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(57) Abstract: It provides a method for detecting fault direction of transmission line (10) of an AC power system and control system
using the same. The method includes: sampling current values and voltage values of three phases at one end of the transmission line
(10) for a series of time points; for each of the series of time points, computing instantaneous symmetrical voltage components of the
three phases based on the voltage value samples for the respective one of the series of time points; for each of the series of time points,
computing instantaneous symmetrical current components of the three phases based on the current value samples for the respective
one of the series of time points; for at least two of the series of time points, calculating energy directional elements each based on the
respective ones of the computed instantaneous symmetrical voltage components and the respective ones of the computed instantaneous
symmetrical current components; identifying the fault direction in consideration of the calculated energy directional elements; and
generating a fault direction signal indicating the identified fault direction. Simulation results show the graph of the energy directional
element calculated based on instantaneous symmetrical voltage components and instantaneous symmetrical current components exhibits
distinctive characteristics either for forward or reverse fault. In consideration of such difference, by calculating the energy directional
element at each sampling time point, the fault direction information may be identified accurately.
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METHOD AND CONTROL SYSTEM FOR FAULT DIRECTION DETECTION

Technical Field

The invention relates to detecting faults in AC power system, and more particularly to fault
direction detection in the AC power system.

Background Art

AC power system has been widely deployed to supply, transfer, and use electric power. It
may experience issues with stability during disturbances, such as short circuits, loss of
generation, loss of load, open circuits, or any combination thereof. One of the solutions of
these issues is to employ protection relays operating in high speed trigged assisted with fault
direction signal.

Traditionally, fault direction may be detected based on local measurements of fault
components at an end ofthe transmission line of the AC power system. An example of such
fault direction detection mechanism is disclosed in “Principle and Property Research of the
Energy Directional Protection”, He Benteng, Jin Huafeng and Li Ju, Proceedings of the
CSEE, Vol.17 No. 3, May. 1997.

However, under the condition of strong system where the power source approximates to an
AC voltage source, the AC voltage is maintained at the end of the transmission line coupled
to the power source even if a fault occurs with the AC power system. It turns out that a
voltage fault component determined from the voltage measurement at the end of the
transmission line may be insignificant for fault direction identification.

Therefore, the conventional solution suffers at least the disadvantage of poor sensitivity for
detection of fault direction in strong AC power system. This may finally lead to fail to trip
the circuit breaker in a faulted AC power system.

Brief Summary of the Invention

According to one aspect of present invention, it provides a method for detecting fault
direction of transmission line of an AC power system, including: sampling current values
and voltage values of three phases at one end of the transmission line for a series of time
points; for each of the series of time points, computing instantancous symmetrical voltage
components of the three phases based on the voltage value samples for the respective one of
the series of time points; for each of the series of time points, computing instantancous
symmetrical current components of the three phases based on the current value samples for
the respective one of the series of time points; for at least two of the series of time points,
calculating energy directional elements each based on the respective ones of the computed
instantaneous symmetrical voltage components and the respective ones of the computed
instantaneous symmetrical current components; identifying the fault direction in
consideration of the calculated energy directional elements; and generating a fault direction
signal indicating the identified fault direction.

According to another aspect of present invention, it provides a control system for detecting
fault direction of transmission line of an AC power system, including: a sampling circuit,
being configured to sample current values and voltage values of three phases at one end of
the transmission line for a series of time points; a controller, being configured to: for each
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of the series of time points, compute instantancous symmetrical voltage components of the
three phases based on the voltage value samples for the respective one of the series of time
points; for each of the series of time points, compute instantancous symmetrical current
components of the three phases based on the current value samples for the respective one of
the series of time points; a storage circuit, being configured to record the computed
instantaneous symmetrical voltage components and the computed instantancous
symmetrical current components; wherein: the controller is further configured to: for at least
two of the series of time points, calculate energy directional elements cach based on the
respective ones of the computed instantancous symmetrical voltage components and the
respective ones of the computed instantaneous symmetrical current components; identify the
fault direction in consideration of the calculated energy directional elements; and generate a
fault direction signal indicating the identified fault direction.

Simulation results show the graph of the energy directional element calculated based on
instantaneous symmetrical voltage components and instantancous symmetrical current
components exhibits distinctive characteristics either for forward or reverse fault. In
consideration of such difference, by calculating the energy directional element at each
sampling time point, the fault direction information may be identified accurately.

Brief Description of the Drawings

The subject matter of the invention will be explained in more detail in the following text
with reference to preferred exemplary embodiments which are illustrated in the drawings, in
which:

Figure 1 shows an AC power system according to an embodiment of present invention;
Figure 2 shows an example RLC model for a transmission line system;

Figure 3 schematically illustrates of a diagram of a capacitive current path for phase A
according to an embodiment of the present invention;

Figure 4 schematically illustrates a single line diagram for the transmission line according
to an embodiment of the present invention;

Figure 5 shows three-phase transmission line diagram; and

Figure 6 shows simulation results of the energy directional element under forward fault
condition and reverse fault condition according to an embodiment of present invention.

The reference symbols used in the drawings, and their meanings, are listed in summary form
in the list of reference symbols. In principle, identical parts are provided with the same
reference symbols in the figures.

Preferred Embodiments of the Invention

While the invention is susceptible to various modifications and alternative forms, specific
embodiments thereof are shown by way of example in the drawings and will herein be
described in detail. It should be understood, however, that the drawings and detailed
description thereto are not intended to limit the invention to the particular form disclosed,
but on the contrary, the intention is to cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the present invention as defined by the appended claims.
Note, the headings are for organizational purposes only and are not meant to be used to limit
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or interpret the description or claims. Furthermore, note that the word "may" is used
throughout this application in a permissive sense (i.¢., having the potential to, being able to),
not a mandatory sense (i.e., must)." The term "include", and derivations thereof, mean
"including, but not limited to". The term "connected" means "directly or indirectly
connected", and the term "coupled" means "directly or indirectly connected".

Figure 1 shows an AC power system according to an embodiment of present invention. As
shown in figure 1, the AC power system 1 includes a transmission line 10 defined at its two
ends A and B. With respect to one of a first end A and a second end B of the transmission
line 10, taking the first end A as an example, reverse fault is defined as of the fault occurring
to a portion of the AC power system 1 to the opposite side of the transmission line 10; and
forward fault is defined as of the fault occurring to a portion of the AC power system 1 at
the same side with the transmission ling 10. A protective relay 11, in the event of a fault,
may disconnect the affected portion of the AC power system, for example by a power circuit
breaker 12 where a forward fault is identified.

A first AC source 190 is provided to be connected to the power circuit breaker 12 which
further connects with the first end A of the transmission line 10.

Protective relay 11 is provided for this purpose at one of the first end A and the second end
B at measurement points 13, for example at the first end A side. Electric signals, such as
current and voltage signals of the three phases, appear at the measurement point 13 are
transformed by current transformer 14 and voltage transformer 15 and are fed to the
protective relay 11 and sampled by its sampling circuit 16.

The protective relay 11 samples the current and voltage signals by its sampling circuit 16 of
an A/D conversion at a series of time points, and performs a fault direction identification, by
its controller 17, for the current and voltage sampled values thus generated so as to be able
to detect fault direction, either of forward to reverse. In the event of a forward fault, it may
be single phase fault of short circuit between a phase and the ground, phase-phase fault of
short circuit between any two phases, two phases to ground fault of short circuit between
either of two phases and the ground, and three phase fault of short circuits among three
phases.

If the protective relay 11 identifies a fault direction, for example by its controller 17, a
forward fault signal Sgu: indicating the identified fault direction is thus generated by the
controller 17, which is used to initiate tripping signal to the power circuit breaker 12 so as
to allow said power circuit breaker to open its switching contacts and to disconnect the
portion affected by the short circuit from the rest of the energy supply network.

The solutions explained hereinafter are used for fault direction identification using voltage
fault component and current fault component at compensation point ¢ on the transmission
line 10 (as shown in figure 1) based on the current and voltage sampled values from the
sampling circuit 16, which are established by the principle of time domain lumped parameter
differential equation for the transmission line, which will therefore first be explained briefly
hereinafter. The compensated point may be midpoint of the transmission line or other pre-
set point. The time domain lumped parameter model may be for example an RLC model or
an RL model. RLC model is used for an example illustrating the present invention
hereinafter. Besides, the skilled person should understand that as an alternative, the solutions
may directly use the voltage value samples and the current value samples provided by the
sampling circuit 16.

The RLC model is one of the lumped parameter model and it is an example equivalent model
used for the electrical line in the present invention. The RLC model comprises a resistor, an
inductor and a capacitor. In other words, the whole transmission line can be represented by
an equivalent circuit containing a resistor, an inductor and a capacitor. For illustrative
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purposes, reference is made to Figure 2 to describe an example RLC model for a transmission
line system.

As illustrated in Figure 2, the RLC model is a standard PI-type line model. The voltage at
the start point is denoted by Vs and the voltage at the end point is denoted by Vr; the voltage
and current at the measurement point are denoted by # and i respectively, the voltage at a
setting point is denoted by u,. The transmission line between the start point and the end
point can be equivalent to a resistor and an inductor connected in series and two capacitors
Ci and C; which are respectively connected to the start point and the end point of the
transmission line.

The impedance of the protection zone can be denoted by Zs.: in fundamental frequency
domain

Zset:R+]X (1)
Where Z;. denotes the impedance of the protection zone, R denotes the resistance of the
equivalent resistor of the transmission line and X denotes the inductance of the equivalent
inductor of the transmission line. It shall be understood that although Figure 2 illustrates the
RLC model as a PI-type RLC model, the present invention is not limited thereto. The RLC
model can also be any other forms of RLC model, a T-type RLC model, Tau-type RLC
model, or some modified versions thereof. In addition, it may also use a further simplified
RL model for the transmission line system.

In some embodiments of the present invention, it can erase a capacitive current in a phase
current. That is to say, after a phase current is obtained, at least one of a capacitive current
to the ground and a capacitive current between phases can be removed from the obtained
phase current.

For illustration purposes, figure 3 schematically illustrates of a diagram of a capacitive
current path for phase A according to an embodiment of the present invention. As illustrated
in Figure 3, for phase A, there is a capacitance Crs of the line for phase A to the ground, a
first capacitance Cpp between the line for phase A and the line for phase B, and a second
capacitance Cpp between the line for phase A and the line for phase C. The capacitive
currents related to capacitances Cpg, the first Cpp and the second Cpp are denoted by iag, 7as,
iac, TéSpectively. The currents igg, 7, iac can be obtained by following equations:

dug
lag - CPG X dut (2)
, dug
lap = Cpp X th 3)
d ac
lge = Cpp X Zt “)

wherein u, represents the phase voltage of phase A; uw represents a voltage difference
between the phase voltage u, and a phase voltage up 1.€., Ua=ua-Us; Uae represents a voltage
difference between the phase voltage «. and a phase voltage u., 1.€.,uac=ttats;. Thus, the
current i, which represents a current of phase A by removing the capacitive current impact
can be determined based on the following equations.

ia':ia_(CPGX%+CPPX% duac)
dt dt dt )

+Cpp X

Similarly, currents i5", i can represent phase currents by removing the capacitive current
impact for phase B and phase C, respectively, and they can be determined as follows:
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) ) du du du
i," =1, —(Cpg X_b+CPP Xﬁ""cpp ><l)
dt dt (6)
L g, di, dtt
Pl A M (U, Wt e L
eft o dr dr )

wherein u, represents the voltage of phase B; u. represents the voltage of phase C; us,
represents the voltage difference between the phase voltage u, and the phase voltage u, 1.€.,
Uba=Ub-Ua, Uca TEPTESENLS the voltage difference between the phase voltage . and the phase
voltage u, 1.€., uca=uca; us. represents the voltage difference between the phase voltage us
and the phase voltage u. 1.e., usc=us-uc; uc represents the voltage difference between the
phase voltage u. and the phase voltage us, i.e., 1ep=ttc-us.

Thus, in embodiments of the present invention, it may use the current i.’, i°, ic’, which have
subtracted the capacitive currents, instead of the original sampled currents ia, is, ic. If the
capacitive currents are erased from the phase current, then the model of the transmission can
be further reduced. For illustration purposes, Figure 4 schematically illustrates a single line
diagram for the transmission line according to an embodiment of the present invention.
Figure 4 is similar to that model as illustrated in Figure 2, but resistor R and inductor L are
illustrated in details and capacitors connected at the start point and the end point are removed
since the capacitive currents are removed from the phase current.

Based on the single line diagram as illustrated in Figure 4, the voltage at the setting point #,
can be determined based on a differential equation such as:
. di(t)
u, () =u()-R*i(t)-L*——=
! ®)
wherein u(?) represents the voltage at the measurement point; i(#) represents the current at
the measurement point, R represents a resistance value of a resistor in the lumped parameter
model, and L represents an inductance value of an inductor in the lumped parameter model
and di(t)/dt represents the differential value of the current i(7). If we consider the discrete
time system domain, for example a sample point at time instant 4, the following equation
(8) can be used to represent the calculation in equation (8).
flgi‘};
¢

?3‘)

ty =t —(R-{ +L-
(8"
wherein u, » represents the voltage at the setting point ; u; represent the voltage at the
measurement point; ix represents the current at the measurement point and 7. represents the
inductance of inductor in the lumped parameter model (for example the RLC model); R
represents the resistance of a resistor in the lumped parameter model (for example the RLC
model); di/dt represents the differential value of the current i (dik = ik — ik-1; dt= a sample
interval for the given sampling rate; ir-; means the measured current at the time instantk-1
which is previous of time instant k in the discrete time domain)

Figure 5 shows three-phase transmission line diagram. As shown in figure 5, Ls is the phase
inductance, Lm is the mutual inductance between phases, and k is the sampling time point.
With the three-line diagram, it may determine voltages u, 4 1 #4 » x and u4 . x based on
equation (8) by further taking mutual inductance between phases into consideration. For
example, voltage 1y o #, uq » xand 1, . 1, can be determined based on the differential equation
such as:
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i di, , di, . di, k_

u =u R-i . +L —+[ —= =
q_a_k a_k i a_k s df ‘m df ‘m df |
I di, , di, , di, , |

u =u R, +L -———+I -——= =
g b k b_k i b_k s df ‘m df ‘m df |
i di di di, |

u,  .=u, —|Ri +L-—Lqp 2Ly 2K
1= | dr dr dr |

C))
wherein ua 1, us 1 and uc r respectively represents line voltages for phase A, phase B and
phase C at the measurement point; i, 1 75 x and i.  respectively represents currents for phase
A, phase B and phase C at the measurement point; Ls represents the phase inductance for
phase A, phase B and phase C; and Z,, represents the inductance between phases for phase
A, phase B and phase C.

Since the phase to phase voltage is a voltage difference between one phase and another
phase, thus the phase-to-phase voltages 1, as & 14 5c & and u, o4 r can be further determined
based on the phase voltages g a 1 14 » & and 4 ¢ x determined based on equation (9). For
example, the voltage u, 4 &, 1.¢. the voltage between phase A and B at the setting point, can
determined by:

. diab k
Z'lqiabik = Z'lqiaik - Z'lqibik = Z'lab —k [R : Zabik + (Ls - Lm) . dlj ]
di
=Uy [R- I & T L- ﬂ]
dat (10)

wherein ua &, ia x respectively represent the voltage and current between phase A and phase
B at the measurement point; R and L mean a positive sequence resistance and inductance for
the phase line, L equals to the difference of Ls and Lm, i.e., L=L; - L.

In equation (10), R and L are positive sequence resistance and inductance, L=Ls - L.
Similarly, the voltages u, »c » and u4 co & can be computed too. According to the differential
equation (10), the phase-to-phase voltages g a g 5c 1 and #, cq r can be determined by
the differential equation (11).

Equation (11) summarized the computation for these three phase-to-phase loop voltages, R
and L in Equation (11) are positive sequence resistance and inductance:

Uy o = Uy —(RT,  +L I:lbgk)
_ “(R-i I dy,
Uy pe k= Upe i ( e T 7)
. Ay i
Uy ca k= UWa 11— (R.lcaik +L'7)
(11)

wherein ua 1, ia r respectively represents the voltage and current between phase A and
phase B at the measurement point; usc &, 7sc x respectively represent the voltage and current
between phase B and phase C at the measurement point; #cq &, ica k respectively represent the
voltage and current between phase C and phase A at the measurement point; R and . mean
the positive sequence resistance and inductance for the phase line, L equals to the difference
of Lyand Lm, i.¢., L=LsL.

Thus, we can determine the phase voltage u, o, #4 5 x and #, .  and the phase-to-phase
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voltages g b 1 Ug bo & and Uy oq £ It shall be understood that although the phase voltages
Ug a ks Ug b kand ug - rand the phase-to-phase voltages ug b #, tg be rand g ca 1 are described
as to be determined based on equation (9) and (11) respectively, the present invention is not
limited to these embodiments. In fact, it is possible to use any suitable form of differential
equations.

For the phase-ground loop, voltages uy o 1, %4 5 x and u, . x at the compensation point ¢ are
computed by equation (9). Furthermore, these three voltages at the compensation point g can
be computed by equation (12), R and L in Equation (12) are positive sequence resistance and
inductance, the deduction process is not described here for the simplicity and clarity.

U, o g =U, —|R-(, (+hky3i )+ L d, , +;L 3iy )]
U,y =y _:R.(ibk ey -3iy )+ L g, , +;L '3i°,k):
U, o =U, —:R'(ick bhp 3, )+ L d, , +6/;[L -31‘07,6):
_kR:M kL:LO_Ll )

3R, 31, )

wherein Ry represents zero sequence resistance of the three-phase transmission line; R;
represents positive sequence resistance of the three-phase transmission line; Lo represents
zero sequence inductance of the three-phase transmission line; /; represents positive
sequence inductance of the three-phase transmission line; 7g 1, represents zero sequence
current at instant &; Kz represents a factor determined based on Ry, R; as indicated in equation
(12); K; represents a factor determined based on Lo, L; as indicated in equation (12).

Based on the principle of time domain lumped parameter differential equation for the
transmission line, instantancous voltage values at the compensation point q can be calculated
from the sampling current values and voltage values at one end of the transmission line 10
for a series of time points, including three instantancous voltage values ug o , %4 5 & and
uy o « of phase-ground loop electric signals and three instantancous voltage values g s &,
Uy bo & and uy ca x Of phase-phase loop electric signals. Namely, a mathematical link can be
established based on the relations between the values of the sampled electric signals
measured at the measurement point 13 and computed instantancous voltage values at the
compensation point (.

Voltage fault component of any of the six ¢lectrical loops at the compensation point q for
sampling instant £ can be computed from any of the equations (13-1) to (13-4) as below. The
six electrical loop includes phase A to ground, phase B to ground, phase C to ground, phase
A to phase B, phase B to phase C, and phase C to phase A.

Auy =, o+, 4oy (13-1)
Auqik = [uqJC +uq7k—N/2]_ [”q,k—N +uq7k—3N/2] (13-2)
Au, p=u, ,—u, oy (13-3)
Auy o =luy o~y 1=l o~y oy] (13-4)

wherein 4Au, ; indicates the voltage fault component of any of the six electrical loops
at the compensation point q for sampling instant &, u, rindicates the voltage value of
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any of the six electrical loops at the compensation point q for sampling instant £, N
indicates the number of sampling instant, preferably being equal to the number of
sampling instant during the AC power system fundamental frequency cycle. In
particular case such as for the electrical loop of phase A to ground, subscript “q a” may
be used in replacement of “g 7 in equations (13-1) to (13-4), and symbol ““ Au, ”
changes to “ Au, 4 . For the phase B to ground, phase C to ground, phase A to phase
B, phase B to phase C, and phase C to phase A, “Aug » &7, “Aug c k7, “Aug ap 17, A
Ug bo k> <Ay ca ¥ would be used in the specific scenarios.

Similarly, current fault component of any of the six electrical loops at the compensation
point q for sampling instant £ can be computed from any of the equations (14-1) to (14-4) as
below. The six electrical loop includes phase A to ground, phase B to ground, phase C to
ground, phase A to phase B, phase B to phase C, and phase C to phase A.

Al =1, +i, 4y, (14-1)
AV [ ST Rl [NV o S (14-2)
Al =i, =1, (14-3)
Al =i, =1, o=l v =1, con] (14-4)

wherein A,  indicates the current fault component of any of the six electrical loops at the
compensation point ¢ for sampling instant £, i,  indicates the current value of any of the six
electrical loops at the compensation point ¢ for the sampling instant £, N indicates the
number of sampling instant, preferably being equal to the number of sampling instant during
the AC power system fundamental frequency cycle. In particular case such as for the
electrical loop of phase A to ground, subscript “g a” may be used in replacement of “g ”in
equations (14-1) to (14-4), and symbol “ A, i~ changes to “ Ai, , x”. For the phase B to
ground, phase C to ground, phase A to phase B, phase B to phase C, and phase C to phase
A, Ay p i, “Adg ek, CAdgan i, “Adg bk, “Aiq cax’ would be used in the specific
scenarios.

Embodiment [

Below are embodiments describing detection of fault direction of the transmission line by
using the computed instantancous voltage values of the three phases at compensated point g
on the transmission line for the series of time points #y 4 , 4q 5 &, Uy - » and the instantaneous
current values of the three phases on the transmission line for the series of time points 7, &,
bk, Ic k.

The sampling circuit 16 is adapted for sampling current values iq «, is &, ic ¥ and voltage
values u, , us 1, uc 1 of three phases at one end A of the transmission line 10 for a series of
time point.

In electrical engineering, an asymmetrical set of N phases can be expressed as a linear
combination of N symmetrical sets of phasors by means of a complex linear transformation
(sce Hadjsaid, Nouredine; Sabonnadiére, Jean-Claude (2013). Power Systems and
Restructuring, John Wiley & Sons. p. 244, ISBN 9781118599921). In the most common
case of three-phase systems, the resulting "symmetrical" components are referred to as direct
(or positive), inverse (or negative) and zero (or homopolar). As described above by referring
to equations (1) to (15), the computed instantancous voltage values of the three phases at
compensated point q uy o &, Ug b &, Ug o x may be computed based on the the voltage value
samples ua 1, Us &, Uc ik for the respective one of the series of time points. Therefore, for each
of the series of time points, the controller 17 may compute instantaneous symmetrical
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voltage component based on the voltage value samples u, &, #s #, uo & for the respective one
of the serics of time points. In this embodiment, for example, zero sequence voltage
component #, ¢ « 1s used for symmetrical voltage component, which may be calculated from
Uy 0 k= (Uq a itUg b 1t Uuq o £)/3. Besides, for each of the series of time points, compute
instantaneous symmetrical current components of the three phases based on the current value
samples i4 &, i» &, ic & for the respective one of the series of time points. In this embodiment,
for example, zero sequence current component iy is used for symmetrical current
component, which may be calculated from ip 4= i, stip stic 1.

The storage circuit 18 may record the computed instantaneous symmetrical voltage
components u, ¢ » and the computed instantaneous symmetrical current components g .

For at least two of the series of time points, the controller 17 may calculate energy directional
clements each based on the respective ones of the computed instantancous symmetrical
voltage components and the respective ones of the computed instantaneous symmetrical
current components. For example, the energy directional element may be represented by
integral of u, o © * ig rwith respect to the time interval of the series of time points, where k
indicates a time point of the series of time points. For the series of time points t1, t2, ... tn,
the instantancous symmetrical voltage components may be represented by w4 0 1, 14 0 2,
...Uq 0 n, an the instantancous symmetrical current components may be represented by ip 7,
Ig 2., 00 n.

In this embodiment, the energy directional element may be represented by the equation:

t .
SO - ftlk uq_o_k X lO_k dt (15)

Based on the outcome of the energy directional element, the controller 17 may identify the
fault direction in consideration of the calculated energy directional element. In this
embodiment, for example, a first predetermined S: value and a second predetermined value
S, are set. And, the first predetermined value is set as negative; and the second predetermined
value is set as positive.

The controller 17 may identify the fault direction as forward where the calculated energy
directional elements is less than the first predetermined value Si, and identify the fault
direction as reverse where the calculated energy directional elements is greater than the
second predetermined value S»:
So > S, Reverse
{SO < §; Forward

(16)

The absolute values of S;, and S> serve as threshold for prevention of false judgement. For
example, the absolute value of S; may be set at 0.1 times of a product of rated voltage and
rated current values of power transmission line, and S» may be set at 0.05 times of a product
of rated voltage and rated current values of power transmission line.

Otherwise, either of the first predetermined value and the second predetermined value may
be set to be zero.

Embodiment I1

Different from the embodiment I, in the embodiment II of present invention, the detection
of fault direction of the transmission line is performed by the sampling current values i, ¢,
i» &, ic & and voltage values uq , U &, U 1 Of three phases at one end A of the transmission
line 10 for a series of time point. Those samples may be provided by the sampling circuit 16.
For each of the series of time points, the controller 17 may compute instantaneous
symmetrical voltage components of the three phases ug & directly from the voltage value
samples u, 1, Us &, Uo & for the respective one of the series of time points. In this embodiment,
for example, zero sequence voltage component g is used for symmetrical voltage
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component, which may be calculated from g 4= (ia 1+ us i+ uc 1)/3. Besides, for each of the
series of time points, compute instantancous symmetrical current components of the three
phases based on the current value samples i, &, is , ic x for the respective one of the series of
time points. In this embodiment, for example, zero sequence current component ip  is used
for symmetrical current component, which may be calculated from ig s is xtip stic 1.

The storage circuit 18 may record the computed instantaneous symmetrical voltage
components #o » and the computed instantaneous symmetrical current components ig .

For at least two of the series of time points, the controller 17 may calculate energy directional
clements each based on the respective ones of the computed instantancous symmetrical
voltage components and the respective ones of the computed instantancous symmetrical
current components. For example, the energy directional element may be represented by
integral of ug r * ip  with respect to the time interval of the series of time points, where k
indicates a time point of the series of time points. For the series of time points t1, t2, ... ta,
the instantancous symmetrical voltage components may be represented by w4 0 1, 14 0 2,
...Uq 0 n, an the instantancous symmetrical current components may be represented by ip 7,
Ig 2., 00 n.

In this embodiment, the energy directional element may be represented by the equation:

t .
Sy = ftl" Ug g X Do g dt (17)

Based on the outcome of the energy directional element, the controller 17 may identify the
fault direction in consideration of the calculated energy directional element. In this
embodiment, for example, a first predetermined S; value and a second predetermined value
S> are set. And, the first predetermined value is set as negative; and the second predetermined
value is set as positive.

The controller 17 may identify the fault direction as forward where the calculated energy
directional elements is less than the first predetermined value Si, and identify the fault
direction as reverse where the calculated energy directional elements is greater than the
second predetermined value Sa:

{SO > S, Reverse 18
Sy < S; Forward (18)

The absolute values of Si, and Sz serve as threshold for prevention of false judgement. For
example, the absolute values of Si, and S> serve as threshold for prevention of false
judgement. For example, the absolute value of S; may be set at 0.1 times of a product of
rated voltage and rated current values of power transmission line, and S» may be set at 0.05
times of a product of rated voltage and rated current values of power transmission line.

Otherwise, either of the first predetermined value and the second predetermined value may
be set to be zero

Figure 6 shows simulation results of the energy directional element under forward fault
condition and reverse fault condition according to an embodiment of present invention. The
graph of figure 6 includes an x-axis indicative of time and a y-axis illustrating the energy
directional element at cach of the series of time points. For example, in this embodiment, the
series of time points on the x-axis are represented in terms of the sampling time point starting
from 0 to 500, where there are 500 sampling time points. The time interval for the integral
of the energy directional element, for example, may be selected as covering consecutive 20
sampling time points starting from 20 sampling time points current sampling time point and
ending at the current sampling current.

In a situation where a forward fault occurs at the sampling point of 300, as shown in figure
6, before that the energy directional element keeps substantially constant at the first
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predetermined value Si1. While, from the timing the forward fault occurring, the graph of the
energy directional element oscillates below the first predetermined value Si.

In a situation where a reverse fault occurs at the sampling point of 300, as shown in figure
6, before that the energy directional element keeps substantially constant at the second
predetermined value S2. While, from the timing the reverse fault occurring, the graph of the
energy directional element oscillates above the second predetermined value S».

The simulation results show the graph of the energy directional element exhibits distinctive
characteristics either for forward or reverse fault.

In consideration of such different locations of the energy directional elements with respect
to the first and second predetermined values in case of a forward fault and a reverse fault, by
on-line calculating the energy directional element at each sampling time point, the fault
direction information may be identified accurately.

Though the present invention has been described on the basis of some preferred
embodiments, those skilled in the art should appreciate that those embodiments should by
no way limit the scope of the present invention. Without departing from the spirit and
concept of the present invention, any variations and modifications to the embodiments
should be within the apprehension of those with ordinary knowledge and skills in the art,
and therefore fall in the scope of the present invention which is defined by the accompanied
claims.
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CLAIMS

1. A method for detecting fault direction of transmission line of an AC power system,
including:

sampling current values and voltage values of three phases at one end ofthe transmission
line for a series of time points;

for cach of the series of time points, computing instantancous symmetrical voltage
components of the three phases based on the voltage value samples for the respective
one of the series of time points;

for each of the series of time points, computing instantancous symmetrical current
components of the three phases based on the current value samples for the respective one
of the series of time points;

for at least two of the series of time points, calculating energy directional elements each
based on the respective ones of the computed instantancous symmetrical voltage
components and the respective ones of the computed instantaneous symmetrical current
components;

identifying the fault direction in consideration of the calculated energy directional
clements; and

generating a fault direction signal indicating the identified fault direction.
2. The method according to claim 1, further including:

computing instantaneous voltage values of the three phases at compensated point on the
transmission line from the current value samples and the voltage value samples based on
a time domain lumped parameter differential equation for the transmission line for the
series of time points; and

the computation of the instantancous symmetrical voltage components is based on the
computed instantancous voltage values for the respective one of the series of time points.

3. The method according to claim 1 or 2, wherein:

the fault direction is identified as forward where the calculated energy directional
clements is less than a first predetermined value; and

the fault direction is identified as reverse where the calculated energy directional
clements is greater than a second predetermined value.

4. The method according to claim 3, wherein:

either of the first predetermined value and the second predetermined value equals to
Zer10.

5. The method according to claim 3,wherein:
the first predetermined value is set as negative; and
the second predetermined value is set as positive.
6. The method according to any of the preceding claims, wherein:

the symmetrical voltage components refer to zero sequence voltage components of the
three phases of the AC power system; and
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the symmetrical current components refer to zero sequence current components of the
three phases of the AC power system.

7. The method according to any of the preceding claims, wherein:

the symmetrical voltage components refer to negative sequence voltage components of
the three phases of the AC power system; and

the symmetrical current components refer to negative sequence current components of
the three phases of the AC power system.

8. A control system for detecting fault direction of transmission line of an AC power
system, including;
a sampling circuit, being configured to sample current values and voltage values of three
phases at one end of the transmission line for a series of time points;
a controller, being configured to:

for each of the series of time points, compute instantancous symmetrical voltage
components of the three phases based on the voltage value samples for the respective
one of the series of time points;

for each of the series of time points, compute instantancous symmetrical current
components of the three phases based on the current value samples for the respective
one of the series of time points;

a storage circuit, being configured to record the computed instantancous symmetrical
voltage components and the computed instantancous symmetrical current components;

wherein:
the controller is further configured to:

for at least two of the series of time points, calculate energy directional elements each
based on the respective ones of the computed instantancous symmetrical voltage
components and the respective ones of the computed instantancous symmetrical
current components;

identify the fault direction in consideration of the calculated energy directional
elements; and

generate a fault direction signal indicating the identified fault direction.
9. The control system according to claim 8, wherein:
the controller is further configured to:

compute instantaneous voltage values of the three phases at compensated point on
the transmission line from the current value samples and the voltage value samples
based on a time domain lumped parameter differential equation for the transmission
line for the series of time points; and

the computation of the instantancous symmetrical voltage components is based on
the computed instantaneous voltage values for the respective one of the series of time
points.

10. The control system according to claim 8 or 9, wherein:

the fault direction is identified as forward where the calculated energy directional
clements is less than a first predetermined value; and
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the fault direction is identified as reverse where the calculated energy directional
clements is greater than a second predetermined value.

11. The control system according to claim 10, wherein:

either of the first predetermined value and the second predetermined value equals to
Zer10.

12. The control system according to claim 10,wherein:
the first predetermined value is set as negative; and
the second predetermined value is set as positive.
13. The control system according to any of claims 8 to 12, wherein:

the symmetrical voltage components refer to zero sequence voltage components of the
three phases of the AC power system; and

the symmetrical current components refer to zero sequence current components of the
three phases of the AC power system.

14. The control system according to any of claims 8 to 13, wherein:

the symmetrical voltage components refer to negative sequence voltage components of
the three phases of the AC power system; and

the symmetrical current components refer to negative sequence current components of
the three phases of the AC power system.
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