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(57) Abstract: Fault current limiter arrangement for a low, medium to high voltage
electricity grid, consisting of a fault current limiter unit (1) which is arranged in line
with a vacuum interrupter (circuit breaker unit) (2) comprising a fixed electrical contact
(3) which is connected to a lower electrical terminal (4) and a movable electrical con-
tact (5) which is connected to an upper electrical terminal (6), in order to interrupt the
current flow after the fault current limiter unit (1) has limited the current flow in fault
event, detected by fault current detection means, wherein the fault current limiter unit
(1) comprises a movable electrical sliding contact part (8) which is electrically arranged
between the upper electrical terminal (6) of the vacuum interrupter (circuit breaker unit)
(2) and the movable electrical contact (5) of the vacuum interrupter (circuit breaker
unit) (2), and which is movable between a short circuit position (A) adjacent to the up-
per electrical terminal (6) and a remote position (B) far from the upper electrical termin-
al (6) for providing a maximum electrical resistance for the current flow.



WO 2014/063802 A1 AT 00N A0 0O

Declarations under Rule 4.17: Published:
—  of inventorship (Rule 4.17(iv)) —  with international search report (Art. 21(3))




10

15

20

25

30

WO 2014/063802 PCT/EP2013/003156

Fault Current Limiter Arrangement

Field of the invention

The invention relates to a fault current limiter arrangement for a low, medium to high
voltage electricity grid, consisting of a fault current limiter unit, which is arranged in line
with a vacuum interrupter (circuit breaker unit), comprising a fixed electrical contact,
which is connected to a lower electrical terminal and a movable electrical contact which
is connected to an upper electrical terminal, in order to interrupt the current flow after
the fault current limiter unit has limited the current flow in fault event, detected by fault

current detection means.

Background of the invention

A fault current limiter is a device which automatically limits fault currents in electrical
distribution or transmission grids, in particular low, medium to high voltage grids, to a
low current value close to the nominal current. The benefit of such device is that it
reduces drastically the short circuit power of the electricity grid and, thus, allows
interconnect grids without increasing the short circuit power or to decrease safety
margins so that other machineries connected to the network can be designed for lower
short circuit power and, therefore, can be made lighter and with a lower effort.

According to the common technical knowledge in the field of fault current limiters high-
temperature superconductors are well suited for use in a fault current limiter due to
their property to loose superconductivity and transit from the non-resistive
superconducting state to a normal state with high electric resistivity when at least one
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of the critical current, the critical temperature or the critical magnetic field of the
superconductor material is exceeded.

In normal operation with nominal current, that is, in the cooled state, the
superconductor material is in its superconducting state with essentially zero resistance
so that there is essentially no voltage over the whole fault current limiter. In
consequence, the fauit current limiter is “invisible” for the electricity grid. In case of
short circuit fault current the current rises to several times the nominal current
exceeding the critical current of the superconductor material which causes the
superconducting material to transit to the normal resistive state with generation of high
voltage. That is, in normal operation in the superconducting state essentially no voltage
difference is observed at both ends of the fault current limiter, whereas in fault
condition a large voltage difference is measured due to increasing electrical resistance.
In order to avoid overheating and damage of the fault current limiter current flow
through the fault current limiter must be interrupted within a limited period of time.
Thus, a circuit breaker is usually arranged in line with the fault current limiter for
switching off the current flow in case of a fault signal detected by fault current detection

means.

The document EP 2 242 063 A discloses such fault current detection means for a fault
current limiter arrangement. A high-temperature superconductor fault current limiter
makes use of a differential protection relay wherein in fault event the differential
protection relay operates a triggering mechanism of a circuit breaker, whereby opening
the electrical circuit and interrupting power supply to down stream components. The
current limiter arrangement comprises a current incoming end and a current outgoing
end. The incoming end of the fault current limiter is electrically connected to a first
measuring circuit and the outgoing end of the fault current limiter to second current
measuring circuit. In fault event voltage drop occurs across the current limiter with the
voltage at the outgoing end of the current limiter being less than the voltage at the
incoming end. Consequently, a current difference is observed by the differential
protection relay. If the observed value of the current difference exceeds the
predetermined value the differential protection relay sends a triggering signal to the

circuit breaker and current flow is interrupted.
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For operating the fault current limiter liquid nitrogen is necessary in order to maintain
the superconductance property. To provide the cooling permanent losses of energy will

occur over the years.

Summary of the invention

It is an object of the present invention to provide a fault current limiter arrangement for
a low, medium to high voltage electricity grid comprising fast acting components in
order to avoid overheating and which can be operated without cooling liquid.

According to the invention a fault current limiter unit comprises a movable electrical
sliding contact part which is electrically arranged between the upper electrical terminal
of the vacuum circuit breaker unit and the movable electrical contact of the vacuum
circuit breaker unit, and which is movable between a short circuit position A adjacent to
the upper electrical terminal and a remote position B far from the upper electrical

terminal for providing a maximum electrical resistance for the current flow.

Since no cooling liquid is necessary according to the invention no permanent energy
losses from the device themselves occurs. Only the unavoidable resistive losses at the
connecting terminals which are mainly made of copper or aluminum material, are

existing but these can be neglectable for all fault current limiters.

According to a preferred embodiment of the invention the movable electrical sliding
contact part generates the maximum electrical resistance in connection with a metallic
pushrod for acting the movable electrical contact of the vacuum interrupter (circuit
breaker unit) and the metallic housing sleeve surrounding the pushrod and electrically
connected to the upper electrical terminal. This special arrangement provides a
compact design of the fault current limiter device.

Furthermore, the movable electrical sliding contact part is preferably shaped as a
circular disk having an inner electrical sliding contact ring for connecting to the outer
surface of the pushrod and an outer electrical sliding contact ring for connecting to the
inner surface of the housing sleeve, designed as a resistor part. This allows to flow the
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current from the vacuum interrupter and the movable contact part to the upper
electrical terminal in close position of the vacuum interrupter connection part (circuit

breaker unit).

Additionally, mechanical actuator means are provided for axially moving the circular
disk shaped sliding contact part along the pushrod in order to switch between the short
circuit position A (here with less resistance at this position) and the remote position B
(at the resistor area or at the end of the resistor). Preferably the mechanical actuator
means comprise a compressed gas for acting the circular disk shaped sliding contact
part like a piston, wherein the compressed gas is stored in or generated from a micro
gas generator preverably arranged in the area between the housing sleeve and the
vacuum interrupter and the movable disc. During the movement of the disk shaped
sliding contact part along the pushrod from the service position with less resistance like
an arrangement of a pole part) the short circuit position A and the remote position B the
electrical resistance will be increased by the fact that the inner material of the pushrod
and the housing sleeve will be preferably made of steel as a resistance material. At the
moment when the movable sliding contact part reaches the remote position B the

resistance has the maximum value to limit the fault current in the electricity grid and the

vacuum interrupter (circuit breaker unit) will be switched in the opened position. This

occurs due to mechanical impulse provided by the movable sliding contact part when it
reaches the remote position B. At this moment the electrical current flows through the
inner pushrod and the housing sleeve to the upper electrical terminal.

According to another aspect of the invention a contact force for keeping the electrical
contacts of the vacuum interrupter (circuit breaker unit) closed is generated by a
contact spring unit arranged at the distal end of the housing sleeve and mechanically
connected to the pushrod. The contact spring unit is mechanically bistable. Preferably,
the contact spring unit corresponds to a bistable mechanical mechanism unit in order to
keep the electrical contacts in the closed position, which is actuated from a mechanical
impulse provided by the disk shaped sliding contact part in its remote position B in
order to bring the electrical contacts in the opened position.
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According to another optional aspect of the invention it is recommended to provide the
inner surface of the metallic housing sleeve with longitudinal cutting slots in order to
increase the electrical resistance of the fault current limiter arrangement. Preferably, at
least the outer surface of the metallic housing sleeve in covered with a plastic
insulation material. The plastic insulation material increases the mechanical stability of
the fault current limiter — resistor- part of the device.

According to another optional aspect of the invention additional driving means are
provided for reset the sliding contact part from the remote position B back to the short
circuit position A. The said additional driving means preferably comprises an
electromagnetic drive or the like. In case that on both sides are vacuum interrupters
installed the arrangement can be resetted by the operation in the opposite way. Here
an additional disconnector is needed to make the opposite operation possible,
according to the figure 2.

Brief description of the drawings

The foregoing and other aspects of the invention will be con apparent foliowing the
detailed description of the invention when considered in conjunction with the enclosed

drawings.

The single figure shows a side view of a fault current limiter arrangement, consisting of
a fault current limiter unit arranged in line with a vacuum interrupter (circuit breaker
unit).

All drawings are schematic.

Detailed description of the drawings

According to the figure 1 the fault current limiter arrangement generally consists of a
fault current limiter unit 1 and a vacuum interrupter (circuit breaker unit) 2. The fault
current limiter unit 1 and the vacuum interrupter (circuit breaker unit) 2 are arranged in

line one to another.
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The vacuum interrupter (circuit breaker unit) 2 comprises a fixed electrical contact 3
which is connected to a lower electrical terminal 4. The fixed electrical contact 3
corresponds to a movable electrical contact 5 in order to form an electrical switch. The
movable electrical contact 5 is connected to an upper electrical terminal 6. A pushrod 7
is provided for operating the movable electrical contact 5. The vacuum interrupter
(circuit breaker unit) 2 interrupts the current flow through the fault current limiter
arrangement after the fault current limiter unit 1 has limited a current flow in fault event.
For detecting a fault event — not shown — fault current detection means are provided.
The fauit current limiter unit 1 further comprises a movable electrical sliding contact
part 8. The electrical sliding contact part 8 is electrically arranged between the upper
electrical terminal 6 of the vacuum interrupter (circuit breaker unit) 2 and the movable
electrical contact 5 of the vacuum interrupter (circuit breaker unit) 2. The movable
electrical sliding contact part 8 is shaped as a circular disk or as a conical shaped one
side or double side disc having an inner electrically sliding contact ring 9 for connecting
to the outer surface of the pushrod 7 and an outer electrical sliding contact ring 10 for
connecting to the inner surface of a housing sleeve 11. The housing sleeve 11
surrounds the pushrod 7 and electrically connects the upper electrical terminal 6 to the
movable electrical contact 5 of the vacuum interrupter (circuit breaker unit) 2.

The movable electrical sliding contact part 8 generates a maximum electrical
resistance in connection with the metallic pushrod 7 and the metallic housing sleeve
11. Therefore, the movable electrical sliding contact part 8 is movable between a short
circuit position A which is located adjacent to the upper electrical terminal 6 and a
remote position B which is located far from the u.pper electrical terminal 6 on the top of
the metallic housing sleeve 11. In the remote position B the fauit current limiter unit 1
provides a maximum electrical resistance for the current flow, since the current has to
flow from the upper electric terminal 6 through the housing sleeve 11, the movable
electrical sliding contact part 8, the pushrod 7 to the movable electrical contact 5.

In order to move the circular disk shaped sliding contact part 8 along the pushrod 7
mechanical actuator means are provided which comprises a micro gas generator 12
which is arranged in the area between the housing sleeve 11 and vacuum interrupter
insert 2. If compressed gas provided from the micro gas generator 12 load the bottom
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side of the disk shaped sliding contact part 8 it changed from the short circuit position A
— as shown — to the remote position B (dotted lines). Furthermore, a contact spring unit
13 is provided for keeping the electrical contacts 3 and 5 closed. The contact spring
unit 13 is arranged at the distal end of the housing sleeve 11. The contact spring unit
13 is mechaAnicaIIy connected to the respective end of the pushrod 7.

The contact spring unit 13 corresponds to a bistable mechanical mechanism unit 14 in
order to keep the electrical contacts 3 and 5 in its closed position, which is actuated
from a mechanical impulse provided by the disk shaped sliding contact part 8 in its
remote position B in order to bring the electrical contacts 3 and 5 in its opened position.
Additionally — not shown — driving means are provided for reset the sliding contact part
8 from the remote position B back the short circuit position A.

In order to increase the electrical resistance of the fault current limiter unit 1 the inner

surface of the metallic housing sleeve 11 is provided with longitudinal cutting slots 15.
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Claims

1. Fault current limiter arrangement for a low, medium to high voltage electricity
grid, consisting of a fault current limiter unit (1) which is arranged in line with a vacuum
interrupter (circuit breaker unit) (2) comprising a fixed electrical contact (3) which is
connected to a lower electrical terminal (4) and a movable electrical contact (5) which
is connected to an upper electrical terminal (6), in order to interrupt the current flow
after the fault current limiter unit (1) has limited the current flow in fault event, detected
by fault current detection means,

characterized in that the fault current limiter unit (1) comprises a movable electrical
sliding contact part (8) which is electrically arranged between the upper electrical
terminal (6) of the vacuum interrupter (circuit breaker unit) or a simple connection
terminal without vacuum interrupter (2) and the movable electrical contact (5) of the
vacuum interrupter (circuit breaker unit) (2), and which is movable between a short
circuit position (A) adjacent to the upper electrical terminal (6) and a remote position
(B) far from the upper electrical terminal (6) for providing a maximum electrical

resistance for the current flow.

2. Fault current limiter arrangement according to Claim 1,

characterized in that the movable electrical sliding contact part (8) generates the
maximum electrical resistance in connection with a metallic pushrod (7) for acting the
movable electrical contact (5) of the vacuum interrupter (circuit breaker unit) (2) and a
metallic housing sleeve (11) surrounding the pushrod (7) and electrically connected to
the upper electrical terminal (8).

3. Fault current limiter arrangement according to Claim 1,

characterized in that that the movable electrical sliding contact part (8) is shaped as a
circular or a conical disk (on one or both sides) having an inner electrical sliding contact
ring (9) for connecting to the outer surface of the pushrod (7) and an outer electrical
sliding contact ring (10) for connecting to the inner surface of the housing sleeve (10).



10

15

20

25

30

WO 2014/063802 PCT/EP2013/003156

-10-

4, Fault current limiter arrangement according to Claim 3,

characterized in that mechanical actuator means are provided for axially moving the
circular or conical disk shaped sliding contact part (8) along the pushrod (7) in order to
switch between the short circuit position (A) and the remote position (B).

5. Fault current limiter arrangement according to Claim 4,

characterized in that the mechanical actuator means comprises a compressed gas for
acting the circular disk shaped sliding contact part (8) like a piston, wherein the
compressed gas is stored in or generated from a micro gas generator (12) arranged in
the area between the housing sleeve (11) and the vacuum interrupter insert (2).

6. Fault current limiter arrangement according to Claim 1,

characterized in that the contact force for keeping the electrical contacts (3, 5) closed
is generated by a contact spring unit (13) arranged at the distal end of the housing
sleeve (11) and mechanically connected to the pushrod (7).

7. Fault current limiter arrangement according to Claim 6,

characterized in that the contact spring unit (13) corresponds to a bistable mechanical
mechanism unit (14) in order to keep the electrical contacts (3, 5) in the closed

position, which is actuated from a mechanical impulse provided by the disk shaped
sliding contact part (8) in its remote position (B) in order to bring the electrical contacts
(3, 5) in the opened position.

8. Fault current limiter arrangement according to one of the preceding claims,
characterized in that the inner surface of the metallic housing sleeve (11) is provided
with longitudinal or circumference cutting slots (15) in order to increase the electrical

resistance.

9. Fault current limiter arrangement according to one of the preceding claims,
characterized in that at least the outer surface of the metallic housing sleeve (11) is

covered with a plastic insulation material.
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10. Fault current limiter arrangement according to one of the preceding claims,
characterized in that additional driving means are provided for reset the sliding

contact part (8) from the remote position (B) back to the short circuit position (A).

11. Fault current limiter arrangement according to one of the preceding claims,
characterized in that the arrangement is equipped with double vacuum interrupter and
disconnector switch to get a multishot device with a biposition contact after fault current

limiting operation.
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