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(54) High voltage coil

(67)  The invention deals with an HV voltage coil
which is an element of a voltage transformer used in a
combined instrument transformer applicable in high volt-
age electric power measuring systems. The voltage coll
comprises a magnetic core (16), a primary winding (13)
wound onto a secondary winding (14) and surrounded
by an upper screen (17), a bushing of a high voltage
instrument transformer in the form of a conducting rod
(21) placed in insulating material (23) with equipotential
screens (25), the primary winding together with the upper
screen being located in the coil insulation (24) which is
covered by an external screen (26). The voltage coil ac-
cording to the invention is characterized in that the upper
screen (17) has the shape of a ring with a gap (18), which
is integrated with a connecting element (19) in the form
of a truncated cone. This base of the cone which has the
larger diameter is situated on the external surface of the
ring, and the cone has an axial opening (20) into which
a threaded end of the conducting rod (21) is screwed.
Equipotential screens (25) are situated centrically around
therod (21) and they have overlapping longitudinal edges
which do not touch one another in any point. A copper
tape (27) is wound on the insulation (23) and on the ex-
ternal screen (26) of the voltage coil.

Fig. 2

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 565 884 A2 2

Description

[0001] The invention deals with a high voltage voltage
coil which is an element of a voltage transformer used in
a combined instrument transformer which comprises of
a current transformer and a voltage transformer located
in a common enclosure. A combined instrument trans-
former is applicable in high voltage electric power meas-
uring systems.

[0002] A combined instrumenttransformer known from
patent description PL193711 comprises an inductive
toroidal core type current transformer and an inductive
three-leg core type potential transformer, located in the
upper and lower parts of the combined instrument trans-
former, respectively, in metal enclosures and it has an
insulator filled with insulating medium in which equipo-
tential screens of an electrically conductive material are
located. The primary winding of the voltage transformer
and the secondary winding of the voltage transformer are
wound on a cylindrical tube of an insulating material, lo-
cated on the central column of the core which is a com-
position of two rectangular cores. The equipotential
screens are built into an insulating material spread over
the high voltage output lead of the voltage transformer
and they are connected with the equipotential screens
built into the insulating material spread over the tube with
the output leads of the secondary windings of the current
transformer. The insulating medium is located in the
space between the insulated windings of the current and
voltage transformers and their metal enclosures as well
as in the space between the insulated input leads of the
windings of the transformers running along the insulator
and the internal surface of the insulator.

[0003] There is known a combined instrument trans-
former of a similar design, JUK123 made by ABB Sp.z
0.0., in which the current coil of the current transformer,
which surrounds the current lead, is located in a metal
enclosure. Output leads of the windings of the current
coil are taken through a current bushing in the form of a
metal tube to a terminal box connected to the casing of
the voltage transformer. The current bushing is connect-
ed with the metal enclosure through a screw jointin which
the external thread is made at the end of the bushing
tube, and the internal thread is made in the opening of a
joining sleeve which is tightly fitted in the opening made
in the metal casing of the current coil. The screw joint of
the current bushing with the joining sleeve enables the
appearance of blades of the protruding thread and edges
of the sleeve, which may weaken the strength of the pa-
per-and-oil insulation at the place where bushing joins
the current coil enclosure. The voltage transformer com-
prises a voltage coil in which the primary winding is
wound on the secondary winding, which are wound on a
cylindrical tube of an insulating material. Inside the tube
there are the columns of two magnetic cores which form
ajacket core system for the windings of the voltage trans-
former. At the bottom, the voltage transformer is closed
by the bottom part of the metal casing with four openings
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used to fasten the transformer to the frame by means of
bolts.

[0004] Inthe JUK 123 combined instrumenttransform-
er known from ABB catalogs, the voltage coil windings
are provided with an upper screen located inside the volt-
age coil in the shape of a cylinder and covering the final
layer of the winding, made from a copper sheet with wires
soldered to the edges of the sheet to avoid sharp edges.
The output lead of the voltage coil is the high voltage
bushing of the coil, which is located in an insulating ma-
terial with equipotential screens made from aluminum
sheets which after being wound into the insulating ma-
terial form cylindrical covers situated centrically around
the longitudinal axis of the voltage bushing.

[0005] Inthe presented JUK 123 instrumenttransform-
er, the external screen of the voltage coil was formed of
aluminum foil and was connected with the final aluminum
screen situated on the voltage bushing. There is also
known an external screen made of black semiconducting
paper which is located outside the voltage coil and which
is electrically connected with the final, wound on the larg-
est diameter, aluminum screen situated on the voltage
bushing.

[0006] The essence of the high voltage voltage coil
comprising a magnetic core, a primary winding wound
onto the secondary winding and surrounded by an upper
screen to which there is fixed a bushing of a high voltage
instrument transformer in the form of a conducting rod
placed in insulating material in which cylindrical, axial
equipotential screens are situated on different levels, the
primary winding together with the upper screen being
located in the coil insulation which is covered by an ex-
ternal screen is that the upper screen has the shape of
aring with a gap, integrated with the connecting element
in the form of a truncated cone. The larger base of the
truncated cone is situated on the external surface of the
ring. The cone has an axial opening into which the thread-
ed end of the rod is screwed. The equipotential screens
are situated centrically around the conducting rod and
they have overlapping longitudinal edges which do not
touch one another in any point. Moreover, a copper tape
is wound on the voltage coilinsulation and on the external
screen of the voltage coil.

[0007] Preferably, the internal and external edges of
the ring of the upper screen are rounded, and the round-
ing radius "R1" of the external edge is larger than the
rounding radius "R2" of the internal edge.

[0008] Preferably, the upper screen is made as an alu-
minum cast.
[0009] Preferably the equipotential screens of the

bushing are situated in relation to the rod axis in such
way that the line connecting the upper edges of the
screens located in the insulating material is situated at
an acute angle to the rod axis and at the same time it is
parallel to the line connecting the bottom edges of these
screens.

[0010] Preferably, the angle "o" of the mutual overlap-
ping ofthe longitudinal edges of the equipotential screens



3 EP 2 565 884 A2 4

of the bushing is less than 60°.

[0011] Preferably, the insulating material of the bush-
ing is paper insulation whose bands are wound stepwise
on the bushing rod, narrowing towards both ends of the
rod.

[0012] Preferably, the final bushing screen made of
conducting material is permanently connected with the
copper tape on the external side outline of the voltage
coil.

[0013] Preferably, the output leads of the copper tape
are the end of the band in the form of copper plaiting
which is permanently fixed to an insulating connector.
[0014] Preferably, the external screen of the coil, which
reflects the outer surface of the coil, is made of a semi-
conducting paper.

[0015] Preferably, the coil according any of the claims
1 through 9 is an element of a voltage transformer which
togetherwith a current transformer and an insulator make
a combined instrument transformer.

[0016] The invention is presented as an example of an
embodiment in the drawing, where fig. 1 shows the com-
bined instrument transformer in half-view and in broken-
out frontal half section showing the insulator in section,
fig. 2 - the voltage coil in side section, fig. 3 - the voltage
coil in frontal view partially broken-out, fig. 4 - the upper
screen of the voltage coil in frontal view, fig. 5 - the upper
screen of the voltage coil in side view, fig. 6 - the voltage
bushing with indicated equipotential screens in half-view
and in half section, fig. 7 - the voltage bushing with the
equipotential screens from fig. 6 in cross-section along
line C-C, fig. 8 - the insulation of the voltage coil with the
external screen in frontal projection on the side where
the copper belt is taken outside, fig. 9 - the insulation of
the voltage coil with the external screen from fig. 8 in end
elevation, fig. 10 - the insulation of the voltage coil with
the external screen in frontal projection on the side where
the copper beltis taken outside, and fig. 11 - the insulation
of the voltage coil with the external screen from fig. 10 in
end elevation.

[0017] The combined instrumenttransformer compris-
es a current transformer 1 and a voltage transformer 2
located in the upper and lower parts of the transformer,
respectively, in metal enclosures 1a and 2a, 2b and it
has an insulator 3 filled with an insulating medium 4. The
currenttransformer 1is located in a metal head 5 in which
there is at least one cylindrical core 6. Secondary wind-
ings 7 of the current transformer 1 are wound on the core
6. The windings 7 with the core 6 are located in a metal
enclosure 8. A primary winding 9 whose terminal is con-
nected to the metal head 5 of the instrument transformer
runs through the center of the cores. The output leads of
the secondary windings 7 of the instrument transformer
1 are brought into a metal tube 10 which is a current
bushing of the transformer 1, which is located inside the
insulator 3. The output leads of the secondary windings
7 are brought outside the tube 10 at its other end and
they are connected with the external terminals located in
aterminal box attached to the lower part of the enclosure
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2b of the voltage transformer 2, which is not shown in
the drawing. In the upper part of the enclosure 1a of the
current transformer there is located a compensatory bel-
lows 11 used to compensate variations in the volume of
the insulating medium 4 which can be insulating oil, sulfur
hexafluoride, or nitrogen. The voltage transformer com-
prises a voltage coil 12 with a primary winding 13 wound
onto a secondary winding 14, which are wound on a cy-
lindrical tube 15 of insulating material. Inside the tube 15
there are placed the columns of two magnetic cores 16
which make a jacket-core system for the windings of the
voltage transformer 2. In side section, the windings of
the coil 12 have the shape of a trapeze, which is shown
in fig. 2. The shorter base of the trapeze is galvanically
connected with the inner surface of the upper screen 17
of the voltage coil. The upper screen 17 is formed in the
shape of a metal ring with a gap 18 which prevents the
formation of a shorted coil, and it comprises a connecting
element 19 which has the shape of a truncated cone
whose larger-diameter base is situated on the external
surface of the ring. In the cone axis there is a threaded
port 20 into which the threaded end of a conducting rod
21 constituting the voltage bushing of the voltage coil is
screwed. The whole upper screen 17 is made as an alu-
minum casting. The ring edges are rounded, and the ra-
dius of the rounding of the external edge R1 is bigger
than the radius of the rounding of the internal edge R2,
which allows to minimize the intensity of the electric field
on the edges of the screen 17. The connecting element
20 contains also a transverse port 22 which is used to
introduce a set screw into it. The windings of the voltage
transformer 2 with the upper screen 17 are insulated with
insulating material 23 in the form of paper-and-oil insu-
lation. The conducting rod 21 that is screwed into the port
20 is situated along its own length in the bushing insula-
tion 24 in the form of paper bands wound onto the rod
21. In the insulation 24 there are axial equipotential
screens 25 in the form of sheets of conducting material,
forming cylindrical screens of equal length, with the ex-
ception of a shorter external screen, which are situated
parallel to one another and to the axis of the rod 22. The
line joining the upper edges of the equipotential screens,
with the exception of the external screen which is shorter
than the other screens, is situated at an acute angle to
the axis of the rod 21 and at the same time parallel to the
line connecting the bottom edges of the equipotential
screens. After the formation of the cylindrical screens,
the longitudinal edges of the equipotential screens over-
lap one another, which is shown infig. 7, but these edges
do not touch because there is a layer of a thickness of
one insulation paper sheet between the overlapping
screen layers. The angle a at which the edges of the
screens overlap should not exceed 60°, and preferably
it should be within the range of 15-45°. The presented
system of cylindrical equipotential screens 25, made of
aluminum foil, and their mutual position in the paper in-
sulation 24 enable the achievement of considerable ho-
mogeneity of the electric field in the voltage bushing of
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the voltage coil, which greatly improves the quality of the
combined instrument transformer. The insulation of the
bushing 24 is gradated on both sides, i.e. the upper and
the lower sides, and it is connected with the insulation
material 23 of the voltage coil forming the main insulation
of the voltage transformer 2, in which the lower gradated
side of the insulation 24 is comprised.

[0018] On the lower part of the main insulation of the
voltage transformer there is an external screen 26, of a
shape reflecting the coil surface. A conducting copper
tape 27 is evenly wound onto the external screen 26,
which is shown in fig. 8, 9, 10 and 11. The tape 27 twists
around the front surfaces of the coil and covers the outer
side outline of the coil, the sections of the band that in-
tersect on the side outline of the coil being permanently
joined with one another e.g. by soldering. One end of the
band 27 is taken outside the insulation and it is fixed to
the insulating connector 28, to which also the end of the
band 29 in the form of a copper plaiting, constituting the
conducting outlet of the external screen 26, is fixed. The
final, shorter screen 25 of the conducting material is per-
manently connected with the copper tape 27, which is
not shown in the drawing. To facilitate equal distribution
of the band 27 on the external screen, pressboard disks
30 through which the band is threaded are fixed to both
sides of the voltage coil. The function of the copper tape
27 istoconductan electric charge to earth and to equalize
potentials on the voltage coil. The use of the copper tape
27 permits an even distribution of the potential on the
voltage coil. At the bottom, the combined instrument
transformer is closed by the lower part of the casing 2b
with four openings used to fix the transformer to the frame
by means of bolts, not shown in the drawing. In the com-
bined instrument transformer, the equipotential screens
25 built into the insulation 24 surrounding the conducting
rod 21 of the voltage transformer are not galvanically
connected. The design and shape of the upper screen
17 located in the voltage coil 12 in the paper-and-oil in-
sulation 23, as well as the way of connecting it with the
voltage bushing wound on the metal rod 21 where the
thread of the metal rod 21 is completely hidden in the
connecting element 19, and the shape of the primary
winding of the voltage transformer 13 ensure the opti-
mum distribution of the electric field. Moreover, the upper
screen 17 functions as a support structure for the bushing
of the voltage coil. The threaded connection can be a
metric thread, a unified screw thread, or any other thread
depending on the design needs. The system of the
screens 25 of a design in which the longer sides of the
screens overlap ensures an even distribution of voltage
gradients at the ends of the screens. Also the use of the
external screen 26 of semiconducting paper and the use
of the copper tape 27 coiling around this screen ensures
an even potential distribution on the voltage coil. All the
above mentioned new features of the voltage coil con-
tribute to an increase in the quality of the voltage trans-
former and greater operating safety of the combined in-
strument transformer.
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List of markings in the drawing
[0019]
1. current transformer

1 a - current transformer casing
voltage transformer

2. voltage transformer

2a - voltage transformer casing
2b - voltage transformer casing

. insulator

. insulating medium

. metal head

. cylindrical core of the current transformer

. secondary windings of the current transformer
. metal enclosure of the current coil

9. primary winding of the current transformer
10. metal tube

11. compensatory bellows

12. voltage coil

13. primary winding of the voltage transformer
14. secondary winding of the voltage transformer
15. cylindrical tube of insulating material

16. magnetic core of the voltage transformer
17. upper screen of the voltage coil

18. gap in the upper screen

19. connecting element

20. port

21. conducting rod

22. transverse port

23. insulating material

24. bushing insulation

25. equipotential screens

26. external screen

27. copper tape

28. insulating connector

29. end of copper tape

30. pressboard disk

0o NOoO O W

Claims

1. High voltage voltage coil comprising a magnetic
core, a primary winding wound onto a secondary
winding and surrounded by an upper screen to which
there is fixed a bushing of a high voltage instrument
transformer in the form of a conducting rod placed
in insulating material in which cylindrical, axial equi-
potential screens are situated on different levels, the
primary winding togetherwith the upper screen being
located in the coil insulation which is covered by an
external screen, characterized in that the upper
screen has the shape of a ring with a gap (18), inte-
grated with the connecting element (19) in the form
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of a truncated cone whose larger base is situated on
the external surface of the ring, the cone having an
axial opening (20) into which a threaded end of the
conducting rod is screwed (21), and equipotential
screens (25) situated centrically around the rod (21)
have overlapping longitudinal edges which do not
touch one another in any point, and moreover, a cop-
per tape (27) is wound on the insulation (23) and on
the external screen (26) of the voltage coil.

A coil according to claim 1, characterized in that
the internal and external edges of the ring of the up-
per screen (17) are rounded and the rounding radius
(R1) of the external edge is larger than the rounding
radius (R2) of the internal edge.

A coil according to claim 2, characterized in that
the upper screen (17) is made as an aluminum cast.

A coil according to claim 1, characterized in that
equipotential screens (25) are situated in relation to
the rod axis in such way that the line connecting the
upper edges of the screens (25) located in the insu-
lating material (24) is situated at an acute angle to
the rod axis (21) and at the same time parallel to the
line connecting the bottom edges of these screens.

A coil according to claim 4, characterized in that
the angle (o) of the mutual overlapping of the longi-
tudinal edges of the equipotential screens (25) is less
than 60°.

A coil according to claim 1, characterized in that
the insulating material (24) of the coil bushing is pa-
per insulation whose bands are wound stepwise on
the rod (21), narrowing towards both ends of the rod.
(21).

A coil according to claim 1, characterized in that
the last screen of conducting material (25) is perma-
nently connected with the copper tape (27) wound
onto the external side outline of the voltage coil.

A coil according to claim 1, characterized in that
the output leads of the copper tape (27) are the end
of the band (29) in the form of copper plaiting which
is permanently fixed to an insulating connector (28).

A coil according to claim 1-8, characterized in that
external screen (26) which reflects the outer surface
of the coil is made of a semiconducting paper.

A coil according to any claim from 1 through 9, char-
acterized in thatitis an element of the voltage trans-
former (2) which together with the current transform-
er (1) and the insulator (3) make a combined instru-
ment transformer.
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