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(57) ABSTRACT

Method for locating a fault point (F) on a high-voltage
three-phase AC cable with single point connection system.
The method includes the following steps: (a) determining
the conductor (R, S, T) in fault based on previously mea-
sured conductor currents (I, I, Iy, Iz, Iy, I5). In the
event the cable includes more than one section (P, P,),
determining section (P,, P,) in fault based on previously
measured shield currents (Isz;s Losrs Iszis Lsgas Lssos Lszm)-
The fault point (F) being located by means of a model of
section (P;, P,) in fault of the earth continuity conductor
(ECC), the only unknown being the distance (x) to the fault
point (F) from an end of said section (P, P,) in fault.
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METHOD FOR LOCATING A FAULT POINT
ON A HIGH-VOLTAGE THREE-PHASE AC
CABLE, AND SYSTEM FOR LOCATING A

FAULT POINT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application relates to and claims the benefit
and priority to European Application No. EP223822331.1,
filed Apr. 6, 2022.

TECHNICAL FIELD

[0002] The present invention relates to a method for
locating a fault point on a high-voltage three-phase AC cable
and to a system for locating a fault point.

BACKGROUND

[0003] Methods for detecting a fault on high-voltage
three-phase AC cables, i.e., that a short circuit has occurred
between a conductor and a shield of said cable, are known.
[0004] Methods which, in addition to detecting a fault,
locate the point where said fault has occurred, are also
known.

[0005] For example, U.S. Publication No.
20210072302A1 relates to a method for locating a fault
point on a high-voltage cable based on providing at least two
current measuring apparatuses arranged at the cable at a
given distance and having timers synchronized with one
another, and a measuring device for detecting an electric
current flowing in the shield and/or an earthing line con-
necting the shield and earth. The measuring apparatus trans-
mits pairs of current measurement values and associated
values of the timer to an analysis unit which, upon the
occurrence of a current exceeding a threshold value and/or
of a current profile over time that satisfies specific stipula-
tions, feeds to a calculation unit the associated values of the
timers and also an indication about the location of the
measurement, for which first effects of the short circuit
occurred. The calculation unit calculates the location of the
fault from the known distance between the measuring appa-
ratuses and a difference between the values of the synchro-
nized timers.

SUMMARY

[0006] An object of the invention is to provide a method
for locating a fault point on a high-voltage three-phase AC
cable, and a system for locating a fault point on a high-
voltage three-phase AC cable.

[0007] A first aspect of the invention relates to a method
for locating a fault point on a high-voltage three-phase AC
cable.

[0008] The cable in which the method of the invention is
applied comprises a first end, a second end, and at least one
section extending between said ends, the cable comprising a
conductor and a respective shield per phase. The cable
comprises a single point connection system, i.e., the shields
are connected to a surge arrester device grounded at one end
of said at least one section, and the shields are connected to
a grounding element at the other end of said at least one
section. The cable comprises an earth continuity conductor
establishing a common ground connecting the ground con-
nections of the grounding element(s) and the surge arrester
device(s).
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[0009] The method comprises the following steps:

[0010] measuring the conductor current circulating
through each conductor both at the first end and at the
second end of the cable,

[0011] measuring the shield current circulating through
each shield in each section at a point close to the
grounding element,

[0012] measuring the earth continuity conductor current
circulating through each section at a point close to the
grounding element,

[0013] determining the conductor in fault based on the
previously measured conductor currents,

[0014] in the event that the cable comprises more than
one section, determining the section in fault based on
the previously measured shield currents, and

[0015] locating the fault point by means of a model, also
referred to as digital twin, of the section in fault of the
earth continuity conductor, the only unknown being the
distance to the fault point from an end of said section
in fault.

[0016] A second aspect of the invention relates to a system
for locating a fault point on a cable such as the one described
in the first aspect of the invention, the system comprising:

[0017] a first current measuring equipment configured
for measuring the conductor current circulating through
each conductor both at the first end and at the second
end of the cable,

[0018] a second current measuring equipment config-
ured for measuring the shield current of each shield in
each section at a point close to the grounding element,

[0019] a third current measuring equipment configured
for measuring the earth continuity conductor current of
the earth continuity conductor in each section at a point
close to the grounding element, and

[0020] a computer configured for executing the method
described in the first aspect of the invention based on
the current measurements performed by said current
measuring equipment.

[0021] The points at which the shields are connected to a
surge arrester device are free for the purpose of conductivity,
i.e., as if they were in an open circuit, such that it compli-
cates the possibility of using a model of the shields to be able
to calculate the fault point, since the voltage is unknown at
said points. The voltage would have to be measured at said
points to be able to use a model of the shields, and this may
generate many problems. This problem is avoided by using
the model of the earth continuity conductor since it is a
model the ends of which are grounded.

[0022] The method for locating and the system for locat-
ing of the invention offer a rapid solution for locating a fault
point on a high-voltage three-phase AC cable, with the result
virtually being obtained in real time.

[0023] Even though a model of the earth continuity con-
ductor is required for locating the exact fault point, said
model is not very sensitive to the type of the terrain in which
the cable is arranged, since it affects the different parameters
of the model in a similar manner, and therefore, the influence
thereof is virtually cancelled.

[0024] Furthermore, the fault resistance, i.e., the resistance
between the conductor in fault and the shield in fault at fault
point F, does not need to be known to locate the fault point.
[0025] These and other advantages and features will
become apparent in view of the figures and of the detailed
description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 schematically shows a system for locating a
fault point on a cable according to a first embodiment of the
invention applied on a cable having a first configuration.
[0027] FIG. 2 shows the model of the cable of FIG. 1.
[0028] FIG. 3 shows the model of the earth continuity
conductor of the cable of FIG. 1.

[0029] FIG. 4 schematically shows a system for locating a
fault point on a cable according to a second embodiment of
the invention applied on a cable having a second configu-
ration.

DETAILED DESCRIPTION

[0030] A first aspect of the invention relates to a method
for locating a fault point F on a high-voltage three-phase AC
cable 1.

[0031] The method of the invention is configured for
locating a fault point F on a cable 1 extending between a first
end 10 and a second end 11, said cable 1 comprising at least
one section P, P, extending between said ends 10, 11. The
cable 1 comprises one conductor R, S, T per phase and a
shield Sz, S, S, associated with each conductor R, S, T.
[0032] As discussed above, fault point F is considered the
point where one of the conductor R, S, T, of the cable 1 has
electrical contact with the corresponding shield S, S;, S,
such that a short circuit occurs between said conductor R, S,
T and the corresponding shield at said fault point F. Fur-
thermore, in the context of the invention, section in fault will
be considered section P,, P, of cable 1 at which the fault
point F is arranged.

[0033] The method of the invention is configured for being
applied on cables 1 with single point connection systems,
i.e., on cables 1 in which the shields Sy, Sg, S, are connected
to a surge arrester device 3, 4 connected to ground G at one
end of each section Py, P,, shields Sy, Sg, Sbeing connected
to a grounding element at the other end of each section P,
P,.
[0034] Cables 1 of this type with single point connection
systems comprise an earth continuity conductor ECC estab-
lishing a common ground G of the system connecting the
ground connection(s) 20 of the grounding element(s) and the
ground connection(s) 30, 40 of the surge arrester device(s)
3, 4 of the cable 1.

[0035] The method of the invention comprises the follow-
ing steps:
[0036] measuring the conductor current I, I¢;, 17, Iz,,

Is,, I circulating through each conductor R, S, T both
at the first end 10 and at the second end 11 of the cable
15

[0037] measuring the shield current Iz, I, Lszys Lgas
Isss, Iy circulating through each shield Sz, Sg, S, in
each section P, P, at a point close to the grounding
element 2,

[0038] measuring the earth continuity conductor current
Izccrs Lgeon circulating through each section P, P, at
a point close to the grounding element 2,

[0039] determining the conductor R, S, T in fault based
on the previously measured conductor currents I, I,
Iy Tros Isos I

[0040] in the event that the cable 1 comprises more than
one section P, P,, determining section P,, P, in fault
based on the previously measured shield currents Iz,

Lssis Lsris Lsras Lssos Loz and
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[0041] locating the fault point F by means of a model of
section P, P, in fault of the earth continuity conductor
ECC, the only unknown being the distance x to the fault
point F from an end of said section P,, P, in fault.

[0042] Preferably, for determining the conductor R, S, T in
fault, the conductor current I ,; Isi; I, measured at the first
end 10 of the cable 1 for each conductor R, S, T is compared
with the conductor current I,; Ig,; I, measured at the
second end 11 of the cable 1, determining that the conductor
R, S, T in fault will be the conductor in which the conductor
current I, Ins; Lo, Less 17y, In at said ends 10, 11 is
different.

[0043] Preferably, for determining section P, P, in fault,
the shield currents Iz;, Isois Lszis Lsras Lssas Lz, Of each
section P, P, are analysed, determining that section P, P,
in fault will be the conductor in which one of the shield
currents Iz, Iso1s Lsz1s Isgas Lssas Lgz» has an overcurrent
value. The shield current Iz, Issis Loz Lsras Lssas lsrm
circulating through the shields S, Sg, S, when there is no
fault is a low-value eddy current, for example a current of up
to 10 A. However, when a fault occurs, an overcurrent that
is much higher than the eddy current, for example a current
higher than 10,000 A, circulates through the corresponding
shield Sz, Ss, S, Therefore, when a fault occurs, simply
looking at the shield currents Iz, Iosis Loz Loros Lssos Lszo
of each section P,, P, is sufficient to determine which of the
sections P,, P, is in fault. It should be pointed out that since
each section P, P, is connected at one of its ends to ground
G, the overcurrent circulating through the shield S;, So, S,
in fault circulates towards ground G such that the rest of the
sections P, P, are not affected by said fault.

[0044] Preferably, the model of the earth continuity con-
ductor ECC of section P, P, in fault takes into account the
self-resistance Ry and the self-inductance L. of the
earth continuity conductor ECC, the ground resistance R, of
the ground connections 20, 30, 40 of the grounding element
and the corresponding surge arrester device 3, 4, the mutual
inductance My, Mg, M, between said earth continuity con-
ductor ECC and each of the conductors R, S, T, and the
mutual inductance Mgz, Mg, Mg, between said earth con-
tinuity conductor ECC and the shield in fault Sz, S, S, from
the fault point F to the point where the shields are connected
to ground G.

[0045] Determining the parameters of the model can be
accomplished through the use of an electromagnetic tran-
sients simulator (EMT simulator) which estimates param-
eters based on the features of the cable 1 (i.e., layers,
thickness, material, etc.), the arrangement of said cable 1
(i.e., depth, separation, etc.) and the features of the land
where it is disposed. For example, the EMT simulator
PSCAD™ manufactured by PSCAD can be used. See pscad.
com.

[0046] When defining the model of the earth continuity
conductor ECC, values relevant for the purpose of current
have been taken into account, and capacitive inputs have
been disregarded since they are of little value in fault
situations.

[0047] Furthermore, mutual inductance between the
shields Sy, S, S, which are not in fault and earth continuity
conductor ECC have been ignored for defining the model
since they input scarcely any coupling on the cable ECC and
are therefore negligible values, and the same occurs with the
shield in fault to fault point F.
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[0048] Preferably, the location of the fault point is calcu-
lated using the following formula:
0= pccrBARARp cctiWlpco~TpconrrReTecon-
FRRAJWXl ey M ey +iWRl cyoM eyt
JWRlepMeptiw(1-X) eneiM e tw(1-X)
LenpM enpriw(1=X) cpM ertiw(1-X)spMgr
wherein,

[0049] I..-z=The current circulating through the sec-
tion that is in fault,

[0050] I.ocazr=The current circulating through the
section which is not in fault to the left of the section in
fault; in the event that there is no section to the left of
the section in fault its value will be zero,

[0051] I...nzz=The current circulating through the
section which is not in fault to the right of the section
in fault; in the event that there is no section to the right
of the section in fault its value will be zero,

[0052] R,=The ground resistance of the grounding of
the shields or of the grounding of the surge arrester
device at one of the ends of the section in fault,

[0053] R ..~=The self-resistance of the earth continuity
conductor ECC of the section in fault, calculated taking
into account the characteristics of the cable 1,

[0054] L. .~The self-inductance of the earth continu-
ity conductor ECC of the section in fault, calculated
taking into account the characteristics of the cable 1,

[0055] I,z =Current circulating through a first con-
ductor which is not in fault, both at the first end 10 of
the cable 1 and at the second end 11 of the cable 1,

[0056] I.,z,=Current circulating through a second con-
ductor which is not in fault, both at the first end 10 of
the cable 1 and at the second end 11 of the cable 1,

[0057] 1.z, =Current circulating through the conductor
in fault at the first end 10 of the cable 1,

[0058] I.z=Current circulating through the conductor
in fault at the second end 11 of the cable 1,

Icpi=ler

[0059] I,~Current circulating through the shield in
fault in the section in fault; if the current flows from the
first end to the second end, it will be considered
positive; in contrast, if it flows from the second end to
the first end, it will be considered negative,

[0060] M nz=Mutual inductance between the first
conductor which is not in fault and the earth continuity
conductor ECC, calculated taking into account the
characteristics of the cable 1,

[0061] M, z=Mutual inductance between the second
conductor which is not in fault and the earth continuity
conductor EC, is calculated taking into account the
characteristics of the cable 1,

[0062] M ~Mutual inductance between the conductor
which is in fault and the earth continuity conductor
ECC, calculated taking into account the characteristics
of the cable 1,

[0063] Mg =Mutual inductance between the shield
which is in fault and the earth continuity conductor
ECC, calculated taking into account the characteristics
of the cable 1, and x=The distance to the fault point
from the end of section P, in fault at which the surge
arrester device is arranged to the fault point F.

[0064] Preferably when the cable 1 comprises more than
one section P,, P,, ground resistance R, is determined by
means of a model of the earth continuity conductor ECC of
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a section P, P, which is not in fault, said model comprising
the self-resistance Rz~ and the self-inductance [.,CC of the
earth continuity conductor ECC, the ground resistance R, of
the ground connections 20, 30, 40 of the grounding element
and the corresponding surge arrester device 3, 4, the mutual
inductance M, M, M, between said earth continuity con-
ductor ECC and each of the conductors R, S, T, the only
unknown being said ground resistance R,.

[0065] Preferably, ground resistance R, is calculated by
means of the following formula:

O0=lgcenilRg R+ RgcctiWL gco)~IgccrRe~TeccrRg+
IwlenpiMenertiwl enpsMenpotiwlceM cr
wherein,

[0066] I.--nz=The current circulating through the sec-
tion which is not in fault the model of which is used to
calculate ground resistance R,

[0067] ;- =The current circulating through the sec-
tion to the left of the section the model of which is used
to calculate ground resistance R; in the event that there
is no section to the left its value will be zero,

[0068] I..~z=The current circulating through the sec-
tion to the right of the section the model of which is
used to calculate ground resistance R,; in the event that
there is no section to the right its value will be zero,

[0069] R_=The ground resistance of the grounding of
the shields or of the grounding of the surge arrester
device at one of the ends of the section in fault,

[0070] Ry.~The self-resistance of the earth continuity
conductor ECC of the section the model of which is
used to calculate ground resistance R, calculated tak-
ing into account the characteristics of the cable 1,

[0071] L..~The self-inductance of the earth continu-
ity conductor ECC of the section the model of which is
used to calculate ground resistance R, calculated tak-
ing into account the characteristics of the cable 1,

[0072] I nz,=Current circulating through a first con-
ductor which is not in fault, both at the first end 10 of
the cable 1 and at the second end 11 of the cable 1,

[0073] I.,z>=Current circulating through a second con-
ductor which is not in fault, both at the first end 10 of
the cable 1 and at the second end 11 of the cable 1,

[0074] I.~=Current circulating through the conductor in
fault; if the current flows from the first end to the
second end, it will be considered positive; in contrast,
if it flows from the second end to the first end, it will
be considered negative,

[0075] M yr1=Mutual inductance between the first
conductor which is not in fault and the earth continuity
conductor ECC, calculated taking into account the
characteristics of the cable 1,

[0076] M_,=—Mutual inductance between the second
conductor which is not in fault and the earth continuity
conductor ECC, calculated taking into account the
characteristics of the cable 1, and

[0077] M ~Mutual inductance between the conductor
which is in fault and the earth continuity conductor
ECC, calculated taking into account the characteristics
of the cable 1.

[0078] Conversely, when the cable 1 comprises a single
section P, preferably the ground resistance R, of the ground
connections 20, 30 of the grounding element and the surge
arrester device 3 is estimated, for example, taking into
account parameters such as: ground humidity, ground tem-
perature, etc.
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[0079] A second aspect of the invention relates to a system
for locating a fault point F on a high-voltage three-phase AC
cable 1.

[0080] The system of the invention is configured for
locating a fault point F on a cable 1 extending between a first
end 10 and a second end 11, comprising said cable 1 at least
one section P, P, extending between said ends 10, 11. The
cable 1 comprises one conductor R, S, T per phase and a
shield Sz, S, S, associated with each conductor R, S, T.
[0081] The system of the invention is configured for being
applied on cables 1 with single point connection systems,
i.e., on cables 1 in which the shields Sz, S, S are connected
to a surge arrester device 3, 4 connected to ground G at one
end of each section P, P,, being the shields S;, Sg, S,
connected to a grounding element at the other end of each
section P;, P,. Cables 1 of this type with single point
connection systems comprise an earth continuity conductor
ECC establishing a common ground G of the system con-
necting the ground connection(s) 20 of the grounding ele-
ment(s) and the ground connection(s) 30, 40 of the surge
arrester device(s) 3, 4 of the cable 1.

[0082] The system of the invention comprises a first
current measuring equipment 5 configured for measuring the
conductor current I, Ig, I, Iz, Ig, Iy circulating
through each conductor R, S, T both at the first end 10 and
at the second end 11 of the cable 1.

[0083] The system of the invention also comprises a
second current measuring equipment 6 configured for mea-
suring the shield current Iy, Loor, Tsr1,s Logas Lggos Lszm OF
each shield S, S, S, in each section P, P, at a point close
to the grounding element 2.

[0084] Furthermore, the system of the invention also com-
prises a third current measuring equipment 7 configured for
measuring the earth continuity conductor current I--,
Izcen of the earth continuity conductor ECC in each section
P,, P, at a point close to the grounding element 2.

[0085] The system of the invention comprises a computer
configured for executing the method described in the first
aspect of the invention based on the current measurements
performed by said current measuring equipment 50, 51, 52,
53, 54, 55, 60, 61, 62, 63, 64, 65, 70, 71.

[0086] In at least one embodiment, the computer used to
implement the method of the invention may include one or
more processors, one or more memory elements, storage, a
bus, one or more network processing units interconnected
with one or more network input/output (I/O) interfaces, one
or more /O interfaces, and a computer program.

[0087] The computer program comprises a plurality of
instructions which, when executed by the processor, cause
the processor to execute the steps of the method of the
invention. In at least one embodiment, the processor or
processors are at least a hardware processor configured to
execute various tasks, operations and/or functions for the
computer according to the software and/or the instructions
configured for the computer, for example, in the computer
program.

[0088] In at least one embodiment, the memory element
and/or storage are configured to store data, information,
software, and/or instructions associated with the computer,
and/or the logic configured for the memory element and/or
storage. In an embodiment of the computer, the computer
program is stored in any combination of memory element(s)
and/or storage.
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[0089] In at least one embodiment, the bus can be con-
figured as an interface that enables one or more elements of
the computer to communicate with each other so as to
exchange information and/or data. The bus can be imple-
mented with any architecture designed for exchanging con-
trol, data, and/or information between processors, memory
elements/storage, peripheral devices, and/or any other hard-
ware and/or software component that may be configured for
the computer.

[0090] In several embodiments, the network processor
unit(s) may enable communication between the computer
and other systems, entities, etc., through the network 1/O
interface(s) (wired and/or wireless). In several embodi-
ments, the network processor unit(s) can be configured as a
combination of hardware and/or software, as one or more
Ethernet drivers and/or controllers or interface cards, fibre
channel (e.g., optical) driver(s) and/or controller(s), wireless
receivers/transmitters/transceivers, baseband processor(s)/
modem(s) and/or other similar network interface driver(s)
and/or controller(s) that are known now or may be devel-
oped hereinafter so as to enable communications between
the computer and other systems, entities, etc., to facilitate
the operations for the various embodiments of the method
described herein. In several embodiments, the network VO
interface(s) can be configured as one or more Ethernet ports,
fibre channel ports, any other /O port(s) and/or antennas/
antenna array that are known now or may be developed in
the future. Therefore, the network processor unit(s) and/or
the network VO interface(s) may include suitable interfaces
for receiving, transmitting, and/or otherwise communicating
data and/or information in a network environment.

[0091] 1/O interfaces allow the input and output of data
and/or information with other entities which may be con-
nected to the computer. For example, the VO interfaces may
provide a connection to external devices such as a keyboard,
numerical keypad, a touch screen, and/or any other suitable
input and/or output device that is known now or may be
developed in the future. In some instances, the external
devices can also include (non-transitory) computer-readable
storage media such as database systems, USB memories,
portable optical or magnetic discs and memory cards. In still
some instances, the external devices can be a mechanism for
displaying data to a user, such as a computer monitor, a
display screen, or the like.

[0092] FIG. 1 schematically show a first embodiment of
the system of the invention, said system being applied on a
high-voltage three-phase AC cable 1 having a first cable
configuration.

[0093] The cable 1 according to the first configuration
comprises one conductor R, S, T per phase and a shield S,
Ss, Sy associated with each conductor R, S, T and it extends
between a first end 10 and a second end 11.

[0094] Furthermore, the cable 1 according to the first
configuration has a single point connection system, the
connection to ground G of the shields Sz, Sg, S, being
performed at an intermediate point 12 by means of a
grounding element, with the cable 1 being divided into two
sections P, P,. Furthermore, the shields Sz, Sg, S, are
connected to a surge arrester device 3, 4 connected to ground
G both at the first end 10 and at the second end 11 of the
cable 1.

[0095] The cable 1 according to the first configuration also
comprises an earth continuity conductor ECC connecting the
ground connection 20 of the grounding element and the



US 2023/0324449 Al

ground connections 30, 40 of the devices surge arrester 3, 4
establishing a common ground G of the system.

[0096] In the first embodiment, the system comprises a
first current measuring equipment 5 configured for measur-
ing the conductor current I, I, 17, Iz,, Lgo, 15 circulating
through each conductor R, S, T both at the first end 10 and
at the second end 11 of the cable 1. As shown in FIG. 2, the
first current measuring equipment 5 comprises six current
sensors 50, 51, 52, 53, 54, 55, with one current sensor 50, 51,
52, 53, 54, 55 being arranged at each end of each conductor
R, S, T

[0097] In the first embodiment, the system comprises a
second current measuring equipment 6 configured for mea-
suring the shield current Iy, Loor, Tsr1,s Logas Lggos Lszm OF
each shield S, S, S, in each section P, P, at a point close
to the grounding element. As shown in FIG. 2, the second
current measuring equipment 5 comprises six current sen-
sors 60, 61, 62, 63, 64, 65, with one current sensor 60, 61,
62, 63, 64, 65 being arranged in each shield Sz, S;, S, in
each section P, P, at a point close to the grounding element.
[0098] Furthermore, in the first embodiment the system
comprises a third current measuring equipment 7 configured
for measuring the earth continuity conductor current I,
Izcc of the earth continuity conductor ECC in each section
P,, P, at a point close to the grounding element. As shown
in FIG. 2, the third current measuring equipment 7 com-
prises two current sensors 70, 71, with one of the current
sensors 70 being arranged in section P, of the earth conti-
nuity conductor ECC at a point close to the grounding
element, with the other current sensor 71 being arranged in
section P, of the earth continuity conductor ECC at a point
close to the grounding element.

[0099] The system of the invention comprises a computer,
not shown in the figures, configured for executing the
method of the invention based on the current measurements
performed by said current measuring equipment 50, 51, 52,
53, 54, 55, 60, 61, 62, 63, 64, 65, 70, 71.

[0100] A fault between the conductor T and its shield S,
in the first section P, has been depicted in FIG. 2. In order
to locate said fault point F, the method of the invention
would be applied as follows:

[0101] Measuring the conductor current I, Ig;, I, Iz,
1, I circulating through each conductor R, S, T both at the
first end 10 and at the second end 11 of the cable 1 by means
of the first current measuring equipment 5.

[0102] Also, measuring the shield current I 5 , Ioq;, Lo,
Tszss Lgsas Lspm circulating through each shield Sg, S, S, in
each section P, P, at a point close to the grounding element
by means of the second current measuring equipment 6.
Also, measuring the earth continuity conductor current I~
circulating through each section P, P, at a point close to the
grounding element by means of the third current measuring
equipment.

[0103] Comparing the conductor current I ; I, ; I, mea-
sured at the first end 10 of the cable 1 for each conductor R,
S, T with the conductor current I,,; I,; T, measured at the
second end 11 of the cable 1. In this case, the conductor
current [, of the conductor T at the first end 10 of the cable
1 will be different from the conductor current I, at the first
end 11, such that it will be determined that conductor T is the
conductor which is in fault.

[0104] Also, analysing the shield currents Iz, Iog;, Io7ys
Iszss Lssas I Of €ach section P, P,. In this case, the shield
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current I, will be observed as having an overcurrent value,
determining that section P, is the section which is in fault.
[0105] Once conductor T in fault and section P, in fault
have been determined, defining the model of the earth
conductor ECC shown in FIGS. 2 and 3.
[0106] The net representing section P, which is not in fault
comprises the self-resistance R and the self-inductance
Lzcc of the earth continuity conductor ECC, the ground
resistance R, R, of the ground connections 20, 40 of the
grounding element and the surge arrester device 4, and the
mutual inductance My, M, M, between said earth continu-
ity conductor ECC and each of the conductors R, S, T.
Therefore, all the parameters of the net of section P, which
is not in fault can be calculated by knowing the character-
istics of the cable 1, the conductor currents I,, Ig,, 1T,
circulating through the conductor R, S, T at the second end
11 of the cable 1, and the earth continuity conductor currents
ECC Izcey, 1gces circulating through both sections P, P,
the only unknown being the ground resistances R,,,,, R,. All
the ground resistances R, R,,, R_,,, R, of the model of the
earth conductor ECC are considered equal.
[0107] Therefore, in this case ground resistance R is
calculated using the following formula:
0= e RortR g+ RecctiWhpc~IecorRgm—
JwlgoMp—jwlssMs—jwlnMr
wherein,
[0108] I..-,=The current circulating through section
P, which is in fault,
[0109] I.-.~»=The current circulating through section
P, which is not in fault,

[0110] R,,,=The ground resistance of the grounding
device 2,
[0111] R,,=The ground resistance of the surge arrester

device 4 arranged at the second end 11 of the cable 1,

[0112] R.~The self-resistance of the earth continuity
conductor ECC, calculated taking into account the
characteristics of the cable 1,

[0113] L. .~The self-inductance of the earth continu-
ity conductor ECC, calculated taking into account the
characteristics of the cable 1,

[0114] I,,=Current circulating through the conductor R
which is not in fault at the second end 11 of the cable
15

[0115] I,,=Current circulating through the conductor S
which is not in fault at the second end 11 of the cable
15

[0116] I,,=Current circulating through the conductor T
which is in fault at the second end 11 of the cable 1,

[0117] M =Mutual inductance between the conductor R
and the earth continuity conductor ECC, calculated
taking into account the characteristics of the cable 1,

[0118] M ~Mutual inductance between the conductor S
and the earth continuity conductor ECC, calculated
taking into account the characteristics of the cable 1,
and

[0119] M, =Mutual inductance between the conductor T
and the earth continuity conductor ECC, calculated
taking into account the characteristics of the cable 1.

[0120] The net representing section P, in fault comprises
the self-resistance R and the self-inductance L .. of the
earth continuity conductor ECC, the ground resistance R, of
the ground connection 20 of the grounding element and of
the ground connection 30 of the surge arrester device 3, the
mutual inductance My, Mg, M, between said earth continu-
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ity conductor ECC and each of the conductors R, S, T, and
the mutual inductance M, between said earth continuity
conductor ECC and the shield S, in fault from the fault point
F to the point where the shields are connected to ground G.
Taking into account that the ground resistance R, is obtained
from the net of section P, which is not in fault, all the
parameters of the net of section P, in fault can be calculated
by knowing the characteristics of the cable 1, the conductor
currents I, I, I circulating through the conductor R, S,
T at the first end 1 of the cable 1, the shield current I,
circulating through the shield S ;. in fault in section P, in fault
and the currents of earth continuity conductor ECC I,
Izcen circulating through both sections P, P,, the only
unknown being the distance x to the fault point F.
[0121] Therefore, the location of the fault point is calcu-
lated using the following formula:
0= zcctRo 1R gt RecctiWhec)~IecoRomt
JWRIGMpHWRIM e+ WXL M+ +iw(1-x) g M+
JW(A=)Ms—jw(l-) M jw(1-x)IstMs
wherein,
[0122] I, =The current circulating through section
P, which is in fault,
[0123] I.>=The current circulating through section
P, which is not in fault,
[0124] R,,=The ground resistance of the surge arrester
device 3 arranged at the first end 10 of the cable 1,

[01251 R,,=The ground resistance of the grounding
device 2,
[0126] R .=The self-resistance of the earth continuity

conductor ECC, calculated taking into account the
characteristics of the cable 1,

[0127] Lg.~The self-inductance of the earth continu-
ity conductor ECC, calculated taking into account the
characteristics of the cable 1,

[0128] I.=I;,=Iz,=Current circulating through the con-
ductor R which is not in fault, both at the first end 10
of the cable 1 and at the second end 11 of the cable 1,

[0129] I~I.,=I,=Current circulating through the con-
ductor S which is not in fault, both at the first end 10
of the cable 1 and at the second end 11 of the cable 1,

[0130] I,=Current circulating through the conductor T
which is in fault at the first end 10 of the cable 1,

[0131] I,=Current circulating through the conductor T
which is in fault at the second end 11 of the cable 1,

Ir=l

[0132] I;,~Current circulating through the shield S, in
fault in section P, in fault; if the current flows from the
first end to the second end, it will be considered
positive; in contrast, if it flows from the second end to
the first end, it will be considered negative,

[0133] Mz =Mutual inductance between the conductor
R and the earth continuity conductor ECC, calculated
taking into account the characteristics of the cable 1,

[0134] M ~Mutual inductance between the conductor S
and the earth continuity conductor ECC, calculated
taking into account the characteristics of the cable 1,

[0135] M, =Mutual inductance between the conductor T
and the earth continuity conductor ECC, calculated
taking into account the characteristics of the cable 1,

[0136] M ,~Mutual inductance between the shield S,
in fault and the earth continuity conductor ECC, cal-
culated taking into account the characteristics of the
cable 1, and x=The distance to the fault point from the
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end of section P, in fault at which the surge arrester

device is arranged to the fault point F.
[0137] FIG. 4 schematically shows a second embodiment
of the system of the invention, said system being applied on
a high-voltage three-phase AC cable 1 having a second cable
configuration.
[0138] The cable 1 according to the first configuration
comprises one conductor R, S, T per phase and a shield S,
S, S, associated with each conductor R, S, T and extends
between a first end 10 and a second end 11.
[0139] Furthermore, the cable 1 according to the first
configuration has a single point connection system, the
connection to ground G of the shields Sz, Sg, S, being
performed at the first end 10 of the cable 1, with shields Sg,
Ss, S, being connected to a surge arrester device 4 connected
to ground G at the second end 11 of the cable 1. The cable
1 thereby comprises a single section P;.
[0140] The cable 1 according to the first configuration also
comprises an earth continuity conductor ECC connecting the
ground connection 20 of the grounding element and the
connection 40 of the surge arrester device 4 establishing a
common ground G of the system.
[0141] In the second embodiment, the system comprises a
first current measuring equipment 5 configured for measur-
ing the conductor current I, I, 17, Izs, o5, 15 circulating
through each conductor R, S, T both at the first end 10 and
at the second end 11 of the cable 1. The first current
measuring equipment 5 comprises six current sensors 50, 51,
52, 53, 54, 55, with one current sensor 50, 51, 52, 53, 54, 55
being arranged at each end of each conductor R, S, T.
[0142] In the second embodiment, the system comprises a
second current measuring equipment 6 configured for mea-
suring the shield current Iz, 145, I of each shield S, 58S,
S, at a point close to the grounding element 2. The second
current measuring equipment 5 comprises three current
sensors 60, 61, 62, with one current sensor 60, 61, 62 being
arranged in each shield S;, S;, S, at a point close to the
grounding element 2.
[0143] Furthermore, in the second embodiment the system
comprises a third current measuring equipment 7 configured
for measuring the earth continuity conductor current I,
of the earth continuity conductor ECC at a point close to the
grounding element 2. The third current measuring equip-
ment 7 comprises a single current sensor 70 arranged at a
point close to the grounding element 2.
[0144] The system of the invention comprises a computer,
not shown in the figures, configured for executing the
method of the invention based on the current measurements
performed by said current measuring equipment 50, 51, 52,
53, 54, 55, 60, 61, 62, 70.
[0145] The method of the invention would be applied in a
manner similar to that explained for the first embodiment,
with the main difference being the obligation to estimate the
value of the ground resistance R, since the cable 1 of the
second embodiment comprises a single section P;, and
therefore, the model of the earth conductor ECC will com-
prise a single net.
[0146] The clauses that follow disclose additional embodi-
ments or combinations of embodiments:
[0147] Clause 1. A method for locating a fault point (F) on
a high-voltage three-phase AC cable (1) comprising a first
end (10), a second end (11), and at least one section (P, P,)
extending between said ends (10, 11), the cable (1) com-
prising a conductor (R, S, T) and a respective shield (S, S,
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S, per phase, shields (S, Sg, S;) being connected to a surge
arrester device (3, 4) connected to ground (G) at one end of
said at least one section (P, P,), and shields (Sz, Ss, S;)
being connected to a grounding element (2) at the other end
of'said at least one section (P, P,), the cable (1) comprising
an earth continuity conductor (ECC) establishing a common
ground (G) connecting the ground connections (20, 30, 40)
of the grounding element(s) and the surge arrester device(s)
(3, 4), the method comprising the following steps:
[0148] measuring the conductor current (I, Igy, 15,
s, Iy, 1) circulating through each conductor (R, S,
T) both at the first end (10) and at the second end (11)
of the cable (1),

[0149] measuring the shield current (Igz,, Lsoy, Loz,
Tszss Lssas Ls7m) circulating through each shield (S, Sg,
S, in each section (P, P,) at a point close to the
grounding element,

[0150] measuring the earth continuity conductor current
(Igccers Lgeen) circulating through each section (P, P,)
at a point close to the grounding element,

[0151] determining the conductor (R, S, T) in fault
based on the previously measured conductor currents
(IRIS ISIS ITIS IR25 IS25 IZ’Z)S

[0152] in the event that the cable (1) comprises more
than one section (P,, P,), determining section (P,, P,)
in fault based on the previously measured shield cur-
rents (Lszy, Losie Iszie Lsgos Lsses Lsyn) and

[0153] locating the fault point (F) by means of a model
of section (P,, P,) in fault of the earth continuity
conductor (ECC), the only unknown being the distance
(x) to the fault point (F) from an end of said section (P,
P,) in fault.

[0154] Clause 2. The method according to clause 1,
wherein for determining the conductor (R, S, T) in fault, the
conductor current (I,; L5, ; 1) measured at the first end (10)
of the cable (1) for each conductor (R, S, T) is compared
with the conductor current (Ir,; Is,; 15) measured at the
second end (11) of the cable (1), determining that the
conductor (R, S, T) in fault will be the conductor in which
the conductor current (I, Iz5; g, Iso; 174, I75) at said ends
(10, 11) is different.

[0155] Clause 3. The method according to clause 1 or 2,
wherein the cable (1) comprises at least two sections (P,
P,), section (P, P,) in fault being determined taking into
account that in said section in fault (P, P,), one of the shield
currents (Isz;, Isors Iszs Lsgras lssas lsgm) Will have an
overcurrent value.

[0156] Clause 4. The method according to any of clauses
1 to 3, wherein the model of the earth continuity conductor
(ECC) of section (P, P,) in fault takes into account the
self-resistance (Rz-) and the self-inductance (I ;) of the
earth continuity conductor (ECC), the ground resistance
(R,) of the ground connections (20, 30, 40) of the grounding
elements and/or the surge arrester device(s) (3, 4), the
mutual inductance (Mg, Mg, M) between said earth conti-
nuity conductor (ECC) and each of the conductors (R, S, T),
and the mutual inductance (Mg, Mg, Mo,) between said
earth continuity conductor (ECC) and the shield in fault (S,
Ss, S;) from the fault point (F) to the point where the shields
are connected to ground (G).

[0157] Clause 5. The method according to claim 4,
wherein the location of the fault point is calculated using the
following formula:
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0=lpcerRAR AR cct/WLpcd~IpconrrR e Ipcen
FRR AW eyt M e +iWRl oM et
JWRlep Meptiw (=X onp M enpjw(1-X)
LenmoM enprjw(1=X) cpoM crtjw(1-X)IseM s
wherein,

[0158] I;.~~The current circulating through the sec-
tion of the earth continuity conductor (ECC) which is
in fault,

[0159] Ipccnrr=The current circulating through the
section of the earth continuity conductor (ECC) to the
left of the section in fault; in the event that there is no
section to the left of the section in fault its value will be
Zero,

[0160] I;-cnrr=The current circulating through the
section of the earth continuity conductor (ECC) to the
right of the section in fault; in the event that there is no
section to the right of the section in fault its value will
be zero,

[0161] R_=The ground resistance of the grounding of
the shields or of the grounding of the surge arrester
device,

[0162] R ..~The self-resistance of the earth continuity
conductor (ECC) of the section in fault, calculated
taking into account the characteristics of the cable (1),

[0163] L --~The self-inductance of the earth continu-
ity conductor (ECC) of the section in fault, calculated
taking into account the characteristics of the cable (1),

[0164] I.,z,=Current circulating through a first con-
ductor which is not in fault, both at the first end (10) of
the cable (1) and at the second end (11) of the cable (1),

[0165] I, z,=Current circulating through a second con-
ductor which is not in fault, both at the first end (10) of
the cable (1) and at the second end (11) of the cable (1),

[0166] I.,=Current circulating through the conductor
in fault at the first end (10) of the cable (1),

[0167] I.z,=Current circulating through the conductor
in fault at the second end (11) of the cable (1),

Iepi=lem

[0168] I ~Current circulating through the shield in
fault in the section in fault; if the current flows from the
first end to the second end, it will be considered
positive; in contrast, if it flows from the second end to
the first end, it will be considered negative,

[0169] My =Mutual inductance between the first
conductor which is not in fault and the earth continuity
conductor (ECC), calculated taking into account the
characteristics of the cable (1),

[0170] M_ym==Mutual inductance between the second
conductor which is not in fault and the earth continuity
conductor (ECC), calculated taking into account the
characteristics of the cable (1),

[0171] M ~Mutual inductance between the conductor
which is in fault and the earth continuity conductor
(ECC), calculated taking into account the characteris-
tics of the cable (1),

[0172] M ~Mutual inductance between the shield
which is in fault and the earth continuity conductor
(ECC), calculated taking into account the characteris-
tics of the cable (1), and x=The distance to the fault
point from the end of the section in fault at which the
surge arrester device is arranged to the fault point (F).

[0173] Clause 6. The method according to clause 4 or 5,
wherein when the cable (1) comprises more than one section
(P,, P,), the ground resistance (R,) of the ground connec-
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tions (20, 30, 40) of the grounding elements and/or the surge
arrester device(s) (3, 4) is determined by means of a model
of the earth continuity conductor (ECC) of one of the
sections (P, P,) which is not in fault, said model comprising
the self-resistance (R ) and the self-inductance (Lz.) of
the earth continuity conductor (ECC), the ground resistance
(R,) of the ground connections (20, 30, 40) of the grounding
elements and/or the surge arrester device(s) (3, 4), the
mutual inductance (Mg, Mg, M;) between said earth conti-
nuity conductor (ECC) and each of the conductors (R, S, T),
the only unknown being said ground resistance (R).
[0174] Clause 7. The method according to claim 6,
wherein the ground resistance (R,) is calculated using the
following formula:

0=IzcenrRgtRetRecctiwLlpco~IecaReIecerRet
I enpiMenmitivlenpMeneatiwleeM er
wherein,

[0175] I, cnz=The current circulating through the sec-
tion which is not in fault the model of which is used to
calculate ground resistance (R,),

[0176] I..-,=The current circulating through the sec-
tion to the left of the section which is not in fault; in the
event that there is no section to the left of the section
which is not in fault, its value will be zero,

[0177] I..-z=The current circulating through the sec-
tion to the right of the section which is not in fault; in
the event that there is no section to the right of the
section which is not in fault, its value will be zero,

[0178] R,=The ground resistance of the grounding of
the shields or of the grounding of the surge arrester
device at one of the ends of the section in fault,

[0179] R .~=The self-resistance of the earth continuity
conductor (ECC) of the section in fault, calculated
taking into account the characteristics of the cable (1),

[0180] L .~The self-inductance of the earth continu-
ity conductor (ECC) of the section in fault, calculated
taking into account the characteristics of the cable (1),

[0181] I,z =Current circulating through a first con-
ductor which is not in fault at the first end (10) of the
cable (1),

[0182] I.nz=Current circulating through a second con-
ductor which is not in fault at the first end (10) of the
cable (1),

[0183] I.~Current circulating through the conductor in
fault; if the current flows from the first end to the
second end, it will be considered positive; in contrast,
if it flows from the second end to the first end, it will
be considered negative,

[0184] M nz=Mutual inductance between the first
conductor which is not in fault and the earth continuity
conductor (ECC), calculated taking into account the
characteristics of the cable (1), M ~yz,=Mutual induc-
tance between the second conductor which is not in
fault and the earth continuity conductor (ECC), calcu-
lated taking into account the characteristics of the cable
(1), and M=Mutual inductance between the conduc-
tor which is in fault and the earth continuity conductor
(ECC), calculated taking into account the characteris-
tics of the cable 1.

[0185] Clause 8. The method according to clause 4 or 5,
wherein when the cable (1) comprises a single section (P))
the ground resistance (R,) of the ground connections (20,
30) of the grounding element and the surge arrester device
(3) is estimated.
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[0186] Clause 9. A system for locating a fault point (F) on
a high-voltage three-phase AC cable (1) comprising a first
end (10) and a second end (11) and at least one section (P,
P,) extending between said ends (10, 11), the cable (1)
comprising a conductor (R, S, T) and a respective shield (S,
Ss S;) per phase, shields (Sz, Sg, S;) being connected to a
surge arrester device (3, 4) connected to ground (G) at one
end of said at least one section (P,, P,) and shields (Sg, Ss,
S,) being connected to a grounding element at the other end
of'said at least one section (P, P,), the cable (1) comprising
an earth continuity conductor (ECC) establishing a common
ground (G) connecting the ground connections (20, 30, 40)
of the grounding element(s) (2) and the surge arrester
device(s) (3, 4), the system comprising:

[0187] a first current measuring equipment (5) config-
ured for measuring the conductor current (I, I, I,
s, Iy, 1) circulating through each conductor (R, S,
T) both at the first end (10) and at the second end (11)
of the cable (1),

[0188] a second current measuring equipment (6) con-
figured for measuring the shield current Iz, Ioq;, Loz,
Tszss lgsas Isgms) of each shield (Sz, Sg, S;) in each
section (P, P,) at a point close to the grounding
element,

[0189] a third current measuring equipment (7) config-
ured for measuring the earth continuity conductor cur-
rent (Izccy, Izces) of the earth continuity conductor
(ECC) in each section (P, P,) at a point close to the
grounding element (2), and

[0190] a computer configured for executing the method
according to any of clauses 1 to 8 based on the current
measurements performed by said current measuring
equipment (5, 6, 7).

What is claimed is:

1. A method for locating a fault point (F) on a high-voltage
three-phase AC cable (1) comprising a first end (10), a
second end (11), and at least one section (P, P,) extending
between the first and second ends (10, 11), the cable (1)
comprising first, second and third conductors (R, S, T) and
respective first, second and third shields (Sz, Sg, S;), the
first, second and third shields (S, Ss, S;) being connected
to a surge arrester device (3, 4) connected to ground (G) at
one end of the at least one section (P,, P,), the first, second
and third shields (S, 5S, S,) being connected to a grounding
element (2) at the other end of said at least one section (P,,
P,), the cable (1) comprising an earth continuity conductor
(ECC) establishing a common ground (G) connecting the
ground connections (20, 30, 40) of the grounding element(s)
and the surge arrester device(s) (3, 4), the method compris-
ing:

measuring the conductor current (I, L), Iy, Izs, Lss, 1)
circulating through each of the first, second and third
conductors (R, S, T) both at the first end (10) and at the
second end (11) of the cable (1);

measuring the shield current (Igz;, Iss1, Iy Lsras Lsgas
Is7») circulating through each of the first, second and
third shields (S, S, S;) in each section (P,, P,) at a
point close to the grounding element;

measuring the earth continuity conductor current (Iz-;,
Izcen) circulating through each section (P, P,) at a
point close to the grounding element;

determining a conductor (R, S, T) in fault based on the
previously measured conductor currents (I, I, I,

Lgos Isos 170);
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in the event that the cable (1) comprises more than one
section (P, P,), determining section (P, P,) in fault
based on the previously measured shield currents (I,
Lssis Lszis Lsgos Lssos Lsp)s and

locating the fault point (F) by means of a model of section
(P,, P,) in fault of the earth continuity conductor
(ECC), the only unknown being the distance (x) to the
fault point (F) from an end of said section (P,, P,) in
fault.

2. The method according to claim 1, wherein for deter-
mining the conductor (R, S, T) in fault, the conductor current
(Ig1s Lsys 17y) measured at the first end (10) of the cable (1)
for each of the first, second and third conductors (R, S, T) is
compared with the conductor current (I,; Is,; I,») measured
at the second end (11) of the cable (1), determining that the
conductor (R, S, T) in fault being the conductor in which the
conductor current (I, Ix.; Lg;s Ios 17y, I55) at the ends (10,
11) is different.

3. The method according to claim 1, wherein the cable (1)
comprises at least two sections (P,, P,), section (P, P,) in
fault being determined taking into account that in said
section in fault (P, P,), one of the shield currents (Iz;, I,
Tsr1s Legas Lssns Lgz») Will have an overcurrent value.

4. The method according to claim 1, wherein the model of
the earth continuity conductor (ECC) of section (P, P,) in
fault takes into account the self-resistance (Rz.) and the
self-inductance (L CC) of the earth continuity conductor
(BCC), the ground resistance (R,) of the ground connections
(20, 30, 40) of the grounding elements and/or the surge
arrester device(s) (3, 4), the mutual inductance (Mz, M,
M,) between said earth continuity conductor (ECC) and
each of the first, second and third conductors (R, S, T), and
the mutual inductance (M gz, Mg, Moy) between said earth
continuity conductor (ECC) and the shield in fault (S, Ss,
Sp) from the fault point (F) to the point where the shields are
connected to ground (G).

5. The method according to claim 4, wherein the location
of the fault point is calculated using the following formula:

0=IzccrRAR ARz cctiWhpco)-IzconrrRg~zcon-
FRR WX e M opp WKl cnoM e+
JwrlepMeptjw(1=-X)I enpiMeng+jw(1-X)
TenmoM enpr=jw(1=-X) cmM crtjw(1-X) [spMigre
wherein,

Izcc—=The current circulating through the section of the
earth continuity conductor (ECC) which is in fault,
Izconer=The current circulating through the section of

the earth continuity conductor (ECC) to the left of the
section in fault; in the event that there is no section to
the left of the section in fault its value will be zero,
lzcenrr=The current circulating through the section of
the earth continuity conductor (ECC) to the right of the
section in fault; in the event that there is no section to
the right of the section in fault its value will be zero,
R, =The ground resistance of the grounding of the shields
or of the grounding of the surge arrester device,
Rzc=The self-resistance of the earth continuity conduc-
tor (ECC) of the section in fault, calculated taking into
account the characteristics of the cable (1),
Lzc~The self-inductance of the earth continuity conduc-
tor (ECC) of the section in fault, calculated taking into
account the characteristics of the cable (1),
Icn1=Current circulating through a first conductor which
is not in fault, both at the first end (10) of the cable (1)
and at the second end (11) of the cable (1),

Oct. 12, 2023

Iym=Current circulating through a second conductor
which is not in fault, both at the first end (10) of the
cable (1) and at the second end (11) of the cable (1),

1oz, =Current circulating through the conductor in fault at
the first end (10) of the cable (1),

1g»=Current circulating through the conductor in fault at
the second end (11) of the cable (1),

Iep#lem

Isz=Current circulating through the shield in fault in the
section in fault; if the current flows from the first end
to the second end, it will be considered positive; in
contrast, if it flows from the second end to the first end,
it will be considered negative,

M nyr1=Mutual inductance between the first conductor
which is not in fault and the earth continuity conductor
(ECC), calculated taking into account the characteris-
tics of the cable (1),

M - z2=Mutual inductance between the second conduc-
tor which is not in fault and the earth continuity
conductor (ECC), calculated taking into account the
characteristics of the cable (1),

M =Mutual inductance between the conductor which is
in fault and the earth continuity conductor (ECC),
calculated taking into account the characteristics of the
cable (1),

Mg ~Mutual inductance between the shield which is in
fault and the earth continuity conductor (ECC), calcu-
lated taking into account the characteristics of the cable
(1), and

x=The distance to the fault point from the end of the
section in fault at which the surge arrester device is
arranged to the fault point (F).

6. The method according to claim 4, wherein when the
cable (1) comprises more than one section (P,, P,), the
ground resistance (R,) of the ground connections (20, 30,
40) of the grounding elements and/or the surge arrester
device(s) (3, 4) is determined by means of a model of the
earth continuity conductor (ECC) of one of the sections (P,
P,) which is not in fault, said model comprising the self-
resistance (Rz--) and the self-inductance (L CC) of the
earth continuity conductor (ECC), the ground resistance
(R,) of the ground connections (20, 30, 40) of the grounding
elements and/or the surge arrester device(s) (3, 4), the
mutual inductance (Mg, M, M) between said earth conti-
nuity conductor (ECC) and each of the conductors (R, S, T),
the only unknown being said ground resistance (R,).

7. The method according to claim 5, wherein when the
cable (1) comprises more than one section (P,, P,), the
ground resistance (R,) of the ground connections (20, 30,
40) of the grounding elements and/or the surge arrester
device(s) (3, 4) is determined by means of a model of the
earth continuity conductor (ECC) of one of the sections (P,
P,) which is not in fault, said model comprising the self-
resistance (R ;) and the self-inductance (L ;) of the earth
continuity conductor (ECC), the ground resistance (R,) of
the ground connections (20, 30, 40) of the grounding ele-
ments and/or the surge arrester device(s) (3, 4), the mutual
inductance (Mg, Mg, M;) between said earth continuity
conductor (ECC) and each of the conductors (R, S, T), the
only unknown being said ground resistance (R,).
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8. The method according to claim 6, wherein the ground
resistance (R,) is calculated using the following formula:

0= peenpR g R+ RpcctiWlpco~IpcciReIccrRet
Il onpMenp Wl eneMenertiwleekMor
wherein,

Izcone=The current circulating through the section which
is not in fault the model of which is used to calculate
ground resistance (R,),

Izcor=The current circulating through the section to the
left of the section which is not in fault; in the event that
there is no section to the left of the section which is not
in fault, its value will be zero,

Izccx=The current circulating through the section to the
right of the section which is not in fault; in the event
that there is no section to the right of the section which
is not in fault, its value will be zero,

R, =The ground resistance of the grounding of the shields
or of the grounding of the surge arrester device at one
of the ends of the section in fault,

Rzc=The self-resistance of the earth continuity conduc-
tor (ECC) of the section in fault, calculated taking into
account the characteristics of the cable (1),

Lzc~The self-inductance of the earth continuity conduc-
tor (ECC) of the section in fault, calculated taking into
account the characteristics of the cable (1),

Icn1=Current circulating through a first conductor which
is not in fault at the first end (10) of the cable (1),

Ienes=Current circulating through a second conductor
which is not in fault at the first end (10) of the cable (1),

Iz=Current circulating through the conductor in fault; if
the current flows from the first end to the second end,
it will be considered positive; in contrast, if it flows
from the second end to the first end, it will be consid-
ered negative,

My =Mutual inductance between the first conductor
which is not in fault and the earth continuity conductor
(ECC), calculated taking into account the characteris-
tics of the cable (1),

M cnm=Mutual inductance between the second conductor
which is not in fault and the earth continuity conductor
(ECC), calculated taking into account the characteris-
tics of the cable (1), and

M ~=Mutual inductance between the conductor which is
in fault and the earth continuity conductor (ECC),
calculated taking into account the characteristics of the
cable 1.

9. The method according to claim 7, wherein the ground

resistance (R,) is calculated using the following formula:
0= peenpR g R+ RpcctiWlpco~IpcciReIccrRet
Il onpMenp Wl eneMenertiwleekMor
wherein,

Izcone=The current circulating through the section which
is not in fault the model of which is used to calculate
ground resistance (R,),

Izccr=The current circulating through the section to the
left of the section which is not in fault; in the event that
there is no section to the left of the section which is not
in fault, its value will be zero,

Izccx=The current circulating through the section to the
right of the section which is not in fault; in the event
that there is no section to the right of the section which
is not in fault, its value will be zero,
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R,=The ground resistance of the grounding of the shields
or of the grounding of the surge arrester device at one
of the ends of the section in fault,

Rzo=The self-resistance of the earth continuity conduc-
tor (ECC) of the section in fault, calculated taking into
account the characteristics of the cable (1),

Lzc=The self-inductance of the earth continuity conduc-
tor (ECC) of the section in fault, calculated taking into
account the characteristics of the cable (1),

1= =Current circulating through a first conductor which
is not in fault at the first end (10) of the cable (1),

Iym=Current circulating through a second conductor
which is not in fault at the first end (10) of the cable (1),

Iz=Current circulating through the conductor in fault; if
the current flows from the first end to the second end,
it will be considered positive; in contrast, if it flows
from the second end to the first end, it will be consid-
ered negative,

M r1=Mutual inductance between the first conductor
which is not in fault and the earth continuity conductor
(ECC), calculated taking into account the characteris-
tics of the cable (1),

M yr2=Mutual inductance between the second conduc-
tor which is not in fault and the earth continuity
conductor (ECC), calculated taking into account the
characteristics of the cable (1), and

M ~Mutual inductance between the conductor which is
in fault and the earth continuity conductor (ECC),
calculated taking into account the characteristics of the
cable 1.

10. The method according to claim 4, wherein when the
cable (1) comprises a single section (P,) the ground resis-
tance (R,) of the ground connections (20, 30) of the ground-
ing element and the surge arrester device (3) is estimated.

11. The method according to claim 5, wherein when the
cable (1) comprises a single section (P,) the ground resis-
tance (R,) of the ground connections (20, 30) of the ground-
ing element and the surge arrester device (3) is estimated.

12. A system for locating a fault point (F) on a high-
voltage three-phase AC cable (1) comprising a first end (10)
and a second end (11) and at least one section (P, P,)
extending between said ends (10, 11), the cable (1) com-
prising first, second and third conductor (R, S, T) and
respective first, second and third shield (S, Ss, S;), the first,
second and third shields (Sz, Ss, S;) being connected to a
surge arrester device (3, 4) connected to ground (G) at one
end of said at least one section (P, P,) and the first, second
and third shields (S, S, S;) being connected to a grounding
element at the other end of said at least one section (P, P,),
the cable (1) comprising an earth continuity conductor
(ECC) establishing a common ground (G) connecting the
ground connections (20, 30, 40) of the grounding element(s)
(2) and the surge arrester device(s) (3, 4), the system
comprising:

first current measuring equipment (5) configured for mea-
suring the conductor current (I, Lo, I, 1zoy Loss I72)
circulating through each of the first, second and third
conductors (R, S, T) both at the first end (10) and at the
second end (11) of the cable (1);

second current measuring equipment (6) configured for
measuring the shield current (Isz;, Issrs Isz1s Lsgras Lssas
Is7) of each of the first, second and third shields (Sg,
Ss, Sp) in each section (P, P,) at a point close to the
grounding element;
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third current measuring equipment (7) configured for
measuring the earth continuity conductor current
Ugcers Leces) of the earth continuity conductor (ECC)
in each section (P,, P,) at a point close to the grounding
element (2); and

a computer configured for executing the method accord-
ing to any of claims 1 to 11 based on the current
measurements performed by said first, second and third
current measuring equipment (5, 6, 7).

#* #* #* #* #*



