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DESCRIPTION

TECHNICAL FIELD

[0001] The invention relates to a method to control a voltage source converter in a high
voltage direct current (HVDC) system and to a HVDC system.

BACKGROUND OF THE INVENTION

[0002] A HVDC system comprises a first and second converter station each containing a
voltage source converter (VSC) for transferring electric power from a first alternating current
(AC) network to a second AC network.

[0003] Voltage source converters (VSC) are not only used in high voltage direct current
(HVDC) systems, but also for example as Static Var Compensators (SVC). In the HVDC
application, the voltage source converter is connected between a direct current (DC) link and
an AC network, and in the application as Static Var Compensator, the voltage source converter
is connected between a direct voltage source and an AC network. In both these applications,
the voltage source converter must be able to generate an AC voltage of the same frequency
as that of the AC network. The reactive and the active power flow through the converter are
controlled by modulating the amplitude and the phase position, respectively, of the AC voltage
generated by the voltage source converter in relation to the voltage of the AC network.

[0004] In particular the voltage source converter equipped with series-connected transistors
(IGBT) has made it possible to use this type of converter for comparatively high voltages. A
pulse width modulation (PWM) is used for control of the generated AC voltage which enables a
very fast control of the voltage.

[0005] From US 6400585 a control system for voltage control of a converter station in a HYDC
system is previously known. The object of the control system is to maintain the voltage of a
direct current link within safe operation limits also at abnormal voltage conditions.

[0006] The known HVDC system comprises a first and a second converter station each having
a voltage source converter connected between a DC link and an AC network on each side of
the DC link. A current control system for the converter station has means for control of active
power flow between the DC link and the AC network by influencing the phase displacement
between the bus voltage in the AC network and the bridge voltage of the voltage source
converter. The terms bus voltage and bridge voltage are explained further below. The control
system comprises means for generation of a phase change order signal in response to an
indication of an abnormal voltage condition at the DC link, and means for influencing the phase
position of the bridge voltage in response to said phase change order signal, so as to ensure
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that the phase displacement between the bridge voltage and the bus voltage will result in an
active power flow from the DC link to the AC network. A phase-locked loop means (PLL)
ensures that the control system of the converter station works in synchronism with the phase
position of the bus voltage of the AC network.

[0007] The active power flow into the DC link must be balanced. This means that the active
power leaving the link must be equal to the power received by the link. Any difference may
cause the DC voltage to rapidly increase or decrease. To achieve this power balance one of
the converter stations controls the DC voltage. The other converter station thus may control
the active power flow of the DC link by controlling the DC current accordingly. Commonly the
upstream converter station controls the DC voltage while the downstream converter controls
the active power flow.

[0008] From "An electromagnetic transient simulation model for voltage sourced converter
based HVDC transmission" by Qahraman et al, Canadian Conference on Electrical and
Computer Engineering, Niagara Falls, Ont., Canada, 2-5 May 2004, vol. 2, pages 1063-1066,
ISBN: 0-7803-8253-6, individual control of active and reactive power in a voltage source
converter is known, where proportional integral controllers act on real and reactive power
errors to generate the magnitude and phase respectively of the voltage references to an inner
PWM controller.

[0009] Restoring power after a wide-area power outage in an AC network or AC grid can be
difficult. A plurality of power stations needs to be brought back on-line. Normally, this is done
with the help of power from the rest of the grid. In the absence of grid power, a so-called black
start needs to be performed to bootstrap the power grid into operation.

[0010] To provide a black start, some power stations are typically equipped with small diesel
generators which can be used to start larger generators of several megawatts capacity, which
in turn can be used to start the main power station generators. Generating plants using steam
turbines require station service power of up to 10% of their capacity for boiler feedwater
pumps, boiler forced-draft combustion air blowers, and for fuel preparation. It is, however,
uneconomic to provide such a large standby capacity at each station, so black-start power
must be provided over the electrical transmission network from other stations.

[0011] A typical black start sequence based on a real scenario might be as follows:

* A battery starts a small diesel generator installed in a hydroelectric generating station.

e The power from the diesel generator is used to bring the hydroelectric generating station
into operation.

* Key transmission lines between the hydro station and other areas are energized.

» The power from the hydro dam is used to start one of the coal-fired base load plants.

» The power from the base load plant is used to restart all of the other power plants in the
system including the nuclear power plants.

o Power is finally re-applied to the general electricity distribution network and sent to the
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consumers.

[0012] To restore the power after an outage is not an easy process. Small disturbances are
continually occurring while the system is weak and fragile during the restoration process, and
the grid will experience different conditions, from a dead network over a variety of weak
network conditions to a normal strong AC network. In order to maintain the frequency and
voltage stability during the restoring process, an overall coordinated system restoration plan is
necessary.

[0013] From "Einfluss der Liberalisierung auf die Versorgungssicherheit in den Stromnetzen
bzw. Regelungserfordernisse durch die Behorden", published as Gutachten_Glavitsch.pdf on
http://www.versorgungssicherheit.at/download, it is for example known that restoration of
power in a dead AC network is to be performed by identifying autonomous areas in the
network which can supply power to a local network and by afterwards gradually connecting
further network areas.

[0014] When a converter is connected to an island network with only generation, for instance
a windfarm, or only consumption, or the mixture of both, it will be very difficult to predict the
active power and reactive power. It will thus be difficult to determine a desired active power Ppgt

and a desired reactive power Qyef and it will be unpractical to control them.

[0015] When a converter is connected to a dead electric AC network, i.e., no power supply at
all, the above described known control system will fail to work, because there is no AC voltage
to synchronize for the PLL, and the current control will not work as the current is determined
naturally by the connected load.

[0016] When a converter is connected to a very weak electric AC network, i.e., the existing
short circuit power in the network is approximately equal to or less than the converter rating, it
is very difficult for the above described known control system to maintain the stability, as the
weak AC network gives a more oscillating AC bus voltage, which leads to the oscillating of the
PLL and current control as both systems use the AC bus voltage as input.

[0017] From WO 03/026118 A1, the fact is known that a voltage source converter can be used
to feed a weak or a dead alternating voltage network. How this is done, is not disclosed.

SUMMARY OF THE INVENTION

[0018] A first object of the invention is to provide a method and a system to control a voltage
source converter in a HVDC link which allow a more stable energization of a dead AC network.
A second object is to find a method to black start an AC network, where the method is based
on the control method of the voltage source converter.
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[0019] The first object is achieved by a method according to claim 1 and a system according
to claim 10. The second object is achieved by a method according to claims 8 and 11.
Preferred embodiments are described in the dependent claims.

[0020] According to the invention the energization of a dead AC network is achieved by
controlling the frequency and the voltage amplitude of the generated AC voltage of a voltage
source converter in order to operate the voltage source converter as a voltage source
generator independently of the conditions in a connected AC network. Opposed to that, the
known converter control system controls the current of the voltage source converter and reacts
on the operating status of the AC network, as described above. The frequency and voltage
control are able to stabilize the voltage and frequency of the generated AC voltage, that is, to
enhance the stiffness of the weak AC network.

[0021] An HVDC system connecting two AC networks and comprising two voltage source
converters is capable when controlled according to the invention to provide a black start when
any one of the two AC networks experiences power outage.

[0022] The one of the two converter stations which is connected to a functioning power
supplying AC network will keep the DC voltage of the HVDC system in nominal value.
According to the second aspect of the invention, the other of the two converter stations, which
is connected to an AC network without power supply, creates an AC voltage with pre-
determined frequency and amplitude. The created AC voltage is then used to energize the
transmission lines of the AC network, where the AC network is connected to other power
stations. By such AC power support from the HVDC converter station the other power stations
can be started. The grid is restored gradually by restarting more power plants and connecting
more loads.

[0023] An HVDC system containing voltage source converters equipped with the control
according to the invention will make the process of restoring the power easy and smooth.
Unlike generation units which have inertia and involve a mechanical power control, the VSC
equipped with the control according to the invention can be made very fast, as there is no
inertia. Due to the fast control, the VSC functions as power slack which keeps the power
balance between the generation and consumption, that is, the converter works as a rectifier
which delivers power from the AC network to DC side when the power generation is higher
than the power consumption, and the converter works as an inverter which delivers power from
the DC side to the AC network when the power generation is lower than the power
consumption. In this way, the critical issues that have to be considered traditionally in the
process of black start and restoration of a grid become less important, which makes the
restoration of a grid much easier.

[0024] In an embodiment of the invention, a voltage feedback control is provided with an
adaptive voltage droop function, which provides control of the AC voltage generated by the
voltage source converter and at the same time provides an appropriate reactive power sharing
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among other reactive power sources in the connected AC network, such as voltage regulating
devices. As a result, the adaptive voltage droop function keeps the AC voltage amplitude at a
common connection point between the voltage source converter and the AC network very stiff
under different operating conditions, from a passive load over a weak AC system with little
generation up to a strong AC system with all generations restarted.

[0025] In another embodiment of the invention, a phase-locked loop (PLL) means comprises
signal generating means for generating a signal which represents the desired frequency and
phase angle of the AC voltage to be generated by the voltage source converter, in
dependence on the frequency order and desired active power such that the frequency of the
connected AC network is kept almost constant. The signal generating means works as an
adaptive frequency droop function, accordingly. A small variation of the frequency is needed in
order to achieve a good sharing of loads between the other generation units in the connected
AC network. The adaptive frequency droop function makes it possible to control the frequency
almost constant except for the small variation needed to achieve a good sharing of loads
between the other generation units.

[0026] Further advantageous embodiments of the invention will become clear from the
description of preferred embodiments of the invention and the attached claims.

[0027] Simulation of a restoration of a grid has demonstrated that with control equipment
according to the invention, stable AC voltage and frequency are obtained under different AC
network conditions, from passive load over a weak AC system with little generation up to a
strong AC system with all power generation restarted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The invention will be explained in greater detail by description of embodiments with
reference to the accompanying drawings, which are all schematic and in the form of single line
diagrams and block diagrams respectively, and wherein

FIG. 1
is a schematic single line and block diagram of a high voltage direct current transmission
system as known in the prior art,
FIG. 2
is an embodiment of the control equipment for a voltage source converter of the prior art
transmission system according to FIG. 1,
FIG. 3
is a detail part of the prior art control equipment according to FIG. 2,
FIG. 4
is an embodiment of converter control equipment according to the invention,
FIG. 5
is an embodiment of AC voltage control means of a converter control equipment
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according to the invention,

FIG. 6A
is an embodiment of a phase-locked loop means of converter control equipment
according to an embodiment of the invention and

FIG. 6B
illustrates the waveform of an output signal of the phase-locked loop means which
represents both the desired frequency and phase angle of voltage at a connection point.

DESCRIPTION OF EMBODIMENTS

[0029] The block diagrams to be described in the following can be seen both as signal flow
diagrams and block diagrams of control equipment. The functions to be performed by the
blocks shown in the block diagrams may in applicable parts be implemented by means of
analogue and/or digital technique in hard-wired circuits, but preferably as programs in a
microprocessor. It shall be understood that although the shown blocks are mentioned as
members, filters, devices etc. they are, in particular where their functions are implemented as
software for a microprocessor, to be interpreted as means for accomplishing the desired
function. Thus, as the case may be, the expression "signal" can also be interpreted as a value
generated by a computer program and appearing only as such. Only functional descriptions of
the blocks are given below as these functions can be implemented in manners known per se
by persons skilled in the art.

[0030] \Variables appearing in the control equipment shown in the figures, in particular
representatives of voltages and currents, are shown in vector form to illustrate their multi-
phase character. Vector units are designated with a dash on top (x).

[0031] Parts that are similar to each other and appear in more than one figure are given the
same designation numbers in the various figures.

[0032] Connecting lines between measured values and blocks as well as between blocks have
occasionally been omitted in order not to unnecessarily weigh down the figures. However, it is
to be understood that the respective variables appearing at the inputs of some blocks are
supplied from the blocks or measurement units where they are generated.

[0033] FIG. 1 shows in the form of a schematic single line and block diagram a high voltage
direct current transmission system as known in the prior art. Afirst converter station STN1 and
a second converter station STN2 are connected to each other by a direct current link having
two pole conductors W1 and W2 respectively. Typically, the pole conductors are cables but
they may also, at least in part, comprise overhead lines. Each converter station STN1 and
STN2 has capacitor equipment, C1 and C2, respectively, connected between the pole
conductors W1 and W2, and each converter station STN1 and STN2 comprises a voltage
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source converter CON1 and CON2, respectively. Each converter CON1 and CON2 comprises
semiconductor valves comprising a 2-level or a 3-level converter bridge. The semiconductor
valves comprise branches of gate turn-on/turn-off semiconductor elements, for example power
transistors of so-called IGBT-type, and diodes in anti-parallel connection with these elements.

[0034] Each converter is via a phase inductor PI1 and PI2, respectively, connected to a
respective three-phase alternating current electric power network N1 and N2. Although not
shown in the figure, it is well known in the art that the converters may be connected to the
three-phase network N1 or N2 via transformers, in which case the phase inductors PI1 or PI2
for some cases may be omitted. Filter equipment F1 and F2, respectively, is connected in
shunt connection at connection points between the respective phase inductor PI1 or PI2 and
the respective three-phase network N1 or N2.

[0035] The AC-voltage of the alternating current network N1 at the connection point of the
filter F1 is designated UL1 and is measured with a measuring device M1. This voltage UL1 is in
the following called the bus voltage of the alternating current network N1. The AC-voltage set
up by the converter CON1 is designated UV1 and is in the following called the bridge voltage of
the converter CON1. The alternating current at the converter CON1 is designated 1 and is
measured with a measuring device M3. Similarly, the AC-voltage at the connection point of the
filter F2 is designated UL2 and is measured with a measuring device M4, and the alternating
current at the converter CON2 is designated 12 and is measured with a measuring device M6.
The AC-voltage at the connection point of the filter F2 is in the following called the bus voltage
of the alternating current network N2. The AC-voltage set up by the converter CON2 is
designated UV2 and is in the following called the bridge voltage of the converter CON2.

[0036] The DC-voltage across the capacitor equipment C1 is designated Ud1 and the DC-
voltage across the capacitor equipment C2 is designated Ud2. These voltages are measured
with only symbolically shown measuring devices M7 and M8, respectively.

[0037] The first converter station STN1 comprises control equipment CTRL1 and the second
converter station STN2 control equipment CTRL2, usually of similar kind as the control
equipment CTRL1, for generation of trains of turn-on/turn-off orders, FP1 and FP2
respectively, to the semiconductor valves of the respective voltage source converter CON1 or
CONZ2 according to a predetermined pulse width modulation (PWM) pattern.

[0038] The converter stations STN1 and STN2 can operate in four different modes, DC-
voltage control, active power control, AC-voltage control or reactive power control. Usually, one
of the converter stations, for example the first one STN1, operates under DC-voltage control
for voltage control of the direct current link, whereas the second converter station STN2
operates under active power control or AC-voltage control or reactive power control. The
operation modes are set either manually by an operator, or, under certain conditions,
automatically by a not shown sequential control system.

[0039] FIG. 2 shows an embodiment of a prior art control equipment, representative of both
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the control equipment CTRL1 and the control equipment CTRL2, where the indices 1 and 2
are omitted for sake of simplicity.

[0040] The control equipment CTRL comprises a DC-voltage controller 21, an AC-voltage
controller 22, selector means SW1 and SW2, a converter current control system IREG, a pulse
width modulation unit 23, and a switching logic unit 24.

[0041] An actual value of the measured DC-voltage Ud across the respective capacitor
equipment (C1 or C2) and a voltage reference value UdR thereof are supplied to a difference
forming member 25, the output of which is supplied to the DC-voltage controller 21.

[0042] An actual value of the measured respective bus voltage UL and a voltage reference
value ULR thereof are supplied to a difference forming member 26, the output of which is
supplied to the AC-voltage controller 22.

[0043] A first selector means SW1 is supplied with the output signal of the DC-voltage
controller 21 and a reference value Pref for the active power flow through the converter. The
first selector means SW1 outputs in dependence on a mode signal MD1 a signal pR being
either the output signal of the DC-voltage controller 21 or the reference value Pref.

[0044] A second selector means SW2 is supplied with the output signal of the AC-voltage
controller 22 and a reference value Qref for the reactive power flow through the converter. The
second selector means SW2 outputs in dependence on a mode signal MD2 a signal gR being
either the output signal of the AC-voltage controller 22 or the reference value Qref.

[0045] The AC- and DC-voltage controllers 21 and 22 have for example a proportional-
integrating characteristic. The reference values Pref and Qref may in a conventional way be
formed as outputs from controllers (not shown) for active and reactive power flow, respectively.

[0046] The output signals pR and gR of the first and second selector means SW1 and SW2
are supplied to the converter current control system IREG. The current control system IREG
provides an inner AC-current control feed-back loop, which, in dependence on a supplied
current reference vector formed in dependence on the output signals pR and gR of the
switching means SW1 and SW2 and on a phase reference synchronizing signal, generates a

voltage reference template in the form of a voltage reference vector
—abe

UVg

This voltage reference vector
——abc

UVg

represents the voltage reference for the bridge voltage UV1 or UV2 of the respective converter
CON1 or CON2. With the phases of the three-phase alternating current network designated as
a, b and c, the upper index abc of the vector refers to the three phase voltages of the
converter, and the vector thus has the components

UVg , UV

and
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Uvs.

[0047] The converter current control system IREG is also supplied with the actual value | of
the alternating current at the converter and with the nominal value f0 of the frequency of the
AC network N1 or N2, which is usually 50 or 60 Hz,.

[0048] The voltage reference vector

—abc
Uvg

is supplied to the pulse width modulation unit 23 that determines the time instants ta, tb and tc
for the commutation of the valves in the respective phase a, b and ¢ of the converter CON1 or
CONZ2, and the switching logic unit 24 generates in dependence thereon a train of turn-on/turn-
off orders, FPa, FPb and FPc, supplied to the semiconductor valves.

[0049] Preferably, the converter current control system IREG is implemented as software run
on a microprocessor and executed as a sampled control system.

[0050] For practical reasons, that is for facilitating the calculations, the converter current
control system IREG operates in a conventional way, where the three phase units, i.e.,
voltages and currents of the alternating current network, are transformed to and expressed in
a rotating two-phase dg-reference plane, arrived at via a transformation to a stationary two-
phase aB-reference plane. The three phase units of the alternating current network will thereby
be transformed to direct current quantities that can be processed with per se known control
system techniques.

[0051] With the phases of the three-phase alternating current network designated a, b and c,
the three-phase system is referred to as the abc-system. In the following text and in the
figures, the reference plane is, where appropriate, indicated as an upper index (for example

x99y,

[0052] FIG. 3 illustrates the basic structure of a converter current control system IREG
according to prior art. The current control system is implemented as a sampled control system
with a sample period time Ts.

[0053] For the sake of simplicity, all variables are shown in vector form, but it is understood
that the signal processing thereof is performed on the components of the respective vector in a
way known per se. As the current control systems are similar for both pieces of control
equipment CTRL1 and CTRLZ2, indices 1 and 2 are, for the sake of simplicity, omitted as
indices on the respective variables to be described below.

[0054] The converter current control system IREG according to Fig 3 comprises a current-
order calculating unit 41, a current controller 42, a first transformation member 43, a second
transformation member 44, a first phase locked loop (PLL) member 46, and a first calculating
unit 48.
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[0055] The converter current control system IREG receives signals pR and gR, generated as
explained above with reference to figure 2. The signals pR and gR are supplied to the current-
order calculating unit 41, which in dependence thereon calculates and outputs reference
values for the alternating current at the converter. The reference values are expressed in the
dg-reference plane as

I

and

Iz

respectively, which are shown in the figure as a current reference vector

Fo=12+jI8.

The calculation is performed according to the per se known relations.

pr = UL If + UL I} (1a)

gp = ~(ULL 1% - U1? 1%) (1b)
wherein the voltages ULY and ULC represent the d- and g-components respectively, of the bus
voltage UL, measured in the AC network, and transformed to the dqg-reference plane.

[0056] The current reference values

Iz

and

H

may be limited in accordance with specified operating conditions for the transmission system
before further processing.

[0057] Itis noted that in a dg-reference plane rotating in synchronism with the bus voltage UL

as described above with respect to the PLL, the g-component ULY of the bus voltage UL
becomes zero. It then follows from expressions (1a) and (1b) that the d-component

Iy

of the current reference value

Tde

becomes a reference value for active power and the g-component

3

a reference value for reactive power.

[0058] The actual value | of the alternating current is measured in the AC network at the

converter and transformed to the dg-reference plane as an actual current vector joq.

[0059] The current controller 42 is supplied with the current reference vector
i,
the actual current vector qu, and with a mean value

oL

of the bus voltage UL transformed to the dg-reference plane. The current controller 42 outputs
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in dependence thereon an output signal designated
which is the voltage reference vector for the bridge voltage of the converter in the dg-reference
plane.

[0060] The alternating voltage reference vector

oV

is supplied to the first transformation member 43, transforming the vector to the af-reference
plane. The output of the first transformation member 43 is supplied to the second
transformation member 44, transforming the supplied vector to the abc-reference plane as a
vector

gV,

This vector is the bridge voltage reference vector for the converter, having as components
voltages reference values for the respective three phases of the alternating current system.

[0061] The bridge voltage reference vector
(mabc
is supplied to the pulse width modulation unit 23 as described above with reference to figure 2.

[0062] The first transformation member 43 performs in a way known per se the transformation
TV =TV x ek,

with the transformation angle ¢ = wt, the rotational frequency w of the AC network and the time
t.

[0063] A transformation angle signal, in the figure designated ¢, is in a conventional manner
generated by the phase-locked loop (PLL) member 46, in dependence on the nominal value f0
of the frequency of the AC network, and on the phase position of the bus voltage UL,
transformed to the ap-reference plane, and then supplied to the first transformation member
43.

[0064] The signal ¢ can be conceived of as a phase reference synchronizing signal, in the
following shortly referred to as synchronizing signal or phase angle signal. It has the purpose
of synchronizing the rotating dq-reference plane with the bus voltage abc - system, and
represents an electrical angle linearly increasing with time with a time rate proportional to the
actual frequency of the AC network. At least under steady state conditions the synchronising
signal ¢ is locked to and in phase with the phase position of the bus voltage UL of the AC
network. Then, also the rotating dg-reference plane is locked to and maintained in
synchronism with the three-phase abc-system and in particular with the bus voltage UL. Under

these conditions, also the g-component ULY of the bus voltage UL becomes zero.

[0065] An embodiment of converter control equipment according to the invention is shown in
FIG. 4. As compared with the known embodiment of such an equipment as described with
reference to FIG. 2 and FIG. 3, control of active power, DC voltage, reactive power and of AC
voltage via AC current is replaced by AC voltage control and a new phase-locked loop means.
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The voltage generating member 51 generates the converter reference voltage

i.e., the reference value for the bridge voltage of the converter in the dg-reference plane, by
using the outputs from an AC voltage control means UACREG and a phase-locked loop means
PLL_IN.

[0066] The generated converter reference voltage

0 o

together with the outputs from the phase-locked loop means PLL_IN, which include the signals
of the desired frequency f_ord and and of the desired phase angle ¢ ord of the bridge voltage
UV as well as the sampling period Ts_ord, are supplied to a PWM-member 52. For persons
skilled in the art it is easily understood that PWM-member 52 may be in one way implemented
as shown in FIG. 2 and FIG. 3, or be implemented in another way depending on the selected
modulation method.

[0067] FIG. 5 shows one embodiment of the AC voltage control unit UACREG shown in FIG.
4. The measured reactive power Q at the connection bus to the AC network, N1 or N2 in FIG.
1, is supplied to selection member 62 via filter unit 61. Selection member 62 selects according
to the value of the input signal a pre-set constant, and generates a signal AUref which is
proportional to the selected constant and the input signal. The pre-set constants, known as
slope, will enforce an automatic reactive load sharing between the converter station and other
voltage regulating devices. The pre-set constants are typically values from 0.01 to 0.1. A
higher value is selected if the input signal is high in order to avoid overload currents and to
obtain good AC voltage control. A first addition member 63 is supplied with the output from
selection member 62 and with the pre-set AC reference voltage ULR. The first addition
member 63 outputs the actual AC voltage reference and supplies it to a second addition
member 64. Another input signal to the second addition member 64 is the measured AC
voltage amplitude UL at the connection bus provided via a filter unit 57. The output of the
second addition member 64 is supplied to a regulator 65, which can be of Pl-type, ie.,
including a proportional part and an integration part. The regulator 65 produces a voltage
correction part. This correction part is added with the pre-set AC reference voltage ULR to
form a voltage amplitude order UMR.

[0068] FIG. 6A shows an embodiment of the phase-locked loop member PLL_IN according to
FIG. 4. A phase-angle generating unit 71 generates in dependence on the desired frequency
f_ord of the bridge voltage UV and on the sampling period Ts_ord a desired phase angle _ord
of the bridge voltage UV, the waveform of which is illustrated in FIG. 6B. The desired
frequency, which also is the actual frequency of the connected AC network, is the sum of the
pre-set reference frequency fO and a frequency correction part, and resulted from a third
addition member 75. A selecting member 77 selects according to the value of the input signal a
pre-set constant, and generates a signal which is proportional to the selected constant and the
input signal. The pre-set constants, known as droop, enforce automatic active load sharing
between the converter station and other power generation units. The pre-set constants are
typically values from 0.1 to 1.0. A higher value is selected if the input signal is high in order to
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avoid over load current and to obtain good frequency control. The input signal of selecting
member 77 is the measured active power P which is provided via a filtering unit 72. The
sample period Ts_ord is determined by

Ts_ord =2 p- [))

where p is a pre-selected number which depends on the switching frequency.

[0069] As described above, in the known control system the output signal ¢ of the PLL
represents the synchronism between the PLL and the measured bus voltage UL. In other
words, the signal ¢ represents the phase angle as well as the frequency of the AC network
voltage. As a result of this synchronism, the dg-reference plane is also rotating in synchronism

with the bus voltage UL, which results in that the g-component UL? of the bus voltage UL

becomes zero and the d-component ULY of the bus voltage UL becomes equal to the
amplitude of bus voltage. It should be noticed that this synchronism is realized by a feedback
control. In the invention, instead of using feedback control, an enforcing synchronism between
the signal ¢_ord of PLL_IN and the bus voltage is realized in voltage generating member 51

(FIG. 4) by setting the g-component ULY of the bus voltage to zero and the d-component UL?
of the bus voltage to the voltage amplitude order UMR, that is,

ULay = UMR +j-0 )

[0070] Furthermore, the converter reference voltage in dg-reference plane is obtained as,
UV s <ULy + AU (3)
where AUY is the predicted voltage drop across the inductance, and it is obtained by using the

dg-component of measured current /2°¢ including a filtering process.

[0071] The converter reference voltage

UV o

in the control method and system according to the invention corresponds to the voltage
reference vector

in the prior art, referred to in FIG. 3. Similarly, signals ¢ ord, f_ord and Ts_ord according to the
invention correspond to signals &, f and Ts in the prior art, respectively. As soon as those
signals are produced, the generation of switching order for controling valves can be
implemented.

[0072] In an embodiment of the invention, the voltage source converter can be equipped with
both the control mode known in the prior art called a first control mode, i.e., active power/DC
voltage and reactive power/AC voltage control via AC current control, and the control mode
according to the invention called a second control mode, i.e., direct AC voltage and frequency
control. A software or hardware switch is added to choose the desired control mode.

[0073] In a HVDC transmission or back-to-back system, only one of the voltage source
converters may be equipped with the control according to the invention. In this case the other
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converter will use the control known in the prior art in order to control the DC voltage of the
HVDC system.
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PATENTKRAV

1. Fremgangsmade til at styre et HVDC-system, som forbinder
to AC-netvaerk, hvor HVDC-systemet omfatter to omformerstationer
(STN1; STN2), der hver har en spandings-kildeomformer (CONI1;
CON2), kendetegnet ved, at ét af de to AC-netvark er uden
strgmforsyning, og det andet af de to AC-netverk er fungerende,
hvor fremgangsmaden omfatter:

. at drive spandingskildeomformeren af dén ene af de to
omformerstationer, som er forbundet til AC-netvaerket uden
strgmforsyning, som en spandings-kildegenerator for at generere
en AC-spanding, betegnet som brospanding (UV1; UV2), med gnsket
frekvens (f ord) og gnsket spandingsamplitude (UVWd) ved brug
af en direkte AC-spanding og frekvensstyring wved at styre
frekvensen og amplituden af den genererede AC-spending,

. at styre den anden af de to omformerstationer, som er
forbundet til AC-netvarket, som er fungerende, for at holde DC-
spendingen af HVDC-systemet ved nominel verdi,

hvor spandingsamplituden af Dbrospandingen styres via en
spandingstilbagekoblingsstyring (UACREG) , som omfatter en
adaptiv spendings-droop-funktion (62), hvor den adaptive
spendings-droop-funktion reagerer pa en reaktiv effekt (Q) malt
ved et forbindelsespunkt til AC-netvaerket uden stregmforsyning
(N1; N2).

2. Fremgangsmade ifglge krav 1, hvor der i omformerstationen,
som er forbundet til AC-netvarket uden stremforsyning,
realiseres en tvungen synkronisme mellem en gnsket fasevinkel
(¢ _ord) af brospaendingen og en AC-spanding af det forbundne AC-
netverk, benavnt busspending (UL1l; UL2).

3. Fremgangsmade if@lge krav 2, hvor den tvungne synkronisme
realiseres ved at s&tte en g-komponent af busspandingen til nul
og en d-komponent af busspandingen til en
spandingsamplitudeorden (UMR), saledes at en referencevardi for
brospaendingen i1 et dg-referenceplan bliver:

UV =UMR+j-0+A0%,

hvor Uiﬁz er referenceverdien for Dbrospaendingen 1 et dg-
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referenceplan, UMR er spaendingsamplitudeordenen og AU%Yer et

forudsagt spendingsfald.

4, Fremgangsmade ifelge ethvert af kravene 1 til 3, hvor den
adaptive spaendings-droop-funktion (62) zger et AC-
spa&ndingsreferencesignal (ULR) med tiltagende reaktiv effekt
(Q) .

5. Fremgangsmade ifglge ethvert af kravene 1 til 4, hvor
frekvensen styres via en faselast slgjfe (PLL IN), hvor den
faselaste slgjfe (PLL IN) omfatter en adaptiv frekvens-droop-
funktion (77), hvor den adaptive frekvens-droop-funktion (77)
reagerer pa en aktiv effekt (P) malt ved et forbindelsespunkt

til AC-netvarket uden stremforsyning (N1; N2).

6. Fremgangsmade ifglge krav 5, hvor den adaptive frekvens-
droop-funktion (77) @ger et frekvensreferencesignal (f0) med
tiltagende aktiv effekt (P).

7. Fremgangsmade ifglge ethvert af kravene 1 til 6, hvor
fremgangsmaden forst anvendes efter det er blevet detekteret,

at det forbundne AC-netvark (N1; N2) er uden strgmforsyning.

8. Fremgangsmade ifglge ethvert af kravene 1 til 7, hvor
fremgangsmaden anvendes til at sortstarte AC-netverket uden
stregmforsyning, hvor AC-netvaerket uden stremforsyning via HVDC-
systemet er forbundet til én af de mindst to AC-kraftstationer,
og hvor AC-netverket uden stregmforsyning via transmissionslinier
er forbundet til en anden af de mindst to AC-kraftstationer,
hvor fremgangsmaden omfatter:

. at anvende den skabte brospending (UV1; UV2) til at
aktivere transmissionslinierne, som er forbundet til den anden
af de mindst to AC-kraftstationer,

. at starte den anden af de mindst to AC-kraftstationer.

9. Fremgangsmade 1ifglge krav 8, hvor AC-netvarket wuden
strgmforsyning er forbundet til mere end to AC-kraftstationer

og til mindst én last, og hvor dette AC-netvaerk genetableres ved
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gradvist at starte resten af AC-kraftstationerne, efter den
anden af de mindst to AC-kraftstationer blev startet, og ved

bagefter at forbinde den mindst ene last.

10. HVDC-system, som forbinder to netverk, hvor HVDC-systemet
omfatter to omformerstationer (STN1l; STNZ2), som hver har en
spendingskildeomformer (CON1l; CON2) og en styreenhed (CTRL1;
CTRL2), kendetegnet ved, at ét af de to AC-netvark er uden
stregmforsyning og det andet af de to AC-netvark er fungerende,

. hvor styreenheden af dén ene af de to omformerstationer,
som er forbundet til AC-netvarket uden stremforsyning, driver
den tilhegrende spandingskilde-omformer som en
spendingskildegenerator for at generere en AC-spaending, benavnt
brospanding (UV1; UV2Z), med gnsket frekvens (f ord) og ensket
spendingsamplitude (UV,,;) under anvendelse af en direkte AC-
spending og frekvensstyring ved styring af frekvensen og
amplituden af den genererede AC-spanding,

. hvor styreenheden af den anden af de to omformerstationer,
som er forbundet til AC-netvarket, der er fungerende, styrer den
tilhgrende spandingskil-deomformer til at holde DC-spandingen
af HVDC-systemet ved nominel verdi,

hvor spandingsamplituden af Dbrospandingen styres via en
spandingstilbagekoblingsstyring (UACREG) , som omfatter en
adaptiv spendings-droop-funktion (62), hvor den adaptive
spendings-droop-funktion reagerer pa en reaktiv effekt (Q) malt
ved et forbindelsespunkt til AC-netvaerket uden stregmforsyning
(N1; N2).

11. Fremgangsmade til at opstarte et AC-netvaerk uden
strgmforsyning ved at anvende en fremgangsmade til at styre et
HVDC-system, der forbinder to AC-netvaerk, hvilket HVDC-system
omfatter to omformerstationer (STN1l; STN2), der hver har en
spendingskildeomformer (CON1l; CON2), kendetegnet ved, at ét af
de to AC-netvaerk er uden strgmforsyning, og det andet af de to
AC-netverk er funktionsdygtigt, hvilket AC-netverk uden
stregmforsyning er tilsluttet via HVDC-systemet til en af mindst
to AC-kraftstationer, og hvilket AC-netverk uden strgmforsyning

er forbundet via transmissionsledninger til et andet af mindst
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to AC-kraftstationer, hvilken fremgangsmade omfatter:

e at drive spa&ndingskildeomformeren af dén ene af de to
omformerstationer, som er forbundet til AC-netvarket uden
strgmforsyning, som en spendings-kildegenerator for at generere
en AC-spaending, betegnet som brospanding (UV1; UV2), med gnsket
frekvens (f ord) og onsket spandingsamplitude (Uﬁwd) ved brug
af en direkte AC-spznding og frekvensstyring ved at styre
frekvensen og amplituden af den genererede AC-spanding,

. at styre den anden af de to omformerstationer, som er
forbundet til AC-netvarket, som er fungerende, for at holde DC-
spaendingen af HVDC-systemet ved nominel wveardi,

. at anvende den skabte Dbrospending (UV1; UV2) til at
aktivere transmissionslinierne, som er forbundet til den anden
af de mindst to AC-kraftstationer,

. at starte den anden af de mindst to AC-kraftstationer,

. at anvende den direkte AC-spanding- og frekvensstyring for
at holde effektbalancen mellem generering og forbrug, sa
spendingskildeomformeren fungerer som effektslack, dvs.
omformeren fungerer som en ensretter, der leverer strgm fra AC-
netvaerket til DC-siden, nar stromgenerationen er hgjere end
stregmforbruget, og omformeren fungerer som en omformer, der
leverer strem fra DC-siden til AC-netvaerket, nar

strgmgenerationen er lavere end stremforbruget.
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