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(54) A method for making the insulation of a voltage coil of a HV instrument transformer and a 
device for making  the insulation of a voltage coil

(57) The method according to the invention is char-
acterized by the fact that a top screen (17) is put on the
insulated windings of a voltage coil (10), which screen is
joined with a conducting bar (18) of a bushing and next
the coil and the joint between the voltage coil (10) and
the bushing are banded with bands of winding paper (16)
in vertical position of the coil (10), by turns on the upper
and lower side of the coil surface. The device according
to the invention is characterized in that it comprises a
crossbar (6) and means for fixing the position of the volt-
age coil (6) on the crossbar, and the crossbar (6) is fas-
tened to a revolving frame (1) joined with a body (2) and
a base (3).
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Description

[0001] The invention deals with a method for making
the insulation of a voltage coil of an HV instrument trans-
former and a device for making this insulation, applicable
to isolating the voltage coil with insulating paper during
the process of coil banding occurring during the produc-
tion of a voltage transformer and during the production
of a combined instrument transformer comprised of a cur-
rent transformer and a voltage transformer.
[0002] In a known combined instrument transformer
JUK-123a made by ABB Sp. z o.o, the main insulation
and the interlayer insulation of a voltage coil and of a high
voltage bushing is insulating paper. This insulation is
made by winding in successive turns a layer of winding
and applying a layer of insulating paper with paper edges
cut longitudinally in relation to the tube axis, further on
referred to as fringes, onto the insulating tube of the high
voltage coil. In cross-section, the winding of the high volt-
age coil has the shape of a trapeze, whereas the paper
insulation has the shape similar to a cylinder.
[0003] After winding, the coil is moved to the banding
station. A top screen is applied onto the coil symmetrically
in relation to the ends of the tube and the formation of
the main insulation, further on referred to as banding,
starts in horizontal position. Banding takes place as fol-
lows. Several paper layers with fringes on the right side
of the winding are folded onto the top screen and fixed
by gluing individual fringes from paper layers from the
other side. Next, several paper layers with fringes on the
left side of the winding are folded onto the top screen and
fixed by gluing individual fringes from paper layers from
the other side. The pasted layers are additionally fixed
with crepe paper by enveloping the coil on its circumfer-
ence with serpentine movements until the coil surface is
completely covered with paper. These operations are re-
peated until the coil reaches a suitable diameter. Next,
a conducting bar containing paper insulation with equi-
potential screens, further on referred to as high voltage
bushing, is screwed into a sleeve located in the top
screen. Further application of paper insulation and equi-
potential screens onto the conducting bar is done con-
currently with banding the coil. The operations of banding
the coil are repeated, only now, after each wrapping of
the coil surface with crepe paper, further winding of the
bushing follows. Banding of the coil and winding of the
bushing take place by turns, so that the bushing insulation
and the coil insulation overlap, which greatly affects the
withstand voltage. Making of the external screen starts
after the completion of banding. The external screen is
made of thin aluminum foil and it is located on the upper
part of the coil having a bell-like shape. The edge of the
screen ends with a band of a conducting material, to elim-
inate sharp edges. The presented insulation-making
process is carried out manually, which is very laborious
and requires considerable manual skills from the person
performing these actions. The horizontal situation of the
voltage coil during banding and breaking of the fixing

paper band results in a free fall of the fringes due to grav-
itation. Each time, the fringes have to be picked up,
straightened, and the paper fringes have to be manually
stretched and glued alternately on the left and on the
right. The falling of the fringes and their manual picking-
up results in folding and uneven arrangement of the paper
insulation, which affects the withstand voltage of the in-
sulation. Moreover, fixing of the falling fringes requires a
rather large amount of glue which has poorer insulating
properties than paper-and-oil insulation, thus weakening
the main insulation of the voltage coil. The presented
process of making the insulation is complicated and re-
quires considerable skill and precision. The appropriate
parts of the voltage coil insulation, as well as its variable
thickness, especially on the joint between the bushing
and the coil, have to be made very precisely to prevent
insulation breakdowns during the operation of the instru-
ment transformer. For that reason, improvement in the
method of making the insulation is important for the qual-
ity of the transformer.
[0004] The essence of the method of making the main
insulation of the voltage coil of an HV instrument trans-
former according to the invention in which the insulating
material are sheets of winding paper with longitudinally
cut bands which are used to insulate first the individual
layers of the voltage coil winding forming the interlayer
insulation of the coil, and then to insulate the coil and the
connection between the coil and the bushing of the HV
instrument transformer, is that an upper screen is put on
the insulated windings of the voltage coil, which screen
is connected with a connecting bar of the bushing and
then the coil and the place of connection of the voltage
coil and the bushing is banded with bands of winding
paper In vertical position of the coil, in turns from the
upper and lower sides of the coil surface.
[0005] Preferably, the thickness of the layers of the
voltage coil insulation decreases with the increase in the
distance from the coil axis.
[0006] Preferably, after the completion of the process
of banding of the voltage coil together with the top screen,
a winding layer of semiconducting paper is applied on
the external surface of the banded coil and the main in-
sulation, forming an external screen of the instrument
transformer.
[0007] Preferably, when the external screen has been
applied on the banded coil and the main insulation, the
external screen is wound with copper strap.
[0008] Preferably, during banding of the voltage coil,
the conducting bar together with the insulation take hor-
izontal position.
[0009] Preferably, the coil and the screen as well as
the connection between the voltage coil and the conduct-
ing bar is banded using a gravitational banding device.
[0010] The essence of the device for making the main
insulation of the voltage coil of a HV instrument trans-
former, comprising a crossbar and means for fixing the
voltage coil with the main screen on the crossbar is that
the crossbar of the device is fixed on a revolving frame
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joined with a body and a base.
[0011] Preferably, the device for making the main in-
sulation contains a block mechanism for blocking the
crossbar together with the frame in a horizontal or vertical
position, with the crossbar and the frame revolving by an
angle of 90°.
[0012] Preferably, at the end of the crossbar of the de-
vice there are spacer disks and pressing sleeves.
[0013] Preferably, a holder with a clamping ring for
keeping the transformer bushing in vertical position is
fixed to the body of the device.
[0014] Preferably, the device according to the inven-
tion contains a nut for adjusting the height of the frame
position.
[0015] The advantage of the method and device ac-
cording to the invention is a significant facilitation in the
process of making the insulation achieved by using the
gravitational force for arranging the fringes while banding
the coil in vertical position in the device, which also pre-
vents crumpling and wrinkling of the fringes and facili-
tates their fixing to the surface of the coil. During the
application of the interlayer insulation consisting of a few
or more than a dozen sheets of paper with cut fringes,
the fringes of the winding paper are not shifted in relation
to one another and they form packets which can be easily
arranged on the circumference of the coil during vertical
banding of the coil. Different thicknesses of the interlayer
insulation of the coil, so that the insulation tension be-
tween layers is the same throughout the coil, ensure
small partial discharges and a proper withstand voltage
of the coil. Improvement in the quality of the insulation is
achieved by increasing the insulation homogeneity,
which is achieved by minimizing the gluing process.
Leading the end of the winding out through a port in the
carcass on which the coil is wound ensures a proper with-
stand voltage between the output lead and the external
screen of the coil. The alternate application of the bushing
insulation and the coil insulation at the place where the
voltage coil joins the bushing causes that the insulation
in this place is homogenous and forms a monolith without
any spaces or gaps. The use of a full external screen
made of semi-conducting paper ensures equal spacing
between high-potential coil elements and ground and it
ensures a repeatable electric field distribution, and it also
protects the coil against possible edges in the housing
and other ground-potential elements. The advantage of
the device for making insulation is a significant facilitation
of the process of coil banding by keeping the coil in ver-
tical position and by easy rotation of the coil by 180°. Also
the installation of the external screen in the device in
vertical position is easier and permits quick and uniform
spreading of conducting tape on the external screen of
the coil using two insulation discs fastened to the sides
of the coil and thereby it ensures a uniform potential dis-
tribution on the voltage coil.
[0016] The method according to the invention is illus-
trated by an embodiment in the drawing, where fig. 1
shows the device for making insulation, in side view, fig.

2 shows the voltage coil together with insulating winding
material after the completion of the coil winding process,
in cross-section, fig. 3 - detail "A" from fig. 2, fig. 4 - the
voltage coil after connection with a HV bushing before
starting the banding process, in cross-section, fig. 5 - the
voltage coil partly banded together with the bushing, in
cross-section, and fig. 6 - the voltage coil together with
the bushing after the completion of the winding process,
in cross-section.
[0017] The method of making the insulation of a volt-
age coil of a HV instrument transformer is first carried
out on a traditional winding machine for voltage coil wind-
ing, and then by means of the device for making insulation
according to the invention. The device for making insu-
lation, so called gravitationally insulating device, com-
prises a frame 1 of an arched shape, rigidly fixed to a
revolving body 2 which is joined movably in vertical di-
rection with a base 3 by a nut 4 which controls the reg-
ulation of the height of the position of the body 2. The
revolving body 2 is provided with a blocking mechanism
5 used to block the position of the body together with the
frame 1 with a revolution of 90°. The frame 1 comprises
a crossbar 6 furnished with pressing sleeves 7 at its ends,
and spacer disks 8. To the body 2 there is fixed a holder
9 ending with a clamp for keeping the high voltage bush-
ing in vertical position at the moment when the voltage
coil is in horizontal position, useful during the further ex-
ecution of the insulating process, e.g. during the appli-
cation of the external screen.
[0018] The process of insulating a voltage coil 10 takes
place as follows.
[0019] First, using a traditional winding machine, the
first winding layer 12 is wound onto an insulating tube 11
constituting the coil carcass, and then insulation layers
13 and winding layers 12 are wound in turns, which is
shown in fig. 3, and the winding terminal 14 is lead out
through a suitable port in the carcass and left outside the
insulating tube 11. The direction of each next layer of
winding is opposite to the previous direction. The insu-
lation layer is formed of multiple sheets of paper wound
on the insulating tube 11 and technological tubes 15. The
sheets of paper are cut longitudinally and they form wind-
ing bands 16, also called fringes. Insulation packets differ
in thickness, that is, in the number of sheets of insulating
paper. The thickness of subsequent layers of insulation
paper depends on the tension between subsequent lay-
ers, which in turn depends on the number of turns in the
layer. The number of sheets in a layer is selected to keep
the tension falling on one sheet of paper constant in all
layers of paper. Preferably, the thickness of the insulation
layers 13 of the voltage coil 10 decreases with increase
in their distance to the coil axis.
[0020] Preferably, insulation packets also differ in
width, giving a gradated shape to a spool formed by the
wound coil 10 and the insulation packets.
[0021] When the process of winding on the winding
machine is completed, a top screen 17 comprising a met-
al protective guard (a cone) being an element of the
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screen is put onto the coil 10. Next, the coil 10 with paper
insulation and with the screen 10 is mounted upon the
crossbar 6 of the gravitationally insulating device whose
frame 1 is placed in horizontal position, and the position
of the coil 10 is immobilized on the crossbar 6 by means
of clamping sleeves 7. Next, the end of a conducting bar
18 which, with the exception of the ends, is enveloped in
a paper insulation 19 containing equipotential screens
20 is fixed to the top screen 17 of the coil 10. The con-
ducting bar 18 together with the insulation 19 forms a
bushing of the high voltage instrument transformer.
When the coil 10 with the top screen 17 have been mount-
ed on the crossbar 6 of the device, the frame 1 of the
device is turned to vertical position, and after breaking
the first tape that fixes the winding paper bands which
are situated vertically above the coil, paper bands 16 of
the first insulation packet are released, which bands fall
gravitationally onto the upper surface of the coil 10. The
bands 16, after being squared, are attached to the sur-
face by means of crepe paper, not shown in the drawing,
the first insulation layer being attached to the surface of
the top screen 17 with minute amounts of glue. After at-
taching all bands of the given packet, after clipping and
wrapping them in crepe paper, the revolving frame 1 of
the device is turned by 180°, and after breaking another
fixing tape, the paper bands 16 of the second insulation
packet are released, achieving a free, gravitational fall
of the bands 16 onto the bottom surface of the coil 10,
which is now situated in the top position. The bands of
the second packet are glued to the insulation layer ob-
tained from the first packet of bands and made on the
surface of the coil now situated in the bottom position.
Next, after gluing all the band layers of the second packet
and after their clipping, the revolving frame 1 of the device
is turned again and another layer of insulation is fixed in
the same way as before. The banding process includes
application of paper insulation first on the coil 10, and
then on the top screen 17 and on the uninsulated end of
the conducting bar 18, at the place where it joins the coil
10. Insulation is applied in turns, so that insulation in the
place where the HV bushing joins the voltage coil 10 in-
terlaces with the insulation of the voltage coil 10, forming
a main insulation 21 as a monolith without any gaps.
[0022] When the main insulation 21 has been formed
on the coil 10 and on the joint between the bar 18 of the
HV bushing and the coil 10, the revolving frame 1 of the
device is turned by an angle of 90° and the coil bushing
is set in vertical position. Then another insulating stage
starts, which is not shown in the drawing, in which an
external screen of the coil is made in the form of a layer
of semiconducting paper placed on the outer surface of
the insulation of the coil 10 and its joint with the bushing.
Next, copper strap is coiled around the external screen
using two insulating discs attached on the sides of the
coil forming a zigzag braid on the outer surface of the
coil, which is not shown in the drawing. More copper
straps are coiled around the main insulation 21 screened
with black semiconducting paper, on the joint between

the HV bushing and the voltage coil 10, which is not
shown in the drawing either. Cuts in all copper straps are
soldered with filler metal. The application of copper strap
permits an even potential distribution on the voltage coil.
[0023] The method for banding a voltage coil according
to the invention is carried out in vertical position of the
coil, which reduces the labor consumption for making the
coil and at the same time it improves banding quality.
The vertical situation of the coil during banding causes
that when the bands 16 of the first insulation packet, pre-
viously protected with girding bands, are released, the
bands fall naturally, by gravitation, onto the top surface
of the coil, without causing folds and they spread evenly
on the coil circumference. Fastening the bands 16 to the
surface of the coil is then much simpler and does not
require so much strength and skill as in the case of band-
ing in horizontal position. In addition, this method does
not produce creases in the insulation and greatly reduces
the need to use glue, since the bands take the right po-
sition by themselves, under its own weight. Owing to
these advantages, after the impregnation process, we
obtain a uniform paper-and-oil insulation, that is, without
inclusions of glue, and sufficiently hard due to the lack
of creases. The insulation according to the invention has
great electric break-down strength and small partial dis-
charges, which is very important for the quality of a volt-
age transformer.

Key to the drawing

[0024]

1. the frame

2. the body

3. the base

4. the nut

5. the block mechanism

6. the frame crossbar

7. the pressure sleeve

8. the spacer disk

9. the holder ending with a clamp

10. the voltage coil

11. the insulating tube of the voltage coil

12. the winding layer

13. the insulation layer
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14. the winding terminal

15. technological tube

16. the band of winding paper

17. the top screen

18. the conducting bar of the HV instrument trans-
former

19. the insulation of the conducting bar

20. the equipotential screens

21. the main insulation of the instrument transformer

Claims

1. A method for making the main insulation of a voltage
coil of an HV instrument transformer, wherein the
insulation material are sheets of winding paper with
longitudinally cut bands which are used first to insu-
late the individual layers of the winding of the voltage
coil forming an interlayer insulation of the coil, and
then to insulate the coil as well as the joint between
the coil and the bushing of the HV instrument trans-
former, characterized in that a top screen (17)
which is joined with a conducting bar (18) of the bush-
ing is placed on the insulated windings of the voltage
coil (10) and next the coil and the place of the joint
between the voltage coil (10) and the bushing is
banded with bands of winding paper (16) in vertical
position of the coil (10), by turns from the top and
bottom surfaces of the coil.

2. A method according to claim1, characterized in that
the thickness of the layers of the insulation (13) of
the voltage coil (10) decreases with the increase in
their distance to the coil axis.

3. A method according to claim1 or 2, characterized
in that after the completion of the process of banding
the voltage coil (10) together with the top screen (17),
a winding layer of semiconducting paper forming an
external screen of the voltage coil is applied on the
external surface of the main insulation of the instru-
ment transformer (21) of the banded coil (10).

4. A method according to claim 3, characterized in
that, following the application of the external screen
on the main insulation of the instrument transformer
(21) of the banded coil (10), the external screen is
enveloped in copper strap.

5. A method according to claim1, characterized in that
the conducting bar (18) with the insulation (19) takes

vertical position during banding of the voltage coil
(10).

6. A method according to claim1, characterized in that
banding of the coil (10) and the screen (17) and the
joint between the voltage coil (10) and the insulated
conducting bar (18) is done by means of a gravita-
tional banding device.

7. The device for making the main insulation of a volt-
age coil of a HV instrument transformer, comprising
a crossbar and means for fixing the position on the
crossbar of the voltage coil together with a top
screen, characterized in that the crossbar (6) is fas-
tened to a revolving frame (1) connected with a body
(2) and a base (3).

8. A device according to claim 6, characterized in that
it comprises a block mechanism (5) for blocking the
crossbar (6) with the frame (1) in horizontal or vertical
position with a revolution of the crossbar (6) and the
frame (1) by an angle of 90°.

9. A device according to claim 6 characterized in that
there are distance disks (8) and pressing sleeves (7)
situated at the end of the crossbar (6).

10. A device according to claim 1, characterized in that
there is a holder (9) with a clamping ring fastened to
the body (2), for keeping the transformer bushing in
vertical position.

11. A device according to claim 1, characterized in that
it comprises a nut (4) for regulating the height of the
frame (1) position.
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