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DESCRIPTION

FIELD OF INVENTION

[0001] The present invention relates to a shielding arrangement for a piece of high voltage
equipment as well as to a converter station comprising a converter and such a shielding
arrangement.

BACKGROUND

[0002] Electrical power transmission can be accomplished by high-voltage direct current
(HVDC) and HVDC is in many cases a preferred option over AC transmission.

[0003] In electrical plants there may exist a need for performing a conversion from HVDC to
three-phase AC, and vice versa. A HVDC power converter comprises a number of valves,
which are key components of a converter station, and the valves are typically accommodated
in a valve hall.

[0004] When designing a valve hall several considerations have to be taken into account. The
security aspects are very important and require the valve hall to have some minimum space
dimensions. For example, the air clearance between a power converter and the walls and
ceiling of the valve hall within which it resides should in some cases be up to about ten meters
and in others only a few meters. The dimensions of the valve hall are highly dependent on the
voltage levels of the electrical power distribution network. The higher the voltage, the more
distance to the surroundings is generally needed.

[0005] The dimensions of the valve hall are determined by the intended application, the design
of the valve structure and the adjacent structures, among other factors.

[0006] However, in contrast to this, there is also a desire for the valve halls to be as small as
possible. Land space is often scarce and expensive and there is therefore a desire to keep the
size of the valve halls down. Further, different countries stipulate different regulations and in
some countries building permits may be difficult to obtain. Further yet, also aesthetic aspects
make it more desirable to provide small and compact sub-stations, so that they affect the
environment to as little extent as possible. The investment and installation costs, including for
example material costs and labor costs, may in some countries be high and thus further yet
adds to the desire to minimize the size the valve hall.

[0007] The reliability, security and safety in a high voltage application such as a power
converter is of great concern. Hazards in connection with power transformers comprise for
example electric discharges; power failures due to high-intensity electric arcs may black out
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very large areas and are expensive for the power companies. Protection measures, either
passive or active, are therefore crucially important.

[0008] Some measures have been made in improving the high voltage assemblies for instance
with a view to increasing security and enabling designing valve halls of smaller size, without
lessening the reliability requirements.

[0009] Some of these measures may be based on the use of shielding arrangements. Shields
or screens have the function of smoothing out the electrical field around the equipment.
Thereby, shields reduce the risk of corona discharges as well as the risk of electrical
breakdown of the equipment.

[0010] Instead of connecting the screen directly to the HV equipment, as commonly done, one
initiative is described in US 2009/0266605, where a screen design is used having a resistor
connected between a valve and a corresponding screen. The use of a resistor that is inhibiting
electrical breakdown increases the withstand voltage of the valve.

[0011] However, there is a need for further improvement, especially with regard to improving
the withstand voltage even further. In a realization of a design there are restrictions of how
large the resistor can be made. If its resistance is too large a breakdown of the resistor may
occur due to increased stress at corona or streamer discharges. It is therefore of interest to
further increase the withstand voltage of the valve without increasing the size as well as
resistance of the resistor.

SUMMARY OF THE INVENTION

[0012] One object of the present invention is therefore to increase the withstand voltage of the
piece of high voltage equipment without increasing the size of a used resistor.

[0013] This object is according to a first aspect achieved through a shielding arrangement for a
piece of high voltage equipment spaced from a neighboring object, where the piece of high
voltage equipment has a first electric potential and the neighboring object has a second electric
potential The shielding arrangement comprising a first shield element for connection to the
high voltage equipment via a resistor.

[0014] The shielding arrangement further comprising a capacitor connected in parallel with the
resistor,

wherein the resistance of the resistor and capacitance of the capacitor together define a time
constant tin a range of 10 ys - 50ms, which time constant t corresponds to RC.

[0015] The object is according to a second aspect also achieved through a converter station
comprising a converter for converting between alternating current and direct current and being
enclosed in an enclosure. The converter comprises a number of converter valves, where at
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least one is provided with a shielding arrangement according to the first aspect and where the
valve has a first electric potential and the enclosure is the neighboring object having the
second electric potential.

[0016] Through the use of suitably selected resistor and capacitor values, the supply of electric
charges to a corona or streamer discharge is restricted by the two components. This has the
effect of increasing the withstand voltage.

[0017] The invention has a number of advantages. It achieves an increase in the withstand
voltage of the piece of high voltage equipment without increasing the physical size of the used
resistor. Thereby the space surrounding the high voltage equipment may be more efficiently
used. Thereby a distance between the piece of high voltage equipment and the neighbouring
object may also be further reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The present invention will in the following be described with reference being made to
the accompanying drawings, where

fig. 1 schematically shows a grounded enclosure in the form of a valve hall comprising high
voltage equipment in the form of a converter, and

fig. 2 schematically shows a valve of the converter being shielded by a shielding arrangement
according to a first embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0019] The present invention concerns high voltage equipment in high power applications. The
high voltage equipment maybe a High Voltage Direct Current (HVDC) equipment operating at a
high voltage such as at 320 kV and above. The equipment may furthermore be enclosed in an
enclosure that has a different electric potential than the voltage at which the piece of
equipment operates. It is for instance possible that the enclosure is grounded while the piece
of equipment may operate at a voltage level of + 1500 kV or -1500 kV or some high voltage
there between. Other feasible voltage levels are £800 kV. The equipment may for instance be
a converter, converting between AC and DC such as a current source converter (CSC) or a
voltage source converter (VSC). Moreover, a voltage source converter may be provided as a
modular multilevel converter (MMC), where a number of cascaded converter submodules are
used for forming an AC waveshape.

[0020] Fig. 1 schematically shows one such exemplifying HVDC converter 10 enclosed in an
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enclosure 12, which enclosure in this case is a building in the form of a valve hall comprising
grounded walls, i.e. walls having an electric zero potential. The enclosure is one example of an
object close to at least one piece of the high voltage equipment.

[0021] The converter 10 comprises a number of valves. In the example given in fig. 1 the
HVDC converter 10 is illustrated as comprising four valves 14, 16, 18 and 20. As an example,
the valves maybe installed hanging from the valve hall ceiling and fixed to the ceiling via
suspending insulators 26. It should be realized that the way that the valves are being placed in
the enclosure is not central and that they may as an exemplifying alternative be placed on a
supporting structure on the valve floor.

[0022] There is also a shield structure comprising a plurality of shielding arrangements 22 for
providing shielding against corona discharges. The shielding arrangements are provided for
covering exposed surfaces of the valves in order to avoid possible corona discharges or
electrical breakdown between the enclosure 12 and the valves 14, 16, 18 and 20. The
exemplifying HVDC valves 14, 16, 18 and 20 shown in figure 1 comprise in total nine sides with
exposed surfaces being protected by shielding arrangements 22, eight lateral sides facing
each other at opposing surfaces and one lower side facing away from the ceiling.

[0023] Each such exposed surface is thus protected by a shielding arrangement against
corona discharges and electrical breakdown from the valve to the enclosure, such as to a wall
or to the floor. In the figure also the distance d between one such shielding arrangement 22
and the wall 12 is indicated.

[0024] Each of the valves 14, 16, 18 and 20 may be made up of a number of series-connected
switches, or as a number of cascaded submodules, where such a switch maybe made up of a
switching element like an Insulated Gate Bipolar Transistor (IGBT) or Integrated Gate-
Commutated Thyristor (IGCT) with anti-parallel diode. A submodule may be realized as one or
two strings of switches, where each string is connected in parallel with an energy storages
element such as a capacitor or a battery. Alternatively, the valve may be a thyristor valve.

[0025] Moreover, the voltage at which a valve operates, for instance the DC level of the valve,
maybe considerable. Also, overvoltages due to lightning strikes and switching events in the
system are critical for the insulation. At least one of the outermost valves 14 and 20 at each
end of the structure may thus have a considerable voltage potential difference between itself
and the enclosure.

[0026] The shielding arrangements 22 comprise shield elements in the form of screens at a
distance from the valve element. A screen may also have a shape that stretches around any
edges or corners of the physical valve shape.

[0027] Such screens may be necessary in order to protect a part of the converter 10, such as
a valve, from any corona discharge and electrical breakdown from the HV part to the
enclosure. Also, there is a stray capacitance between the valve and the enclosure needed to
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be considered

[0028] As stated earlier, the voltages are high and therefore the distance d between the screen
arrangement 22 and the enclosure 12 normally has to be long in order to safeguard that no
corona discharges or electrical breakdown occurs.

[0029] Aspects of the present invention are directed towards providing a screen arrangement
that allows smaller distances d between the arrangement and the wall and thus allows a
reduction of the size of the enclosure.

[0030] One way of reducing the distance is through the shielding arrangement comprising a
breakdown inhibiting resistance, for instance in the form of a breakdown inhibiting resistor. A
breakdown inhibiting resistor acts as a current limiting device during a corona or streamer
discharge. As a result, the voltage withstand level of the valve arrangement is increased which
in turn allows a more compact design. Through the use of such a resistor the surge impulse
breakdown strength of the shielding arrangement maybe increased. Further, increased DC
withstand levels can also be accomplished. Improved safety in an HVDC valve hall can thereby
be provided, without increasing the size of the valve hall within which the valves are
accommodated. Thereby also the operation reliability of the valve can be greatly improved.

[0031] However, it is of interest to raise the voltage withstand level even further in order to
obtain further size reduction.

[0032] A first embodiment of a shielding arrangement 22 that addresses this problem is shown
in fig. 2.

[0033] It can be seen that the shielding arrangement 22 comprises a first shield element or
screen 28 adjacent and in electrical contact with the valve 18 via a parallel connection of a
resistor R1 and a capacitor C1, where the resistor is a breakdown inhibiting resistor.

[0034] The resistance of the resistor R1 may be setin the range 0.1- 12 MQ, with advantage in
the range 0.2 - 4 MQ, and preferably in the range 0.5 - 3 MQ.

[0035] The capacitor C1 may in turn have a capacitance in the range 0.1- 10 nF, which is a
value for which the stray capacitance between the screen and the enclosure wall is not
dominant.

[0036] The resistor and capacitor may be formed as separate components. As is well known a
capacitor has two plates separated by a gap. Thereby the resistor is also separated from this

gap.

[0037] Furthermore, the capacitance and the resistance form a time constant t corresponding
to how fast the capacitor C1 is discharged. The time constant t, may be in a range of 10 us -
50 ms, with advantage 0.1- 15 ms and preferably 0.5 - 5 ms. The time constant t corresponds
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to or is proportional to RC, where R is the resistance of the resistor R1 and C is the
capacitance of the capacitor C1.

[0038] It can also be seen that in case the valve 18 comprises a corner, for instance between
a vertical and horizontal surface, then the first shield element may comprise a curved section
for shielding and covering this corner.

[0039] The suggested screen design with resistor and capacitor would enable significant
reduction of the cost of large HVDC installations such as valve and DC halls.

[0040] Moreover, the screen design including the breakdown inhibiting resistor and capacitor
aims at reducing the air clearance d between a valve and the valve hall wall, which allows the
footprint and the cost of the buildings to be reduced.

[0041] Through the use of a breakdown inhibiting resistor and capacitor a high withstand
voltage is obtained.

[0042] With a high withstand voltage, the distance to ground can be kept low which will directly
impact the size of the building.

[0043] The functionality of the resistor when connected between a valve and a single screen is
briefly described here:

Under normal conditions and without any electrical discharge, the screen takes the same
potential as the HV part, i.e. as the valve to which it is connected via the resistor. The screen
will therefore act as any ordinary HV screen. As soon as a corona discharge occurs at the
outer HV screen, the current drawn by the discharge is limited by the resistor which frustrates
the discharge. This can result in as much as 35% higher withstand level which in theory would
reduce the needed clearances tremendously. It is possible that in a practical situation the
voltage withstand level increase is limited to 5-10%. However, it should be noted that a 5-10%
increment of the withstand level would reduce the clearances significantly more than 5-10%
due to the non-linear behavior of the withstand level and gap length at high voltages.

[0044] Moreover, the larger the resistance is, the better the withstand voltage increase in
principle gets. A large resistor will however create a large voltage drop between its
terminations, i.e. between the HV device and the screen, and this large voltage drop may result
in a breakdown over the resistor. It is therefore of interest to obtain a high withstand voltage
with a limited size voltage drop over the resistor R1.

[0045] The resistor thus conducts sufficiently well to make sure that the screen and the valve
are at the same potential during normal operation. The potential of the screen follows the H V
equipment when any overvoltage occurs in the system, if there are no discharge events in the
air close to the screen. In normal service, the resistor and capacitor are not stressed by either
current or electric field and should not significantly influence the function of the high voltage
equipment, due to the selected values of capacitance and resistor.
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[0046] When any discharges occur at the high voltage screen, the capacitor will consume
charges and reduce available charges supplied into the corona or streamer discharge. Due to
shunting charges to the capacitor, the supply of charges to the corona or streamer discharge
growth will be restricted and inhibit the discharge to further develop. As it turns out, a higher
voltage will be needed in order to induce a spark over from the screen to ground, which is
equivalent to increasing the withstand voltage.

[0047] The combination of a resistor and a capacitor of suitable chosen values thus creates a
compact breakdown inhibiting device with a higher withstand voltage without increasing the
size of the resistor. The resistance and capacitance may thus be selected such that the supply
of electric charges to a corona or streamer discharge is restricted by the resistor and capacitor.

[0048] The arrangement can be fitted into an existing space inside the screen in many already
existing designs, although the volume available is restricted.

[0049] The invention has a number of advantages. It allows the footprint and cost of high
voltage equipment such as HVDC installations to be reduced. By reducing the needed air
clearance for insulation, significantly advances can be made.

[0050] The neighboring object was above exemplified by an enclosure in the form of a valve
hall. It should be realized that the neighboring object is in no way limited to such an object. In
fact the neighboring object does not have to be an enclosure but can be separate object close
to a part of the high voltage equipment. Such a neighboring object may as an example be
provided outdoors.

[0051] From the foregoing discussion it is evident that the present invention can be varied in a
multitude of ways.

[0052] It shall consequently be realized that the present invention is only to be limited by the
following claims.

REFERENCES CITED IN THE DESCRIPTION
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AFSKARMNINGSANORDNING TIL HOJSPANDINGSUDSTYR

PATENTKRAV

1. Afskeermningsanordning (22) til et stykke hgjspaendingsudstyr (18) med
afstand til et naboobjekt (12), hvor hgjspaendingsudstyrsstykket har et fgrste elektrisk
potentiale, o0g naboobjektet har et andet elektrisk potentiale, idet
afskeermningsanordningen omfatter et fgrste afskaermningselement (28) for tilslutning til
hgjspeendingsudstyret (18) via en modstandselementet (R1),

hvor afskeermningsanordningen desuden omfatter en kondensator (C1), der er forbundet
parallelt med modstandselementet (R1),

hvor modstanden i modstandselementet (R1) og kapacitansen i kondensatoren (C1)
tilsammen definerer en tidskonstant t i et interval pa 10 ps-50 ms.

2. Afskaermningsanordning (22) ifelge krav 1, hvor tidskonstanten ligger i

intervallet 0,1 - 15 ms.

3. Afskaermningsanordning (22) ifglge krav 1 eller 2, hvor modstanden i
modstandselementet (30, 32; 34) ligger i intervallet 0,1 - 12 MQ.

4. Afskeermningsanordning (22) ifalge et af de foregdende krav, hvor
kapacitansen i kondensatoren ligger i intervallet 0,1 - 10 nF.

5. Afskeermningsanordning (22) ifelge foregdende krav, hvor det forste
afskeermningselement omfatter en buet sektion, der daekker et hjgrne af
hgjspaendingsudstyrsstykket (18).

6. Afskeermningsanordning (22) ifalge et af de foregaende krav, hvor det farste
potentiale er et driftspotentiale for hgjspaendingsudstyrsstykket (18), og det andet

potentiale er jordpotentiale.

7. Afskeermningsanordning (22) ifalge et af de foregdende krav, hvor
naboobjektet er en indkapsling (12), der indkapsler hgjspaendingsudstyret.

8. Afskeermningsanordning (22) ifglge et af de foregdende krav, hvor
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kondensatoren har to plader, der er adskilt af et mellemrum, og modstandselementet (R1)

er adskilt fra dette mellemrum.

9. Afskeermningsanordning (22) ifalge et af de foregdende krav, hvor

modstanden og kondensatoren er separate komponenter.

10. Afskeermningsanordning (22) ifalge et af de foregdende krav, hvor
modstanden og kapacitansen er valgt saledes, at tilfarslen af elektriske ladninger til en
korona- eller streamerudladning begraenses af modstandselementet og kondensatoren.

11. Omformerstation med en omformer (10) til omdannelse mellem vekselstrom
0g jeevnstrom, som er indkapslet af en indkapsling (12), idet omformeren omfatter et antal
omformerventiler (14, 16, 18, 20), hvor mindst én af omformerventilerne (18) er forsynet
med en afskaermningsanordning (22) ifalge et af de foregaende krav, hvor ventilen har et
forste elekirisk potentiale, og indkapslingen er naboobjektet med et andet elektrisk

potentiale.

12. Omformerstation ifglge krav 11, hvor det farste potentiale er et driftspotentiale

for ventilen (18), og det andet potentiale er jordpotentiale.
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