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(54) Insulation liquid expansion assembly

(57) The invention is related to an insulation liquid
expansion assembly for an insulation liquid tank (12, 52)
for a high voltage coil (14), comprising an expansion ves-
sel (22, 58, 74) with an inlet (22) and an outlet (24) open-
ing, wherein the inlet opening (22) is foreseen to be fluidic
connected with the insulation liquid tank (12, 52). A com-
pensation pipe (26) is foreseen which is fluidic connected
at its first end with the outlet opening (24) of the expansion
vessel (22, 58, 74). A flexible gas bag (32, 62, 78) is
fluidic connected to the compensation pipe (26) so that
a gas can flow from the compensation pipe (26) into the
gas bag (32, 62, 78) and backwards. Pressure means
for applying a pressure force on the interior of the other-
wise hermetically sealed compensation pipe (26).
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Description

[0001] The invention is related to an insulation liquid
expansion assembly for an insulation liquid tank for a
high voltage coil, comprising an expansion vessel with
an inlet and an outlet opening, wherein the inlet opening
is foreseen to be fluidic connected with the insulation
liquid tank.
[0002] It is known that transformers, reactors, coils and
other electrical devices in high voltage distribution net-
works, for example with a rated voltage of 110kV or
380kV, are typically arranged within a tank filled with an
electrical insulation liquid such as oil. Thus the internal
insulation distances which are required to withstand the
respective voltage level are reduced and the overall size
of the electrical high voltage device can become reduced
in an advantageous way. In addition the electrical insu-
lation liquid has the function of a cooling liquid.
[0003] Due to a thermal expansion of the insulation
liquid during operation typically an expansion vessel is
foreseen above the vessel. Thermal expansion depends
for example on the actual operational losses of the high
voltage device or on the thermal environmental frame
conditions. The size of the expansion vessel is chosen
in that way, that in case of minimal thermal expansion
the insulation liquid tank is still full and that in case of
maximum thermal expansion the expansion volume of
the insulation liquid can by absorbed by the expansion
vessel. Thus the filling level of the expansion vessel is
inbetween >0% and <100%.
[0004] In order to avoid moisture contamination of the
insulation liquid the surface of the insulation liquid within
the expansion vessel is frequently sealed against the at-
mosphere. Such a sealing is commonly made by means
of a flexible diaphragm or a rubber bag mounted in the
expansion vessel.
[0005] The effort of such customized solution is high
since such diaphragms or rubber bags are leading to a
more complex design and a more complex handling on
site during the erection and the filling procedure. In ad-
dition special monitoring devices are required for super-
vision of the sealing. Moreover it has also been noted
that the availability of the high voltage devices arranged
in an insulation liquid tank with expansion vessel is hand-
icapped using a diaphragm or rubber bag. Any damage
or leakage of such devices is leading into outages and
extensive on site repair activities since the expansion
vessel is located at a level above the insulation liquid
tank and has only limited access. Due to wearout of the
flexible diaphragm or rubber bag over the years their life
time is limited a well.
[0006] It is objective of the invention to provide an in-
sulation liquid expansion assembly which avoids a dia-
phragm or a rubber bag within the expansion vessel.
[0007] This problem is solved by an insulation liquid
expansion assembly of the aforementioned kind. This is
characterized by a compensation pipe which is fluidic
connected at its first end with the outlet opening of the

expansion vessel, a flexible gas bag which is fluidic con-
nected to the compensation pipe so that a gas can flow
from the compensation pipe into the gas bag and back-
wards and pressure means for applying a pressure force
on the interior of the otherwise hermetically sealed com-
pensation pipe.
[0008] Basic idea of the invention is not to seal the
surface of the insulation liquid directly within the expan-
sion vessel, but to provide expansion means, in particular
a flexible gas bag, outside the expansion vessel. The
interior space of the insulation liquid tank, the expansion
vessel and the flexible gas bag together form a hermet-
ically sealed expandable interior space, wherein expan-
sion takes place outside the expansion vessel by fitting
the volume of the flexible gas bag. In order to prohibit
insulation liquid flowing out of the expansion vessel, the
interior of the hermetically sealed expandable interior
space is not only filled with an insulation liquid, but also
with a certain volume of a suitable gas. So to say the
filling of the insulation liquid tank and expansion vessel
with an insulation liquid corresponds to the state of the
art, wherein the remaining volume of the expandable in-
terior space, in particular the interior space of the com-
pensation pipe and the of the flexible gas bag, are filled
with the suitable gas. The maximum volume of the flexible
gas bag will be at least equal to the maximum differential
volume of the liquid within the insulation liquid filled tank.
[0009] In the easiest case the suitable gas is air. Since
the whole expandable interior space is hermetically
sealed no additional moisture can infiltrate therein and
contaminate the insulation liquid. The operation pressure
will be slightly over atmosphere pressure, for example
some few mBar. Thus it is ensured, that the flexible gas
bag can expand against atmosphere pressure. In order
to ensure such an overpressure, pressure means are
foreseen at the otherwise hermetically sealed compen-
sation pipe for applying a pressure force on the gas in
the hermetically sealed expandable interior space.
[0010] This flexible gas bag can be placed at any con-
venient floor level and distance to the insulation liquid
tank by means of the compensation pipe, which might
be made from pipes and/or hoses or the like. In order to
allow suitable protection against UV-light and mechani-
cal damages the flexible gas bag is preferably mounted
inside a housing or enclosure. There are no certain re-
quirements on the shape of a flexible gas bag - typically
a cuboid or a cylinder shape might be used.
[0011] According to another embodiment of the inven-
tion the insulation liquid expansion assembly comprises
an insulation liquid tank for a high voltage coil, wherein
the expansion vessel is arranged above the insulation
liquid tank and is fluidic connected therewith. Thus the
insulation liquid tank and the expansion vessel are part
of the assembly according to the invention.
[0012] According to another embodiment of the inven-
tion the inlet opening of the expansion vessel is arranged
at its bottom and the outlet opening at its top. So it is
ensured, that insulation liquid flowing out of the insulation
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liquid tank due to thermal expansion is safely guided into
the expansion vessel and flows back in case of a thermal
contraction.
[0013] According to a further embodiment of the inven-
tion the pressure means of the compensation pipe com-
prise a separator liquid filled syphon which is fluidic con-
nected therewith. The syphon is acting as an over pres-
sure and vacuum protection syphon. The syphon will be
filled with a separator liquid (not vaporizing or frizzing at
operation conditions), which must not necessarily be but
might be identical with the insulation liquid so that both
liquids could be oil. The level of the separator liquid in
the corresponding tubes or pipes defines the operation
pressure of the gas filled bag. In case of higher pressure
the separator liquid will be displaced by gas and the gas
will be released to the atmosphere. In case of vacuum
on the insulation liquid tank air can enter the insulation
liquid expansion assembly. The insulation liquid expan-
sion assembly can be operated with different suitable
gases.
[0014] According to a further embodiment of the inven-
tion a riser pipe is foreseen at the open outlet of the sy-
phon. The maximum pressure which might be applied by
the separator liquid filled syphon on the hermetically
sealed interior space depends on the shape and volume
of the syphon itself, the filling level of separator liquid and
the riser pipe. Basically the interior volume of the prefer-
ably vertically arranged riser pipe corresponds at least
to half of the volume of the separator liquid within the
syphon to ensure that the separator liquid can’t become
popped there out under normal conditions.
[0015] According to another embodiment of the inven-
tion a breather, in particular a silica gel breather is fore-
seen to become fluidic connected with the compensation
pipe temporary. The expandable interior space is her-
metically sealed under normal conditions. In case of a
maintenance or exchange of the flexible gas bag for ex-
ample it is possible to temporary connect a breather to
the compensation pipe, so that any over- or under- pres-
sure caused by a thermal expansion of the insulation
liquid is compensated by opening the breather. Prefera-
bly the breather is a dry gas device such as a silica gel
breather in order to reduce moisture entering the insula-
tion liquid expansion assembly through the breather.
Thus it is possible continue operation of a coil or trans-
former arranged in the insulation liquid tank during main-
tenance for a certain time.
[0016] According to another embodiment of the inven-
tion a three way cock is foreseen for the temporary con-
nection of the breather with the compensation pipe. This
enables a high flexibility for connecting or disconnecting
any branch of the expandable interior space.
[0017] According to a preferred embodiment of insu-
lation liquid expansion assembly the flexible gas bag is
made from a foil or membrane. Such an arrangement
has the advantage, that an expansion or contraction of
the inner volume of the flexible air bag is possible without
any major pressure force.

[0018] According to another embodiment of the inven-
tion the flexible gas bag is hermetically surrounded by a
further flexible gas bag, wherein means for detecting a
differential pressure inbetween the interior of both gas
bags are foreseen. This is useful in case that leakage
detection is required. The pressure detecting means
might be a differential pressure relay that is be fitted to
the surrounding flexible gas bag. If gas is leaking through
the inner flexible gas bag a slight differential pressure
will be detected.
[0019] According to further embodiment of the inven-
tion the maximum inner volume of the flexible gas bag is
adapted to the inner volume of the expansion vessel. The
volume of the expansion vessel is chosen in that way,
that it can absorb the whole additional differential volume
of the insulation liquid within the insulation liquid tank
which might occur due to thermal expansion. Thus the
volume of the flexible gas bag is also adapted thereto.
[0020] According to a preferred embodiment of the in-
vention the flexible gas bag is arranged within an enclo-
sure or housing. Thus a suitable protection against en-
vironmental frame conditions such as snow, wind, UV
radiation and the like is provided.
[0021] According to another embodiment of the insu-
lation liquid expansion assembly a sump for collecting
insulation liquid is arranged at a sink of the compensation
pipe. This is a fall back solution just in case that some
insulation liquid is entering the compensation pipe due
to a fault during maintenance for example. So it is pro-
hibited, that insulation liquid is entering the flexible gas
bag even in that case.
[0022] According to another embodiment of the inven-
tion a monitoring system for supervising the presence of
a liquid in the sump is foreseen. Thus any respective fault
can become detected automatically.
[0023] According to a further embodiment of the insu-
lation liquid expansion assembly a high voltage coil
and/or a high voltage transformer is arranged within the
insulation liquid tank wherein the tank is filled with insu-
lation liquid such as oil. So a complete working environ-
ment is provided as part of the insulation liquid expansion
assembly.
[0024] Further advantageous embodiments of the in-
vention are mentioned in the dependent claims.
[0025] The invention will now be further explained by
means of an exemplary embodiment and with reference
to the accompanying drawings, in which:

Fig. 1 shows an exemplary first arrangement with in-
sulation liquid expansion assembly,

Fig. 2 shows an exemplary second arrangement with
insulation liquid expansion assembly and

Fig. 3 shows an exemplary third arrangement with in-
sulation liquid expansion assembly.

[0026] Figure 1 shows an exemplary first arrangement
with insulation liquid expansion assembly in a sketch 10.
A high voltage transformer with high voltage coils 14 and
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a transformer core 16 is arranged within an insulation
liquid tank 12. The insulation liquid tank 12 is foreseen
to be filled with an insulation liquid such as oil. Above the
insulation liquid tank 12 an expansion vessel 20 is ar-
ranged, which is fluidic connected therewith by a liquid
pipe 18, which ends at an inlet 22 at the bottom of the
expansion vessel 20.
[0027] At the top of the expansion vessel 20 an outlet
opening 24 is foreseen and a compensation pipe 26 is
fluidic connected thereto. The compensation pipe 26 is
leading to a syphon 30 at its second end 28. The inlet 34
of a flexible gas bag 32 is fluidic connected with the com-
pensation pipe 26, so that gas can flow from the com-
pensation pipe 26 into the flexible gas bag 32 and back-
wards. The maximum inner volume of the flexible gas
bag 32 corresponds approximately to the inner volume
of the expansion vessel 20.
[0028] The syphon 30 is foreseen to be filled with a
separator liquid and to apply a pressure force on the her-
metically sealed interior space of the fluidic connected
insulation liquid tank 12, the expansion vessel 20 and
the flexible gas bag 32. At the open end of the syphon
30 a riser pipe 36 is foreseen in order to prevent separator
liquid popping out of the syphon 30.
[0029] By use of a three way cock 40 a breather 38 is
temporary fluidic connectable with the compensation
pipe 26, so that even in case of a maintenance of the
flexible gas bag 32 for example the transformer can be
operated anyhow. After maintenance the connection of
the breather 38 has to be closed so that the interior space
is hermetically sealed again. Furthermore a sump 42 is
connected to the compensation pipe 26, so that fluid en-
tering the compensation pipe 26 for example by a mistake
during maintenance can be collected therein.
[0030] Figure 2 shows an exemplary comparable sec-
ond arrangement with insulation liquid expansion assem-
bly in a sketch 50. In this example an insulation liquid
tank 52 and an expansion vessel 58 are fluidic connected
and filled with an insulation liquid 54 up to a filling level
56. A respective coil or transformer is not depicted in the
insulation liquid tank 52 but it can be assumed to be
present. The filling level 56 within the expansion vessel
58 is rather close to full, so only a limited amount of gas
60 is present in the top of the expansion vessel 58. A
compensation pipe is connecting the expansion vessel
58 with a flexible gas bag 62 that is filled nearly up to its
maximum volume with gas 64. At the distal end of the
compensation pipe a separator liquid 68 filled syphon 66
is foreseen to hermetically seal the end of the compen-
sation line and to apply a pressure force thereon. This is
an example for a rather high expansion of the insulation
liquid.
[0031] Figure 3 shows an exemplary comparable third
arrangement with insulation liquid expansion assembly
in a sketch 70. An insulation liquid tank and an expansion
vessel 74 are fluidic connected and filled with an insula-
tion liquid up to a filling level 72. The filling level 72 within
the expansion vessel 74 is rather close to empty, so that

larger amount of gas 76 is present in the top of the ex-
pansion vessel 74. A compensation pipe is connecting
the expansion vessel 74 with a flexible gas bag 80 that
is filled with only a small amount of its maximum volume
with gas 80. This is an example for a very low expansion
of the insulation liquid.

List of reference signs

[0032]

10 exemplary first arrangement with insulation liquid
expansion assembly

12 insulation liquid tank
14 coils
16 transformer core
18 liquid pipe
20 expansion vessel
22 inlet opening of expansion vessel
24 outlet opening of expansion vessel
26 compensation pipe
28 second end of compensation pipe
30 syphon
32 flexible gas bag
34 inlet of flexible gas bag
36 riser pipe
38 breather
40 three way cock
42 sump
50 exemplary second arrangement with insulation liq-

uid expansion assembly
52 insulation liquid tank
54 insulation liquid
56 first filling level of insulation liquid
58 expansion vessel
60 gas in expansion vessel
62 flexible gas bag
64 gas in flexible gas bag
66 syphon
68 liquid in syphon
70 exemplary third arrangement with insulation liquid

expansion assembly
72 second filling level of insulation liquid
74 expansion vessel
76 gas in expansion vessel
78 flexible gas bag
80 gas in flexible gas bag

Claims

1. Insulation liquid expansion assembly for an insula-
tion liquid tank (12, 52) for a high voltage coil (14),
comprising

• an expansion vessel (22, 58, 74) with an inlet
(22) and an outlet (24) opening, wherein the inlet
opening (22) is foreseen to be fluidic connected
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with the insulation liquid tank (12, 52),

characterized by

• a compensation pipe (26) which is fluidic con-
nected at its first end with the outlet opening (24)
of the expansion vessel (22, 58, 74),
• a flexible gas bag (32, 62, 78) which is fluidic
connected to the compensation pipe (26) so that
a gas can flow from the compensation pipe (26)
into the gas bag (32, 62, 78) and backwards and
• pressure means for applying a pressure force
on the interior of the otherwise hermetically
sealed compensation pipe (26).

2. Insulation liquid expansion assembly according to
claim 1, characterized in that it comprises an insu-
lation liquid tank (12, 52) for a high voltage coil (14),
wherein the expansion vessel (22, 58, 74) is ar-
ranged above the insulation liquid tank (12, 52) and
fluidic connected therewith.

3. Insulation liquid expansion assembly according to
claim 2, characterized in that inlet opening (22) of
the expansion vessel (22, 58, 74) is arranged at its
bottom and the outlet opening (24) at its top.

4. Insulation liquid expansion assembly according to
any of the previous claims, characterized in that
the pressure means of the compensation pipe (26)
comprise a liquid (68) filled syphon (30, 66) which is
fluidic connected therewith.

5. Insulation liquid expansion assembly according to
claim 4, characterized in that a riser pipe (36) is
foreseen at the open outlet of the syphon (30, 66).

6. Insulation liquid expansion assembly according to
any of the previous claims, characterized in that a
breather (38), in particular a silica gel breather, is
foreseen to become fluidic connected with the com-
pensation pipe (26) temporary.

7. Insulation liquid expansion assembly according to
claim 6, characterized in that a three way cock (40)
is foreseen for the temporary connection of the
breather (38) with the compensation pipe (26).

8. Insulation liquid expansion assembly according to
any of the previous claims, characterized in that
the flexible gas bag (32, 62, 78) is made from a foil
or membrane.

9. Insulation liquid expansion assembly according to
claim 8, characterized in that the flexible gas bag
(32, 62, 78) is hermetically surrounded by a further
flexible gas bag, wherein means for detecting a dif-
ferential pressure inbetween the interior of both gas

bags are foreseen.

10. Insulation liquid expansion assembly according to
any of the previous claims, characterized in that
the maximum inner volume of the flexible gas bag
(32, 62, 78) is adapted to the inner volume of the
expansion vessel (22, 58, 74).

11. Insulation liquid expansion assembly according to
any of the previous claims, characterized in that
the flexible gas bag (32, 62, 78) is arranged within
an enclosure or housing.

12. Insulation liquid expansion assembly according to
any of the previous claims, characterized in that a
sump (42) for collecting liquid is arranged at a sink
of the compensation pipe (26).

13. Insulation liquid expansion assembly according to
claim 12, characterized in that a monitoring system
for supervising the presence of a liquid in the sump
(42) is foreseen.

14. Insulation liquid expansion assembly according to
any of the previous claims, characterized in that a
high voltage coil (14) and/or a high voltage trans-
former is arranged within the insulation liquid tank
(12, 52) and in that it is filled with an insulation liquid
(54).
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