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(54) Transformer

(57) The invention is related to a high-voltage trans-
former (10, 30, 50, 70, 80), comprising a transformer core
(38) with at least two limbs (18, 20, 22) and at least one
coil (12, 14, 16, 32, 34, 36, 52, 54, 56, 72, 74) arranged
around each of the at least two limbs (18, 20, 22), where-

as the coils (12, 14, 16, 32, 34, 36, 52, 54, 56, 72, 74)
are constructed in an at least similar way. Interconnec-
tion-means (24, 26, 40, 42, 44, 45, 46, 47, 58, 60, 62,
64, 76, 78, 82) are foreseen to mechanically couple the
coils (12, 14, 16, 32, 34, 36, 52, 54, 56, 72, 74) at their
radially outer sides.
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Description

[0001] The invention relates to a high-voltage trans-
former, comprising a transformer core with at least two
limbs and at least one coil arranged around each of the
at least two limbs, whereas the coils are constructed in
an at least similar way.
[0002] It is known, that high-voltage transformers, for
example within a voltage range from 6kV to 110kV and
higher, are used within energy distribution networks as
connection elements inbetween different voltage levels.
For transmission of electrical energy over long distances
a higher voltage level such as 110kV or 380kV is required
for decreasing transmission losses, whereas typical elec-
trical loads require for example 6kV level or even lower.
Typical rated powers for such high-voltage respectively
distribution transformers are for example within a range
from 1 MVA to 1 OMVA.
[0003] Energy distribution networks are typically built
in a three phase manner, so in principal three different
but symmetrical transmission circuits with a common re-
turn conductor are foreseen. In the ideal symmetrical
loaded case, the currents through all transmission cir-
cuits are equal according to amount but with a phase
shift inbetween of 120° each. In this symmetrical case
the current through the return common conductor is sum-
marized to zero.
[0004] Such transformers comprise a transformer core
made from a typically sheeted magnetic material where-
as limbs and legs are formed and whereas coils arranged
around  the limbs. The coils typically comprise a primary
and a secondary winding, whereas for a three phase
transformer three of such coils are foreseen on the limbs.
The reason for making a transformer core from a sheeted
magnetic material is to reduce core losses, so that eddy
currents induced within the magnetic core material are
as low as possible.
[0005] Disadvantageously within this state of the art is
that the typically sheeted transformer core and also the
coils are subject to some vibrations during operation,
even during no-load operation. Those vibrations are ba-
sically stimulated by the network frequency, 50Hz or
60Hz. Vibrations of the core - also including vibrations of
the different sheets - respectively its legs will also have
effect on the coils mounted thereon. Thus a transformer
typically produces a non desired noise emission during
operation.
[0006] Based on this state of the art it is the objective
of the invention to provide a transformer with reduced
noise emission.
[0007] This problem is solved by a system of the afore-
mentioned kind. This is characterized in that intercon-
nection-means are foreseen to mechanically couple the
coils at their radially outer sides.
[0008] During operation the transformer core respec-
tively its legs are stimulated by the electrically each to
each other phase shifted operated coils to vibrations.
Thus the basic idea of the invention is based on the as-

sumption, that the vibrations of the legs of the core re-
spectively the coils are not in line, but also phase shifted
each to each other. The frequency spectrum of the noise
respectively vibrations will cover a wider range of fre-
quencies but especially the 100/120Hz and multiples of
it have the highest share. The radially outer sides of the
coils are subject to the highest vibrations since they are
an open end of such a swinging mechanical system. Thus
the radially outer sides of the coils are also a main source
for noise emission.
[0009] By mechanically coupling the coils at their outer
sides they will no longer be the end of a swinging system.
Moreover by using the effect of the phase shift of the
vibration of the non-coupled coils, vibrations counteract
each to each other when the coils are mechanically cou-
pled. Thus the vibrations of the coils are reduced in an
advantageous  way and the noise emission therewith.
Due to reasons of symmetry, the noise damping effect
according to the invention is higher, when the coils are
constructed in the same way respectively nearly identi-
cal. In this case the possible resonance frequencies with-
in such a mechanical swinging system are not as numer-
ously and a compensation of them is more effective. The
interconnection means have preferably to be chosen in
that way, that the connected coils can be mechanically
seen as one part and vibrations are transmittable from
one coil to another. Pressure means and distance ele-
ments inbetween the pressed coils are suitable for ex-
ample to gain such a connection. Of course aspects of
electrical insulation of each coil against each other have
to be observed, so the interconnection means should
preferably be electrically insulating.
[0010] According to a preferred embodiment of the in-
vention the high-voltage transformer is a three-phase
transformer. The phase shift inbetween voltage respec-
tively current of the three phase amounts 120° in the sym-
metrical case, whereas the current through the common
return conductor is zero in this case. Thus vibrations,
which rise during the operation of such a three phase
transformer, will be reduced therewith in a preferred way.
But also other transformer types are suitable for a noise
reduction according to the invention. For example a sin-
gle-phase transformer with a divided winding distributed
on two coils on two limbs, whereas the coils are arranged
in that way, that a 180° phase shift inbetween them is
present and whereas the coils are mechanically coupled
at their outer surfaces.
[0011] According to a further embodiment of the inven-
tion the transformer core has a triangular layout with three
parallel limbs, preferably with the same distance inbe-
tween the limbs, so that a belonging 60° angle is build.
In this case the transformer core itself is also symmetrical,
so that the symmetry respectively belonging phase shift
from the electrical side will be transferred on the mechan-
ical side in a preferred manner. Thus the effect of noise
damping according to the invention will be once more
increased for a triangular transformer.
[0012] According to a further embodiment of the inven-
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tion the interconnection-means have no substantial con-
tribution to the mechanical stability of the transformer.
Thus the  interconnection means are preferably a kind
of add-on-kit to reduce the noise emission of an existing
transformer respectively transformer type.
[0013] According to a further embodiment of the inven-
tion the interconnection-means comprise a wound band-
like material. This could be for example an electrically
insulating tension belt for applying a pressure force on
two or more neighbored coils. But it could also be a kind
of insulation foil which is wound several times around the
coils to interconnect them mechanically. According to an-
other embodiment of the invention the wound band-like
material comprises fibre. This increases the tension sta-
bility of the band-like material in an advantageous way,
so that a higher pressure force can applied on neighbored
coils. According to another embodiment of the invention
the wound band-like material is impregnated, for example
with an epoxy resin. After hardening such a material it
becomes more stiff, so that the mechanical interconnec-
tion inbetween the coils is improved once more and vi-
brations are transmissible in an easy way from one coil
to another.
[0014] According to a further embodiment of the inven-
tion the interconnection means comprise at least one dis-
tance element. The distance element is preferably fore-
seen to be placed inbetween two adjacent coils so that
a high pressure force can applied on the coils, for exam-
ple by using a wound band-like material. This increases
the stiffness of the mechanical connection of the coils.
The distance element is preferably made from an insu-
lating material, for example a plastic or even pressboard.
[0015] According to another embodiment of the inven-
tion the interconnection means comprise at least one
adapter piece, which is integrated within the surface of
a belonging transformer coil. An adapter piece might con-
tain for example an L-shaped part, which is fixed by a
wound material of an impregnated surface of the trans-
former coil. Thus a stiff connection of the adapter piece
with the coil surface is gained.
[0016] According to another embodiment of the inven-
tion adjacent adapter pieces from neighbored coils are
form-locking connected each to each other. This might
be done either directly or by using an additional interface
piece. The connection of the adapter pieces has to be-
come preferably constructed in that way, that as well a
pressure as a tension force is transmissible therewith.
[0017] Further advantageous embodiments of the in-
vention are mentioned in the dependent claims.
[0018] The invention will now be further explained by
means of an exemplary embodiment and with reference
to the accompanying drawings, in which:

Figure 1 shows an exemplary first transformer,
Figure 2 shows an exemplary second transformer,
Figure 3 shows an exemplary third transformer,
Figure 4 shows an exemplary fourth transformer and
Figure 5 shows an exemplary fifth transformer.

[0019] Figure 1 shows an exemplary first transformer
10 from a cross sectional birds view. Three hollow-cylin-
drical coils 12, 14, 16 with a primary and secondary wind-
ing each are arranged around belonging limbs 18, 20, 22
of a transformer core. Inbetween neighbored parts of the
radial outer surfaces of the coils 12, 14, 16 distance el-
ements 24, 26 are foreseen to mechanically connect the
coils in that way, that vibrations are transmittable from
one coil to another. Those distance elements 24, 26 might
be made from milled plastic for example and glued on
the surface of the coils.
[0020] Figure 2 shows an exemplary second trans-
former 30 from a side view. Three hollow-cylindrical coils
32, 34, 36 are arranged around the limbs of a transformer
core 38. Inbetween neighbored coils 32, 34, 36 distance
elements 40, 42 are mounted. Four wound bands 44, 45,
46, 47 are arranged around all three coils so that they
are pressed together. The combination of the pressure
of the bands 44, 45, 46, 47 and the distance elements
40, 42 connects them in that way, that they can be seen
mechanically as one part.
[0021] Figure 3 shows an exemplary third transformer
50 from a cross sectional birds view. Three hollow-cylin-
drical coils 52, 54, 56 with a primary and secondary wind-
ing each are arranged around belonging limbs of a trans-
former core with triangular layout. Inbetween neighbored
parts of the radial outer surfaces of the coils 52, 54, 56
distance  elements 58, 60, 62 are foreseen to mechani-
cally connect the coils 52, 54, 56 in that way, that vibra-
tions are transmittable from one coil to another. A band
like material, which is wound all three coils applies a pres-
sure force on them and on the distance elements 58, 60,
62 therewith. Due to the symmetrical layout of the trans-
former core and the coils, a very stiff connection between
the coils is gained.
[0022] Figure 4 shows an exemplary fourth transform-
er 70 from a cross sectional birds view. Two hollow-cy-
lindrical coils 72, 74 with a primary and secondary wind-
ing each which are electrically connected in row are ar-
ranged around belonging limbs of a transformer core. At
the neighbored radial outer surfaces of the coils adapter
pieces 76, 78 are foreseen, which are integrated into the
surface themselves. By sliding a not shown double cross-
like connection element into the adjacent notches of the
adapter pieces 76, 78 a stiff connection of both coils 72,
74 is gained.
[0023] Figure 5 shows an exemplary fifth transformer
80 from a cross sectional birds view. Three hollow-cylin-
drical coils with a primary and secondary winding each
are arranged around belonging limbs of a transformer
core. A band 82 is arranged loop-like around the three
coils for applying a pressure force thereon. Not shown
distance elements inbetween the three coils are foreseen
so that the coils are connected in a stiff manner.

List of reference signs

[0024]
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10 exemplary first transformer

12 first coil of first transformer

14 second coil of first transformer

16 third coil of first transformer

18 first limb of transformer core

20 second limb of transformer core

22 third limb of transformer core

24 first distance element of first transformer

26 second distance element of first transformer

30 exemplary second transformer

32 first coil of second transformer

34 second coil of second transformer

36 third coil of second transformer

38 transformer core

40 first distance element of second transformer

42 second distance element of second transformer

44 first wound band-like material

45 second wound band-like material

46 third wound band-like material

47 fourth wound band-like material

50 exemplary third transformer with triangular layout

52 first coil of third transformer

54 second coil of third transformer

56 third coil of third transformer

58 first distance element of third transformer

60 second distance element of third transformer

62 third distance element of third transformer

64 fifth band-like material

70 exemplary fourth transformer

72 first coil of fourth transformer

74 second coil of fourth transformer

76 first adapter piece

78 second adapter piece

80 exemplary fifth transformer

82 sixth band-like material

Claims

1. High-voltage transformer (10, 30, 50, 70, 80), com-
prising a transformer core (38) with at least two limbs
(18, 20, 22) and at least one coil (12, 14, 16, 32, 34,
36, 52, 54, 56, 72, 74) arranged around each of the
at least two limbs (18, 20, 22), whereas the coils (12,
14, 16, 32, 34, 36, 52, 54, 56, 72, 74) are constructed
in an at least similar way,
characterized in that
interconnection-means (24, 26, 40, 42, 44, 45, 46,
47, 58, 60, 62, 64, 76, 78, 82) are foreseen to me-
chanically couple the coils (12, 14, 16, 32, 34, 36,
52, 54, 56, 72, 74) at their radially outer sides.

2. High-voltage transformer according to claim 1, char-
acterized in that the transformer is a three-phase
transformer.

3. High-voltage transformer according to claim 1 or 2,
characterized in that the transformer core has a
triangular layout (50).

4. High-voltage transformer according to any of the pre-
vious claims, characterized in that the interconnec-
tion-means (24, 26, 40, 42, 44, 45, 46, 47, 58, 60,
62, 64, 76, 78, 82) have no substantial contribution
to the mechanical stability of the transformer.

5. High-voltage transformer according to any of the pre-
vious claims, characterized in that the interconnec-
tion-means (24, 26, 40, 42, 44, 45, 46, 47, 58, 60,
62, 64, 76, 78, 82) comprise a wound band-like ma-
terial (44, 45, 46, 47, 64, 82).

6. High-voltage transformer according to claim 5, char-
acterized in that the wound band-like material (44,
45, 46, 47, 64, 82) comprises fibre.

7. High-voltage transformer according claim 5 or 6,
characterized in that the wound band-like material
(44, 45, 46, 47, 64, 82) is impregnated.

8. High-voltage transformer according to any of the pre-
vious claims, characterized in that the interconnec-
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tion means (24, 26, 40, 42, 44, 45, 46, 47, 58, 60,
62, 64, 76, 78, 82) comprise at least one distance
element (24, 26, 40, 42, 58, 60, 62).

9. High-voltage transformer according to any of the pre-
vious claims, characterized in that the interconnec-
tion means (24, 26, 40, 42, 44, 45, 46, 47, 58, 60,
62, 64, 76, 78, 82) comprise at least one adapter
piece (76, 78), which is integrated within the surface
of a belonging transformer coil (72, 74).

10. High-voltage transformer according to claim 9, char-
acterized in that adjacent adapter pieces (72, 74)
are form-locking connected each to each other.
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