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(54)  On-load tap-changer for dry transformers and dry transformer

(67)  Theinventionis related to an on-load tap-chang-
er (10, 40, 60, 80) for dry transformers, comprising an
electric insulating hollow casing (12, 62) extending
around a virtual axis (14, 70), wherein several electric
contact sections (16, 18, 20, 22) are foreseen along the
inner surface of the hollow casing (12, 62), which are
electrically joined through the wall of the hollow casing
(12, 62) and a selector contact in the inner of the casing
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Fig. 1

which is rotatable around the virtual axis and that’s radial
outer end is selectively connectable with one of the con-
tact sections by a respective rotation. The inner space
(30) of the hollow casing (12, 62) is hermetically sealed
and filled with a preferably pressured insulating gas. The
invention is also related to a transformer with an on-load
tap-changer (10, 40, 60, 80).
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Description

[0001] The invention is related to an on-load tap-
changer for dry transformers, comprising an electric in-
sulating hollow casing extending around a virtual axis,
wherein several electric contact sections are foreseen
along the inner surface of the hollow cylinder, which are
electrically joined through the wall of the hollow casing
and a selector contact in the inner of the casing which is
rotatable around the virtual axis and that’s radial outer
end is selectively connectable with one of the contact
sections by a respective rotation. The invention is also
related to a transformer with an on-load tap-changer.
[0002] A tap-changer is a selector switch which ena-
bles the selective electrical connection of one output with
one of several contact sections. An on-load tap-changer
has the ability to switch under load current. Typically the
contact sections are arranged along a circular path
wherein the selector contact is rotatable around a virtual
axis in the center of the circular path. But also a selector
contact which is moveable in axial direction along axially
arranged contact sections is a suitable embodiment of
an on-load tap-changer. On-load tap-changers are used
to adapt the transmission ratio of a power transformer in
distribution networks within certain limits.

[0003] In this case taps of the transformer winding are
electrically connected with respective contact sections
of a tap-changer, wherein a certain voltage difference
inbetween the respective connector sections is present,
which might be at around +/- 10% of the rated voltage of
the transformer over all taps. In case of a circular ar-
rangement the connector sections are typically foreseen
on the inner surface of an electric insulating hollow cyl-
inder. The electrical insulation inbetween adjacent con-
nector sections has to be foreseen to withstand a respec-
tive voltage difference. The highest voltage difference
will rise inbetween first and last tap, which are adjacent
due to the circular arrangement.

[0004] Oil transformers are known for voltages of
380kV and higher and for a rated power of some 100MVA
for example. As an oil transformer itself also a tap chang-
er for an oil transformer is flooded with the insulation me-
dium oil, which enables a compactor design due to the
reduced required insulation distance inbetween adjacent
connector sections.

[0005] Dry transformers avoid the insulation medium
oil due to reasons ofimproved security or easier handling.
Dry transformers are typically known for voltages up to
36kV or 72,5kV with a rated power of for example some
MVA. Due to this - atleast in relation - not as high voltage
the required insulation distances inbetween the different
selector contacts within the tap-changer are not as high
so that the size of a respective oil-free on-load tap-chang-
er is still within acceptable limits. Anyhow, the rated volt-
age for dry transformers is expected to increase in the
future, for example to 110kV.

[0006] Disadvantageously within this state of the art is
that the size of an oil-free tap-changer for dry transform-
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ers is exceeding an acceptable limit with increase of the
rated voltage.

[0007] Objective of the invention is to provide an on-
load tap-changer for dry transformers with a reduced
size, especially with respect to an increased rated volt-
age.

[0008] The problem is solved by an on-load tap-chang-
er for dry transformers of the aforementioned kind. This
is characterized in that the inner space of the hollow cas-
ingis hermetically sealed and filled with a preferably pres-
sured insulating gas. Preferably the casing is hollow cyl-
inder like.

[0009] Basic idea of the invention is to reduce the size
and the insulation distances within the electric insulating
hollow casing by sealing it hermetically and filling it with
a preferably pressurized insulating gas that’s electrical
insulation ability is better than the insulation ability of air.
Thus the advantages of adry transformer are still present,
wherein the size of the tap-changer is reduced in an ad-
vantageous way respectively the tap-changer is enabled
to withstand a higher rated voltage.

[0010] According to afurther embodiment of the inven-
tion the insulation gas is SF6. This type of insulation gas
is known for insulating switchgear-substations within an
energy distribution system and is proven technology.
[0011] Following another embodiment of the invention
abarrier-shield is foreseen in the radial space inbetween
radial inner and radial outer end of the selector contact,
which is rotatable together with the selector contact. Bar-
riers are known means to improve the insulation ability
within or around an electrical high voltage device. On the
other side a fixed standard barrier is subject to collisions
with the rotatable selector contact. Thus the idea of this
embodiment consists in making a barrier rotatable to-
gether with the selector switch to exclude any collision.
Of course, a rotatable barrier-shield is also suitable for a
tap-changer, which is not hermetically sealed and which
is not filled with a pressured insulating gas.

[0012] According to afurther embodiment of the inven-
tion respective cables are foreseen to electrically connect
the contact sections from the radial outer side of the hol-
low cylinder, wherein at least some of the cables com-
prise a respective surrounding outer insulation at least
at their respective connected end. Concerning the elec-
trical insulation ability of a tap-changer it has to be dis-
tinguished inbetween insulation within the electric insu-
lating hollow casing and the outer insulation. As well the
pressured insulation gases as the inner rotatable barrier
increase the inner insulation behavior of the tap-changer.
To successfully reduce the size of a tap changer also the
insulation on the outer side of the electric insulating hol-
low casing has to be foreseen to withstand the increased
requirements concerning insulation.

[0013] A cableisforeseen as electrical conductor lead-
ing for example from the taps of a transformer to the
connector sections of the tap-changer. The creeping dis-
tance inbetween adjacent cables has significant influ-
ence on the insulation ability inbetween them. A respec-



3 EP 2985 773 A1 4

tive surrounding outer insulation at the respective con-
nected end on the tap-changer side of a cable increases
the insulation ability inbetween adjacent cables in an ad-
vantageous way. Further increase could be gained by
insulation rips or the like.

[0014] Accordingto a further embodiment of the inven-
tion a front end of the surrounding insulation is hermeti-
cally connected with the outer surface of the hollow cyl-
inder. This might be done for example by use of suitable
glue or an epoxy resin. Thus it is excluded in an advan-
tageous way that an air gap inbetween outer surface of
the hollow casing respectively hollow cylinder and sur-
rounding insulation is present, which could be reason for
an electrical breakthrough.

[0015] Accordingto afurther embodiment of the inven-
tion the at least one cable comprises at least in sections
ascreen around its surrounding insulation. Thus the elec-
trical potential on the outer surface of the cable insulation
can be set to a defined value by connecting it with a de-
fined voltage potential. Hence the insulation behavior is
more reproducible and reliable therewith.

[0016] In a further variant of the on-load tap-changer
the screen of the cable is electrically connected with one
of those contact sections which are not connected with
the respective cable. Thus the electrical potential of the
screen of the cable is differentthan the electrical potential
of the respective cable itself in case that the tap-changer
is in the operating state. This is useful to reduce the po-
tential of the screen compared to the potential of the inner
cable, thus the insulation requirements on the outer sur-
face of the hollow casing are reduced due to reduced
voltage differences inbetween the respective screens of
the respective cables. A part of the voltage is insulated
by the surrounding insulation of the cable in such a case.
[0017] The problem of the invention is also solved by
a dry transformer, comprising

¢ awinding with a first, a last and at least one medium
tap,

* anon-load tap-changer as described before,

* wherein the respective taps of the winding are elec-
trically connected with respective contact sections
of the tap-changer and

* wherein the screen of the cable for the first and/or
last tap is electrically connected to one of the at least
one medium taps.

[0018] The firsttab is assumed to have the lowest out-
put voltage and the last tap to have the highest output
voltage. Assuming further a sequential and circular ar-
rangement of the contact sections within the hollow cyl-
inder, the contact sections for first and last tap will be
adjacent each to each other and the insulation inbetween
the respective cables will be stressed by the maximum
voltage difference inbetween first and last tap. Since the
at least one medium tap will have a voltage-level inbe-
tween the voltage of the first and the last tap, a connection
of atleast one of the screens of the cables for first or last
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tab with one of the at least one medium taps will reduce
the voltage stress on the outer side of the hollow casing
in an advantageous way. In case of several medium taps
preferably this tap which is electrically exactly inbetween
the first and last tap should be connected.

[0019] Further advantageous embodiments of the in-
vention are mentioned in the dependent claims.

[0020] 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 a first exemplary on-load tap-chang-
er,

Figure 2 shows a second exemplary on-load tap-
changer,

Figure 3  shows third exemplary on-load tap-changer
and

Figure4 shows a fourth exemplary on-load tap-
changer.

[0021] Figure 1 shows a first exemplary on-load tap-

changer 10 in a cross-sectional view. An electric insulat-
ing hollow casing 12, in this case a hollow cylinder for
example made from glass fiber epoxy, is extending
around and along a virtual axis 14. Several exemplary
contact sections 16, 18, 20, 22 are arranged along a cir-
cular path on the inner surface of the electric insulating
hollow casing 12. An inner pole 27 with a radial oriented
selector contact 24 with radial inner end 26 and radial
outer end 28 is rotatable around the virtual axis 14. By
rotation of the inner pole 27 the radial outer end 28 of the
selector contact 26 is selectively connectable with one
of the contact sections 16, 18, 20, 22.

[0022] The contact section 22 is electrically connected
with a cable 32 that is surrounded by an outer insulation
34. The insulation 34 increases the insulation ability in-
between adjacent cables 32 on the outer side of the elec-
tric insulating hollow casing 12. The cable 32 is leading
to a tap of a non-shown transformer winding and also the
other contact sections 16, 18, 20 are supposed to be
connected with further taps of the non-shown transformer
winding.

[0023] By sealing hermetically the inner space 30 of
the electric insulating hollow casing 12 and filling it with
a pressured gas such as SF6 the insulation ability inbe-
tween the contact sections 16, 18, 20, 22 in the inner
space of the electric insulating hollow casing 12 is in-
creased advantageously.

[0024] Figure 2 shows a second exemplary on-load
tap-changer 40 in a cross-sectional view. A cable 42 is
leading to the outer surface of an electric insulating hollow
casing 50. The cable 42 is surrounded by an outer insu-
lation 44, which itself is surrounded by an electrical
screen 46, wherein on the outer surface of the screen 46
a further insulation layer 48 is foreseen. The screen 46
is electrically connected 54 with a further cable leading
to another contact section. Thus the electrical potential
of the shield corresponds to the potential of the further
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cable 56. To avoid any air gap inbetween the axial front
end of the surrounding insulation 44 and the electric in-
sulating hollow casing 50 both components 44, 50 are
hermetically connected as indicated with the dotted el-
lipse 52. This can be done for example by use of suitable
glue or an epoxy resin or the like.

[0025] Figure 3 shows a third exemplary on-load tap-
changer 60 in a 3D view. An electric insulating hollow
casing 62 is arranged around a virtual axis 64 and shown
in a three dimensional view. Front end covers 66 are
foreseen at both axialends to ensure, thatthe inner space
of the electric insulating hollow casing 62 is hermetically
sealed, so that pressured insulating gas, which is filled
therein, can’t leak therefrom. The pressured insulating
gas enables a smaller design of the on-load tap-changer
60. A cable 68 indicates an electrical connection to a not
shown tap of a transformer, wherein several cables of
this kind are supposed to be foreseen. A rotation shaft
70 around the virtual axis 64 is foreseen to rotate a se-
lector contact in the inner of the electric insulating hollow
cylinder.

[0026] Figure 4 shows a fourth exemplary on-load tap-
changer 80 in a cross-sectional view. Here a selector
contact 86 is rotatable together with a barrier shield 82
around a virtual axis, so that the selector contact is se-
lectively connectable with one of several contact sec-
tions. Rips 84 increase the creeping distance along the
surface of the barrier shield 82.The barrier improves the
insulation behavior in the inner of the hollow cylinder, so
that either the tap-changer 80 can be operated with a
higher voltage or its size can be reduced in an advanta-
geous way.

List of reference signs

[0027]

10 first exemplary on-load tap-changer
12  electric insulating hollow cylinder

14 virtual axis

16 first electric contact section

18  second electric contact section

20  third electric contact section

22 fourth electric contact section

24  selector contact

26 radial inner end of selector contact
27  inner pole

28 radial outer end of selector contact
30 inner space of electric insulating hollow cylinder
32 cable

34  surrounding outer insulation of cable
40 second exemplary on-load tap-changer
42  cable

44  surrounding outer insulation of cable
46  screen

48  further insulation layer

50 electric insulating hollow cylinder

52  hermetic connection
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54  electrical connection

56  further cable

60  third exemplary on-load tap-changer
62 electric insulating hollow cylinder

64  virtual axis

66  front end cover of cylinder

68 cable

70  rotation shaft

80  fourth exemplary on-load tap-changer
82  barrier shield

84  rib on barrier shield

86  selector contact

Claims

1. On-load tap-changer (10, 40, 60, 80) for dry trans-
formers, comprising

+ an electric insulating hollow casing (12, 62)
extending around a virtual axis (14, 70), wherein
several electric contact sections (16, 18, 20, 22)
are foreseen along the inner surface of the hol-
low casing (12, 62), which are electrically joined
through the wall of the hollow casing (12, 62),
+ a selector contact in the inner of the casing
which is rotatable around the virtual axis and
that’s radial outer end is selectively connectable
with one of the contact sections by a respective
rotation,

characterized in that

the inner space (30) of the hollow casing (12,
62) is hermetically sealed and filled with a pref-
erably pressured insulating gas.

2. On-load tap-changer according to claim 1, charac-
terized in that the pressured insulating gas is SF6.

3. On-loadtap-changer according to claim 1 or 2, char-
acterized in that a barrier shield (82) is foreseen in
the radial space inbetween radial inner (26) and ra-
dial outer (28) end of the selector contact (24), which
is rotatable together with the selector contact (24).

4. On-load tap-changer according to any of the previ-
ous claims, characterized in that respective cables
(32, 42, 68) are foreseen to electrically connect the
contact sections (16, 18, 20, 22) from the radial outer
side of the hollow casing (12, 62), wherein at least
some of the cables (32,42, 68) comprise arespective
surrounding outer insulation (34, 44) at least at their
respective connected end.

5. On-load tap-changer according to claim 4, charac-
terized in that a front end of the surrounding insu-
lation (34, 44) is hermetically connected (52) with
the outer surface of the hollow casing (12, 62).
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On-load tap-changer according to claim 5, charac-
terized in that at least one cable (32, 42, 68) com-
prises a screen (46) around its surrounding insula-
tion (34, 44).

5
On-load tap-changer according to claim 6, charac-
terized in that the screen (46) of the cable (32, 42,
68)is electrically connected with one of those contact
sections (16, 18, 20, 22), which are not connected
with the respective cable (32, 42, 68). 10

Dry transformer, comprising

» a winding with a first, a last and at least one
medium tap, 15
+ an on-load tap-changer (10, 40, 60, 80) ac-
cording to claim 7,
» wherein the respective taps of the winding are
electrically connected with respective contact
sections of the tap-changer (10, 40, 60, 80), 20
» wherein the screen (46) of the cable (32, 42,
68) for the first and/or last tap is electrically con-
nected (54) to one of the at least one medium
taps.
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