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(57) Abstract: The invention relates to a link box (A) which pro-
vides bonding and grounding of sheathes of cable joints (26) or
cable terminations (25) and comprising voltage divider and partial
discharge sensor (9) provides to pick up partial discharge pulses,
measurement of induced voltages in link box (A), counting number
of lightning impulses passing through sheath voltage limiters and
comprises top metal fitting (23) which is used to connect to ener-
gized parts of link box (A), bottom metal fittings (24) was connect-
ed to ground body of link box (A), primary winding (16) connected
to link box (A) energized components and other components of the
voltage divider and partial discharge sensor (9), secondary wind-
ing (17) is used output port for partial discharge measurement, high
voltage capacitor (18) and low voltage capacitor (19) provide a ca-
pacitive voltage dividing circuit, top connector (20) provides an ap-
propriate connection point for measuring/monitoring devices and
bottom connector (21) provides an appropriate connection point for
measuring/monitoring devices.
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Link box with built-in insulator type voltage divider and inductive partial
discharge sensor

Technical Field

The invention especially relates to a link box with built-in insulator type voltage divider
and inductive partial discharge sensor for use in high voltage cable systems.

State of the Art

High voltage cables are always designed with metallic sheath to controls the electric
field stress in the cable insulation and also providing return path for fault current.
During normal operation of cable system, AC voltages may be induced on metallic
sheath due to electromagnetic coupling between core and the metallic sheath. In order
to limit the magnitude of sheath voltages and also to minimize the flow of circulating
currents, special bonding and grounding methods such as single point bonding and
cross bonding are used in high voltage cable systems.

Link boxes are the metallic enclosures in which bonding and grounding of sheathes of
high voltage cable joints or terminations made through removable links. Link boxes
also may contain sheath voltage limiters to limit lightning or switching overvoltage’s of
cable system. Link boxes are installed close to high voltage cable joints or terminations
and may be installed in places such as underground manholes, aboveground pedestals

or tunnel walls and etc.

Diagnostic testing of new or service-aged installed high voltage power cable systems
which include cable, joints and terminations, using partial discharge detection,
measurement and locating, has a long history. After-laying partial discharge testing on
newly installed cable system is an efficient method to find defects in accessories, e.g.
improper positioning, cuts or scratches, contaminations etc. Partial discharge testing on
service-aged cable systems is a useful indicator of insulation degradation. Partial
discharge testing may be carried out on-line (at normal service voltage) or off-line (by
an external voltage source). Moreover, continuous on-line monitoring of cable systems
has received more attention in recent years.
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Having been encountered as a result of the technical researches, Application No. WO
2016190823 A1, relates to a link box with built-in partial discharge sensor for partial
discharge measurement in high voltage cable joints and terminations. High Frequency
Current Transformers (HFCTs) inside link boxes is a common method to pick up partial
discharge from high voltage cable screen. HFCT sensors consist of a wound toroidal
ferromagnetic core that is placed around the conductor to inductively measure the
magnetic field from the partial discharge current pulses.

Common types of HFCT sensors commercially available and appropriate for mounting
inside link boxes have many disadvantages including occupying a lot of space inside
link boxes which will affect lightning performance of link boxes, installation difficulties
around bonding cables or copper link bars (especially non-split types), need to extra
accessories for installation and high cost.

As a result, due to the drawbacks mentioned above and the inadequacy of the existing
solutions regarding the subject matter, it is required to make a development in the
related technical field.

Objects of the Invention

The invention, configured by being inspired by the current conditions, aims to solve the
above mentioned drawbacks.

Present invention introduces an all-in-one solution for above mentioned problems of

partial discharge measurement in link boxes.

The main object of the present invention is to overcome these problems, an insulator
type inductive partial discharge sensor has been developed to be installed inside link
boxes. This insulator can be used instead of support insulators inside link boxes. By
using these sensors mounted in earthing/cross bonding link boxes, offline and online
partial discharge measurement in cable joints and termination now is available. New
product has some advantages rather than other HFTC’s mounting inside link boxes
including compact size, no effect on lightning performance of link box, no need to extra
accessories for mounting and being low cost.

This sensor also has been equipped with a voltage divider inside for measurement of
induced voltages in bonding system of high voltage cable systems. This signal can be
also used to provide synchronization signals for partial discharge measuring devices.
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Also, it can be used for counting number of lightning impulses passing through sheath
voltage limiters inside link boxes so condition monitoring of SVL is possible. Two BNC
outputs are available on the base of insulator which is voltage divider output and partial
discharge sensor output. So, signals are ready-to-use for measuring systems, counters

or monitoring systems.

To achieve the aforementioned objects, the present invention is a link box which
provides bonding and grounding of sheathes of cable joints or cable terminations and
comprising partial discharge sensors and voltage dividers provide to pick up partial
discharge pulses, measurement of induced voltages in link box, counting number of
lightning impulses passing through sheath voltage limiters and comprise top metal
fittings which are used to connect to energized parts of link box, bottom metal fittings
are connected to ground body of link box, primary windings are connected to link box
energized components and other components of the partial discharge sensor and
voltage divider, secondary windings are used output port for partial discharge
measurement, capacitors provide a capacitive voltage dividing circuit, top connectors
provide an appropriate connection point for measuring/monitoring devices and bottom
connectors provide an appropriate connection point for measuring/monitoring devices.

The structural and characteristic features and all the advantages of the present
invention will be more clearly understood thanks to the figures below and the detailed
description written with reference to those figures, therefore; the evaluation needs to be
done by taking said figures and the detailed description into consideration.

Figures for a Better Understanding of the Invention
Fig. 1 shows all components of the present invention.

Fig. 2 shows top overall view insulator type partial discharge sensor and voltage
divider.

Fig. 3 shows top schematic view insulator type partial discharge sensor and voltage
divider.

Fig. 4 shows schematic view of a high voltage cable system during offline and online
partial discharge test.

Fig. 5 shows arrangement of current invention when it used for online monitoring.
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Description of the Part References

A. Link box

1. Enclosure body

2. Enclosure cover

3. Cable gland

4. Bonding cable (coaxial)
5. Earthing cable

6. Additional housing

7. Housing cover

8. Protection box

9. voltage divider and partial discharge sensor

10. Support insulator

11. Signal cable

12. Sensor cable gland

13. Threaded cap

14. Dis-connectable link bar
15. Ferromagnetic core

16. Primary winding

17. Second winding

18. High voltage capacitor
19. Low voltage capacitor

20. Top connector

PCT/TR2018/050142
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21. Bottom connector
22. Insulating body
23. Top metal fitting
24. Bottom metal fitting
25. Cable termination
26. Cable joint
Detailed Description of the Invention

In this detailed description, the preferred embodiments of the invention are described
only for a better understanding of the subject without any limiting effect.

The invention relates to link box (A) with built-in insulator type voltage divider and
inductive partial discharge sensor for use in high voltage cable systems.

Fig.1 shows components of the present invention. Link box (A) includes a stainless-
steel enclosure body (1) and stainless-steel enclosure cover (2). Enclosure body (1)
can be seen as a base frame for mounting internal parts and protection of internal parts
against environmental conditions. Bonding cables (4) are used to connect metallic
sheath of high voltage cable joints (26) or cable termination (25) to link box (A). Then
cross bonding of cable sheathes made by dis-connectable link bars (14) inside link box
(A). Earthing cable (5) is connected to earthing busbar inside the link box (A) and then
it's ready to be connected to earthing electrode outside of the link box (A). Sealed
penetration of bonding cables (4) (coaxial) and earthing cable (5) into enclosure body
(1) made by cable glands (3). All energized parts of are isolated from ground via
support insulators (10).

Partial discharge detection in current invention is made by insulator type inductive
voltage divider and partial discharge sensor (9) (ITPDS). As seen on Fig.2, connection
of voltage divider and partial discharge sensor (9) to link box (A) components is made
via top metal fitting (23) and bottom metal fittings (24). Top metal fitting (23) is used to
connect to energized parts of link box (A). Bottom metal fiftting (24) was connected to
ground i.e. body of link box (A) (enclosure cover (2)). Insulating body (22) made from
glass fiber reinforced polyurethane material provides an insulating environment for
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electrical components inside of voltage divider and partial discharge sensor (9). Also
insulating body (22) provides a reliable mechanical support for all encapsulated

components.

Fig.3 shows schematic view of internal structure of voltage divider and partial discharge
sensor (9). Primary winding (16) of voltage divider and partial discharge sensor (9)
wound on ferromagnetic core (15) provide a pass for passing transient current pulses
(partial discharge pulses). As it can be seen in Fig.3, one side of primary winding (16)
connected to link box (A) energized components and other side connected to other
components of voltage divider and partial discharge sensor (9).

Soft ferromagnetic core (15) is used for effective coupling between primary winding
(16) and secondary winding (17). High permeability of ferromagnetic core (15) provides
an ideal pass for transient partial discharge pulses. The induced voltage in the
secondary winding (17) is proportional to the rate of change of current in the primary
winding (16). So, terminals secondary winding (17) are used as output port for partial
discharge measurement. Top connector (20) has been used to provide an appropriate
connection point for measuring/monitoring devices. High voltage capacitor (18) (HV)
and low voltage capacitor (19) (LV) connected in series provides a capacitive voltage
divider. Midpoint of these high voltage capacitor (18) and low voltage capacitor (19)
and ground provides output of capacitive voltage divider. Bottom connector (21) has
been used to provide an appropriate connection point for measuring/monitoring
devices.

Partial discharge output top connector (20) and voltage output of bottom connector (21)
of voltage divider and partial discharge sensor (9) are transmitted to additional housing
(6) via signal cables (11). As seen on Fig.4, offline or online partial discharge testing in
present invention is possible just only by opening the housing cover (7) and connecting
test device to protection box (8).

As shown in Fig.5, it is possible to use present invention as a part of online partial
discharge monitoring systems or SVL monitoring systems. Detected partial discharge
signals are sent out of the link box (A) toward monitoring system through sealed small
sensor cable glands (12). When this option is not used, sensor cable glands (12) shall
be covered by threaded caps (13).
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at least an enclosure body (1) in which all other components are placed and
protects the all components from environmental conditions,

at least an enclosure cover (2) which is upper part for the link box (A) and
protects internal components from environmental conditions,

at least a bonding cable (4) provides to connect metallic sheath of cable
joints (26) or cable termination (25) to link box (A),

at least an earthing cable (5) is connected to earthing busbar inside the link
box (A) and earthing electrode outside of the link box (A),

at least a cable gland (3) makes sealed penetration of bonding cables (4)
and earthing cables (5) into enclosure body (1),

at least a dis-connectable link bar (14) provides a cross bonding of voltage
cables sheathes inside the link box (A),

at least a voltage divider and partial discharge sensor (9) provides to pick up
partial discharge pulses, measurement of induced voltages in link box (A),
counting number of lightning impulses passing through sheath voltage
limiters and comprises

o at least a top metal fitting (23) is used to connect to energized parts
of link box (A),

o at least a bottom metal fitting (24) are connected to ground body of
link box (A),

o at least a primary winding (16) are connected to link box (A)
energized components and other components of the partial
discharge sensor and voltage divider (9),

o at least a secondary winding (17) is used output port for partial
discharge measurement,

o high voltage capacitor (18) provide a capacitive voltage dividing
circuit,

o low voltage capacitor (19) provide a capacitive voltage dividing
circuit,

o at least a top connector (20) provides an appropriate connection
point for measuring/monitoring devices,
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o at least a bottom connector (21) provides an appropriate connection
point for measuring/monitoring devices,

at least a ferromagnetic core (15) provides effective coupling between the
primary winding (16) and the secondary winding (17),
at least an additional housing (6) is located on the enclosure cover (2) which
pulses of partial discharge signals are transmitted using signal cables (11)
connecting the voltage divider and partial discharge sensor (9) to protection
box (8) and provides carrying out of partial discharge measurement during
partial discharge test just only by opening at least a housing cover (7)
without opening enclosure cover (2),
at least a protection box (8) located in the additional housing (6) intended for
connecting partial discharge test device and also provides protection of test
circuit using spark gaps inside,
the housing cover (7) provides a sealed housing for the protection box (8),
signal cables (11) provide to transmit partial discharge pulses to the
protection box (8),
at least a sensor cable gland (12) makes sealed penetration of signal cables
(11) into the enclosure body (1),
threaded caps (13) which sensor cable glands (12) are covered by when
sensor cable glands (12) is not used,
at least a support insulator (10) isolates energized parts from the enclosure
body (1).



10

15

20

25

30

WO 2019/194754 PCT/TR2018/050142

1.

CLAIMS

A link box (A) which provides bonding and grounding of sheathes of cable joints
(26) or cable terminations (25) and comprises;

- at least an enclosure body (1) which all other components are placed inside and
protects the all components from environmental conditions,

- at least an enclosure cover (2) which is upper part for the link box (A) and
protects internal components from environmental conditions,

- at least a bonding cable (4) provides to connect metallic sheath of cable joints
(26) or cable termination (25) to link box (A),

- at least an earthing cable (5) is connected to earthing busbar inside the link box
(A) and earthing electrode outside of the link box (A),

- at least a cable gland (3) makes sealed penetration of bonding cables (4) and
earthing cable (5) into enclosure body (1),

- at least a dis-connectable link bar (14) provides a cross bonding of voltage
cables sheathes inside the link box (A),

characterized in that comprises;

- at least a voltage divider and partial discharge sensor (9) provides to pick up
partial discharge pulses, measurement of induced voltages in link box (A),
counting number of lightning impulses passing through sheath voltage limiters
and comprises
o at least a top metal fitting (23) which is used to connect to energized parts of

link box (A),

o at least a bottom metal fitting (24) is connected to ground body of link box
(A),

o at least a primary winding (16) is connected to link box (A) energized
components and other components of the partial discharge sensor and
voltage divider (9),

o at least a secondary winding (17) is used output port for partial discharge
measurement,

o high voltage capacitor (18) provide a capacitive voltage dividing circuit,

o low voltage capacitors (19) provide a capacitive voltage dividing circuit,
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o at least a top connector (20) provides an appropriate connection point for
measuring/monitoring devices,

o at least a bottom connector (21) provides an appropriate connection point
for measuring/monitoring devices,

- at least a ferromagnetic core (15) provides effective coupling between the
primary winding (16) and the secondary winding (17),

- at least an additional housing (6) is located on the enclosure cover (2) which
pulses of partial discharge signals are transmitted using signal cables (11)
connecting the voltage divider and partial discharge sensor (9) to protection box
(8) and provides carrying out of partial discharge measurement during partial
discharge test just only by opening at least a housing cover (7) without opening
enclosure cover (2),

- at least a protection box (8) is located in the additional housing (6) intended for
connecting partial discharge test device and also provides protection of test
circuit using spark gaps inside,

- the housing cover (7) provides a sealed housing for the protection box (8).

2. The link box (A) according to Claim 1, characterized in that comprises, the signal

cable (11) provide to transmit partial discharge pulses to the protection box (8).

3. The link box (A) according to Claim 1 or Claim 2, characterized in that comprises, at

least a sensor cable gland (12) makes sealed penetration of signal cables (11) into
the enclosure body (1).

4. The link box (A) according to Claim 3, characterized in that comprises, threaded

caps (13) which sensor cable glands (12) are covered by when sensor cable glands
(12) is not used.

5. The link box (A) according to Claim 1, characterized in that comprises, at least a

support insulator (10) Isolate energized parts from the enclosure body (1).
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Fig. 3
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