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(54) A DISCONNECTING SYSTEM FOR CURRENT INTERRUPTION IN A TRANSFORMER

(67)  The presentinvention relates to a disconnecting
system (1;1’) for current interruption in a transformer
which transformer has vacuum interrupter (7) as current
interrupting element placed inside the tank (2) of the
transformer filled with the insulation medium (3).The vac-
uum interrupter (7) is equipped with a fixed contact (7b)
and a movable contact (7a) and the movable contact (7a)

of the vacuum interrupter (7) is connected mechanically
with an elastic membrane (9) closing the compartment
(10) of a bi-stable actuating device (8; 8’) and the mem-
brane (9) is in contact with a compressible medium (11)
filling the compartment (10) and being in contact with the
insulation medium (3) of the transformer.
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Description

[0001] The presentinvention relatestoadisconnecting
system for current interruption in a transformer which
transformer is equipped with vacuum interrupters as cur-
rent interrupting elements. In more details the discon-
necting system can be used as an autonomous protec-
tion system for an oil filled transformer.

[0002] In electrical power networks many thousands
of oil filled distribution transformers, rated most common-
ly at between 50 and 1000 kVA, are installed. While the
transformer is considered one of the most reliable com-
ponents in a network, still transformer failures may hap-
penresultingin electricity shortage. One of the least prob-
able, however still possible events is an internal arc in
the transformer. This type of internal fault may lead to
very fast catastrophic damage as the internal pressure
builds up very rapidly. Under such conditions the trans-
former should be immediately disconnected from the net-
work to minimize the damage and allow for maintaining
of operation of the network. In particular relatively small,
usually 50 to 300 kVA, pole mounted transformers are in
some cases internally protected by a system comprising
fuses and a load break switch. Such transformers are
known as Totally Protected Transformers (TPC) and are
equipped with MV fuses. Tripping at least one of the fus-
es, as a consequence of a single-phase internal fault
activates a 3-phase disconnector. With such a TPC pro-
tection system a more reliable protection for the electrical
system is achieved.

[0003] Fuses are simple, very mature products and
their biggest advantage is that the reaction to the SC
(Short Circuit) current is very fast as they start limiting
the SC current before the prospective first current peak
develops. The use of fuses however, has a certain
number of drawbacks/shortcomings. Firstly, the fuses
are single-use devices. Tripping of the internal fuse al-
ways require factory service. If the reason of the trip is
an internal fault, the factory service or entire transformer
replacement is needed anyway. However, fuse tripping
may also be accidental due to temporary overcurrent,
not necessary resulting in damaging transformer itself.
In this solution, fuse tripping is also a result of oil leak,
activating an internal short-circuiting mechanism. Sec-
ondly, fuses generate heat while conducting load cur-
rents. This limits the nominal current ratings of the fuses
and limits the coverage of the transformer power ranges.
In practice this solution is applicable to small transform-
ers only, characterized by power of up to several hun-
dreds of kVA.

[0004] This limitation is overcame by the use of vacu-
um interrupters, as described in PCT patent application
WOO01/91151. The known solution presents the electrical
transformer device comprising at least one electrical
transformer winding and at least one interrupting device
coupled to this windings. The interrupting device includes
a vacuum circuit breaker. The movable electrical contact
of the circuit breaker is actuated by a magnetic actuator
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causing the contacts of the circuit breaker to move from
closed position to open position and vice versa. The mag-
netic actuator is activated by an input signal, which may
be an electrical current or voltage. The actuation of vac-
uum interrupters by means of magnetic actuators and
use electronic controller has limitations regarding the
speed of operation of such a system. Under the internal
fault conditions, protection against the transformer tank
rapture as a result of an internal pressure built-up should
disconnect the transformer within several milliseconds
from the occurrence of the fault. This requirement is hard
or impossible to achieve by the system described. More-
over, use of the magnetic actuators, a dedicated control
unit and measuring devices results in a high size and
cost of such a system.

[0005] A disconnecting system for current interruption
in a transformer has a vacuum interrupter as current in-
terrupting element which is placed inside the tank of the
transformer filled with the insulation medium. The vacu-
um interrupter is equipped with a fixed and with a move-
able contact. The movable contact of the vacuum inter-
rupter is connected mechanically with an elastic mem-
brane closing the compartment of a bi-stable actuating
device. The membrane is in contact with a compressible
medium filling the compartment and being in contact with
the insulation medium of the transformer.

[0006] Preferably the membrane is connected with the
vacuum interrupters trough a coupling member.

[0007] Preferably the coupling member has a first cou-
pling element which is connected with the movable con-
tact of the vacuum interrupter and a second coupling el-
ement which is connected with the membrane.

[0008] Preferably the coupling member is connected
with the movable contact of the vacuum interrupter which
vacuum interrupter is positioned vertically in the trans-
former tank.

[0009] Alternatively the coupling member has a first
coupling element in the form of a pivoting lever which is
connected with the movable contact of the vacuum inter-
rupter and the second coupling elementis connected with
the membrane and with the pivoting lever.

[0010] Preferably the coupling member is connected
with the movable contact of the vacuum interrupter po-
sitioned horizontally in the transformer tank.

[0011] Preferably the second coupling element is con-
nected with a float element through a coupling bar pivot-
ally connected with the cover of the tank.

[0012] Preferably the second coupling element is con-
nected with a position indicator placed on the cover of
the tank or on the bi-stable actuating device.

[0013] Preferably the second coupling element is con-
nected with an external motor drive unit placed on the
cover of the tank.

[0014] Preferably the disconnecting system is adapted
for a three phase transformer.

[0015] Preferably the movable contacts of the three
vacuum interrupters are rigidly connected with a dielec-
tric bar.
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[0016] The system according to the present invention,
comprising pressure-activated bi-stable actuator and
vacuum interrupters solves the problems mentioned
above in a simple and cost-efficient way. The system
according to the present invention is capable of autono-
mous, fast reaction to internal arc as it is activated by
internal pressure build-up inside the transformer tank.
Due to very low contact resistance of typical vacuum in-
terrupters the system could be applied to protecting
transformers of several MVA power ratings. Elimination
of fuses, as current interrupting elements makes it pos-
sible to re-set the disconnecting system on site in case
of accidental tripping. Therefore the present disconnect-
ing system solves the shortcomings of the systems and
devices known from the prior art as it immediately reacts
to the overpressure inside the transformer tank and
breaks short-circuit current disconnecting the faulty
transformer from the network. The reaction is autono-
mous, without the time consuming process of measuring
the operating parameters of the transformer, processing
the electrical signals, and tripping the conventional actu-
ating system. Accidental tripping of the device, as op-
posed to the known solution comprising fuses, does not
require factory service of the transformer as the discon-
necting system re-setting can be performed on site.
[0017] The system according to the invention is pre-
sented in the exemplary embodiments on the drawing,
where:

Fig.1 shows a disconnecting system in a first em-
bodiment of the invention, which is in installed in a
three phase transformer, in the schematic face view
of the three phase transformer,

Fig.2 shows details of the disconnecting system from
the fig.1 in a closed position for the one phase,

Fig.3 shows details of the disconnecting system from
the fig.1 in an open position for the one phase,

Fig.4 shows a graph of a mechanical displacement
of an actuating device of the disconnecting system
as a function of the force applied on the actuator,

Fig.5 shows a part of the disconnecting system in a
first variant of a second embodiment of the invention,
which is installed in the transformer, which is shown
partially in a schematic side view of the transformer,

Fig.6 shows a part of disconnecting system in a sec-
ond variant of a second embodiment of the invention,
which is in installed in the transformer, which is
shown partially as in a schematic side view of the
transformer.

Technical description

[0018] The disconnecting system 1 according to the
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first embodiment of the presentinvention is placed in the
three phase transformer tank 2 filled with an insulation
medium, preferably oil 3. No single phase transformer is
presented in the exemplary embodiment but the inven-
tion relates also to such a transformer. The three bush-
ings 4 for the current supply phase a,b,c are mounted in
a cover 5 of the tank 2. Each bushing 4 has a conductor
6 and the conductor 6 is connected with a vacuum inter-
rupter 7. The vacuum interrupters 7. are placed vertically
in the tank 2. The vacuum interrupter 7 is provided with
a movable contact 7a and a fixed contact 7b. The move-
able contact 7a is connected mechanically to a bi-stable
actuating device 8 comprising an elastic membrane 9
closing a compartment 10 filled with a compressible me-
dium 11, preferable gas, through a coupling member 12,
comprising: a first element 12a and a second element
12b. The first coupling element 12a is connected with the
movable contact 7a of the vacuum interrupters 7 through
a dielectric bar 13, mechanically linking the moveable
contacts 7a of the three vacuum interrupters 7 in there
phases of the transformer. The second coupling element
12b is connected with the membrane 9. The membrane
9is in contact with the oil 3 filling the tank 2. The coupling
elements 12a and 12b assure a free movement of the bi-
stable actuating device 8 until the threshold indicated as
Fr triggering a flip-over position of the membrane 9, what
is explained in fig. 4 showing the mechanical displace-
ment "d" of the membrane central point from the force F
applied to the membrane. When the force threshold value
Fr is reached, the mechanical displacement "d" reaches
the point dt at which the membrane flips to the opposite
position and thus the movement of the membrane 9 by
the distance "D" from the threshold displacement d is
fast and autonomous. The movement of the membrane
9 of the actuating device 8 when the threshold force Fy
is passed pulls the coupling member 12 which mechan-
ically engages the actuating device 8 to the moveable
contact of 7a of the vacuum interrupter 7. The coupling
elements 12a and 12b are mutually sliding elements. In
order to assure a simultaneous, three-phase operation
of the three vacuum interrupters 7, the moveable con-
tacts 7a of the three vacuum interrupters 7 are mechan-
ically connected together by a dielectric bar 13. All vac-
uum interrupters 7 and bi-stable actuating device 8 are
mechanically fixed together to a common frame 14 at-
tached to the transformer cover 5. The membrane 9 is
mechanically linked with a mechanical position change-
over element 15 partially protruding above the transform-
er cover 5 and connected with a position indicator 16.
The protruding part of the rod is placed inside a bellow
17 attached to the cover 5. The mechanical position
change-over element 15 can either be used for manually
changing the position of the bi-stable actuator 8 or for
connecting an external motor-drive unit 18, located on
the cover 5, what is schematically indicated on a drawing
by dashed line. The system comprising the external mo-
tor-drive unit 18 attached to the mechanical position
change-over element 15 additionally allows one for mul-
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tiple operations of the disconnecting device 1 to connect
and disconnect the transformer from the network under
normal operating conditions. The change-over element
15 is connected with the motor-drive 18 by a connecting
element 19.

[0019] In the first version of the second embodiment
of the disconnecting system 1’ the bi-stable actuating de-
vice 8’ is not immersed into the oil 3 filling the tank 2 but
it is attached to the cover 5 of the tank 2 in an inverted
position what means that the compartment 10 with the
medium 11 is placed above the cover 5 and the mem-
brane 9 is in contact with the oil 3. Each of the vacuum
interrupters 7 is positioned horizontally in the tank 2. In
order to assure a simultaneous, three-phase operation
of the three vacuum interrupters 7, the moveable con-
tacts 7a of the three vacuum interrupters 7 are mechan-
ically connected together by a dielectric bar 13’. All vac-
uum interrupters 7 are mechanically fixed together to a
common frame 14’ attached to the transformer cover 5.
The dielectric bar 13’ is in mechanical contact with a cou-
pling member 12’, comprising elements 12’a and 12’b,
the first having a form of a pivoting lever 12’a fixed to the
cover 5 of the tank 2 and a second coupling element 12’b
connected with the membrane 9 and with the pivoting
lever 12’a. The both coupling elements 12°aand 12’b are
connected in such way that the vertical movement of the
bi-stable actuating device 8’ is converted to a horizontal
movement of the moveable contacts 7a of the horizon-
tally positioned vacuum interrupters 7 when the threshold
value of the force F is exceeded.

[0020] In the second version of the second embodi-
ment of the disconnecting system 1’ a float element 20
is located inside the transformer tank 2 and attached to
the pivoting bar 21 mechanically coupled to the bi-stable
actuating element 8. The float element 20 inside the tank
2, the pivoting bar 21 acts on the sliding element 12’b
connected to the bi-stable actuator 8 when the oil level
in the tank 2 drops, lowering the vertical position of the
floatelement20. The membrane 9’is mechanically linked
with a mechanical position change-over element 15’ hav-
ing a form of a rigid rod, located centrally in the bi-stable
actuator 8’ partially protruding above its housing and con-
nected with a position indicator 16’. The protruding part
of the mechanical position change-over element 15’ is
placed inside a bellow 17’ attached to the housing of the
bi-stable actuator 8’, mounted on the top of the trans-
former cover 5. The mechanical position change-over
element 15’ can either be used for manually changing
the position of the bi-stable actuator 8’ or for connecting
an external motor-drive unit 18, located on the cover 5,
what is schematically indicated on a drawing by dashed
line. As in the first embodiment, the system comprising
the external motor-drive unit 18 attached to the mechan-
ical position change-over element 15’ additionally allows
one for multiple operations of the disconnecting device
1 to connect and disconnect the transformer from the
network under normal operating conditions. The change-
over element 15’ is connected with the motor-drive 18 by
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a connecting element 19.

[0021] Inthe both embodiments of the invention the oil
pressure inside the transformer tank 2 acts on a mem-
brane 9 of the bi-stable actuating device 8 or 8. Since
the opposite side of the membrane 9 encloses a com-
partment 10 filled with a compressible medium 11, pref-
erable gas, the oil pressure built-up results in the net
force F acting on the membrane 9. When the force reach-
es the threshold value F, the flip-over of the bi-stable
actuating device 8, 8’ takes place. Mechanical linkage
between the bistable actuating device 8, 8’ and the move-
able contact 7a of the vacuum interrupters 7 is not me-
chanically engaged until the membrane displacement d;
is reached, thanks to a backlash between the two cou-
pling elements 12a and 12b, or 12’a and 12’b. Therefore
the contacts 7a and 7b of the vacuum interrupter 7 remain
closed until the displacement point d; of the bi-stable
element 8, 8’ flip-over is reached. At the time instance of
passing the flip-over displacement point d+, the coupling
elements 12a and 12b, or 12’a and 12’b are engaged
and the movement of the coupling element 12b, 12'b re-
sults in linking the bi-stable actuator 8 to the moving con-
tact 7a of the vacuum interrupter 7 which becomes ac-
celerated by the bi-stable actuator 8 or 8'. The bi-stable
actuator 8 or 8’ can thus be activated by internal oil pres-
sure increase both under a fast internal oil pressure build-
up resulting from internal arc and under the gradual in-
ternal pressure built-up. In both cases exceeding the pre-
defined pressure threshold F level results in accelera-
tion of the moving contacts 7a from the close to the open
position. In all embodiments and variants of the invention
the moving contacts 7a of the three vacuum interrupters
7 are mechanically fixed to the dielectric bar 13 or 13’
ensuring a simultaneous operation of the vacuum inter-
rupters 7 in all three phases.

[0022] Inthe second variant of the second embodiment
of the invention a float element 20 is provided, which is
under normal operating conditions floating at the top of
the transformer. If the level of the oil in the transformer
tank 2 drops as a result of oil leak, the position of the float
element 20 lowers. The float element 20 acts mechani-
cally through the pivoting bar 21 on the bi-stable actuating
device 8’ through the coupling element 12’b with force
resulting from the mass of the float. The parameters of
the float element 20 and of the pivoting bar 21 are se-
lected so that the force acting on the bi-stable actuating
device 8’is larger than the threshold force level F1. Under
this condition lowering the oil level below a pre-defined
level value results in mechanical displacement of the
membrane 9, exceeding the flip-over pointdy. Inthis case
the activation of the disconnecting system takes place in
a similar was as in the case of the oil pressure built-up.
[0023] In both embodiments of invention the flip-over
of the bi-stable actuating device 8, 8 can be also
achieved by acting on the mechanical position change-
over element 15, 15’ extending above the transformer
cover 5 or above the housing of the bi-stable actuator 8'.
This element 15, 15’ can either be used for manually
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changing the position of the bi-stable actuator 8, 8’ or for
connecting an external motor-drive unit 18 connected to
the cover 5. This additionally allows for multiple opera-
tions of the disconnecting system 1, 1’ to connect and
disconnect the transformer from the network under nor-

mal

[0024]

operating conditions.
There are other possible embodiments of the

present invention obvious to those skilled in the art not
described in the present document. They can be con-
structed by combining or exchanging the features de-
scribed in the above two embodiments.

Specification of the indications

[0025]

1,1 - disconnecting system

2- tank of the transformer
3- insulation medium

4 - bushing

5- cover

6 - current conductor

7 - vacuum interrupter

7a- fixed contact

7b - movable contact

8,8 - bi-stable actuator

9- elastic membrane

10 - compartment

11- compressible medium
12,12’ - coupling member

12a - first coupling element
12b - second coupling element
12'a - pivoting lever

12'b - second coupling element
13, 13’ - dielectric bar

14 - frame

15,15’ -  mechanical position change-over element
16 - position indicator

17,17 -  bellow

18 - external motor-drive unit
19 - connecting member

20 - float element

21 - pivoting bar

Claims

1. A disconnecting system for current interruption in a

transformer having vacuum interrupter (7) as current
interrupting element placed inside the tank (2) of the
transformer filled with the insulation medium (3); the
vacuum interrupter (7) is equipped with a fixed con-
tact (7b) and a movable contact (7a), characterized
in that the movable contact (7a) of the vacuum in-
terrupter (7) is connected mechanically with an elas-
tic membrane (9) closing the compartment (10) of a
bi-stable actuating device (8; 8’) and the membrane
(9) is in contact with a compressible medium (11)
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10.

filling the compartment (10) and being in contact with
the insulation medium (3) of the transformer.

A disconnecting system according to the claim 1,
characterized in that the membrane (9) is connect-
ed with the vacuum interrupters (7) trough a coupling
member (12, 12).

A disconnecting system according to the claim 2,
characterized in that the coupling member (12) has
a first coupling element (12a) which is connected
with the movable contact (7a) of the vacuum inter-
rupter (7) and a second coupling element (12b)
which is connected with the membrane (9).

A disconnecting system according to the claim 3,
characterized in that the coupling member (12) is
connected with the movable contact (7a) of the vac-
uum interrupter (7) which is positioned vertically in
the transformer tank (2).

A disconnecting system according to the claim 2,
characterized in that the couplingmember(12’) has
afirst coupling element (12’a) in the form of a pivoting
angular lever which is connected with the movable
contact (7a) of the vacuum interrupter (7) and the
second coupling element (12’b) is connected rigidly
with the membrane (9) and slidable with the pivoting
lever (12’a).

A disconnecting system according to the claim 5,
characterized in that the coupling member (12’) is
connected with the movable contact (7a) of the vac-
uum interrupter (7) positioned horizontally in the
transformer tank (2).

A disconnecting system according to the claim 6,
characterized in that the second coupling element
(12b’) is connected with a float element (20) through
acoupling bar (21) pivotally connected with the cover
(5) of the tank (2).

A disconnecting system according to any of the pre-
vious claims, characterized in that the second cou-
plingelement (12b; 12’b) is connected with a position
indicator (16) placed on the cover (5) of the tank (2)
or on the bi-stable actuating device (8’).

A disconnecting system according to any of the pre-
vious claims, characterized in that the second cou-
pling element (12b; 12’b) is connected with an ex-
ternal motor drive unit (18) placed on the cover (5)
of the tank (2).

A disconnecting system according to any of the pre-
vious claims, characterized in that the system (1,
1’) is adapted for three phase transformer.
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11. A disconnecting system according to the claim 10,
characterized in that the movable contacts (7a) of
the three vacuum interrupters (7) are rigidly connect-
ed with a dielectric bar (13; 13’).
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