comparison of that ratio with a
threshold value, may be readily implemented, e.g. within an integrated electronic device,

while continuing to reliably distinguish between internal and external faults.

The control unit may be programmed to normalize each of the first and second summed
values prior to considering whether the difference between the phases is one of 180° or
90°.

Such normalization of the first and second summed values can help to improve the
sensitivity to fault detection of the protection apparatus of the invention, e.g. in situations

where one or more elements of the measurement apparatus has become saturated.

Preferably the measurement apparatus includes one or more filters to remove distortion

from the measured terminal currents.

Such a filter or filters usefully removes distortion, e.g. such as may arise if one or more

elements of the measurement apparatus becomes saturated.

Optionally the protection apparatus further includes a fault severity determination unit to

determine the severity of a fault.

The inclusion of such a fault severity determination unit allows for a greater degree of
control over when a network protection device is triggered. For example, if the fault

severity determination unit determines that a fault is slight (perhaps because no
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saturation of an element within the measurement apparatus has occurred), triggering of
the network protection device by the control unit of the invention can be inhibited
(regardless of whether the control unit of the invention has determined that an internal
fault has occurred), such that triggering of the network protection device is only initiated
in the event that some other, e.g. secondary protection apparatus, determines that

triggering is required.

Such functionality is desirable since it can be used to prevent operation of the network
protection device on the instigation of the protection apparatus of the invention if the fault
is only slight, with activation of the network protection device instead being controlled in

such slight fault conditions by, e.g. a more sensitive secondary protection apparatus.

The protection apparatus may further include a secondary protection apparatus input to
receive a trip signal from a secondary protection apparatus, and the protection apparatus
may be configured to send a master trip signal to a network protection device in

dependence of the secondary protection apparatus input receiving a trip signal.

Such an arrangement can, e.g. in severe fault conditions, reduce the sensitivity of the
protection provided by an overall protection scheme by limiting the triggering of a
network protection device, i.e. in order to protect the power network, to circumstances
when both the protection apparatus of the invention determines that an internal fault has
occurred and some secondary protection apparatus, e.g. a differential protection

apparatus, additionally considers that such protection is required.

There now follows a brief description of preferred embodiments of the invention, by way

of non-limiting example, with reference being made to the following drawings in which:

Figure 1 shows a schematic view of a protection apparatus according to a first
embodiment of the invention;

Figure 2 shows a schematic view of a multi-terminal network that the protection
apparatus shown in Figure 1 is arranged to protect;

Figure 3(a) shows individual measured terminal currents in the event of an
external fault;

Figure 3(b) shows respective first and second summed value waveforms in the
event of an external fault;

Figure 4(a) shows individual measured terminal currents in the event of an

internal fault; and
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Figure 4(b) shows respective first and second summed value waveforms in the

event of an internal fault.

A protection apparatus according to a first embodiment of the invention is designated

generally by reference numeral 10, and is shown in schematic form in Figure 1.

The protection apparatus 10 shown protects a multi-terminal electrical power network 12
which includes a plurality of electrically interconnected terminals, and more particularly
includes a local terminal L and five remote terminals Ri, Rz, Rs, R4, Rsthat are electrically

interconnected with one another, as shown in Figure 2.

Other embodiments of the protection apparatus may, however, protect a multi-terminal

electrical power network with any number of electrically interconnected terminals.

The protection apparatus 10 includes a measurement apparatus 14 which, in the
embodiment shown, includes six current transformers 16, each of which is operatively
associated with a corresponding terminal L, R4, Rz, Rs, R4, Rsto measure the respective

terminal current I, Irs, [r2, Irs, Irs, Irs flowing at each terminal L, R4, Rz, R3, R4, Rs.

Within the context of the invention, a terminal current I, Iri, Irz, Irs, Ir4, Irs is considered
positive if it is flowing, at a particular moment in time, in a first direction D1 relative to the
corresponding terminal L, Rs, Rz, Rs, R4, Rs, and a terminal current I, Ir1, Irz, Irs, Irs, Irs
is considered negative if it is flowing, at the same particular moment in time in a second
direction D, opposite the first direction, relative to the corresponding terminal L, R1, Rz,
Rs, R4, Rs.

In the embodiment shown the first direction D, relative to each terminal L, R1, Rz, Rs, Ry,
Rs is towards each of the other terminals L, R4, Rz, Rs, R4, Rs and the second direction D>
relative to each terminal L, Ry, Rz, Rs, Rs, Rs is away from each of the other terminals L,
Ri, Rz, Rs, Rs, Rs. In other embodiments of the invention, however, the relative

orientation of the first and second directions D1, D> may be reversed.

In other embodiments of the invention the measurement apparatus may include current
measurement devices which differ from the current transformers of the embodiment

shown.
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Returning to the embodiment shown, the measurement apparatus 14 additionally
includes an average low pass filter 18 through which each of the measured terminal
currents Iy, Ir1, Ir2, Irs, Irs, Irs passes to remove any distortion from these measurements
that may have arisen if the corresponding current transformer 16 becomes saturated, i.e.
the current being measured by a given current transformer 16 drives the flux within the
transformer into a non-linear region of the transformer’s response characteristic such that

measurement errors may subsequently arise.
An example filtering effect that may be applied by the low pass filter 18 is:

NsmpDiff

> )] /NsmpDiff

yn)=y(n-1)+2 [x(n) —x (n

where,
x(n) is the input signal, i.e. a respective measured terminal current I, Irs, Irz, Irs, lrs,
lgs,
y(n) is the output signal, i.e. the filtered terminal current measurement; and
NsmpDiff is the number of samples per fundamental frequency cycle of the

electrical power network 12 being protected.
Other filtering effects may, however, also be applied.

The protection apparatus 10 also includes a control unit 20 that is arranged in
communication with each current transformer 16. In the embodiment shown the control
unit 20 is a single centralised electronic device in the form of a programmable

microcontroller, although other types of control unit are also possible.

In other embodiments of the invention (not shown) the control unit may be formed from a
number of separate control unit portions, each of which is defined by a separate
electronic device that is arranged at or adjacent to one or more terminals L, R, Rz, Rs,
R4, Rs.

In any event, the control unit 20 is programmed to process the measured terminal
currents Iy, Ir1, Ir2, Irs, Ire, Irs received from each current transformer 16 to obtain first

and second summed values Ipos(n), INec(n).
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More particularly, the control unit 20 includes a current merging unit 22 which obtains a
first summed value lpos(n) that is the sum at a given moment in time n of the or each
terminal current I, Ir1, Ir2, Irs, lrsa, Irs flowing in the first direction D4 relative to a
corresponding terminal L, R1, Rz, Rs, R4, Rs, i.e. the sum of the or each positive terminal
current Iy, Ir1, Iro, Irs, Irs, Irs at the various terminals L, Ry, Rz, Rs, R4, Rs at a given

moment in time n, i.e. as given by:

Ipos = Z ix
kePos

where,

k is the number of terminals L, R4, Rz, Rs, R4, Rs; and

Pos is the set of terminals L, R4, Rz, Rs, R4, Rs which each has a positive terminal
current flowing thereat, i.e. a terminal current flowing in the first direction D relative

thereto.

The current merging unit 22 also obtains a second summed value Inec(n) that is the sum
at the same given moment in time n of the or each terminal current I, Ir1, Ir2, Ir3, Irs4, Irs
flowing in the second direction D relative to a corresponding terminal L, R+, Rz, Rs, Ra,
Rs, i.e. the sum of the or each negative terminal current I, Ir1, Ir2, Irs, lr4, Irs at the
various terminals L, R, Rz, Rs, R4, Rsat the same given moment in time n, i.e. as given
by:

INeg= Z ik
keNeg

where,

k is the number of terminals L, R, Rz, Rs, R4, Rs; and

Neg is the set of terminals L, Ri, Rz, Rs, R4, Rs which each has a negative
terminal current flowing thereat, i.e. a terminal current flowing in the second direction D2

relative thereto.

The control unit 20 is also programmed to compare the phase of the first summed value
lpos(n) with the phase of the second summed value Inec(n) to determine whether a fault
in the multi-terminal network 12 is internal or external to the multi-terminal network 12,
and to thereafter produce internal fault output signal 24 when an internal fault is

determined.
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The control unit 20 includes a phase comparison unit 26 which carries out the

aforementioned phase comparison.

More particularly, the phase comparison unit 26 considers whether the difference
between the phases is 180° or 90°.

The phase comparison unit 26 does this by considering whether the difference between
the phases is greater than or less than a boundary angle, which may be 135° but could
be a higher or lower angle.

For example, if the phase difference is greater than 135° the phase comparison unit 26
makes a determination that the difference between the phases is 180°, which is
indicative of an external fault, and if the phase difference is less than 135° the phase
comparison unit makes a determination that the difference between the phases is 90°,

which is indicative of an internal fault.

More particularly, in the embodiment shown the phase comparison unit 26 achieves the
foregoing by carrying out a magnitude comparison algorithm, although it may also be
achieved by carrying out some other form of algorithm such as a correlation algorithm or

a Fourier based algorithm.
The phase comparison unit 26 carries out the said magnitude comparison algorithm by

comparing a norm of a sum of the first and second summed values Ipos(n), Inec(n), €.9. @

root mean square of the sum as given by

”IPos(n) + INeg (n)”

with a norm of a difference between the first and second summed values lpos(n), Inec(n),

€.g. a root mean square of the difference as given by

”IPos(n) - INeg (n) “

In other embodiments of the invention the phase comparison unit 26 may instead carry
out the magnitude comparison algorithm by comparing an absolute mean or other order

norm of a sum of the first and second summed values Ipos(n), Inec(n) with an absolute
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mean or another order norm of a difference between the first and second summed

values lpos(n), Inec(n).

In the embodiment described above, the phase comparison unit 26 establishes a
discriminative ratio Rt which is based on the sum of the first and second summed
values lpos(n), Inec(n) and the difference between the first and second summed values
lpos(n), Inea(n), and then compares the said discriminative ration Rt with a threshold

value Rrur.

in the embodiment shown the phase comparison unit 26 establishes a discriminative

ratio Rint of the form:

_ [pos@) + Iyeg )|
”IPos(n) - INeg(n)”

RINT

and compares this to a threshold value Ryr of 0.6.

If the discriminative ratio Rt is greater than or equal to the threshold value Rrur the
control unit 20 produces the internal fault output signal 24 that is indicative of an internal

fault having occurred.

In other embodiments of the invention the threshold value Rrur may be selected from the
range 0.4 to 0.9.

Prior to the phase comparison unit 26 carrying out the aforementioned magnitude
comparison algorithm, each of the first and second summed values lpos(n), Inec(n) is
preferably normalized to increase the sensitivity of the protection apparatus 10 in dealing

with faults.

An example manner in which the said first and second summed values lpos(n), Inec(n)

may be normalized is by applying:

y(n) = x(m)/llxmll

where,

x(n) is the input signal, i.e. a respective first or second summed value lpos(n),

Ines(n);
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y(n) is output signal, i.e. the normalized first or second summed value; and

[lx(n)]| is either a Root Mean Square operator RMS[x(n)] which is given by

RMS[x(n)] = \/—1—— Z x(k)|’

Nsmleﬁ‘ ke=n—NsmpDiff +1

or is an Absolute Mean operator AM[x(n)], which is given by

1
AM[x(n)] = NempDiT k=n-Nsmppiff+11€(F)

and where,

NsmpDiff is the number of samples per fundamental frequency cycle of the

electrical power network 12 being protected.

In addition to the foregoing the protection apparatus 10 includes a fault severity

determination unit 28 to determine the severity of a fault.

The fault severity determination unit 28 carries out the said determination by comparing a
bias current lpias With a current threshold Ipias-threshoid @nd indicating, by way of an output
signal of 1, that a fault is slight, i.e. as is the case when no saturation of a current
transformer 16 within the measurement apparatus 14 has occurred, while ever the bias

current lpias remains below the current threshold lpias-threshold-

Conversely the fault severity determination unit 28 indicates, by way of an output signal
of 0, that a fault is severe when the bias current lvias €xceeds the current threshold lpias.

threshold.

In this regard the bias current lyiss is given by:

M
hoias = Q) _ llimclD/2

where,
M is the number of terminals;
itk is the samples of current at a kth terminal; and

"I |"is a Root Mean Square operator or Absolute Mean operator.
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The protection apparatus shown in Figure 2 also further includes a secondary protection
apparatus input 30 which is arranged to receive a trip signal 32 from a secondary

protection apparatus, such as a differential protection apparatus (not shown).

Moreover, the protection apparatus 10 is configured to send a master trip signal 34 to a
network protection device, the thereby cause activation of the network protection device,

in dependence of the secondary protection apparatus input 30 receiving a trip signal 32.
In use the protection apparatus 10 described hereinabove operates as follows.

In the event of an external fault in, by way of example the power network extending
beyond the fourth remote terminal R4, the terminal current lrs at the fourth remote
terminal R4 flows in the opposite direction, i.e. in the opposite sense, to the terminal
currents Ii, Ir1, Irz, Ir3, Irs at the other remaining terminals L, R¢, Rz, Rs, Rs, as shown in
Figure 3(a).

In other words, at a given moment in time when the terminal current Irq at the fourth
remote terminal R4is flowing in the first direction D relative to the fourth remote terminal
R4, each of the remaining terminal currents |, Ir1, Irz, Ir3, Irs Will be flowing in the second

direction D- relative to the corresponding remaining terminals L, Ry, Rz, Rs, Rs.

The control unit 20, and more particularly the current merging unit 22 thereof, obtains, i.e.
calculates, the first and second summed values lpos(n), Inec(n) which are shown as

respective time-varying waveforms in Figure 3(b).
As can be seen from Figure 3(b), the phases of the first and second summed value
waveforms lpos(n), Inec(n) are opposite one another, i.e. the phase difference between

the said phases is 180°.

As a result the discriminative ratio Rint obtained from

R = ”IPos(n) + INeg(Tl)”
M Mpos@) = Ineg M|

lies below the threshold value Rur of 0.6, and so the control unit 20 does not produce an

internal fault output signal 24.
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Notwithstanding the above, in instances where the fault severity determination unit 28
continues to indicate that the fault is slight, that is to say, there is no possibility that
saturation of one or more of the various current transformers 16 has occurred, i.e. by
producing an output signal of 1, the protection apparatus 10 remains able to send a
master trip signal 34 to a network protection device, e.g. a circuit breaker or relay, in the
event of receiving a trip signal 32 (via its secondary protection apparatus input 30) from a
secondary protection apparatus such as a differential protection apparatus. Such a
differential protection apparatus is more sensitive to faults than the protection apparatus
of the invention but typically is only able to provide a reliable indication of a fault, i.e. is
only accurate, when there is no saturation of the current transformers 16 providing it with

terminal current measurements.

In the event of an internal fault adjacent to, by way of example the local terminal L, all of
the terminal currents I, Ir1, Ir2, Ir3, Ir4, Irs continue to flow in the same direction, i.e.

continue to have the same sense, as shown in Figure 4(a).

In other words, at a given moment in time all the terminal currents Iy, Ir1, Ir2, Ir3, Ir4, Irs
will be flowing in the same first or second direction D4, D; relative to each of the

corresponding terminals L, R+, Ro, Rs, R4, Rs.

The control unit 20, and more particularly the current merging unit 22 thereof, again
obtains, i.e. calculates, the first and second summed values lpos(n), Inec(n) which are

shown as respective time-varying waveforms in Figure 4(b).
As can be seen from Figure 4(b), the phases of the first and second summed value
waveforms lpos(n), Ineg(n) are shifted by 90° relative to one another, i.e. the phase

difference between the said phases is 90°.

As a result the discriminative ratio Rint obtained from

- |1pos () + Ineg ()|
T [ pos() = Ineg M)

is greater than the threshold value Rtur of 0.6, and so the control unit 20 produces the

internal fault output signal 24 and thereby indicates that an internal fault has occurred.
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Thereafter, if the fault severity determination unit 28 indicates that the fault is severe
(such that saturation of one or more of the various current transformers 16 is likely to
have occurred), i.e. by producing an output signal of 0, the protection apparatus 10 is
able to send a master trip signal 34 to a network protection device in the event also of
receiving a trip signal 32 (via its secondary protection apparatus input 30) from a

secondary protection apparatus confirming that such protective action is required.
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CLAIMS:
1. A protection apparatus, for protecting a multi-terminal electrical power network,
comprising:

a measurement apparatus to measure the respective terminal current flowing at
each terminal in a multi-terminal network including a plurality of electrically
interconnected terminals; and

a control unit programmed to process the measured terminal currents to obtain
first and second summed values, the first summed value being the sum at a given time of
the or each terminal current flowing in a first direction relative to a corresponding terminal,
the second summed value being the sum at the same given time of the or each terminal
current flowing in a second direction opposite the first direction relative to the
corresponding terminal, and

the control unit being further programmed to compare the phase of the first
summed value with the phase of the second summed value to determine whether a fault
in the multi-terminal network is internal or external to the multi-terminal network and
thereafter to produce an internal fault output signal upon the determination of an internal
fault.

2. A protection apparatus according to Claim 1 wherein having the control unit
programmed to compare the phase of the first summed value with the phase of the
second summed value includes the control unit considering whether the difference

between the phases is one of 180° or 90°.

3. A protection apparatus according to Claim 2 wherein co‘nsidering whether the
difference between the phases is one of 180° or 90° includes the control unit being
programmed to carry out one of:

(a) a correlation algorithm;

(b) a Fourier based algorithm; and

(c) a magnitude comparison algorithm

4, A protection apparatus according to Claim 3 wherein the control unit being
programmed to carry out a magnitude comparison algorithm includes the control unit
comparing a sum of the first and second summed values with a difference between the

first and second summed values.



10

15

20

25

WO 2016/135266 PCT/EP2016/054029
16

5. A protection apparatus according to Claim 3 wherein the control unit being
programmed to carry out a magnitude comparison algorithm includes the control unit
comparing the norm of a sum of the first and second summed values with the norm of a

difference between the first and second summed values.

6. A protection apparatus according to any of Claims 3 to 5 wherein the control unit
being programmed to carry out a magnitude comparison algorithm includes the control
unit being programmed to establishing a discriminative ratio based on the sum of the first
and second summed values and the difference between the first and second summed

values and to compare the discriminative ratio with a threshold value.

7. A protection apparatus according to any of Claims 3 to 6 wherein the control unit
is programmed to normalize each of the first and second summed values prior to

considering whether the difference between the phases is one of 180° or 90°.

8. A protection apparatus according to any preceding claim wherein the
measurement apparatus includes one or more filters to remove distortion from the

measured terminal currents.

9. A protection apparatus according to any preceding claim further including a fault

severity determination unit to determine the severity of a fault.

10. A protection apparatus according to any preceding claim further including a
secondary protection apparatus input to receive a trip signal from a secondary protection
apparatus, and the protection apparatus being configured to send a master trip signal to
a network protection device in dependence of the secondary protection apparatus input

receiving a trip signal.
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Figure 2
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