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DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure relates to power cables in general and in particular to power
cable measurements.

BACKGROUND

[0002] A high voltage cable is typically terminated by means of a cable termination device. The
cable termination device is provided with a connection point. The connection point may for
example be a cylindrical round bolt or a connection plate provided with a bolt hole. The
connection point can be connected to a busbar such as an overhead busbar of a substation. A
substation in this context may for example be a high voltage direct current (HVDC) converter
station or a transformer station.

[0003] An overhead busbar is an air insulated conductor suspended from hanging insulators or
supported by support insulators. An overhead busbar may for example be a rigid tubular
conductor or flat metallic conductor or wire. Normally, the overhead busbar is connected to a
disconnector. The disconnector is normally operated manually from ground. When the
disconnector is set in the closed position, the cable termination device and the power cable are
electrically connected to the substation, enabling powering and operation of the cable length.
When the disconnector is set in the open position, the cable termination device and the power
cable are electrically isolated from the substation.

[0004] It may be necessary to perform various types of measurements on a power cable. In
this case the power cable may have to be disconnected from the substation. Such
measurements may be routine measurements but may also include measurements in the
event of a fault along the cable length. In these cases, measurement equipment is connected
to the power cable, in particular to the conductor of the power cable via the connection point of
the cable termination device. The power cable must for this purpose be de-energised. This
may be provided by setting the disconnector in the open position.

[0005] Depending on the rating of the power cable, the connection point of the cable
termination and the overhead busbar may be located several metres above ground, such as 3-
5 metres above ground for 175 kV rating and up to 9 metres above ground for 500 kV rating.

[0006] It is necessary to provide safe ascending devices for the operator to connect temporary
measurement leads between ground-based measurement equipment and the connection
point. This can easily be obtained in conjunction with planned service and maintenance work in
the substation or of the power cable or cable termination device. In these cases platforms may
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be built on site or motorised ascending devices such as aerial work platforms may be used.
These aids are often sensitive for changes in weather conditions. The safety of personnel may
for example be jeopardised by strong winds.

[0007] In the event of a cable failure along the length of the cable, fault localisation often
requires electrical measurements from the connection point of the cable termination device.
Fault localisation must be performed as soon as possible so that a repair team may be sent to
the affected location along the cable length. In order to keep the downtime as short as
possible, every hour that may be saved by means of fault localisation is valuable.

[0008] The access time to the connection point of the cable termination device can be quite
long due to external circumstances. It is furthermore especially difficult to obtain the necessary
aids during weekends and at night when the substation is unmanned.

[0009] CN 108 092 142 A discloses a high voltage switchgear and a fire isolation method for
the same. Each switchgear is placed on a track. The switchgear is arranged in a switchgear
cabinet on a cart, which is arranged on the track. The cart can be moved along the track. The
cabinet has a busbar movable contact which can be connected to an HV busbar that is fixed on
a ceiling by means of a busbar bracket. An outgoing moving contact is connected to contact
and ground via an outlet bracket. Additionally, the system includes a control motor which is
connected to a controller/detection device, which is a detection device disposed in the working
area of the switchgear cabinet. The controller/detection device includes a temperature sensor
and a smoke sensor. The controller compares the acquired temperature value and the smoke
concentration value with an internally stored temperature threshold range and smoke
concentration threshold range. If the temperature range and the smoke range are exceeded,
the controller controls the corresponding switchgear cabinet. In particular, a control motor
drives the switchgear cabinet to move along the track to an area away from the concentrated
area of high voltage switchgear. Other examples of prior art devices can be seen in
GB2331412, EP1101262, JPS62221807 and JPHO07270473.

SUMMARY

[0010] In view of the above, a general object of the present disclosure is to provide a power
cable measurement system which solves or at least reduces the problems of the prior art.

[0011] There is hence according to a first aspect of the present disclosure provided a power
cable measurement system for facilitating measurements of a power cable terminated at an
electrical substation and connected to an overhead busbar, as defined in claim 1.

[0012] By means of the power cable measurement system fault searching/troubleshooting may
be commenced shortly after a fault has occurred. There is no need to wait for portable
equipment such as aerial work platforms or similar machines. A fault may hence be found
quicker. The time until repair work may be performed can thereby be reduced considerably.
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The power cable measurement system is preferably permanently installed. The power cable
measurement system may be permanently installed near the cable termination device which
terminates the power cable at the overhead busbar. The power cable measurement system
may beneficially be permanently installed below the overhead busbar.

[0013] According to one embodiment the first busbar connector is provided in an end region of
the first movable structure.

[0014] According to one embodiment the first movable structure is configured to be electrically
isolated from ground.

[0015] One embodiment comprises a first busbar contact device configured to be mounted to
the overhead busbar or a connection point of the terminated power cable and the overhead
busbar, wherein the first busbar connector is configured to be connected to the first busbar
contact device in the elevated position.

[0016] One embodiment comprises a base structure configured to be fixedly mounted to a
support surface, wherein the first movable structure is movably attached to the base structure,
wherein the default lowered position and the temporary elevated position are relative to the
base structure.

[0017] One embodiment comprises a mechanical or electrical interlocking means configured to
interlock the first movable structure in the default lowered position as long as the overhead
busbar is non-grounded and to enable movement of the first movable structure from the
default lowered position to the temporary elevated position only when the overhead busbar is
grounded.

[0018] The mechanical or electrical interlocking means may prevent actuation of the first
movable structure as long as the overhead busbar is non-grounded. The mechanical or
electrical interlocking means may for example be configured to be connected to a grounding
device configured to ground the overhead busbar, and based on the state of the grounding
device prevent or enable actuation of the first movable structure For example, when the
grounding device is in a non-grounding position the mechanical or electrical interlocking means
may be configured to prevent actuation of the first movable structure, and when the grounding
device is in a grounding position the mechanical or electrical interlocking means may be
configured to enable actuation of the first movable structure.

[0019] A mechanical interlocking means may for example comprise a mechanical link and a
switch. The mechanical link may be configured to be connected to the grounding device, and
configured to actuate the switch between a first position and a second position depending on
the state of the grounding device. The mechanical link may be configured to set the switch in
the first position when the grounding device is in the grounding position. In the first position, the
switch may enable actuation of the first movable member. The mechanical link may be
configured to set the switch in the second position when the grounding device is in the non-



DK/EP 3650871 T3

grounding position. In the second position, the switch may prevent movement of the first
movable member from the default lowered position.

[0020] An electrical interlocking means may for example comprise a switch and electrical wires
connected to the grounding device, the wires being configured to convey control voltage
signals/low voltage signals to actuate the switch between a first position and a second position
depending on the state of the grounding device.

[0021] According to one embodiment the first movable structure is configured to move relative
to the measurement equipment connector device when the first movable structure is
manoeuvred between the default lowered position and the elevated position.

[0022] According to one embodiment the power cable measurement system is designed to be
installed stationarily in a substation environment.

[0023] There is according to a second aspect of the present disclosure provided a termination
system for an electrical substation, comprising: a power cable, a cable termination device
connected to the power cable, wherein the cable termination device is configured to be
connected to an overhead busbar of the electrical substation, and a power cable measurement
system according to the first aspect.

[0024] According to one embodiment the first movable structure is configured to be moved to
the elevated position after the overhead busbar has been de-energised and grounded.

[0025] There is according to a third aspect of the present disclosure provided a method of
performing a measurement of a power cable terminated at an electrical substation and
connected to an overhead busbar, by means of a permanently installed power cable
measurement system according to the first aspect, wherein the method comprises: a)
disconnecting the power cable from the substation, b) connecting the power cable to ground,
¢) manoeuvring a first movable structure provided with a first busbar connector electrically
connected to a measurement equipment connector device from a default lowered position in
which the first busbar connector is disconnected from the overhead busbar to an elevated
position in which the first busbar connector is set in electrical contact with the overhead busbar
to provide an electrical connection between the overhead busbar and the measurement
equipment connector device.

[0026] One embodiment comprises d) connecting measurement equipment to the
measurement equipment connector device, and e) disconnecting the power cable from ground
to perform measurements.

[0027] One embodiment further comprises f) connecting the power cable to ground, and g)
manoeuvring the first busbar connector from the elevated position to the default lowered
position.
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[0028] According to one embodiment the first movable structure is moved from the default
lowered position to the elevated position relative to the measurement equipment connector
device which is stationary.

[0029] Generally, all terms used in the claims are to be interpreted according to their ordinary
meaning in the technical field, unless explicitly defined otherwise herein. All references to
"a/an/the element, apparatus, component, means, step, etc." are to be interpreted openly as
referring to at least one instance of the element, apparatus, component, means, step, etc.,
unless explicitly stated otherwise. The steps of any method disclosed herein do not have to be
performed in the exact order disclosed, unless explicitly stated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Examples of the inventive concept will now be described, by way of example, with
reference to the accompanying drawings, in which:

Figs 1-7 schematically show a power cable measurement system in different states of
operation.

DETAILED DESCRIPTION

[0031] The invention will now be described more fully hereinafter with reference to the
accompanying drawings, in which certain embodiments of the invention are shown.

[0032] Fig. 1 shows an example of a power cable measurement system 1. The power cable
measurement system 1 is designed and configured to be permanently installed in a power
cable termination region, such as at an electrical substation.

[0033] Fig. 1 shows an example of a power cable termination region, such as an electrical
substation, which includes a power cable 3, a cable termination device 5, an overhead busbar
7, and a grounding device 19. The power cable 3, the cable termination device 5, the power
cable measurement system 1 and the grounding device 19 form a termination system 2.

[0034] The power cable 3 is connected to the cable termination device 5, which terminates the
power cable 3 at the overhead busbar 7. To this end, an end portion of the power cable 3, in
particular an end portion of its conductor is received by and electrically connected to the cable
termination device 5. The cable termination device 5 is electrically connected to the overhead
busbar 7. The connection between the cable termination device 5 and the overhead busbar 7
is referred to as the connection point 9. The connection point 9 may for example be formed by
a cylindrical round bolt or a connection plate with bolt openings, for enabling connection of the
cable termination device 5 to the overhead busbar 7.
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[0035] The overhead busbar 7 is arranged above ground. In the example shown in Fig. 1, the
overhead busbar 7 is supported by support insulators 11.

[0036] Alternatively or additionally, the overhead busbar 7 could be suspended from hanging
insulators. A disconnector 13 is configured to disconnect the power cable 3 from the electrical
substation.

[0037] The power cable measurement system 1 comprises a base structure 14, and a first
movable structure 17. The first movable structure 7 may be movably attached to the base
structure 14. The base structure 14 may be configured to be permanently attached or fixedly
mounted to a support surface/permanent support surface 16 such as the ground.

[0038] The first movable structure 17 may for example comprise one or more arms, levers,
and/or a linkage. The first movable structure 17 may for example have a similar design to a
knife switch. The first movable structure 17 has a first busbar connector 15. The first busbar
connector 15 may be attached to or be integral with the first movable structure 17. The first
busbar connector 15 is configured to be electrically isolated from ground. The first busbar
connector 15 is preferably provided in an end region of the first movable structure 17. The first
busbar connector 15 is configured to be connected to and configured to be disconnected from
the overhead busbar 7. The first movable structure 17 is configured to be moved between a
default lowered position relative to the base structure 14 in which the first busbar connector 15
is disconnected from the overhead busbar 7, as shown in Fig. 1, and a temporary elevated
position relative to the base structure 14 in which the first busbar connector 15 is electrically
connected to the overhead busbar 7. The first movable structure 17 may for example be
configured to be moved by means of rotation or linear movement between the default lowered
position and the temporary elevated position.

[0039] The power cable measurement system 1 comprises a motor (not shown) configured to
actuate the first movable structure 17. The motor is configured to move the first movable
structure 17 between the default lowered position and the elevated position. Alternatively or
additionally, the power cable measurement system could comprise manual mechanical means
for actuating the first movable structure.

[0040] The power cable measurement system 1 furthermore comprises a measurement
equipment connector device 18. The measurement equipment connector device 18 is
preferably configured to be installed stationarily relative to the first movable structure 17. The
first movable structure 17 is hence configured to move relative to the measurement equipment
connector device 18 when moved between the default lowered position and the elevated
position. The first movable structure 17 is configured to be set in the elevated position only
temporarily to provide an electrical connection between the overhead busbar 7 and the
measurement equipment connector device 18. The measurement equipment connector device
18 has a measurement equipment connector 20, which may include one or more sockets or
electrical connection points. The measurement equipment connector 20 is configured to be
electrically connected to the first busbar connector 15. The measurement equipment connector
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20 is configured to be connected to measurement equipment. Such measurement equipment
are devices suitable for cable fault localisation, such as Time-domain reflectometry devices,
Wheatstone bridges, failure burn down devices etc.

[0041] The grounding device 19 comprises a second movable structure 21. The second
movable structure 21 may for example comprise one or more arms, levers, and/or a linkage.
The second movable structure 23 may for example have a similar design to a knife switch. The
second movable structure 21 has a second busbar connector 23. The second busbar
connector 23 may be attached to or be integral with the second movable structure 21. The
second busbar connector 23 is preferably provided in an end region of the second movable
structure 21. The second busbar connector 23 is configured to be connected to and configured
to be disconnected from the overhead busbar 7. The second movable structure 21 is
configured to be moved between a non-grounding position in which the second busbar
connector 23 is disconnected from the overhead busbar 7, as shown in Fig. 1, and a grounding
position in which the second busbar connector 23 is electrically connected to the overhead
busbar 7. When the second busbar connector 23 is electrically connected to the overhead
busbar 7, the overhead busbar 7 and hence the power cable 3, is connected to electrical
ground 25.

[0042] The power cable measurement system 1 may comprise a motor (not shown) configured
to actuate the second movable structure 21. This motor may be the same motor as the one
which is configured to actuate the first movable structure 17, or it may be a different motor. The
motor may in particular be configured to move the second movable structure 21 between the
non-grounding position and the grounding position. Alternatively or additionally, the power
cable measurement system could comprise manual mechanical means for actuating the
second movable structure.

[0043] The power cable measurement system 1 may comprise a first busbar contact device
27. The first busbar contact device 27 may be configured to be attached to the overhead
busbar 7 or to the connection point 9 between the cable termination device 5 and the overhead
busbar 7. The first busbar contact device 27 may be configured to be permanently attached to
the overhead busbar 7 or to the connection point 9 between the cable termination device 5 and
the overhead busbar 7. The first busbar contact device 27 is configured to be connected to the
first busbar connector 15. The first busbar contact device 27 is designed to ensure a reliable
electrical connection between the overhead busbar 7 and the first busbar connector 15.

[0044] The power cable measurement system 1 may comprise a second busbar contact
device 29. The second busbar contact device 29 may be configured to be attached to the
overhead busbar 7 or to the connection point 9 between the cable termination device 5 and the
overhead busbar 7. The second busbar contact device 29 may be configured to be
permanently attached to the overhead busbar 7 or to the connection point 9 between the cable
termination device 5 and the overhead busbar 7. The second busbar contact device 29 is
configured to be connected to the second busbar connector 23. The second busbar contact
device 29 is designed to ensure a reliable electrical connection between the overhead busbar
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7 and the second busbar connector 23.

[0045] An example of the operation of the power cable measurement system 1 when the
power cable 3 has been subjected to a fault will now be described with reference to Figs 1-7.

[0046] Fig. 1 illustrates a state in which the disconnector 13 is opened in order to de-energise
the overhead busbar 7 and perform measurements to locate any fault along the power cable 3.
The overhead busbar 7 is hence electrically isolated from the rest of the substation. In a step
a) the power cable 3 is hence disconnected from the substation.

[0047] The power cable 3 is connected to ground in a step b), as shown in Fig. 2. In particular,
the grounding device 19 is manoeuvred from the non-grounding position shown in Fig. 1 to a
grounding position in which the second busbar connector 23 is connected to the second
busbar contact device 29. The overhead busbar 7 which is electrically isolated from the
substation hence becomes connected to ground.

[0048] In Fig. 3, the first movable structure 17 is manoeuvred from the default lowered position
shown in Figs 1 and 2 to the elevated position in a step ¢). In the elevated position, the first
busbar connector 15 is connected to the first busbar contact device 27. The grounding device
19 is maintained in the grounding position. Furthermore, the disconnector 13 is maintained in
the open position. Measurement equipment may now in a step d) be connected to the
measurement equipment connector device 20. Without the first movable structure 17 and the
busbar contact device 27, the operator would have to wait for availability of an elevated work
platform, operators for the platform, good weather, etc.

[0049] In Fig. 4, the grounding device 19 is moved from the grounding position to the non-
grounding position in a step e). The second busbar connector 23 is hence disconnected from
the second busbar contact device 29. The overhead busbar 7 and hence the power cable 3
are no longer grounded by means of the grounding device 19. Measurements may in this state
be conducted to locate a fault. The disconnector 13 is maintained in the open position.

[0050] In Fig. 5, the grounding device 19 is moved from the non-grounding position to the
grounding position in a step f). The second busbar connector 23 is hence connected to the
second busbar contact device 29. Step f) is preferably performed after the measurements
have been completed. The power cable 3 is hence again grounded. The disconnector 13 is
maintained in the open position. The first movable structure 17 is maintained in the elevated
position until the grounding device 19 has reached the grounding position. The first busbar
connector 15 is hence maintained connected to the first busbar contact device 27.

[0051] In Fig. 6, the first movable structure 17 is manoeuvred from the elevated position to the
default lowered position in a step g). The first busbar connector 15 is hence disconnected from
the first busbar contact device 27. The grounding device 19 is maintained in the grounding
position during this time. The second busbar connector 23 is hence connected to the second
busbar contact device 29. The disconnector 13 is maintained in the open position.
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[0052] Fig. 7 shows a step h) in which the grounding device 19 is moved from the grounding
position to the non-grounding position. The second busbar connector 23 is hence
disconnected from the second busbar contact device 29. Step h) is typically performed once
the fault has been addressed and the power cable 3 is again fully operational.

[0053] In general, once a fault has been localised by means of the measurements, service
personnel may be sent for to remedy the fault.

[0054] Beneficially, a respective power cable measurement system 1 may be installed at each
power cable termination of a substation.

[0055] The invention has mainly been described above with reference to a few embodiments.
However, as is readily appreciated by a person skilled in the art, other embodiments than the
ones disclosed above are equally possible within the scope of the invention, as defined by the
appended patent claims.
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Patentkrav

1. Stromkabelmalesystem (1) til stramkabler til at fremme malinger af et stramka-
bel (3), der er afsluttet ved en elektrisk understation og forbundet til en overlig-
gende samleskinne (7), omfattende:
en forste bevaegelig struktur (17) forsynet med en fgrste samleskinneforbin-
delse (15),
en maleudstyrsforbindelsesanordning (18) konfigureret til at veere elektrisk
forbundet til den fgrste samleskinneforbindelse (15) og til maleudstyr i form
af en anordning eller anordninger, der er egnede til lokalisering af kabelfejl,
hvori den farste bevasgelige struktur (17) er konfigureret til at blive mangv-
reret mellem en saenket standardposition, hvori den fagrste samleskinnefor-
bindelse (15) er frakoblet fra den overliggende samleskinne (7), og en mid-
lertidig heevet position, hvori den farste samleskinneforbindelse (15) er sat i
elektrisk forbindelse med den overliggende samleskinne (7) for at tilveje-
bringe en elektrisk forbindelse mellem den overliggende samleskinne (7) og
maleudstyrsforbindelsesanordningen (18}, og
en motor og/eller manuelle mekaniske midler, der er konfigureret til at be-
vaege den forste bevaegelige struktur (17) mellem den saenkede standardpo-

sition og den haevede position.

2. Stromkabelmalesystemet (1) ifglge krav 1, hvori den farste samleskinneforbin-

delse (15) er tilvejebragt i et endeomrade af den forste bevaegelige struktur (17).

3. Streamkabelmalesystemet (1) ifglge et hvilket som helst af de foregdende krav,
omfattende en farste samleskinnekontaktanordning (27) konfigureret til at blive
monteret til den overliggende samleskinne (7} eller et forbindelsespunkt (9) for det
afsluttede stremkabel og den overliggende samleskinne (7), hvori den feorste sam-
leskinneforbindelse (15) er konfigureret til at blive forbundet til den forste samle-

skinnekontaktanordning (27) i den haevede position.

4. Stromkabelmalesystemet (1) ifglge et hvilket som helst af de foregdende krav,
omfattende en basisstruktur (14) konfigureret til at veere fast monteret pa en stot-
teoverflade, hvori den forste bevasgelige struktur (17) er bevageligt fastgjort til
basisstrukturen (14}, hvori den seenkede standardposition og den midlertidigt hee-

vede position er i forhold til basisstrukturen (14).
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5. Streamkabelmalesystemet (1) ifglge et hvilket som helst af de foregdende krav,
omfattende et mekanisk eller elektrisk aflasningsmiddel konfigureret til at aflase
den farste beveegelige struktur (17) i den seenkede standardposition, sa leenge den
overliggende samleskinne (7) ikke er jordforbundet, og til kun at muliggere bevee-
gelse af den fgrste bevagelige struktur (17) fra den saenkede standardposition til
den midlertidigt haevede position, nar den overliggende samleskinne (7) er jordfor-
bundet.

6. Stromkabelmalesystemet (1) ifglge et hvilket som helst af de foregdende krav,
hvori den forste bevagelige struktur (17) er konfigureret til at bevaege sig i forhold
til maleudstyrsforbindelsesanordningen (18), nar den ferste bevaegelige struktur

(17) mangvreres mellem den saenkede standardposition og den haevede position.

7. Stromkabelmalesystemet (1) ifglge et hvilket som helst af de foregdende krav,
hvori stremkabelmalesystemet (1) er designet til at blive installeret stationeert i et

understationsmiljga.

8. Et kabelafslutningssystem (2) til en elektrisk understation, omfattende:

et stromkabel (3},

en kabelafslutningsanordning (5) forbundet til stremkablet, hvori kabelafslut-
ningsanordningen (5) er konfigureret til at blive forbundet til en overliggende
samleskinne (7) i den elektriske understation, og

et stremkabelmalesystem (1) til maling af stremkabler ifalge et hvilket som

helst af kravene 1-7.

9. Kabelafslutningssystemet (2) ifglge krav 8, hvori den forste bevaegelige struktur
(17) er konfigureret til at blive flyttet til den haevede position, efter at den overlig-

gende samleskinne (7) er blevet frakoblet og jordforbundet.

10. Fremgangsmade til udferelse af en maling af et stremkabel (3), der er afsluttet
ved en elektrisk understation og forbundet til en overliggende samleskinne (7), ved
hjeelp af et permanent installeret stremkabelmalesystem (1) ifglge et hvilket som

helst af kravene 1-7, hvori fremgangsmaden omfatter:

a) frakobling af stremkablet (3) fra understationen,

b) tilslutning af stremkablet (3) til jord,
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c) mangvrering af en forste bevasgelig struktur, forsynet med en forste sam-
leskinneforbindelse (15), der er elektrisk forbundet med en maleudstyrsfor-
bindelsesanordningen (18), fra en saenket standardposition, hvori den fgrste
samleskinneforbindelse (15) er frakoblet fra den overliggende samleskinne
(7), til en heevet position, hvori den forste samleskinneforbindelse (15) er sat
i elektrisk kontakt med den overliggende samleskinne (7) for at tilvejebringe
en elektrisk forbindelse mellem den overliggende samleskinne (7) og male-

udstyrsforbindelsesanordningen (18).

11. Fremgangsmaden ifglge krav 10, omfattende d) tilslutning af maleudstyr til
maleudstyrsforbindelsesanordningen (18), og e) frakobling af streamkablet (3) fra

jorden for at udfere mélinger.

12. Fremgangsmaden ifelge krav 11, yderligere omfattende f} tilslutning af strem-
kablet (3) til jord, og g) mangvrering af den forste samleskinneforbindelse (15) fra

den heevede position til den saenkede standardposition.

13. Fremgangsmaden ifplge et hvilket som helst af kravene 10-12, hvori den ferste
bevaegelige struktur (17) bevaeges fra den saenkede standardposition til den hee-
vede position i forhold til maleudstyrsforbindelsesanordningen (18), som er statio-

neaer.
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