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(54) The insulating casing of a high-voltage winding

(57) The invention relates to the insulating casing of
a high-voltage winding applicable in high-voltage electric
power equipment in which metal conducting elements
are embedded in resin insulation, and in particular it re-
lates to the casing of a dry transformer winding. The in-
sulating casing according to the invention is character-
ized in that it comprises a side strip (2) situated longitu-
dinally on the circumference of a thick-walled cylinder
(1), which strip has recesses (5) situated on the external
surface of the side strip (2) between phase connection
surfaces (3) and a tap connection surface (4). The re-
cesses (5) can have transverse convexities (7) or longi-
tudinal convexities (8) situated on the surface of the side
strip (2) in the location of the recesses (5).
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Description

[0001] The invention relates to the insulating casing of
a high-voltage winding, applicable in high-voltage electric
power equipment in which metal conducting elements
are embedded in resin insulation, and in particular it re-
lates to the casing of a dry transformer winding.
[0002] High-voltage electric power equipment com-
prising high-voltage conducting elements embedded in
resin insulation require insulation which is durable and
resistant to variable external stresses. Internal mechan-
ical stresses which cause cracks in insulation can be the
effect of both variable temperatures associated with the
insulation pouring and curing processes and of temper-
ature differences occurring during the operation of the
piece of equipment. Temperature differences inside resin
insulation arising during the operation of equipment result
from heating-up of metal conducting elements caused
by the flow of current. At the same time, resin insulation
directly adjacent to those elements is heated up, while
its other parts are cooled by ambient air. Unequal tem-
perature distribution can result in the occurrence of great
stresses and in deformation of material, which in conse-
quence can lead to cracks which disqualify the product
from further operation. In the operation of high-voltage
equipment with resin insulation, especially dangerous
are low temperatures reaching minus 50 degrees Celsi-
us. Switching the flow of current on in a piece of equip-
ment with resin insulation that has been cooled down to
such low temperatures can result in the occurrence of
particularly large temperature gradients and, in conse-
quence, internal stresses. A proper design of the shape
of resin insulation can improve both the distribution of
temperatures inside equipment and the mechanical re-
sistance of insulation.
[0003] Insulating casings of the windings of dry high-
voltage resin transformers are made in the form of thick-
walled cylinders which are provided with a side strip sit-
uated longitudinally on the external surface of the cylin-
der. This strip is made of the same material as the cylinder
and it is formed by the thickened wall of the cylinder. On
the strip there are fitted the main incoming connections
connected with the winding situated inside the casing,
and a tap changer used to change the operating range
of the transformer. The thicker layer of resin insulation
on the strip is necessary to insulate metal elements which
form the high-voltage electric connection between the
winding and the terminals of the main connections and
of the tap connections. The use of a thicker resin layer
around the whole circumference of the winding would
allow to keep a cylindrical shape of the casing, however,
it would require the use of a larger quantity of material
and, due to the poor thermal conductivity of resin insu-
lation, it would hamper heat conduction from the winding
during its normal operation. That is why the insulating
casing of the high-voltage winding of dry resin transform-
ers in the form of thick-walled cylinders provided with
side strips which are situated longitudinally on the exter-

nal surface and which are a thickened wall of the cylinder
permit material savings and offer improvement in heat
conductance from the winding at the cost of resignation
from keeping the ideal cylindrical shape of the winding
insulation.
[0004] From patent description US6445269 there is
known a casing of the high-voltage winding of a dry trans-
former of a design similar to that of the above described
casings. The high-voltage winding of a dry transformer
is embedded in a thermoplastic resin material forming a
thick-walled cylinder which is fitted with a side strip. The
strip has hollowed-out blind holes situated along the strip
and offering places for fixing the winding connections and
for installing the tap changer. An inconvenience of the
presented casing made of thermoplastic material is the
lack of an efficient solution to the problem of cracking of
the casings caused by abrupt changes in temperatures
occurring inside the insulating casings when high-voltage
conductors are sometimes heated to a temperature of
140 degrees Celsius while the temperature outside is
very low, sometimes as low as minus 50 degrees Celsius.
In such situation, a considerable temperature difference
can be reached between the cylindrical part of insulation
containing the winding, which together with the winding
will quickly increase its temperature, and the longitudinal
strip containing the main connections and the tap con-
nections, whose temperature will be much lower. The
temperature difference can result in cracks in the casing
around the strip in the longitudinal direction of the cylinder
and on the strip in the transverse direction of the cylinder.
Therefore there is a need to make a high-voltage winding
casing of epoxy resin which will be relatively cheap in
production, whose thickness will be relatively small, and
whose durability will be high due to the reduced possibility
of occurrence of internal mechanical stresses caused by
a temperature shock during the operation of equipment
comprising an insulating casing of high-voltage windings.
If the transformer is located in a place which is exposed
to large seasonal temperature changes, then the casing
may crack on the outside as a result of thermal stresses.
Especially adverse condition occur if after a period of
shutdown at low temperature (e.g. -50°C) the transformer
is switched on. The temperature gradient that occurs be-
tween the internal part of the casing, which reaches tem-
peratures in excess of 140°C as a result of heating up of
the winding, and the external part causes the occurrence
of stresses. Due to the fact that resin has low thermal
conductivity, large temperature gradients linger in the
thickest places as a result of poor heat conduction for a
time long enough to considerably increase the risk of
cracking of the casing. In order to reinforce casing ele-
ments which are the most exposed to cracking, internal
elements are covered with a glass fiber mesh which is
poured over with resin and functions as an internal rein-
forcement increasing the mechanical strength of the
component.
[0005] The essence of the insulating casing of a high-
voltage winding comprising a thick-walled cylinder of a
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resin material in which the high-voltage winding is em-
bedded, fitted with a side strip situated longitudinally on
the external surface of the thick-walled cylinder with
phase connection surfaces, with places for installing
electrical connections connected to the winding, and with
the tap connection surface, with a place for installing the
tap changer, is that the side strip has recesses which are
situated on the external surface of the side strip between
the phase connection surfaces and the tap connection
surface.
[0006] Preferably, the phase connection surfaces with
places for installing electrical connections connected to
the winding, from the front sides of the thick-walled cyl-
inder have at least one external cut-off whose plane is
situated at an acute angle "α" in relation to the front plane
of the thick-walled cylinder.
[0007] Preferably, the side strip in the place where the
cut-off is situated, in the cross-section of thick-walled cyl-
inder, has a shape approximate to a rectangle, a trape-
zoid, a triangle or an oval, and the cut-offs of the side
strip in the longitudinal section of the thick-walled cylinder
have the shape approximate to a rectangle, a trapezoid,
a triangle or an oval.
[0008] Preferably, on the surface constituting the bot-
tom of the cut-off there is situated at least one row of
transverse convexities and/or longitudinal convexities.
[0009] Preferably, the longitudinal convexities are sit-
uated longitudinally or askew in relation to the axis of the
thick-walled cylinder in a location remote from the edge
"z" of the side strip, and in cross-section they have a
shape approximate to a rectangle, a trapezoid, a triangle
or an oval.
[0010] Preferably, the transverse convexities are situ-
ated transversely in relation to the axis of the thick-walled
cylinder, and in longitudinal section they have a shape
approximate to a rectangle, a trapezoid, a triangle or an
oval.
[0011] Preferably, the thick-walled cylinder is made of
epoxy resin.
[0012] The insulating casing of a high-voltage winding
according to claims 1-7 is applicable as a casing in a dry
transformer.
[0013] The advantage of the insulating casing accord-
ing to the invention is its simple design permitting a re-
duction or elimination of internal mechanical stresses in-
side the casing, which are the cause of cracks in the
casing. Thanks to the cut-offs of a specific shape, situated
on the side strip, the danger of transverse cracks in the
casing has been eliminated. Thanks to the cut-offs made
on the connection surfaces with places for fitting the wind-
ing connections, the danger of longitudinal cracks in the
casing has been eliminated. Moreover, the casing ac-
cording to the invention is made of epoxy resin whose
quantity used for casting the casing is smaller compared
to known casings with reinforcing strips, which reduces
the weight of the casing and brings material savings.
[0014] The subject of the invention is presented as an
embodiment in the drawing, where:

fig. 1 shows the insulating casing of a high-voltage
winding in perspective view,

fig. 2 shows the insulating casing of a high-voltage
winding in a longitudinal, A-A plane section,

fig. 3 shows a recess 5 having the shape of a rec-
tangle, shown as a partial broken-out section "a" of
the section A-A from fig. 2,

fig. 4, 5, 6 show the shape of the recess 5, for different
embodiments of the invention, shown as partial bro-
ken-out sections "a" of the section A-A from fig. 2,

fig. 7 shows the recess 5 having the shape of a rec-
tangle, with transverse convexities in the shape of a
triangle, shown as a partial broken-out section "a" of
the section A-A from fig. 2,

fig. 8, 9, 10, 11 show the shape of the transverse
convexities, for different embodiments of the inven-
tion, shown as a partial broken-out section "b" from
fig. 7,

fig. 12 shows the insulating casing of a high-voltage
winding 3 in cross-section B-B from fig. 2,

fig. 13, 14, 15 show the shape of the section of the
side strip, for different embodiments of the invention,
shown as a partial broken-out section "c" from sec-
tion B-B from fig. 12,

fig. 16 shows the section of the side strip of a rec-
tangular shape with longitudinal convexities, shown
as a partial broken-out section "c" from section B-B
from fig. 12,

fig. 17, 18, 19, 20 show the shape of the longitudinal
convexities, for different embodiments of the inven-
tion, shown as a partial broken-out section "d" from
fig. 16.

[0015] The insulating casing according to the invention
is the product of pouring a high-voltage winding placed
in a mold with a suitable insulating material. After suitable
curing of the cast, the insulating casing has the shape of
a thick-walled cylinder 1 with a side strip 2 which is situ-
ated on the external surface of the cylinder, parallel to
the axis of the cylinder. On both ends of the strip 2 there
are phase connection surfaces 3 which are places for
fitting the main connections of the winding. On the strip
2 there is also a tap connection surface 4 which is the
place for fitting the tap changer and which is situated
between the phase connection surfaces 3. On the exter-
nal surface of the strip 2 there are situated recesses 5
which are arranged between the phase connection sur-
faces 3 and the tap connection surface 4. The phase
connection surfaces 3 on the front sides of the thick-
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walled cylinder 1 have at least one external cut-off 6
whose plane is situated at an acute angle "α" in relation
to the front plane 7 of the thick-walled cylinder 1. A high-
voltage winding 8 is embedded in the material of the thick-
walled cylinder. The high-voltage winding is provided with
conducting terminals which are lead outside the external
surface of the cylinder 1, in the dedicated places, i.e. on
the outside of the phase connection surfaces 3 and on
the outside of the tap connection surface 4, which is not
shown in the drawings.
[0016] The shapes of the recesses 5 in different em-
bodiments of the invention are shown as broken-out sec-
tions "a" from the longitudinal section of the casing made
by means of the longitudinal plane A-A crossing the axis
of the cylinder 1. The recesses 5 have a shape approx-
imate to a rectangle - fig. 3, or to a trapezoid - fig. 4, or
to a triangle - fig. 5, or to an oval - fig. 6. The recesses 5
have a longitudinal edge "z" which is the edge of the
bottom of the recess 5.
[0017] The shapes of the strip 2 at the location of the
recesses 5 in different embodiments of the invention, are
shown as broken-out sections "c" from the casing cross-
section B-B. In the presented embodiments, the shape
of the strip 2 protruding above the external surface of the
cylinder 1 is approximate to a rectangle - fig. 12, or to a
trapezoid - fig. 13, or to a triangle - fig. 14, or to an oval
- fig. 15.
[0018] In the presented embodiments of the invention,
the surfaces of the recesses 5 are basically smooth i.e.
they do not have above-average surface irregularities
that could be seen with the unaided eye. In other embod-
iments of the invention, the surfaces of the recesses 5
has visible transverse convexities 9 which are arranged
transversely to the axis of the cylinder 1 in one or in mul-
tiple rows. The transverse convexities 9 are shown in the
drawing as broken-out sections "b" and in cross-section
they have a shape approximate to a rectangle - fig. 7 and
8, or to a trapezoid - fig. 9, or to a triangle - fig. 10, or to
an oval - fig. 11.
[0019] In still other variants of the embodiment, on the
external surface of the strip 2, at the locations of the re-
cesses 5 there are longitudinal convexities 10 which are
arranged longitudinally in relation to the axis of the cyl-
inder 1 in one or in multiple rows. The longitudinal con-
vexities 10 are presented in the drawing as broken-out
sections "d" and in cross-section they have a shape ap-
proximate to a rectangle - fig. 16 and 17, or to a trapezoid
- fig. 18, or to a triangle - fig. 19, or to an oval - fig.20.
[0020] In the casing according to the invention, applied
as a high-voltage casing of a dry transformer, the shoul-
der on the thick-walled cylinder 1 appearing in known
solutions along the whole length of the casing and defined
as the side strip 2 is reduced on segments between the
main connections and the taps. Such design to a large
extent eliminates the occurrence of strong internal stress-
es associated with a great temperature gradient, which
prevents internal transverse cracks. Also the application
of an external cut-off on the phase connection surfaces

contributes to a reduction in internal stresses, which pre-
vents internal longitudinal cracks. Due to the reduction
in material the casing of a high-voltage winding has an
approximately cylindrical shape, which results in a reduc-
tion in temperature gradients and ensures a homogenous
distribution of internal stresses, which reduces the risk
of cracking of the casing. The reduction in the level of
internal stresses in the component makes it possible to
eliminate the external reinforcing mesh, which consti-
tutes an additional reduction in the cost of production.

Claims

1. An insulating casing of a high-voltage winding com-
prising a thick-walled cylinder (1) of a resin material
in which the high-voltage winding (8) is embedded,
fitted with a side strip (2) situated longitudinally on
the external surface of the thick-walled cylinder (1),
on which there are located phase connection surfac-
es (3) with places for installing electric connections
connected with the winding (8) and a tap connection
surface (4) with a place for installing the tap changer,
characterized in that the side strip (2) has recesses
(5) which are situated on the external surface of the
side strip (2) between the phase connection surfaces
(3) and the tap connection surface (4).

2. An insulating casing according to claim 1, charac-
terized in that the phase connection surfaces (3)
with places for installing electric connections con-
nected with the winding (8), from the front sides of
the thick-walled cylinder (1), have at least one exter-
nal cut-off (6) whose plane is situated at an acute
angle (α) to the front plane (7) of the thick-walled
cylinder (1).

3. An insulating casing according to claims 1-2, char-
acterized in that the side strip (2) in the recess (5)
location, in the cross-section of the cylinder (1) has
a shape approximate to a rectangle, a trapezoid, a
triangle or an oval, and the recesses (5) in the lon-
gitudinal section of the cylinder (1) have a shape
approximate to a rectangle, a trapezoid, a triangle
or an oval.

4. An insulating casing according to claims 1-3, char-
acterized in that at least one row of transverse con-
vexities (9) and/or longitudinal convexities (10) is sit-
uated on the surface which is the bottom of the re-
cess (5).

5. An insulating casing according to claim 4, charac-
terized in that the longitudinal convexities (10) are
situated longitudinally or askew in relation to the axis
of the cylinder (1) at a location remote from the edge
(z) of the side strip (2), and their cross-section has
a shape approximate to a rectangle, a trapezoid, a
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triangle or an oval.

6. An insulating casing according to claim 4, charac-
terized in that the transverse convexities (9) are
situated transversely in relation to the axis of the cyl-
inder (1), and their longitudinal section has a shape
approximate to a rectangle, a trapezoid, a triangle
or an oval.

7. An insulating casing according to any of the previous
claims, characterized in that the thick-walled cyl-
inder is made of epoxy resin.

8. Application of the insulating casing of a high-voltage
winding according to claims 1-7 as the casing in a
dry transformer.
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