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(54) DRY TYPE CAST TRANSFORMER WITH FLEXIBLE CONNECTION TERMINAL

(57) A dry type cast-coil transformer (10) having a
voltage rating of 1 kV and above is provided, comprising:
at least one coil (14) with a plurality of conductor turns
(16); a cast (20) comprising a polymeric resin, encom-
passing the coil (14) and having a cast surface (22); a
ferromagnetic core (24) on which the coil (14) with the
encompassing cast (20) is mounted; an insulated cable
termination (30) connected to the coil (14), wherein the
connection point (32) between the insulated cable termi-
nation (30) and the coil (14) is within the cast (20), and
wherein a flexible portion (34) of the insulated cable ter-
mination (30) further extends from the cast surface (22)
outwards.
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Description

TECHNICAL FIELD

[0001] This disclosure relates to the field of electrical
transformers, particularly to medium and high voltage
transformers of the dry-cast type having electrical con-
nection terminals with improved connection terminals.

BACKGROUND OF THE INVENTION

[0002] As the insulation level of a transformer increas-
es, the insulation arrangement of its high voltage termi-
nals gains importance. The matter is not only the insula-
tion between the terminals and earth, but also between
any pair of terminals in the same winding. This mainly
applies to the lightning impulse withstand voltage, al-
though the power frequency withstand voltage also plays
a role. The problem of the insulation can be viewed in
two ways:
[0003] One the one hand, the higher the voltage is, the
more difficult it is also to provide sufficient insulation
against earth and between terminals in the same winding.
Also, the smaller the dimensions are, the more difficult
is the insulation between terminals in the same winding.
The inclusion of barriers around a terminal or the covering
of its surface with solid insulation increases the electric
field (and so the voltage) it can support without having
any discharge. The effect of the barriers can be explained
with their property of stopping free charges which can
initiate a discharge, while the effect of the solid insulation
can be explained with its lower electron emissivity com-
pared with a metal. Apart from that, in both cases the
creepage distance is increased, contributing to a greater
withstand voltage.
[0004] Regarding HV terminals for cast-coil dry-type
transformers, the following types are usually applied. The
terminals for the lines connection often consist of bared
bolts, which can be placed at the top and bottom edges
of the phase. Usually the terminals have no special in-
sulation, or they may have grooves in order to increase
the creepage distance against earth potential or other
live points in the same winding. Further, smooth bushings
may be applied which increase the creepage distance.
Known are also bushings that are equipped with addi-
tional sheds, e.g., for high levels ofpollution or even for
outdoor installation. In the case of tap-changer terminals,
consisting of groups of bared bolts placed in the middle
of the winding, there is typically no special insulation ap-
plied around them. However, also in this case, protru-
sions, grooves, or even bushings may be applied.
[0005] When a series connection is applied to connect
windings, e.g., when there is more than one winding in
the same magnetic core leg, the same arrangements as
for the tap-changer terminals can be used for intercon-
necting the windings to each other.
[0006] Particularly at high voltages or difficult environ-
mental conditions, the known techniques may suffer from

various isolation issues. Further, if such issues are ad-
dressed by employing bushings or the like, enhanced
production cost will and enhanced risk of damage can
result, e.g. during transportation of the transformer.
[0007] In view of the above, there is a need for the
present invention.

SUMMARY OF THE INVENTION

[0008] In a first aspect, a dry type cast-coil transformer
having a voltage rating of 1 kV and above, comprising at
least one coil with a number of conductor turns; a cast
comprising a polymeric resin, encompassing the coil and
having a cast surface; a ferromagnetic core on which the
coil with the encompassing cast is mounted; and an in-
sulated cable termination connected to the coil, wherein
the connection point between the insulated cable termi-
nation and the coil is within the cast, and wherein a flexible
portion of the insulated cable termination further extends
from the cast surface outwards.
[0009] In a further aspect, a method of producing a dry
cast transformer for voltage ratings above 1 kV is provid-
ed, comprising providing a coil; providing at least one
cable being at least partially flexible, and connecting it to
the coil to form an insulated cable termination; providing
a cast of polymeric resin in a casting process employing
a mold to encompass the winding in the cast, wherein
the casting process is adapted such that the connection
point between the first insulated cable termination and
the coil is within the cast, and wherein a flexible portion
of the first insulated cable termination further extends
from the cast surface outwards.
[0010] Further aspects, advantages and features of
the present invention are apparent from the dependent
claims, the description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A full and enabling disclosure, including the best
mode thereof, to one of ordinary skill in the art is set forth
more particularly in the remainder of the specification,
including reference to the accompanying figures where-
in:

Fig. 1 schematically shows a cross-sectional view of
a transformer according to embodiments,

Fig. 2 schematically shows a cross-sectional view of
a further transformer according to embodiments;

Fig. 3 schematically shows a cross-sectional view of
a transformer according to further embodiments;

Fig. 4 schematically shows a cross-sectional view of
a transformer according to embodiments.

Fig. 5 schematically shows a mold employed in a
casting process of a method according to embodi-
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ments.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Reference will now be made in detail to various
embodiments, one or more examples of which are illus-
trated in each figure. Each example is provided by way
of explanation and is not meant as a limitation. For ex-
ample, features illustrated or described as part of one
embodiment can be used on or in conjunction with other
embodiments to yield yet further embodiments. It is in-
tended that the present disclosure includes such modifi-
cations and variations.
[0013] Within the following description of the drawings,
the same reference numbers refer to the same compo-
nents. Generally, only the differences with respect to the
individual embodiments are described. When several
identical items or parts appear in a figure, not all of the
parts have reference numerals in order to simplify the
appearance.
[0014] The systems and methods described herein are
not limited to the specific embodiments described, but
rather, components of the systems and/or steps of the
methods may be utilized independently and separately
from other components and/or steps described herein.
Rather, the exemplary embodiment can be implemented
and used in connection with many other applications.
[0015] Although specific features of various embodi-
ments of the invention may be shown in some drawings
and not in others, this is for convenience only. In accord-
ance with the principles of the invention, any feature of
a drawing may be referenced and/or claimed in combi-
nation with any feature of any other drawing.
[0016] In Fig. 1, a dry-type cast-coil transformer 10 ac-
cording to embodiments is shown. The transformer 10
comprises at least one coil 14. The coil has a plurality of
conductor turns 16. The conductor turns are typically
made of metal, e.g. copper or aluminum, also other con-
ducting materials might be employed. A cast 20 compris-
ing a polymeric resin, typically epoxy resin, is encom-
passing the coil 14. The cast 20 has a cast surface 22.
This coil which is encompassed in the cast is mounted
on a ferromagnetic core 24, wherein the latter is only
shown schematically in the accompanying drawings.
Such dry-type cast-coil transformers 10 are construed
for voltages on the HV side from about 1 kV to about 123
kV or 145kV, more typically from about 10 kV to about
72 kV. Generally, the dry-type transformers according to
the embodiments have power ratings of 10 kVA or great-
er, more typically 1 MVA or greater, up to 63 MVA.
[0017] According to embodiments, at least one insu-
lated cable termination 30 is connected to the coil 14.
Thereby, the connection point 32 between the insulated
cable termination 30 and the coil 14 is within the resin
body of the cast 20. A flexible portion 34 of the insulated
cable termination 30 further extends from the cast sur-
face 22 outwards - wherein typically, the insulated cable
termination 30 is flexible over its entire length from the

connection point 32 to the end of the flexible portion 34.
In other words, a first part of the insulated cable termi-
nation 30 extends from the connection point 32 through
a portion of the cast 20 to the cast surface 22, and a
second, flexible part of the insulated cable termination
30 further extends from the cast surface 22 outwards.
The second part, which forms the flexible portion 34 of
the insulated cable termination 30, thereby forms a flex-
ible terminal connection with the coil 14. The flexible por-
tion 34 protrudes out of the cast surface 22. The cable
31 used for producing the insulated cable termination 30
has typically an insulation with a plastic layer or sheath
over its entire length. Thus, the flexible portion 34 pro-
trudes out of the cast surface 22 having an insulation,
such that there is a gapless insulation extending from the
cast surface over the flexible portion 34. This insulation
is proof with respect to protection against, e.g., elevated
levels of ambient moisture or increased air pollution.
Generally, with embodiments described herein, the insu-
lation and the creepage distance between the terminals,
and between terminals and the cast surface are in-
creased. This allows to avoid the use ofunpractical large
clearances, and generally increases the lightning im-
pulse withstand voltage and also the power frequency
withstand voltage. Further, the flexible portion 34 reduces
risk of damage of terminals, as it just bends when acci-
dentally stressed, e.g., during transport.
[0018] The connection point 32 between the insulated
cable termination 30 and the coil 14 is within the resin
body of the cast 20. As shown in Fig. 1, the connection
between the insulated cable termination 30 and the coil
14 may typically be carried out in the form of a screw-
type terminal. The connection at connection point 32 may
also be carried out differently, e.g., welded, crimped, or
soldered.
[0019] At the end of the flexible portion 34, there is in
practical use typically a blank metallic portion or a termi-
nation (not shown in Fig. 1, see Fig. 3) for a connection
to other components. The flexible portion 34 is not par-
ticularly limited in its length. It may have a length from a
few centimeters, e.g. 10 cm, allowing a connection to
other parts, up to several meters, e.g., 1m, 2m, 5m, or
10m.
[0020] This kind of insulated cable termination, which
provides a flexible terminal connection, may be used,
e.g., for a direct connection of the transformer 10 with
another electrical component, such as a support insula-
tor, a circuit breaker, an on-load tap-changer, etc., with-
out breaking the insulation. In general, the most stressed
terminals are the beginning and end of each phase, and
so the greatest benefit is expected when these are pro-
vided such as described above; although also any inter-
mediate terminals may so be provided, e.g. for a series
connection or for the plurality of connections to a tap-
changer.
[0021] In Fig. 2, for further enhancing protection
against creepage, the similar transformer 10 as in Fig. 1
is shown, which has three additional cylindrical insulation
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screens 40, 41, 42. These further increase insulation
properties and increase creepage distance(s) between
the flexible portion 34 and other insulated cable termina-
tions (not shown) positioned adjacent to the insulated
cable termination 30 shown in Fig. 2. The cylindrical in-
sulation screens 40, 41, 42 are typically placed prior to
the casting process of the coil 14 and form an integral
part with the cast after the casting is finished. The creep-
age distance along the external epoxy surface is thereby
further increased. The shape, material, number, thick-
ness and lengths of the screens depends on the required
insulation. As a non-limiting example, up to three glass-
fibre cylindrical insulation screens 40, 41, 42 with a wall
thickness of about 3 to 6 mm each, and a length between
100 to 300 mm (in a direction perpendicular to the cast
surface 22) may be suitable.
[0022] In Fig. 3, a transformer according to embodi-
ments is shown, further comprising a plurality of sheds
36 provided around the flexible portion 34 of the insulated
cable termination 30. That is, the sheds 36 are provided
for at least a part of the length of the flexible portion 34
outwards from the cast surface 22. In this case, the in-
sulated cable termination 30 is used to provide a flexible,
but stable terminal at the transformer itself. The length
of the termination and the number and type of its sheds
depends on the required insulation. As in the previous
case, the insulated cable and its termination 39 are typ-
ically arranged prior to the casting process forming the
cast 20 around the coil 14.
[0023] The conductor turns 16 (shown only in reduced
number in the drawings) of the coil 14 typically comprise
a solid metallic material, in particular a single wound met-
al wire of, e.g., Cu or Aluminium, with an insulation. The
cable of the insulated terminal connection 30, at least the
flexible portion 34 thereof, typically comprises a plurality
of metal wires 35 in order to ensure the desired flexibility.
In other words, it typically comprises litz wire or braid-
ed/stranded wire.
[0024] The conductor turns 16 of the coil 14 typically
have a cross section of at least 10 mm2, and the insulated
cable termination 30 also has a cross section of at least
10 mm2.
[0025] In Fig. 4, a transformer according to embodi-
ments is shown, wherein the arrangement of Fig. 3, com-
prising a plurality of sheds 36, is combined with the cy-
lindrical insulation screens 40,41,42 as shown in Fig. 2.
In this embodiment, the creepage distance is further in-
creased by combining the effects of both the sheds 36
and the cylindrical insulation screens 40, 41, 42.
[0026] It is understood that the transformer 10 de-
scribed with respect to the drawings is just exemplary.
Typically, it may have at least one further insulated cable
termination 30 as described, such that at least the high
voltage coil (or high voltage winding) is fully equipped
with is. Also, typically all terminals of a transformer, in-
cluding high voltage side and low voltage side, may be
equipped with such insulated cable terminations.
[0027] Further, it goes without saying that the trans-

former may be a three-phase-transformer. Thus, it may
comprise at least three coils 14, or greater numbers like
six or nine coils 14. Thereby, one, two or three coils 14
each may be encompassed in an individual cast 20.
[0028] The transformer may also comprise a tap
changing mechanism provided outwards from the coils
14, wherein at least a part of the plurality of insulated
cable terminations 30 is connected to the tap changing
mechanism.
[0029] For producing a transformer 10 as described, a
method according to embodiments is provided. It com-
prises producing and providing a coil 14 having a plurality
of conductor turns 16. At least one cable 31 is provided
being at least partially flexible, and is connected to the
coil 14, such that the cable 31 forms an insulated cable
termination 30 for the coil 14. Then, a cast 20 of polymeric
resin is produced in a casting process employing a mold
21 to encompass the coil in the cast 20.
[0030] In Fig. 5, the mold 21 is shown in which the coil
14 is provided for the casting process according to a
method of embodiments. The cable 31, which will form
the insulated cable termination 30 after the casting, is
provided to be connected to the coil 14 at connection
point 32, typically with a screw-type terminal. The con-
nection at connection point 32 may also be carried out
differently, e.g., welded, crimped, or soldered.
[0031] Cable 31 is provided to extend through the re-
cess 28 in the mold 21, at which position it will extend
from the cast 20 as the flexible portion 34, after the casting
process is finished. After the casting process is finished,
cable 31 forms the insulated cable termination 30.
[0032] Thereby, the casting process is adapted such
that the connection point 32 between the insulated cable
termination 30 and the coil 14 is within the cast 20. Fur-
ther, it is provided that a flexible portion of the insulated
cable termination 30 extends from the cast surface 22
outwards. The mold 21 typically has at least one recess
28 through which the cable 31 is placed prior to the cast-
ing process.
[0033] Thereby, the conductor turns 16 of the coil 14
typically comprise a solid metallic material with an insu-
lation between the conductor turns 16, and at least the
flexible portion of the insulated cable termination 30 com-
prises a plurality of metal wires, thus, it typically compris-
es litz wire or braided/stranded wire
[0034] In embodiments, a plurality of sheds 36 is pro-
vided around the flexible portion 34 of the insulated cable
terminal 30 for at least a part of its length which extends
outwards from the cast surface 22. These may typically
be provided prior to the casting process or afterwards,
depending on, for example, if the flexible portion 34 has
a termination 39 (see Fig. 4) which might hinder their
mounting after the casting process is finished.
[0035] The cable 31 may be provided prior to the cast-
ing to have a spiral form on at least a part of its length
between the connection point 32 to the coil 14 and the
position at which the cable passes the cast surface 22
after the casting process is finished.

5 6 



EP 3 159 904 A1

5

5

10

15

20

25

30

35

40

45

50

55

[0036] Generally, with embodiments described herein,
the insulation and the creepage distance are increased,
avoiding the use of unpractical big clearances. This is
particularly useful for terminals with higher electrical
stress, e.g., the line terminals, and also where there is a
high concentration of terminals in a reduced area e.g. at
the tap-changer.
[0037] Further, the use of an insulated terminal con-
nection in the series connection between windings, or in
the connection between phases (delta or wye) also re-
sults in an increase of the insulation and the creepage
distance.
[0038] Further, the shape of the terminals is improved
from the point of view of the electrical stress. While in the
standard solution, rectangular-shaped bars and cable
lugs are used, with the insulated cable only cylindrical
elements are used. Hence, the electrical stress is
smoother than in the standard case.
[0039] The internal arrangement and the physical links
with the coil are also improved, as the required space is
reduced. The reason for this is, that the cable of the in-
sulated terminal connection has a circular cross-section,
and the fact that it is already insulated. This is useful in
particular for the tap-changer.
[0040] The manufacturing process, just by connecting
the cable to the coil conductor prior to casting, is simpler
than the known alternatives in the prior art - which often
involve the use of additional casting molds in order to
manufacture resin bushings around the terminals.
[0041] As the insulated cable extending from the cast
surface is flexible, it is not possible to break it during
handling or transport. This is an advantage over bushings
made of epoxy, which are quite brittle and thus may be
easily broken or generally damaged.
[0042] Embodiments can be applied in transformers
with a high insulation level or in transformers with reduced
dimensions between terminals, which makes insulation
difficult in general.
[0043] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. While various
specific embodiments have been disclosed in the fore-
going, those skilled in the art will recognize that the spirit
and scope of the claims allows for equally effective mod-
ifications. Especially, mutually non-exclusive features of
the embodiments described above may be combined
with each other. The patentable scope of the invention
is defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples
are intended to be within the scope of the claims if they
have structural elements that do not differ from the literal
language of the claims, or if they include equivalent struc-
tural elements with insubstantial differences from the lit-
eral language of the claims.

Claims

1. A dry type cast-coil transformer (10) having a voltage
rating of 1 kV and above, comprising:

a. at least one coil (14) with a plurality of con-
ductor turns (16);
b. a cast (20) comprising a polymeric resin, en-
compassing the coil (14) and having a cast sur-
face (22);
c. a ferromagnetic core (24) on which the coil
(14) with the encompassing cast (20) is mount-
ed;
d. an insulated cable termination (30) connected
to the coil (14), wherein the connection point (32)
between the insulated cable termination (30)
and the coil (14) is within the cast (20), and
wherein a flexible portion (34) of the insulated
cable termination (30) further extends from the
cast surface (22) outwards.

2. The transformer of claim 1, wherein the insulated
cable termination (30) comprises a plurality of sheds
(36) provided around the flexible portion (34) of the
insulated cable termination (30) for at least a part of
its length outwards from the cast surface (22).

3. The transformer of claims 1 or 2, further comprising
at least one cylindrical insulation screen (40) provid-
ed around the insulated cable termination (30), the
cylindrical insulation screen (40) being in physical
contact with the cast surface (22).

4. The transformer of any preceding claim, wherein the
conductor turns (16) of the coil (14) comprise a solid
metallic material with an insulation, and at least the
flexible portion (34) of the insulated cable termination
(30) comprises a plurality of metal wires (35).

5. The transformer of any preceding claim, wherein the
conductor turns (16) of the coil (14) have a cross
section of at least 10 mm2, and the insulated cable
termination (30) has a cross section of at least 10
mm2.

6. The transformer of any preceding claim, being a
three-phase-transformer, and having three to six
coils (14), wherein one or two coils (14) each are
encompassed in an individual cast (20).

7. The transformer of claim 6, having a plurality of in-
sulated cable terminations (30) connected to the
coils (14) at positions within the casts (20) and ex-
tending flexibly from the cast surfaces (22) outwards.

8. The transformer of claim 7, further comprising a tap
changing mechanism (40) provided outwards from
the coils (14), at least a part of the plurality of insu-
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lated cable terminations (30) being connected to the
tap changing mechanism (40).

9. A method of producing a dry cast transformer for
voltage ratings above 1 kV, comprising:

a) Providing a coil (14) having a plurality of con-
ductor turns (16);
b) Providing at least one cable (31) being at least
partially flexible, and connecting it to the coil (14)
to form an insulated cable termination (30);
c) Providing a cast (20) of polymeric resin in a
casting process employing a mold (21) to en-
compass the coil in the cast (20),

wherein the casting process is adapted such that the
connection point (32) between the insulated cable
termination (30) and the coil (14) is within the cast
(20), and wherein a flexible portion of the insulated
cable termination (30) further extends from the cast
surface (22) outwards.

10. The method of claim 9, wherein the mold (21) has
at least one recess (28) through which the cable (30)
is placed for the casting process.

11. The method of claims 9 or 10, wherein the conductor
turns (16) of the coil (14) comprise a solid metallic
material with an insulation, and at least the flexible
portion of the insulated cable termination (30) com-
prises a plurality of metal wires.

12. The method of claims 9 to 11, further including: pro-
viding a plurality of sheds (36) around the flexible
portion (34) of the insulated cable terminal (30) for
at least a part of its length to which it extends out-
wards from the cast surface (22).

13. The method of claim 9 to 12, wherein the cable (31)
is provided to have a spiral form on at least a part of
its length between the connection point (32) to the
coil (14) and the position at which the cable passes
the cast surface (22) after the casting process is fin-
ished.

14. The method of claims 9 to 13, further comprising:
providing at least one cylindrical insulating screen
(40) around the insulated cable termination (30), in
contact with the cast surface (22), the cylindrical in-
sulating screen preferably comprising a polymeric
resin.

15. The method of claims 9 to 14, wherein the conductor
turns of the coil have a cross section of at least 10
mm2, and the first insulated cable termination has a
cross section of at least 10 mm2.
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