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FAULT LOCATION SYSTEM AND METHOD FOR DISTRIBUTION NETWORK

ABSTRACT

A fault location system for a distribution network is disclosed. The fault location
system includes at least one sensor and a fault location evaluation apparatus. The at least
one sensor is located on the distribution network, for sensing current and dividing the
distribution network into at least two regions. The fault location evaluation apparatus
includes a fault region determination unit for determining which one of the at least two
regions is a fault region where a fault occurs therein by calculating the sensed current

from the at least one sensor.



CA 02858701 2014-08-07

270672

FAULT LOCATION SYSTEM AND METHOD FOR DISTRIBUTION NETWORK

BACKGROUND

[0001] Embodiments of the invention relate generally to systems and methods for
locating faults in electrical power systems, and in particular, to a system and a method for

determining fault locations in a distribution network.

[0002] Accurate fault location is an essential technology that enables utility
companies in maintaining service reliability to reduce system average interruption
duration index (SAIDI). When a fault such as, for example, a short-circuit fault, occurs,
immediate actions have to be taken to reduce the impacted areas. However, in a
distribution network, one major challenge is that the distribution network has a large
number of distribution line laterals/branches and distributed loads. In such a scenario, the
application of traditional fault location methods, such as impedance based methods,
cannot achieve a similar accuracy for the distribution network as for the transmission

network.

[0003] Therefore, it is desirable to provide systems and methods to address the

above-mentioned problems.
BRIEF DESCRIPTION

[0004] In accordance with one embodiment disclosed herein, a fault location
system for a distribution network is provided. The fault location system includes at least
one sensor and a fault location evaluation apparatus. The at least one sensor is located on
the distribution network, for sensing current and dividing the distribution network into at
least two regions. The fault location evaluation apparatus includes a fault region
determination unit for determining which one of the at least two regions is a fault region

where a fault occurs therein by calculating the sensed current from the at Ieast one sensor.
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[0005] In accordance with another embodiment disclosed herein, a fault location
system for a distribution network is provided. The fault location system includes at least
one sensor and a fault location evaluation apparatus including a line section selecting unit,
a line section classification unit, a fault location parameter calculation unit, and a fault
location candidate record unit. The at least one sensor is located on the distribution
network, for sensing current and voltage. The line section selecting unit is for selecting
line sections one by one in the distribution network. The line section classification unit is
for classifying each of the selected line sections into a corresponding equivalent fault
model. The fault location parameter calculation unit is for calculating a fault distance ‘D’
and a fault resistance ‘R’ of an assumed fault point of each of the selected line sections
based on the corresponding equivalent fault model. The fault location candidate record
unit is for recording the assumed fault points as fault location candidates if Re>0 and

0<D< Dr, wherein ‘Dr’ is the total length of the corresponding line section.

[0000] In accordance with yet another embodiment disclosed herein, a fault
location method for a distribution network is provided. The fault location method
includes sensing current on at least one position of the distribution network; dividing the
distribution network into at least two regions based on the at least one position; and
determining which one of the at least two regions is a fault region where a fault occurs

therein by calculating the sensed current on the at least one position.
DRAWINGS

[0007] These and other features, aspects, and advantages of the present disclosure
will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0008] FIG. 1 is a schematic diagram of a distribution network in accordance with

an exemplary embodiment of the present disclosure.
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[0009] FIG. 2 is a block diagram of a fault location system of the distribution
network of FIG. 1, in accordance with an exemplary embodiment of the present

disclosure.

[0010] FIG. 3 is a schematic diagram of showing a fault region of the distribution
network of FIG. 1.

[0011] FIG. 4 is a block diagram of a fault location evaluation apparatus of the fault
location system of FIG. 2, in accordance with an exemplary embodiment of the present

disclosure.

[0012] FIG. 5 is a flowchart of a fault location method of the distribution network

of FIG. 1, in accordance with an exemplary embodiment of the present disclosure.

[0013] FIG. 6 is a schematic diagram of showing three PPFPs in the fault region of
FIG. 3.

[0014] FIGs. 7-14 are equivalent diagrams of eight equivalent fault models.

[0015] FIG. 15 is a schematic diagram of showing a line section of the fault region

of the distribution network of FIG. 6.

[0016] FIG. 16 is a schematic diagram of showing a classification process of

classifying a line section into a corresponding equivalent fault model.

[0017] FIG. 17 is a schematic diagram of showing two fault location candidates of

the fault region of the distribution network of FIG. 6.

[0018] FIG. 18 is a simulation diagram of showing distance accuracy of the fault

location system of FIG. 2 under four different fault resistances.
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DETAILED DESCRIPTION
[0019] Embodiments disclosed herein relate generally to a fault location system and

a fault location method having fault location candidate evaluation functions to evaluate
fault possibilities in each line section, which can reduce the possible fault locations to
only a few fault location candidates in the distribution network. Thus, the operators can
easily determine the actual fault location from the few fault location candidates, or can
maintain the distribution network just based on the few fault location candidates. This
fault location system and fault location method may increase the efficiency on detecting

fault points in a distribution network or other similar power networks.

[0020] The term “possible power flow path (PPFP)” as used herein refers to a
possible path through which the current may flow from an upstream sensor to the end of a
lateral or a downstream sensor in a fault region of a distribution network. The sensor in
one embodiment comprises a current-voltage sensor used to sense current and voltage
where the sensor located. The term “line section” is defined as a section between two
adjacent nodes in a PPFP. The nodes in a PPFP are based on network structure. For
example, the nodes may represent some apparatuses or electrical elements designed in the
PPFP, such as substations, transformers, resistor elements, capacitor elements, transistor
elements, or something else. Each PPFP may include several line sections depending on
the number of the predetermined nodes. The number of the line sections is determined

based on network structure as well.

[0021] One or more specific embodiments of the present disclosure will be
described below. In an effort to provide a concise description of these embodiments, not
all features of an actual implementation are described in the specification. It should be
appreciated that in the development of any such actual implementation, as in any
engineering or design project, numerous implementation-specific decisions must be made
to achieve the developers® specific goals, such as compliance with system-related and
business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be complex and

4
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time consuming, but would nevertheless be a routine undertaking of design, fabrication,

and manufacture for those of ordinary skill having the benefit of this disclosure.

[0022] Unless defined otherwise, technical and scientific terms used herein have the
same meaning as is commonly understood by one of ordinary skill in the art to which this
disclosure belongs. The terms “first”, “second”, and the like, as used herein do not
denote any order, quantity, or importance, but rather are used to distinguish one element
from another. Also, the terms “a” and “an™ do not denote a limitation of quantity, but
rather denote the presence of at least one of the referenced items. The term “or” is meant
to be inclusive and mean either or all of the listed items. The use of “including,”
“comprising” or “having” and variations thereof herein are meant to encompass the items
listed thereafter and equivalents thereof as well as additional items. The terms
“connected” and “coupled” are not restricted to physical or mechanical connections or
couplings, and can include electrical connections or couplings, whether direct or indirect.
Furthermore, the terms “circuit” and “circuitry” and “controller” may include either a
single component or a plurality of components, which are either active and/or passive and
may be optionally be connected or otherwise coupled together to provide the described

function.

[0023] FIG. 1 illustrates a schematic diagram of a distribution network 10 in
accordance with an exemplary embodiment of the present disclosure. For ease of
illustration, the detailed configurations of the distribution network 10 are not shown in
FIG. 1. The distribution network 10 may be used in urban power grids and rural power

grids, as well as other types of power systems.

[0024] In the illustrated embodiment of FIG. 1, the distribution network 10 may

include a main stream (nodes 800, 802, 806, 808, 812, 814, 850, 816, 824, 828, 830, 854,

852, 832, 858, 834, 860, 836, 840), and several laterals (such as a lateral from node 808

to node 810, a lateral of nodes 816, 818, 820, 822, a lateral from node 824 to node 826, a

lateral from node 854 to 856, a lateral of nodes 832, 888, 890, a lateral from node 858 to

node 864, a lateral of nodes 834, 842, 844, 846, 848, and a lateral of nodes 836, 862, and
5
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838). Referring to FIG. 1 and FIG. 2 together, the distribution network 10 further
includes a fault location system 18 having two current-voltage sensors 11, 12, and a fault
location evaluation apparatus 19. The fault location evaluation apparatus 19 can be any
types of data processing apparatus, such as a computer, a micro control unit (MCU), a
digital signal processor (DSP), or any other appropriate controller or programmable
device, etc. The fault location evaluation apparatus 19 may comprise an individual
apparatus arranged in an appropriate position of the distribution network 10 or may
comprise a calculation unit embedded in a related control apparatus of the distribution

network 10, for example.

[0025] In this illustrated embodiment of FIG. 1, the current-voltage sensor 11 is
installed on the node 812 of the main stream, and the current-voltage sensor 12 is
installed on the node 830 of the main stream as an example. In other embodiments, the
sensors 11 and 12 can be installed in any appropriate positions on the distribution
network 10. For example, the sensor 11 may be installed between the node 812 and the
node 814 and the sensor 12 may be installed between the node 828 and the node 830.
The number and positions of the current-voltage sensors can be adjusted according to

needs for sensing current and voltage flowing through the distribution network.

[0026] The distribution network 10 can thus be divided into several regions by the
current-voltage sensors. For example, the distribution network 10 in FIG. 1 is divided
into three regions by the two current-voltage sensors 11 and 12. Namely, one region is
from node 800 to the current-voltage sensor 11 (node 812), one region is from the
current-voltage sensor 11 to the current-voltage sensor 12 (node 830), and one region is
from the current-voltage sensor 12 to node 840. In some embodiments, the distribution
network 10 is evenly divided into several regions so that each divided region has the
same or a similar length between two terminals. In other embodiments, the distribution
network 10 may not be divided into several regions evenly. As mentioned above, the
number of the sensors can be changed. For other examples, if the number of the sensors

is only one, the distribution network 10 is divided into two regions accordingly. If the

Date Regue/Date Received 2020-12-22
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number of the sensors is more than two, the distribution network 10 is divided into more

than three regions accordingly.

[0027] Referring to FIG. 2, the fault location evaluation apparatus 19 includes a
fault region determination unit 191 used to determine which region is a fault region when
a fault occurs therein. The current-voltage sensors 11 and 12 are used to sense current
and voltage where they located. The fault location evaluation apparatus 19 calculates the
amplitudes of the currents sensed from all current-voltage sensors 11 and 12, to

determine the fault region according to the sensed currents based on electrical theory.

[0028] Referring to FIG. 3, for example, assuming a fault occurs at a fault point 819
in the region 13 between the current-voltage sensor 11 and the current-voltage sensor 12,
the current flowing through at the current-voltage sensor 11 will significantly increase
after the fault occurs, and the current flowing through at the current-voltage sensor 12
will significant decrease after the fault occurs. It is understood that, considering the
sudden change of currents at both nodes 812 and 830, the fault region can be identified
according to electrical theory and network topology analysis. In another example, if the
current flowing through the current-voltage sensor 11 and the current flowing through the
current-voltage sensor 12 both significantly decrease after a fault occurs, that means the
fault occurs at the region between node 800 and node 812. In some situations, operators
can deal with the fault problem based on the determined fault region. In other situations,
after the fault region 13 is determined, some fault location candidates in the
corresponding line sections of the fault region 13 are further determined by the fault
location evaluation apparatus 19 as discussed below. For another example, if the number
of the sensors is only one and the sensor divides the distribution network 10 into a front
region and a back region, when the current flowing through the sensor significantly
decreases after a fault occurs, that means the fault occurs at the front region, and when
the current flowing through the sensor significantly increases after a fault occurs, that

means the fault occurs at the back region.



CA 02858701 2014-08-07

270672

[0029] Referring to FIG. 4, for determining fault location candidates, the fault
location evaluation apparatus 19 further includes a PPFP selecting unit 192, a line section
selecting unit 193, a line section classification unit 194, a fault location parameter
calculation unit 195, a fault location candidate record unit 196, a line section completion
determination unit 197, a PPFP completion determination unit 198, and a fault location
candidates achieving unit 199. In one embodiment, the above units 191-199 of the fault
location evaluation apparatus 19 may be situated in discrete units and/or algorithms. In
other embodiments, two or more of these units of the fault location evaluation apparatus

19 may be integrated together in a common unit and/or algorithm.

[0030] Referring to FIG. 5, a flowchart of a fault location method 20 of the
distribution network 10 of FIG. 1, in accordance with an exemplary embodiment of the
present disclosure is shown. In this illustrated embodiment of FIG. 5, the fault location
mcthod 20 includes nine steps 21-29 respectively performed by the units 191-199 of the

fault location evaluation apparatus 19.

[0031] In step 21, a fault region 13 is determined in the distribution network 10
based on outputs from the current-voltage sensors 11 and 12 mentioned above. After the
fault region 13 is determined, all PPFPs in the fault region 13 will be determined
accordingly. For example, referring to FIG. 6, there are three PPFPs 14, 15, and 16
determined in the fault region 13. Namely, a first PPFP 14 is from the node 812 to the
node 822, a second PPFP 15 is from the node 812 to the node 826, and a third PPFP 16 is
from the node 812 to the node 830. Furthermore, each PPFP may include several line
sections as shown. For example, the first PPFP 14 includes six line sections, namely a
first line section is from the node 812 to the node 814, a second line section is from the
node 814 to the node 850, a third line section is from the node 850 to the node 816, a
fourth line section is from the node 816 to the node 818, a fifth line section is from the

node 818 to the node 820, and a sixth line section is from the node 820 to the node 822.

[0032] Based on electrical theory, wherever the location of the actual fault point is
located, the line section having the fault point can be classified into a corresponding

8
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equivalent fault model for ease of calculation. Eight possible equivalent fault models 61
to 68 are shown in FIGs. 7-14 as an example. A first equivalent fault model 61 represents
a fault point ‘F’ located in a PPFP which has only one current-voltage sensor and has no
lateral in the fault region. A second equivalent fault model 62 represents a fault point ‘F’
located in a PPFP which has two current-voltage sensors and has no lateral in the fault
region. A third equivalent fault model 63 represents a fault point ‘F’ located in a PPFP
which has only one current-voltage sensor and has a lateral at upstream of the fault point
‘F’ in the fault region. A fourth equivalent fault model 64 represents a fault point ‘F’
located in a PPFP which has two current-voltage sensors and has a lateral at upstream of
the fault point ‘F’ in the fault region. A fifth equivalent fault model 65 represents a fault
point ‘F* located in a PPFP which has only one current-voltage sensor and has a lateral at
downstream of the fault point ‘F* in the fault region. A sixth equivalent fault model 66
represents a fault point ‘F’ located in a PPFP which has two current-voltage sensors and
has a lateral at downstream of the fault point ‘F’ in the fault region. A seventh equivalent
fault model 67 represents a fault point ‘F* located in a PPFP which has only one current-
voltage sensor and has laterals at upstream and downstream of the fault point ‘F’ in the
fault region. An eighth equivalent fault model 68 represents a fault point ‘F* located in a
PPFP which has two current-voltage sensors and has laterals at upstream and downstream

of the fault point ‘F” in the fault region.

[0033] In other embodiments, the possible equivalent fault models may be changed
based on other appropriate model algorithms. For example, the possible equivalent fault
models may include only two categories: a fault point between two or more sensors (with
one upstream sensor and one or more downstream sensors), and a fault point with only

one upstream sensor for example.

[0034] For ease of explanation, in FIGs. 7-14, ‘L’ denotes a left point where a
current-voltage sensor is located. ‘R’ denotes a right point where another current-voltage
sensor may be located. ‘F’ is a fault point where a fault occurs. “VL’ denotes the voltage

at the point ‘L’. ‘I’ denotes the current flowing from the left point ‘L’. ‘D’ denotes a
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fault distance from a beginning node of the line section to the fault point ‘F’. ‘Dr’
denotes a total line length of the line section. ‘Z’ denotes a line impedance of unit
length. Thus, ‘DxZL’ denotes the line impedance from the beginning node of the line
section to the fault point ‘F>. ‘Rf’ denotes a fault resistance of the fault point ‘F’ to
ground. ‘IR’ denotes the current value flowing from the right point ‘R’. ‘Zg’ denotes an
equivalent resistance of the right point ‘R’ to ground. ‘M’ denotes one terminal of the
line section. ‘H’ denotes another terminal of the line section. ‘Ziv’ denotes a line
impedance between the left point ‘L’ and the point ‘M’. ‘Zmgr’ denotes a line impedance
between the right point ‘R’ and the point ‘M’. ‘Im’ denotes the current value flowing
from the point ‘M’. ‘Zicad” and ‘Zicad_m’ each denotes an equivalent resistance of the
point ‘M’ to ground. ‘Ziy’ denotes a line impedance between the left point “L’ and the
point ‘H’. ‘Iu’ denotes the current value flowing from the point ‘H’. ‘Ziad n” denotes an

equivalent resistance of the point ‘H’ to ground.

[0035] In step 22, a PPFP in the fault region 13 is sclected. For example, FIG. 15 is
an embodiment where the first PPFP 14 is selected first. In other embodiments, the
second PPFP 15 or the third PPFP 16 may be selected first according to different

programing designs.

[0036] In step 23, a line section in the selected PPFP 14 is selected. For example,
FIG. 15 shows that a line section 141 between the node 816 and the node 818 is selected
first. In other embodiments, any one of the other line sections, such as the line section
between the node 850 and the node 816, may be selected first according to different

programing designs.

[0037] In step 24, the selected line section 141 is classified into a corresponding
one of the predetermined equivalent fault models 61-68. Referring to FIG. 16, assuming
there is a fault point 817 located in the line section 141, the selected line section 141 (also
the assumed fault point 817) can be classified into the third equivalent fault model 63 due
to the assumed fault point 817 is located in the first PPFP 14 which has only one current-
voltage sensor 11 and has a lateral (the lateral from node 816 to 824) at upstream of the

10
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fault point ‘F’ in the fault region 13. In the third equivalent fault model 63 corresponding
to the selected line section 141, the point ‘L’ denotes the sensor 11, the point ‘M’ denotes
the beginning node 816 of the line section 141, the point ‘F’ denotes the assumed fault
point 817, ‘R¢’ denotes a fault resistance of the fault point ‘F* to ground, the point ‘R’
denotes the other node 818 of the line section 141, ‘Zim’ denotes a line impedance
between the point ‘L’ and the point ‘M’, ‘Zicad® denotes an equivalent resistance of the
point ‘M’ to ground, ‘Zg’ denotes an equivalent resistance of the point ‘R’ to ground, ‘D’
denotes a fault distance from the beginning node 816 to the fault point 817 of the line
section 141. ‘Dr’ denotes a total line length of the line section 141, ‘Zy’ denotes a line
impedance of unit length. In other situations, when the assumed fault point is located in
any other line section, the assumed fault point can be classified into a corresponding

equivalent fault model according to similar methods, thus not described.

[0038] In step 25, after the corresponding equivalent fault model is determined for
the selected line section, the corresponding fault distance ‘D’ and fault resistance ‘Rg’ are
calculated based on the equivalent fault model and electrical theory. For example, when
the selected line section 141 is the PPFP 14 shown in FIG. 16, the corresponding
equivalent fault model is the third equivalent fault model 63 as mentioned above.

According to the Ohm’s law equation, there are two equations:
Vm = VL= Zmly, ---- (1)
Im = IL— (V1.~ ZimIL)/ Zioad - (2)

With the assumption that the fault is resistive, the equations (1) and (2) can be reduced to
a quadratic equation with respect to the fault distance ‘D, and therefore the fault distance

‘D’ and the corresponding fault resistance ‘Re’ can be solved as:
D = [-b + V(b?— 4ac)]/2a ---- (3)

Rr = (VM— DxZixIm)[(D1~ D)xZL + Zg)/[Imx(D1xZ1. + Zg) — VMm] ---- (4)

11
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Where,
a = Im[Z*Lx(Dr<ZL + Zg — VMm/Im)*] - (5)
b = Im[-ZLx(Dr*Ze + Zs + Vw/IM)X(D1¥Z1 + Zg — Vm/Im)*] ---- (6)
¢ = Im[(VM/IM)x(D1xZL + Zg)*(D1xZ1 + Zg — VM/IM)*] ---- (7)

where, ‘Im[...]" denotes the imaginary part of a complex number, and ‘** denotes the
complex conjugate. Two solutions of ‘D’ (and thus ‘R¢’) are given in equation (2). But,
the negative one of the two solutions of ‘D’ and the corresponding ‘Ry’ is discarded. The
voltage and current Vi’ and ‘I’ are sensed by the sensor 11, the other parameters ‘Dr’,
“Zim’, *Zg’, ‘Zioad’ are determined in advance. It is understood that, other equivalent
fault models 61, 62, 64-68 also can be used to calculate the corresponding fault distance
‘D’ and fault resistance ‘R¢’ based on Ohm’s law equation, and thus these are not

described.

[0039] In step 26, after the fault distance ‘D’ and fault resistance ‘Rg’ are calculated,
it is determined whether the fault distance ‘D’ is equal to or greater than zero and equal to
or less than the total line length ‘D1’ of the linc section 141 and whether the fault
resistance ‘R’ is equal to or greater than zero. If the calculated fault distance ‘D’ and
fault resistance ‘Rr” meet above two conditions, the assumed fault point 817 is recorded

as a fault location candidate.

[0040] In step 27, the line section completion determination unit 197 determines
whether all line sections are calculated in the corresponding PPFP. If yes, the process
goes to step 28, if no, the process goes back to step 23 until all line sections in the PPFP

are calculated.

[0041] In step 28, the PPFP completion determination unit 198 determines whether
all PPFPs are calculated in the fault region 13. If yes, the process goes to step 29, if no,
the process goes back to step 22 until all PPFPs in the fault region 13 are calculated.

12
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[0042] If step 29, after all line sections in all PPFPs are calculated, all fault location
candidates are determined accordingly. For example, in the embodiment of FIG. 17, after
all line sections in all PPFPs are calculated, two fault location candidates 817 and 825 are
determined to meet the above two conditions of the fault distance ‘D’ and fault resistance
‘Rr’. The fault location candidate 817 is located in a line section 141, and the fault

location candidate 825 is located in a line section 151 in this example.

[0043] After above selecting process, in most cases it is expected that either one or
a small number of the large number of line sections in the distribution network 10 will be
reported as fault location candidates. In some statuses, the operator can perform some
recovery operations to deal with the fault problem based on the few fault candidate
locations. In some situations, the operators can quickly recover the fault problem due to
they only need to check a few fault candidate locations, sometime only need to check one
fault candidate location. Therefore, the recovery process based on only a few fault
candidate locations is more simplified and more efficient than conventional recovery
process based on a large number of fault candidate locations. For example, in a
conventional recovery process, when a fault occurs, the operators may need to turn off
the power first and then rely on manual line check to a large number of line sections one
by one until they find the actual fault location on a corresponding line section. The
conventional recovery process may need to take extensive labor cost and long
examination time. However, by using the fault location system 18 of this invention, one
or a small number of fault location candidates can be automatically determined which can

help the operators to do the recovery process very fast with high accuracy.

(0044] In some embodiments, the steps 22 and 28 may be omitted, and the selected
line sections in the fault region are calculated one by one based on corresponding
equivalent fault models and the whole topology configuration of the fault region. In
some embodiments, only one step 21 is enough to narrow possible positions of the fault
position. For example, when the distribution network 10 is quite short and many current

sensors are arranged on different nodes of the distribution network 10, each divided

13



CA 02858701 2014-08-07

270672

region is quite small, which is enough to deal with the fault problem after the fault region

is determined by calculating the sensed currents from the current sensors.

[0045] In some conditions, some line sections may belong to two or more PPEPs,
For example, the line section from node 816 to node 824 belongs to the three PPFPs 14,
15, and 16 shown in FIG. 6. In practice, if a fault occurs in such a line section, the fault
distances ‘D’ computed through multiple PPFPs are very close. Therefore, we may either
calculate fault distances ‘D’ from all the related PPFPs, and then calculate the average
value as the final fault distance ‘D’ in this line section, or we may select any one of these
related PPFPs and calculate the fault distance as the final value. The selection of either

approach depends on the calculation burden and time requirements, for example.

[0046] Referring to FIG. 18, a simulation diagram showing fault location accuracy
of the fault location system 18 is shown. In FIG. 18, the fault distance is the distance
between the original point and the fault point of the distribution network 10. This
simulation diagram shows four different fault resistances conditions, which includes
Rp=00hm, Rg=100hm, Rr=300hm, Rr=500hm. When Rr=00hm, the fault location
accuracy is very high which falls in about 5-100m. Further, even when Rg=500hm, the
fault location accuracy is also in a high level which falls in about 60-520m. Those

simulated fault location accuracy all satisfy accuracy requirements.

[0047] While the invention has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing from
the scope of the invention. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the invention without departing from
the essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within the scope of

the appended claims.

14
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WHAT IS CLAIMED IS:

1. A fault location system for a distribution network, the fault location
system comprising:
at least one sensor located on the distribution network, for sensing current and
voltage; and
a fault location evaluation apparatus comprising:
a possible power flow path (PPFP) selecting unit for selecting PPFPs one
by one in the distribution network;
a line section selecting unit for selecting line sections one by one in each
of the selected PPFPs;
a line section classification unit for classifying each of the selected line
sections into a corresponding equivalent fault model based on the selected PPFP;
a fault location parameter calculation unit for calculating a fault distance
‘D’ and a fault resistance ‘Rr’ of an assumed fault point of each of the selected line sections
based on the corresponding equivalent fault model;
a fault location candidate record unit for recording the assumed fault
points as fault location candidates if Rre>0 and 0<D< Dr, wherein ‘D7’ is the total length

of the corresponding line section.

2. The fault location system of claim 1, wherein the fault distance ‘D’ is an
average value of at least two calculated fault distances ‘D’ if the corresponding line section

belongs to at least two PPFPs.

3. The fault location system of claim 1, wherein the equivalent fault model
comprises at least one sensor point, a fault point, a fault resistance, and line impedances

corresponding to different line sections.

4. The fault location system of claim 3, wherein the fault distance ‘D’ and

the fault resistance ‘Ry’ are calculated based on an Ohm’s law equation, the sensed current
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and voltage from the at least one sensor, and predetermined parameters in the

corresponding equivalent fault model.

5. The fault location system of claim 1, wherein the at least one sensor is
installed at a position on the distribution network so as to divide the distribution network

into at least two regions.

6. A fault location method for a distribution network, the fault location
method comprising:

sensing current and voltage on at least one position of the distribution network
using at least one sensor;

selecting possible current power flow paths (PPFPs) one by one in the
distribution network;

selecting line selections one by one in each of the selected PPFPs;

classifying each of the selected line sections into a corresponding equivalent
fault model based on the selected PPFP;

calculating a fault distance ‘D" and a fault resistance 'Rr’ of an assumed fault
point of each of the selected line sections based on the corresponding equivalent fault
model; and

recording the assumed fault points as fault location candidates if Rr-0 and

0<D<Dr, wherein ‘D7’ is the total length of the corresponding line section.

7. The fault location method of claim 6, wherein the fault distance ‘D’ is an
average value of at least two calculated fault distances ‘D’ if the corresponding line section

belongs to at least two PPFPs.

8. The fault location method of claim 6, wherein the equivalent fault model
comprises at least one sensor point, a fault point, a fault resistance, and line impedances

corresponding to different line sections.

16
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9. The fault location method of claim 8, wherein the fault distance ‘D’ and
the fault resistance ‘Rr’ are calculated based on an Ohm’s law equation, the sensed current

and voltage, and predetermined parameters in the corresponding equivalent fault model.

10.  The fault location method of claim 6, wherein the at least one sensor is
installed at a position on the distribution network so as to divide the distribution network

into at least two regions.
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