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means of the contact elements (52).
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Fluid insulated high voltage coil

Description

The invention relates to a fluid insulated high voltage coil, comprising a closed tank

for an insulation fluid, and a high voltage coil arranged therein with at least two taps.

It is known, that transformers are used in electrical distribution networks for coupling
network sections of a first voltage level, for example 380kV, with network sections of
a second voltage level, for example 110kV. Such high voltage transformers might
have a rated power of several 100MVA. Due to reasons of electrical insulation the
whole transformer, namely including the transformer core and the transformer coils,
are typically arranged within a transformer vessel or tank, which is filled with oil or

another insulation fluid.

It is also known, that such transfprmers are rather often equipped with a tap changer.
A tap changer is an electrical switch, wherewith the transmission ratio of a trans-
former respectively its transformer coils can be modified. Typically a coil with a fixed
amount of windings is electrically connected in series with a coil comprising several
taps, whereas each tap corresponds to a certain number of turns. The tap changer
connects the electrical output of such a composite coil with one of the taps and modi-

fies the total number of active turns of the composite coil therewith.

The regulating windings of a tap-coil of power transformers are especially sensitive to
overvoltages excited by external transient disturbances like lightning or switching
surges. For larger regulation ranges and high voltage transformers it is often difficult
or even impossible to cope with the resulting voltage stresses by a proper winding
design or increased electrical insulation. In such cases it is common practice to con-
nect metal oxide varistors as surge arresters between the conductors leading from
the taps of the regulating windings to the tap changer. It is also common practice to

assemble a column of the necessary number of varistor discs between copper con-
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tact pieces. The varistor column is kept under compression by some composite tie
rods and springs. The varistor column, or several of them, is mounted inside the
transformer tank, under oil, wherever there is space left near the internal electrical

connections and tap changer(s).

Disadvantageously within the state of the art is the taps of the transformer coil and
also the surge arresters are under oil and are therefore not accessible in a good way.
Thus internal surge arresters are not accessible for inspection, replacing or testing
without draining oil from the transformer tank. Also a testing or measuring of voltages

of the taps is not possible without major effort.

Based on this state of the art it is the objective of the invention to provide a high volt-
age coil respectively a transformer coil with tap changer that allows an easy inspec-
tion and replacing of surge arresters or testing under oil. According to the invention a
high voltage coil is not only limited to a transformer coil. Moreover each kind of high
voltage caoil, for example such as a current limiting coil is within the scope of the in-

vention.

This problem is solved by a high voltage coil of the aforementioned kind. This is
characterized by an insulation tube extending into the tank, whereas the inner part of
the tube is accessible from an outer side of the tank, whereas electric contact ele-
ments are foreseen through the tube walls along its longitudinal axis, whereas at
least some of the contact elements are electrically connected with the taps and
whereas a removable column-like electrical interaction device is arranged within the
inner part of the insulation tube, which is electrically connected to the at least two

taps by means of the contact elements.

Such an insulation tube or composite tube is similar to a tube, which is known from
the diverter switch compartment in on-load tap changers for power transformers. This
insulation tube has to be accessible from outside the tank, preferably from the top of
the tank. According to the invention it is possible to open and close a locking device,
which normally seals the upper side of the preferably vertically arranged insulation
tube. Also the lower side of the tube is typically sealed to the tank, so that two differ-

ent oil spaces are provide: inside and outside the insulation tube. The insulation tube
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is typically connected with the inner side of a wall of the tank. According to a certain
embodiment it also might be hermetically sealed to the wall. A communication chan-
nel inbetween both oil spaces might be realized by an U-shaped tube for example,
which is mainly arranged outside the tank. This has to be seen as part of the upper
tank wall. Hence it is possible to remove or feed in a column-like interaction device
into the insulation tube from its open upper end. Electrical contact elements are fore-
seen through the wall of the insulation tube so inside and outside contact areas are
foreseen. The outside contact areas are connected to the taps of the transformer coil.
Thus it is possible to connect the interaction device in an easy way to the taps of the
high voltage coil, which might be part of a transformer for example. To ensure a safe
electrical contact between the contact areas of the electrical interaction device and
the corresponding contact areas within the inner hollow space of the insulation tube,
preferably a guiding device is foreseen, which predetermines a fixed end position of
the electrical interaction device within the insulation tube. Hence it is possible to eas-
ily replace or check the removable electrical interaction device which is normally un-

der oil.

Also a current limiter coil, which is electrically connected in series with another high
voltage coil, is within the scope of the invention. Here the two connections of the cur-
rent limiter coil have to be seen as two taps, which are electrically connected with the

insulation tube and the electrical interaction device arranged therein.

According to a further embodiment of the invention, the high voltage coil comprises a
tap changer which is electrically connected with the taps of the high voltage coil. Tap
changers might produce several overvoltages when operating. Thus it is notably use-
ful, to provide an electrical interaction device, which might be used for example for

limiting overvoltages or provide possibilities for measurement.

In a variant of the invention further electric contact elements are foreseen within the
electric interaction device along its longitudinal extension, whereas the corresponding
longitudinal distances are adapted to the longitudinal distances of the contact ele-
ments of the insulation tube. Such further contact elements preferably contain cop-
per, since this material is notably suitable for contacts of switches for example. Since

the axial distances of the contact elements of the electrical interaction device are
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adapted to the axial distances of the contact elements of the insulation tube, the elec-
trical interaction device is electrically connected with the taps, if it is feeded into the

insulation tube.

According to another variant of the invention at least some of the electric contact ele-
ments comprise a spring-loaded contact section. This improves on one side the elec-
trical contact inbetween the contact elements, since a certain pressure force is pro-
vided, which is in principal vertical to the longitudinal extension of the electrical inter-
action device. The spring-loaded electrical contact section might be integrated as
well in the contact elements of the electrical interaction device as in the contact ele-
ments of the insulation tube. On the other side a gliding of the electric interaction de-
vice along the electrical contacts while feeding in or feeding out is simplified in an

advantageous manner.

Following a preferred embodiment of the invention, the electrical interaction device
comprises stacked surge arrester elements inbetween the further electric contact
elements. Thus the surge arrester elements respectively the whole arrangement of
them within the column like interaction device can easily be removed from the oil tank
while the transformer is switched off. Preferably the surge arrester elements are
varistors, which typically have a disc-like shape, for example a diameter of roughly
10cm and a thickness of some centimetres, dependent on the voltage level they are
rated for. Preferably the contact elements have a similar base area than the varistors
so that they can become stacked into the column like shape in an easy way. De-
pendent on the voltage level to be observed inbetween the different taps of the high
voltage coil, a stack of five varistors each could be arranged alternating with a con-
tact element. The number of taps of a transformer coil might amount 27 for example,
so that in total 135 varistors and 28 contact elements would be foreseen in a column
like electric interaction device. A varistor might be foreseen to have a rated limiting

voltage of 1kV to 5kV for example.

According to a preferred embodiment of the invention, the elements of the electric
interaction device, for example varistors and contact elements, are stacked and
clamped together at both ends of the stack. This might be done for example with one

or more insulating screws or fixing elements, whereas at both ends of the stack typi-
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cally some clamping elements are foreseen. Those clamping elements might have
also a disc like shape with a slightly higher diameter then the stack of the varistors
respectively clamping elements. Thus clamping screws could be fixed on the overlap,
which press the whole stack together. But it is also possible to apply a spring force in

the longitudinal direction of the stack.

According to another embodiment of the invention the electrical interaction device
comprises electrical measurement devices or is at least connected thereto. This is
useful for example in case of maintenance or testing of the transformer respectively
high voltage coil on site. Hence it is possible to feed an electrical interaction device
which is connected to measurement devices into the insulating tube. The contact
elements are more or less comparable with those of an electric interaction device
with surge arresters. The measurement device can be arranged — at least in part —
within the interaction device, for example a voltage sensor. But it is also thinkable,
that the interaction device contains only measurement lines which are guided to an
external measurement and/or analyzing device. Hence it is possible for example to
analyze the occurring over-voltages during operation of a transformer or current lim-

iter coil for example.

According to a further embodiment of the invention the insulation tube is arranged
approximately vertically and is accessible from the top of the closed tank. An opening
within the walls of the tank enables the access to the insulation tube without the risk,
that oil or other insulation liquid leaks out of the tank when the opening is not sealed
by a locking device for example. Thus the whole electric interaction device, for ex-
ample a clamped stack of 50 disc-shaped varistors, can be moved out the oil tank
through the opening on the top. Of course it is also possible to arrange the insulation
tube angular, for example in 45°, if this allows a smaller size of the transformer ves-
sel. Most important issue is the accessibility from the top to avoid a leakage of the

insulation fluid.

According to another embodiment of the invention a temperature measuring device is
foreseen, which extends from outside the tank for an insulation fluid into the inner
hollow space of the insulation tube. The temperature of the insulation liquid such as

oil is important information for the operation of the transformer or other high voltage
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coils containing components. Especially surge arrestors or varistors might produce
some heat in case of a failure. According to the invention those components are lo-
cated within the insulation tube, which builds a more or less closed room. Thus in
case of a failure the temperature of the oil respectively insulation liquid surrounding
the surge arresters will rise significantly faster than the temperature of the oil in the
remaining part of the tank. This enables monitoring the surge arrestors respectively
the varistors by means of a temperature measuring device. Since an opening in the
tank respectively transformer vessel has to be foreseen anyhow for the accessibility
of the insulation tube, a thermometer or other temperature measuring device is easily

to implement for example in a belonging locking device for the opening.

The aforementioned advantages of a high voltage coil according to the invention are
also useable in an advantageous manner for a high voltage transformer comprising a
transformer core and at least one high voltage coil according to the invention, which
are arranged in a common insulation tank. This is valid of course as well for single

phase as for three phase transformers.

According to a further embodiment of the invention it is foreseen to arrange at least
two electrical interaction devices within the same insulation tube. So it is as well
thinkable to arrange three galvanic separated electric interaction devices in a triangu-
lar layout side by side as to arrange three galvanic separated electric interaction de-

vices in a series within the same insulation tube.

According to a preferred embodiment of the invention the tank is filled with an insula-
tion liquid such as oil for example. This enables the high voltage component to be
operated with the rated voltage. The insulation tube is not hermetically closed, thus
the not used space of the insulating tube is also filled with the insulation liquid under

normal operation conditions.

Further advantageous embodiments of the invention are mentioned in the dependent

claims.

The invention will now be further explained by means of an exemplary embodiment

and with reference to the accompanying drawings, in which:
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Figure 1 shows an exemplary high voltage transformer,

Figure 2 shows an exemplary first electric interaction device with adjacent compo-
nents and

Figure 3 shows an exemplary second electric interaction device with adjacent com-

ponents.

Fig. 1 shows an exemplary three phase high voltage transformer in a sectional view
10. Around the three limbs of a transformer core 28 a high voltage coil 12, 14 respec-
tively 16 is arranged, whereas all of them comprise several taps, which are only
shown for the first high voltage coil 12 with the reference number 18. Typically sev-
eral tabs, such as sixteen or eighteen are foreseen. The tabs are electrically con-
nected by means of electrical connection means 32 as well with a first insulation tube
24 as with a tap-changer 20, which is indicated by a single box. All those compo-
nents are arranged within a closed tank 22, a transformer vessel, which is filled with
an insulation fluid 30, in this case oil. The tank 22 comprises in its upper wall an
opening, where through the insulation tube is accessible. This opening is closable by
a locking device 26, for example a metal plate with a seal, which can be screwed on

the upper side of the tank 22, which is preferably also made from metal.

Fig. 2 shows an exemplary first electric interaction device with adjacent components
in a view 40. This can be used in part for example within the transformer shown in
Fig.1. An insulation tube 42 is accessible through an opening of a top wall 62 of a
tank for insulation fluid. The insulation tube 42 is mounted by a screw-joint on the
top-wall 62. A removable locking device 64 is sealing this opening, so that it is her-
metically closed during operation of the components. A first electric interaction device
44 is arranged within the tubular inner hollow space of the insulation tube 42. This
comprises a column-like stack of four disc-shaped surge arrestors 48 respectively
varistors each alternating with further contact elements 50, which are preferably
made from copper. Both axial ends of the electric interaction device 44 are bordered
by disc-shaped clamping elements 46, whose diameter is larger than the diameter of
the varistors 48. Both clamping elements 46 are pressed together with insulating

screws, which are arranged around the stack and which are not shown in this fig. Op-
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tional it is also thinkable to press the stack by a spring, which might be arranged in-

between the upper clamping element 46 and the top wall 62.

The shape of the electric interaction device 44 including the not shown screws is
adapted to the inner diameter of the insulating tube 42, whereas axial guiding ele-
ments are foreseen, which are also not shown. Thus the electric interaction device
can only be moved up and down along the arrow with the reference sign 70. In this
Fig. the locking device 64 and the whole interaction device 44 are connected with a

rod 60 together, so that the interaction device is fixed in an operating position.

Also indicated in this Fig. is a high voltage coil 66. This might be each kind of high
voltage coil such as a transformer coil but also a current limiting coil or similar. Sev-
eral taps of this coil are indicated with the reference sign 54. Those tabs 54 are elec-
trically connectable with a tap changer 56, which can selectively connect a tap with
an electrical output of the coil, whose output voltage is indicated with the reference
sign 68. The taps furthermore are connected with electric contact elements 52 that
are equidistantly arranged along the axial extension through the wall of the insulation
tube 42. Those contact elements 52 are foreseen to electrically connect the tabs 568
with the contact elements 50 of the electric interaction device 44. Preferably the con-
tact elements 50 of the electric interaction device and/or the contact elements 52 of
the insulation tube 42 have a spring-like characteristic, so that a force is applied inbe-

tween both contact elements 50, 52, so that a secure electric contact is realized.

Fig. 3 shows an exemplary second electric interaction device with adjacent compo-
nents in a view 80. The main difference is that not a varistor-based first interaction
element has been feeded into the insulation tube 94, but a second interaction ele-
ment 82, that comprises more or less only connection lines 84 inbetween contact
elements 88 and external electric measurement devices 86. Thus it is possible to
easily measure the voltage at the taps of the transformer without méjor effort. This
might be useable for test purposes on site. Afterwards the second interaction device
for measurement 82 might be replaced by a varistor-based interaction device before
the high voltage coil respectively the transformer is switched back to normal opera-
tion. Additionally a thermometer 90 is foreseen which extends from outside the tank

into the inner hollow space of the insulation tube 94.
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List of reference signs

10 exemplary high voltage transformer

12 first high voltage coil

14 second high voltage coil

16 third high voltage coil

18 taps of first high voltage coil

20 first tap changer

22 closed tank

24 first insulation tube

26 first locking device

28 transformer core

30 insulation fluid

32 electrical connection

40 exemplary first electric interaction device with adjacent components
42 second insulation tube

44 first electric interaction device

46 clamping element

48 stacked surge arresters

50 further electric contact element

52 electric contact element

54 taps of forth coil

56 second tap changer

58 movement direction of second tap changer

60 rod

62 top wall of closed tank

64 second locking device

66 fourth high voltage coil

68 voltage

70 movement direction of first electric interaction device
80 exemplary second electric interaction device with adjacent components
82 second electric interaction device

84 data transmission cable
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86 electrical measurement devices

88 second further contact element

90 thermometer

92 movement direction of second electric interaction device
94 third insulation tube
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Claims

1. Fluid insulated high voltage coil (12, 14, 16, 66), comprising
e a closed tank (22) for an insulation fluid (30),
e a high voltage coil arranged therein with at least two taps (18, 54),

characterized by

an insulation tube (24, 42, 94) extending into the tank (22), whereas the inner part of
the tube is accessible from an outer side of the tank (22), whereas electric contact
elements (52) are foreseen through the tube (24, 42, 94) walls along its longitudinal
axis, whereas at least some of the contact elements (52) are electrically connected
(32) with the taps (18, 54), whereas a removable column-like electrical interaction
device (44, 82) is arranged within the inner part of the insulation tube (24, 42, 94),
which is electrically connected to the at least two taps (18, 54) by means of the con-

tact elements (52).

2. Fluid insulated high voltage coil according to claim 1, characterized in that it com-
prises a tap changer (20, 56) which is electrically connected with the taps (18, 54) of
the high voltage coil (12, 14, 16, 66).

3. Fluid insulated high voltage coil according to claim 1 or 2, characterized in that fur-
ther electric contact elements (50, 88) are foreseen within the electric interaction de-
vice (44, 82) along its longitudinal extension, whereas the belonging longitudinal dis-
tances are adapted to the longitudinal distances of the contact elements (62) of the
insulation tube (24, 42, 94).

4. Fluid insulated high voltage coil according to any of the previous claims, character-
ized in that at least some of the electric contact elements (50, 52, 88) comprise a

spring-loaded contact section.
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5. Fluid insulated high voltage coil according to any of the claims 3 or 4, character-
ized in that the electrical interaction device (44, 82) comprises stacked surge arrester

elements (48) inbetween the further electric contact elements (50).

6. Fluid insulated high voltage coil according to claim 5, characterized in that the

surge arrester elements (48) are varistors.

7. Fluid insulated high voltage coil according to claim 3 to 6, characterized in that the
elements (48, 50, 88) of the electric interaction device (44, 82) are stacked and

clamped (46) together at both ends of the stack.

8. Fluid insulated high voltage coil according to claim 1 to 4, characterized in that the
electrical interaction device (44, 82) comprises electrical measurement devices (86)

or is at least connected (84) thereto.

9. Fluid insulated high voltage coil according to any of the previous claims, character-
ized in that the insulation tube (24, 42, 94) is arranged approximately vertically and is
accessible (26, 64) from the top (62) of the closed tank (22).

10. Fluid insulated high voltage coil according to any of the previous claims, charac-
terized by a temperature measuring device (90), which extends from outside the tank
(22) for an insulation fluid (30) into the inner space of the insulation tube (24, 42, 94).

11. High voltage transformer comprising
e a transformer core (28),
e at least one high voltage coil (12, 14, 16, 66) according to any of the claims 1
to 10,
whereas the components are arranged in a common tank (22) for an insulation fluid
(30).

12. High voltage transformer according to claim 11, whereas the transformer is a
three phase transformer with at least three high voltage coils according to any of the

claims 1 to 10.
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13. High voltage transformer according to claim 11 or claim 12, characterized in that

at least two electrical interaction devices (44, 82) are arranged within the same insu-

lation tube (24, 42, 94).

14. High voltage transformer according to any of the claims 11 to 13, characterized in

that the common tank (22) is filled with an insulation fluid (30).



WO 2012/136302 PCT/EP2012/001087
1/3

20

26

32

24

30 -1

22

Fig. 1



WO 2012/136302 PCT/EP2012/001087

2/3

Fig. 2



WO 2012/136302 PCT/EP2012/001087
3/3

86

\

\

84

Fig. 3



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/001087
A. CLASSIFICATION OF SUBJECT MATTER
INV. HO1F27/10 HO1F27/12 HO1F27/14 HO1F27/29 HO1F27/30
HO1F29/02 HO1F30/12 HO1H9/00 HO2H7 /04 HO1F27/40
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1F HO1H HOZH

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 4 621 298 A (MCMILLEN CHARLES J [US]) 1,11,14
4 November 1986 (1986-11-04)
abstract; figures 1-4
A WO 2008/113143 A2 (SANTOS EDUARDO PEDROSA 1
[BR]) 25 September 2008 (2008-09-25)
abstract; figure 1
A EP 2 282 322 Al (ABB TECHNOLOGY AG [CH]) 1
9 February 2011 (2011-02-09)
abstract; figure 7
A US 4 135 172 A (GRIMES JERRY W) 1
16 January 1979 (1979-01-16)
abstract; figure 1
_/ -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr:ts, such combination being obvious to a person skilled
inthe art.

"&" document member of the same patent family

Date of the actual completion of the international search

4 April 2012

Date of mailing of the international search report

07/05/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Rouzier, Brice

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2012/001087

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

[FR]) 8 August 2001 (2001-08-08)
abstract; figures 1-3

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A GB 281 680 A (MICHEL DOLOUKHANOFF) 1

4 July 1928 (1928-07-04)

the whole document
A EP 1 122 848 Al (TRANSFIX TOULON SOC NOUV 1

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2012/001087
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 4621298 A 04-11-1986  NONE

WO 2008113143 A2 25-09-2008 BR PI0700843 A 04-11-2008
EP 2132755 A2 16-12-2009
US 2010109883 Al 06-05-2010
WO 2008113143 A2 25-09-2008

EP 2282322 Al 09-02-2011 AT 535930 T 15-12-2011
AU 2010281100 Al 23-02-2012
EP 2282322 Al 09-02-2011
WO 2011015263 Al 10-02-2011

US 4135172 A 16-01-1979  BE 871577 Al 26-04-1979
FR 2407558 Al 25-05-1979
JP 54095831 U 06-07-1979
MX 146182 A 21-05-1982
us 4135172 A 16-01-1979

GB 281680 A 04-07-1928 NONE

EP 1122848 Al 08-08-2001 AT 499736 T 15-03-2011
EP 1122848 Al 08-08-2001
ES 2363209 T3 27-07-2011
FR 2804549 Al 03-08-2001

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report
	Page 21 - wo-search-report

