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Description

Field of the invention

[0001] The invention generally relates to the field of
power compensation in a high-voltage power network,
and in particular to a modular voltage source converter
and to a chain-link cell module for a voltage source con-
verter according to the preambles of the independent
claims. In addition the invention relates to a method in a
voltage source converter.

Background of the invention

[0002] Modern society relies heavily upon electricity.
With deregulation and privatisation, electricity has be-
come a commodity as well as a means for competition.
Power quality, as a consequence, is coming into focus
to an extent hitherto unseen. Disturbances emanating
from any particular load will travel far, and, unless prop-
erly remedied, spread over the grid to neighbouring fa-
cilities. A traditional way to deal with the problem of poor
or insufficient quality of power distribution is to reinforce
the grid by building new lines, installing new and bigger
transformers, or moving the point of common coupling
to a higher voltage level.
[0003] Such measures, however, are expensive and
time-consuming, if they are at all feasible. A simple,
straightforward and cost-effective way of power quality
improvement in such cases is to install equipment espe-
cially developed of the purpose in the immediate vicinity
of the source(s) of disturbance. As an additional, very
useful benefit, improved process economy will often be
attained enabling a profitable return on said investment.
[0004] Within flexible alternating current transmission
systems (FACTS) a plurality of control apparatus are
known. One such FACTS apparatus is the static com-
pensator (STATCOM). A STATCOM comprises a volt-
age source converter (VSC) having an AC side connect-
ed to the AC network (transmission line) via an inductor
in each phase. The DC side is connected to a temporary
electric power storage means such as capacitors. In a
STATCOM the voltage magnitude output on the AC side
is controlled thus resulting in the compensator supplying
reactive power or absorbing reactive power from the
transmission line. With zero active power transfer, the
voltage over the DC capacitors is constant when assum-
ing that the converter losses are negligible. The VSC
comprises at least six self-commutated semiconductor
switches, each of which is shunted by a reverse or anti-
parallel connected diode. A STATCOM apparatus with
no active power source can only compensate for reactive
power, balancing load currents and remove current har-
monics in point of common connection by injecting cur-
rent harmonics with opposite phase.
[0005] By bringing together STATCOM and IGBT (In-
sulated Gate Bipolar Transistor) technologies, a compact
STATCOM with reactive power compensation is ob-

tained which offer possibilities for power quality improve-
ment in industry and power distribution. This perform-
ance can be dedicated to active harmonic filtering and
voltage flicker mitigation, but it also allows for the com-
pact STATCOM to be comparatively downsized, its foot-
print can be extremely small. The grid voltage profile may
be controlled according to a given optimal characteristic,
and the result is an enhanced grid capacity with a more
stable, strengthened and predictable behavior. One ex-
ample where the compact STATCOM, has proven to be
very useful is in the steel making industry. An electric arc
furnace (EAF) is a piece of equipment needed to make
steel products. For the grid owner and for the supplier of
electricity, the EAF user is a subscriber to power, i.e. a
customer, but in the worst case also a polluter of the grid.
Out of the EAF may well come an abundance of distortion
such as voltage fluctuations, harmonics and phase asym-
metry. Also, the grid may be subject to carrying large
amounts of reactive power, which is unintended and
gives rise to transmission and distribution losses as well
as impedes the flow of useful, active power in the grid.
[0006] An electric arc furnace is a heavy consumer not
only of active power, but also of reactive power. Also, the
physical process inside the furnace (electric melting) is
erratic in its nature, with one or several electrodes striking
electric arcs between furnace and scrap. As a conse-
quence, the consumption especially of reactive power
becomes strongly fluctuating in a stochastic manner. The
voltage drop caused by reactive power flowing through
circuit reactances in the electrodes, electrode arms and
furnace transformer therefore becomes fluctuating in an
erratic way, as well. This is called voltage flicker and is
visualized most clearly in the flickering light of incandes-
cent lamps fed from the polluted grid.
[0007] The problem with voltage flicker is attacked by
making the erratic flow of reactive power through the sup-
ply grid down into the furnaces decrease. This is done
by measuring the reactive power consumption and gen-
erating corresponding amounts in the compact STAT-
COM and injecting it into the system, thereby decreasing
the net reactive power flow to an absolute minimum. As
an immediate consequence, voltage flicker is decreased
to a minimum, as well.
[0008] Important added benefits are a high and con-
stant power factor, regardless of load fluctuations over
furnace cycles, as well as a high and stable bus RMS
voltage. These benefits can be capitalized as improved
furnace productivity as well as decreased operational
costs of the process in terms of lower specific electrode
and energy consumption and reduced wear on the fur-
nace refractory.
[0009] To parry the rapidly fluctuating consumption of
reactive power of the furnaces, an equally rapid compen-
sating device is required. This is brought about with the
state of the art power electronics based on IGBT tech-
nology. With the advent of such continuously controllable
semiconductor devices capable of high power handling,
VSCs with highly dynamic properties have become fea-
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sible far into the 100 MVA range.
[0010] The function of the VSC in this context is a fully
controllable voltage source matching the bus voltage in
phase and frequency, and with an amplitude which can
be continuously and rapidly controlled, so as to be used
as the tool for reactive power control.
[0011] The input of the VSC is connected to a capac-
itor, which is acting as a DC voltage source. At the out-
puts, the converter is creating a variable AC voltage. This
is done by connecting the voltages of the capacitor or
capacitors directly to any of the converter outputs using
the valves in the VSC. In converters that utilise Pulse
Width Modulation (PWM), the input DC voltage is nor-
mally kept constant when creating output voltages that
in average are sinusoidal. The amplitude, the frequency
and the phase of the AC voltage can be controlled by
changing the switching pattern.
[0012] In the compact STATCOM, the VSC uses a
switching frequency greater than 1 kHz. The AC voltage
across the reactor at full reactive power is only a small
fraction of the AC voltage, typically 15%. This makes the
compact STATCOM close to an ideal tool for fast reactive
power compensation.
[0013] For the compact STATCOM, the IGBT has been
chosen as the most appropriate power device. IGBT al-
lows connecting in series, thanks to low delay times for
turn-on and turn-off. It has low switching losses and can
thus be used at high switching frequencies. Nowadays,
devices are available with both high power handling ca-
pability and high reliability, making them suitable for high
power converters. Instead of the IGBTs another possi-
bility is to use Gate Turn-Off thyristors (GTO), Integrated
Gate Commutated Thyristors (IGCT), MOSFET or any
self commutated device.
[0014] As only a very small power is needed to control
the IGBT, the power needed for gate control can be taken
from the main circuit. This is highly advantageous in high
voltage converters, where series connecting of many de-
vices is used. At series connection of IGBTs, a proper
voltage division is important. Simultaneous turn-on and
turn-off of the series connected devices are essential.
[0015] The converter topology for a compact STAT-
COM may be a two level configuration. In a two-level
converter the output of each phase can be connected to
either the positive pole or the negative pole of the capac-
itor. The DC side of the converter is floating, or in other
words, insulated relative to ground. The two-level topol-
ogy makes two numbers of output voltage combinations
possible for each phase on the AC-side. One such con-
verter topology is shown in fig. 1.
[0016] An alternative to series connection of valve po-
sitions to achieve the necessary voltage rating is to con-
nect converter cells in series. In this way smoother AC
current and AC voltage waveforms are possible to obtain
with lower switching frequency and minimal filtering. One
such arrangement is series connection of single phase
full-bridge converters, which sometimes are referred to
as chain-link cells.

[0017] A chain-link based converter comprises a
number of series-connected cell modules, each cell com-
prising a capacitor, besides the valves. The DC-capacitor
of each such cell module is rather big compared to the
above described two-level static compensator, when
seen in relation to the total effect of the system.
[0018] A chain-link cell module may consists of four
IGBT positions and a DC link Capacitor bank as shown
schematically in figure 2. Each of the three VSC phases
consists of a number of chain-link cells, here shown in
series in the general diagram of figure 3 for a delta con-
nected arrangement. The phases can also be connected
in an Y-arrangement.
[0019] The number of cells in series in each phase is
proportional to the AC voltage rating of the system and
can, for high AC voltage systems, consequently include
a large number of cells.
[0020] It is necessary with such high power systems
with many cell modules in series to continue operation
of the system with failed cell modules in circuit in order
to achieve a reasonably high MTTR (Mean Time To Re-
pair). To allow for this failure mode of operation the in-
ventors have identified a number of requirements:

• A number of redundant cell modules are needed to
achieve the required MTTR figures.

• The failed cell module must be bypassed in a safe
way while the system is in operation.

• The system is kept operational for the duration of the
service interval despite failed cell modules.

• The failed cell modules are then replaced during
scheduled maintenance.

[0021] To be able to bypass a faulty cell module, it is
necessary to provide zero voltage across the AC termi-
nals of the cell. This can be achieved by using a very fast
mechanical switch or a solid-state relay (bidirectional thy-
ristor) or a combination of the two above solutions to allow
for low power losses as shown in figure 4 where these
known solutions are illustrated.
[0022] One example of a device for protecting convert-
er modules is disclosed in WO 2008/125494 where each
submodule of the device is associated with a short circuit
device, e.g. a vacuum switching tube, for short circuiting
the submodule. The short circuit device enables safe
bridging of a defective submodule.
[0023] The common features of these methods are that
they require additional and controllable components to
be introduced which inter alia adds on costs and com-
plexity to the system.
[0024] DE 10 2005 040 543 discloses a rectifier circuit
comprising a phase module with at least one upper and
one lower rectifier valve, said phase module being elec-
trically connected on a DC side to a positive and a neg-
ative DC busbar, each rectifier valve having at least two
bipolar subsystems electrically connected in series. A
protection component is connected in parallel to the con-
nector contacts of each subsystem. A rectifier circuit is
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thus obtained with distributed energy stores which can
be operated redundantly in case of fault.
[0025] DE 103 23 220 discloses a short circuit switch
for an error-affected part inverter comprises an interme-
diate circuit voltage converter with at least one interme-
diate capacitor energy store in series, with an electronic
semiconductor element in parallel with each capacitor.
The capacitor receives or controls a shorting current in
a failure and gives a capacitor potential.
[0026] WO 2008/074274 discloses that in order to pro-
duce a multilevel converter having converter modules
which have a plurality of power semiconductors, and hav-
ing a plurality of energy stores, which converter is of sim-
plified design and is compact, it is proposed that at least
one converter module be mounted on an energy store
such that it is load-bearing. Also, WO2008/074274 dis-
closes using protective covers to prevent an exploding
valve to damage other equipment (see abstract and page
4, line 31 to page 5 line 7).
[0027] "Static VAr Compensator (STATCOM) Based
on Single-Phase Chain Circuit Converters" by Ainsworth
et ai, discloses voltage source converter circuits, and es-
pecially the chain circuit, or chain link converter and its
advantages compared to solutions in the art. Redundan-
cy may be provided in that chain link converters may
have an extra link (or cell) per phase so that in case of
failure, the faulty link (or cell module) may be bypassed
(see §4.5 "Redundancy"in page 383 in said document).
[0028] "An Evaluation of the Cascaded H-Bridge Mul-
tilevel Inverter Topology for Direct-Drive Synchronous
Wind Farm Applications", by Callison, discloses the use
of H-bridge inverters at wind farm applications. In doing
so Callison also discuss inverters, and converters, in gen-
eral; according to Callison a multilevel H-bridge invert-
er/converter has an inherent redundancy, since a faulty
H-bridge cell i.e. an H-bridge cell that has a faulty switch,
presumably an open circuit failure, can be bypassed by
means of using other switches of the H-bridge cell (see
page 21 of the document).
[0029] Thus, the object of the present invention is to
remove the above drawbacks.

Summary of the invention

[0030] The above-mentioned object is achieved by the
present invention according to the independent claims.
[0031] Preferred embodiments are set forth in the de-
pendent claims.
[0032] A major advantage of the present invention is
that non faulty cell components of a cell module are con-
tinued to be used without adding on extra circuitry that
require active control.
[0033] According to the present invention embodi-
ments are disclosed for utilizing a faulty cell module de-
spite a single failure to provide zero voltage at the termi-
nals of the faulty cell module.
[0034] According to the invention it is assumed that
when a fault occurs in the cell it only affects one phase

leg of a cell module. Therefore it is possible to operate
the non-faulty phase leg in such a way that it can provide
zero output voltage across its AC terminals.
[0035] According to the embodiments of the present
invention there are included a control algorithm for oper-
ating the faulty cell module to achieve zero output volt-
age, the algorithm is discussed in the detailed part of the
description.
[0036] The modular VSC according to the invention
may be used for example to control the voltage on the
network (e.g. a transmission network, a sub transmission
network or a distribution network), by consuming or in-
jecting reactive power to the network.
[0037] The present invention will now be described in
detail by references to the appended drawings.

Short description of the appended drawings

[0038]

Figure 1 illustrates a prior art two-level static com-
pensator.
Figure 2 illustrates a cell module of a chain-link volt-
age source converter.
Figure 3 shows a general single line diagram for a
delta connected arrangement comprising a number
of chain-link cell modules in series.
Figure 4 illustrates three examples of prior art solu-
tions for short circuiting a cell module.
Figure 5 illustrates a cell module according to the
preferred embodiment of the present invention.
Figure 6 illustrates a cell module according to an
example not falling into the scope of the claims
Figure 7 is a schematic general block diagram of a
voltage source converter according to the present
invention.
Figure 8 is a schematic block diagram of a voltage
source converter where the present invention is im-
plemented.
Figure 9 illustrates one mode of operation of the
present invention.
Figure 10 illustrates a second mode of operation of
the present invention.
Figure 11 illustrates a further embodiment of the
present invention.
Figure 12 illustrates another embodiment of the
present invention.

Detailed description of preferred embodiments of the in-
vention

[0039] Figure 1 illustrates a prior art two-level static
compensator 1 without any transformers to step down
the power network voltage. The static compensator 1
comprises a VSC 2 connected at its DC side to a capacitor
3 and at its AC-side to a power network 8, also denoted
grid.
[0040] The conventional two-level VSC 2 comprises
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three phases P1, P2, P3 (the phases are denoted L1,
L2, L3 when describing the present invention), each
phase consisting of two series-connected valves. The
two valves of phase P1 are indicated at reference nu-
merals 9a, 9b. Each valve 9a, 9b in turn comprises a
transistor with an anti-parallel diode, or rather, in order
to manage high voltages, each valve comprises a
number of series-connected transistors, for example IG-
BTs, each IGBT having an anti-parallel diode.
[0041] The VSC 2 is connected to the grid 8, in figure
1 comprising a three phase network, via a phase reactor
4, via an optional starting resistor 5 connected in parallel
with a switch 6 and via an AC circuit breaker 7 in each
phase, if the current is too high for the converter. Each
phase, or at least two of them, comprises such phase
reactor, starting resistor (if needed), switch and circuit
breaker. The respective phases are connected to the
middle point of the respective phase P1, P2, P3, i.e. con-
nected between the respective valves as illustrated in
the figure. It is possible to reduce the number of compo-
nents by equipping (if needed) only two of the phases
with the starting resistor connected in parallel with the
switch. Only one phase is described in the following in
order to simplify the description, but it is understood that
the phases are similar.
[0042] When the grid-connected VSC 2 is to be ener-
gized and started, the circuit breaker 7 is switched so as
to provide a current path from the grid 8 through, if need-
ed, the starting resistor 5, the phase reactor 4, and
through the diodes of the VSC 2 so as to charge the
capacitor 3. When the capacitor voltage has reached a
predetermined level, the starting resistor 5 is short-
circuited by closing the parallel-connected switch 6. As
the starting resistor 5 is short-circuited, the capacitor volt-
age will increase a bit more and when it is high enough,
the valves of the VSC 2 are deblocked and start to switch.
The capacitor voltage is then controlled up to its reference
value.
[0043] The starting resistor 5 is provided in order to
protect the diodes of the VSC 2 from being damaged by
a too high and/or too long-lasting current surge, which
could occur upon closing the AC circuit breaker 7 without
the use of the starting resistor 5.
[0044] The stress put on the valves, and in particular
the diodes, of the VSC 2 depends on several factors, for
example the size of the DC-side capacitor 3, the size of
the phase reactors 4 and on the voltage levels of the
power network 8.
[0045] Figure 2 illustrates one converter cell module,
also denoted converter link or chain-link cell module, of
a modular voltage converter applicable in the present
invention. The cell module 10 comprises four valves 11,
12, 13, 14, each valve including a transistor switch, such
as an IGBT. In the following an IGBT is used as an ex-
ample, but it is noted, as mentioned above, that other
semiconductor devices could be used, for example Gate
Turn-Off thyristors (GTO), Integrated Gate Commutated
Thyristors (IGCT), MOSFET or any self commutated de-

vice. A free-wheeling diode, also denoted anti-parallel
diode, is connected in parallel with each IGBT. The diode
conducts in the opposite direction of the IGBT. The valves
11, 12, 13, 14 are connected in a full-bridge arrangement
with a capacitor unit 15.
[0046] The present invention will now be further de-
scribed. As soon as a fault in a cell module is detected
(this can be a gate unit failure or an IGBT failure), the
corresponding phase leg in the cell is blocked, the type
of failure is diagnosed using the information provided by
the available sensors in the different gate units of the cell
and the healthy phase leg is then operated accordingly
to provide zero output voltage. This is achieved under
the control of a fault handling control algorithm in syn-
chronism with the phase current and devices are
switched at zero current crossover for operating the faulty
cell module to achieve zero output voltage. This means
in practice that the non-faulty phase leg is switched at
fundamental frequency.
[0047] Thus, two design principles are used for the cell
construction:

1. The IGBT modules used are of the short circuit
failure mode types (such as the ones used in series
connection of IGBTs) so that the device goes into a
short circuit when failing. In this case the cell module
will be operated with the zero voltage control without
any additional components by using the faulty phase
leg of the cell module to provide current path through
the shorted IGBT or the diodes of the positions (if
the IGBT is open circuited or the gate unit is faulty).

2. Standard industrial IGBT modules are used which
can go into open circuit when failing. It is in this case
more likely that even the parallel diode is damaged
and cannot be used. Therefore, in this case a single
phase diode rectifier is connected in parallel (but pro-
tected from the cell) with each cell as shown in figure
5 in order to allow current paths when the faulty cell
is operated in a zero voltage mode.

[0048] The invention will now be described in particular
with references to figure 8. Thus, the voltage source con-
verter (VSC) which is based on a chain-link cell topology
comprises one or more phases (L1, L2, L3), where each
of said phases comprising one or more series-connected
chain-link cell modules (three in figure 8) connected to
each other. Each cell module includes four IGBTs, each
provided with one gate unit (GU), and each cell module
is assigned a cell control and protection unit which in turn
is connected to the converter control and protection de-
vice to which all units are connected.
[0049] An output voltage of the voltage source convert-
er is controlled by control signals, generated by the con-
trol and protection device, applied to said cell modules.
In case of failure of a chain-link cell module that module
is controlled, by the control signals, such that zero output
voltage is provided at its output voltage AC terminal
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(UAC). The control and protection device (responsible for
controlling the entire system) receives a fault signal from
a cell control and protection unit. The cell control and
protection unit receives information from available sen-
sors of the cell. The information includes e.g. the cell DC
voltage, the cell AC current and the health status of the
components of the cell. The cell control and protection
unit then identifies the type of failure from the sensor
signals and information of the type of failure is included
in the fault signal.
[0050] Figure 7 is a schematic general block diagram
of a voltage source converter according to the present
invention and the figure illustrates in particular the control
structure of the voltage source converter. In the figure a
GU unit represents the GUs for one cell module and the
arrows represent the control of the cell module. The cell
control and protection units include the control and pro-
tection units of one phase.
[0051] As indicated above in relation to figure 8 the cell
control and protection units supervise the function of the
cell modules by analysing the data obtained from the cell
module and coordinates the control of the GUs of one
cell. These units are then connected to the converter con-
trol and protection device which is responsible for the
overall control of the voltage source converter by apply-
ing the fault handling control algorithm.
[0052] As an alternative the GUs may be directly con-
nected to the converter control and protection device and
in that case all functionality of the cell control and pro-
tection unit may then be performed by that device.
[0053] When designing the voltage converter accord-
ing to the present invention a number of redundant cell
modules are needed in order to maintain the system in
operation despite one or more faulty cell modules which
have zero output voltage. The output voltage from each
non-faulty cell module is controlled such that there is a
possibility to increase its output voltage in order to com-
pensate the voltage loss from failing cell modules. By
arranging a number of redundant cell modules, where
the number is related to known failure probability of a cell
module and the output voltage demand, the system is
kept operational for the duration of the service interval
and the failed cell modules may then be replaced during
scheduled maintenance (assumed as one year).
[0054] In the following different types of cell operation
under fault conditions are presented and the require-
ments for continuous operation of the faulty cell under
different fault modes of the IGBT are listed.
[0055] As an example the maximum used phase cur-
rent is 1.8kA rms at 50Hz.
[0056] As soon as a fault is detected by the control and
protection device either through receiving an error mes-
sage from the GU included in a fault signal or establishing
by other means that a fault has occurred in an IGBT po-
sition, or if a GU does not respond, the phase leg with
the faulty position is immediately blocked and the other
phase leg is driven to provide zero AC voltage applying
fundamental switching frequency. A new lower DC volt-

age reference is given to this faulty cell in order to reduce
the voltage stresses on the other components of the cell.
This safety voltage level should be as low as possible
without affecting the energization of the GU. At this mo-
ment this DC voltage level is estimated to be in the range
of 500V-1000V.
[0057] A fault in a cell can be any one of a number of
different types of faults.
[0058] The initial action of the control and protection
unit as a fault is detected is to enter into a diagnostic
mode in order to determine which failure type has oc-
curred. The result of the failure type detection indicates
which failure mode to be used. These are briefly outlined
in the following, which all are related to case 1 above,
and with references to figures 9 and 10. In these figures
are shown the currents through relevant IGBTs of the
cell module (to the right in the figures) and also the phase
current and the transistor switching signal (below in the
figures).

Mode 1: Healthy diodes

[0059] If the diodes in the faulty phase leg are healthy
and the IGBTs are not short circuited, the other phase
leg of the faulty cell will then be operated at fundamental
switching frequency to provide zero output voltage at the
AC terminals in synchronism with the line current as
shown in Figure 9.
[0060] This fundamental switching frequency opera-
tion of the phase leg continues until next service period
(estimated as one year), unless a second failure occurs.
Note that this operating mode can also be implemented
when one of the GUs are out of function.

Mode 2: Shorted IGBT

[0061] If the IGBT in T2 is short circuited, then the zero
output voltage will be achieved by only switching T4 while
keeping T3 turned off as shown in Figure 10. Therefore
in this case the phase current will only flow in T4 and the
shorted IGBT. T3 and D1 will not carry any current.
[0062] With references to figure 6 an example not fall-
ing into the wording of the claims will be described in the
following.
[0063] Herein, each valve position is provided with a
mechanical bypass switch that may be remotely or man-
ually controlled so that when the switch is closed a faulty
valve is bypassed. The bypass switch is closed in re-
sponse of a bypass switch control signal generated by
the GU (not shown in the figure) thus being responsible
for the control of the switch. Preferably the bypass switch
control signal is applied to the bypass switch via an optical
cable. An advantage with this embodiment is that the
cost of such a closing switch is low due to that no special
requirement regarding speed of operation etc. is re-
quired.
[0064] The closing of the switch provides a low loss
path for the current through the faulty cell. Since each
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valve position is provided with a bypass switch, it is also
possible to close a second switch allowing the current to
bypass the faulty cell completely. The two switches may
be the ones across the lower valves or across the upper
valves.
[0065] The present invention also relates to a method
in a voltage source converter based on a chain-link cell
topology, said converter comprising one or more phases
(L1, L2, L3). Each of the phases comprising one or more
series-connected chain-link cell modules connected to
each other. The output voltage of the voltage source con-
verter is controlled by control signals, generated by the
control and protection device, applied to the cell modules.
The method comprises the following steps:

A) detecting a failure of a cell module,
B) analysing the failure,
C) determining the type of failure, and
D) controlling, in dependence of the failure type, the
module such that zero output voltage is provided at
its output voltage AC terminal (UAC).

[0066] The number of cells in series in each phase is
proportional to the AC voltage rating of the system and
can consequently include a large number of cells in se-
ries.
[0067] Due to the large number of cells in series and
to provide a high level of reliability and availability, a fail-
ure in a single cell should normally not lead to a tripping
of the converter and consequently some type of bypass
arrangement is needed, so that the faulty cell can be kept
in circuit while the converter is running until the next
planned service and maintenance of the converter.
[0068] The mechanical design of the cell must there-
fore be such that a short circuit (shoot through) failure in
an IGBT module should not lead to any damage to the
surrounding components.
[0069] The inventors have realized that if an industrial
IGBT module is used and a failure occurs then the IGBT
module would most probably explode resulting in that
material is spread to the surrounding areas and then com-
promising the function of neighbouring cell modules, or
even the entire system. Therefore some special design
and protection is needed in the event of an exploding
IGBT in order to allow continued operation after this fail-
ure utilizing the selected bypass arrangement.
[0070] The full-bridge converter is divided into two me-
chanically separated units each containing a phase leg
so that a failure in one phase leg does not damage the
second phase leg which allows the possibility of providing
the bypass means suggested above in connection with
embodiments disclosed above without the use of me-
chanical switches.
[0071] Figure 11 illustrates two side views (above), a
top view (below to the left), and a schematic phase leg
(below to the right), of a simplified design concept for the
construction of each phase leg. The design is protected
by a protective cover that facilitates directing the pressure

from a possible explosion away from sensitive parts of
the converter.
[0072] As illustrated in figures 11 and 12 the protective
cover completely encloses both valves of one phase leg.
[0073] Preferably, the protective cover is essentially a
box with rectangular surfaces, having an upper surface
and side surfaces and being open in the bottom for in-
sertion of the half-bridge. The cover is attached to the
circuitry by use of any suitable attachment means, e.g.
screws, hatches, glue, or a suitable frictional coupling.
Naturally other geometrical shapes may be possible as
long as the protective purpose is achieved, e.g. having
an elliptical cross-section.
[0074] Preferably the protective cover is made from a
material that possesses some degree of flexibility in order
to facilitate mounting and attachment, and furthermore
to facilitate arranging the electrical connections. Further
requirement with regard to the used material is naturally
that it should withstand heat and fire and having a me-
chanical strength that withstand outer mechanical stress-
es. Many different materials would be possible to use,
e.g. plastic materials.
[0075] Thus, the protective cover has two purposes, it
protects the circuitry from the outside and also protects
the neighbouring environment from contamination.
[0076] The electrical connections to the phase leg are
achieved using busbars with certain flexibility in the con-
struction to prevent mechanical damage to the busbars
outside the protective cover.
[0077] In the figures illustrating the protective cover al-
so gate units (GU) and DC capacitors are shown. These
are preferably arranged outside the protective cover.
[0078] In figure 12 side views and top views are shown,
respectively, for three different alternative configurations.
[0079] At the top is seen left and right mounting of the
phase leg in relation to the DC capacitors. The mid figure
illustrates a parallel connection of a phase leg according
to a first alternative, and the lowest figure illustrates a
parallel connection of a phase leg according to a second
alternative. For sake of simplicity not all parts are explic-
itly identified in the figure.
[0080] The busbar design is also made so that the AC
connection may be realized either on the left or the right
side of the module allowing greater flexibility in the valve
construction as well as simplifying parallel connection of
phase legs for high power needs. These different con-
nection possibilities are exemplified in the figures.
[0081] In the figures 11 and 12 are illustrated various
arrangements where the protective cover e.g. easily fa-
cilitates stacking of the components.
[0082] The present invention is not limited to the
above-described preferred embodiments. Various alter-
natives, modifications and equivalents may be used.
Therefore, the above embodiments should not be taken
as limiting the scope of the invention, which is defined
by the appending claims.
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Claims

1. A modular voltage source converter (VSC) compris-
ing one or more phases (L1, L2, L3), each of said
phases comprising one or more converter cell mod-
ules connected in series to each other, each of said
converter cell modules comprising two phase legs
with valves, each valve (11, 12, 13, 14) comprises
an insulated gate bipolar transistor (IGBT) with an
anti-parallel diode, each of said converter cell mod-
ules comprises four valves (11, 12, 13, 14) arranged
in a full-bridge connection, and wherein the valve,
upon a failure, enters a short circuit mode, an output
voltage of said voltage source converter is controlled
by control signals applied to said cell modules, each
of said converter cell modules comprises four valves
(11, 12, 13, 14) arranged in two half-bridge connec-
tions, and wherein said half bridge connection com-
prises two of said valves forming a phase leg,
characterized in that said full-bridge connection be-
ing divided into two mechanically separate units by
means of protective covers, each protective cover
arranged to completely enclose the two valves of a
phase leg in order to protect the environment in case
of fire or explosion, and wherein in case of failure in
a phase leg of a converter cell module, that module
is controlled only by the control signals controlling
the valves of the non-faulty phase leg of said con-
verter cell module, such that zero output voltage is
provided at its output voltage AC terminal (UAC).

2. Voltage source converter according to claim 1,
wherein an additional number of converter cell mod-
ules are provided in each phase to ensure trip free
operation during service interval.

3. Voltage source converter according to claim 1,
wherein each of said valves is of a press pack design.

4. Voltage source converter according to claim 3,
wherein each of said converter cell module is as-
signed a gate unit (GU) being physically connected
to the valve, said control signals are valve turn on
and turn off signals applied via said gate unit, and
said gate unit is adapted to receive detection signals
from the cell module.

5. Voltage source converter according to claim 1, fur-
ther comprising a cell control and protection unit ar-
ranged to generate a fault signal if any fault is de-
tected in any of said converter cell modules, said
fault signal is applied to a control and protection de-
vice responsible for the overall control of the voltage
source converter.

6. Voltage source converter according to claim 5,
wherein the total output voltage from the converter
is maintained by controlling, by said control signals,

non-faulty cell modules to increase their output volt-
ages to compensate for zero output voltage from one
or more faulty cell modules in accordance with a fault
handling control algorithm.

7. Voltage source converter according to claim 6,
wherein said fault handling control algorithm is ap-
plied by said control and protection device when a
fault signal is detected.

8. Voltage source converter according to claim 1,
wherein if one IGBT (T2) is short circuited, then the
zero output voltage will be achieved by only switch-
ing the IGBT (T4) in the other phase leg, opposite to
the short circuited IGBT, while keeping the other IG-
BT (T3) in that healthy phase leg turned off resulting
in that current will only flow in the IGBT (T4) in the
other phase leg, opposite to the short circuited IGBT,
and the short circuited IGBT (T2).

9. Voltage source converter according to any of the pre-
ceding claims, wherein said three phases (L1, L2,
L3) are connected in a delta configuration.

10. Voltage source converter according to any of claims
1-8, wherein said three phases (L1, L2, L3) are con-
nected in a Y configuration.

11. Voltage source converter according to any of claims
1-10, wherein each protective cover is essentially a
box having rectangular surfaces having an open bot-
tom surface and encloses completely the two valves.

12. Method in a voltage source converter (VSC) based
on a converter cell topology, said converter compris-
ing one or more phases (L1, L2, L3), each of said
phases comprising one or more series-connected
converter cell modules connected to each other,
each of said converter cell modules comprising two
phase legs with valves, each valve (11, 12, 13, 14)
comprises an insulated gate bipolar transistor (IG-
BT) with an anti-parallel diode, each of said converter
cell modules comprises four valves (11, 12, 13, 14)
arranged in a full-bridge connection, and wherein the
valve, upon a failure, enters a short circuit mode, an
output voltage of said voltage source converter is
controlled by control signals, generated by a control
and protection device, applied to said cell modules,
and each of said converter cell modules comprises
four valves (11, 12, 13, 14) arranged in two half-
bridge connections, and wherein said half bridge
connection comprises two of said valves forming a
phase-leg, said full-bridge connection being divided
into two mechanically separate units by means of
protective covers, each protective cover arranged to
completely enclose the two valves of a phase leg in
order to protect the environment in case of fire or
explosion, and wherein the method comprises the
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following steps:

A) detecting a failure in a phase leg of a cell
module,
B) analysing the failure,
C) determining the type of failure, and
D) controlling, in dependence of the failure type,
the valves of only the non-faulty phase leg of the
module such that zero output voltage is provided
at its output voltage AC terminal (UAC).

Patentansprüche

1. Modularer Spannungsquellen-Umsetzer (VSC), um-
fassend eine oder mehrere Phase(n) (L1, L2, L3),
wobei jede der Phasen eine oder mehrere Umsetzer-
Zellenmodul(e) umfasst, die in Serie miteinander an-
geschlossen sind, wobei jedes der Umsetzer-Zellen-
module zwei Phasenzweige mit Ventilen umfasst,
wobei jedes Ventil (11, 12, 13, 14) einen bipolaren
Transistor mit isoliertem Gate (IGBT) mit einer anti-
parallelen Diode umfasst, jedes der Umsetzer-Zel-
lenmodule vier Ventile (11, 12, 13, 14) umfasst, die
in einem Vollbrücken-Anschluss angeordnet sind,
und wobei das Ventil bei einer Störung in einen Kurz-
schluss-Modus eintritt, eine Ausgangsspannung
des Spannungsquellen-Umsetzers durch Steuersi-
gnale gesteuert ist, die auf die Zellenmodule ange-
wendet sind, jedes Umsetzer-Zellenmodul vier Ven-
tile (11, 12, 13, 14) umfasst, die in zwei Halbbrücken-
Anschlüssen angeordnet sind und wobei der Halb-
brücken-Anschluss zwei der Ventile umfasst, die ei-
nen Phasenzweig bilden, dadurch gekennzeich-
net, dass der Vollbrücken-Anschluss mittels
Schutzabdeckungen in zwei mechanisch getrennte
Einheiten unterteilt ist, wobei jede Schutzabdeckung
angeordnet ist, um die zwei Ventile eines Pha-
senzweigs vollumfänglich einzuschließen, um die
Umgebung für den Fall von Feuer oder Explosion zu
schützen, wobei das Modul für den Fall einer Störung
in einem Phasenzweig eines Umsetzer-Zellenmo-
duls nur durch die Steuersignale gesteuert ist, die
die Ventile des nicht gestörten Phasenzweigs des
Umsetzer-Zellenmoduls derart steuern, dass an sei-
nem Ausgangsspannungs-Wechselstromterminal
(UAC) Null Ausgangsspannung bereitgestellt ist.

2. Spannungsquellen-Umsetzer nach Anspruch 1, wo-
bei eine zusätzliche Anzahl von Umsetzer-Zellen-
modulen in jeder Phase bereitgestellt ist, um wäh-
rend des Dienstintervalls einen Freiauslösungs-Be-
trieb zu gewährleisten.

3. Spannungsquellen-Umsetzer nach Anspruch 1, wo-
bei jedes Ventil ein Packpress-Design aufweist.

4. Spannungsquellen-Umsetzer nach Anspruch 3, wo-

bei jedes Umsetzer-Zellenmodul einem Gate-Ele-
ment (GU) zugeordnet ist, das physisch an das Ventil
angeschlossen ist, wobei die Steuersignale Signale
Ventile zum Ein- und Ausschalten des Ventils sind,
die auf das Gate-Element angewendet sind, und das
Gate-Element geeignet ist, um Erfassungssignale
vom Zellenmodul zu empfangen.

5. Spannungsquellen-Umsetzer nach Anspruch 1, wei-
terhin umfassend eine Zellsteuer- und Schutzein-
heit, die angeordnet ist, um ein Störsignal zu erzeu-
gen, wenn eine Störung in einem der Umsetzer-Zel-
lenmodule erfasst ist, wobei das Störsignal auf eine
Steuer- und Schutzvorrichtung angewendet ist, die
für die Gesamtsteuerung des Spannungsquellen-
Umsetzers verantwortlich ist.

6. Spannungsquellen-Umsetzer nach Anspruch 5, wo-
bei die Gesamt-Ausgangsspannung vom Umsetzer
durch Steuern der nicht gestörten Zellenmodule
durch die Steuersignale aufrecht erhalten ist, um de-
ren Ausgangsspannungen zu erhöhen, um die Null
Ausgangsspannung von einem oder mehreren ge-
störten Zellenmodul(en) gemäß einem Steueralgo-
rithmus zur Störungsbearbeitung auszugleichen.

7. Spannungsquellen-Umsetzer nach Anspruch 6, wo-
bei der gestörte Steueralgorithmus zur Störungsbe-
arbeitung durch die Steuer- und Schutzvorrichtung
angewendet ist, wenn ein Störsignal erfasst ist

8. Spannungsquellen-Umsetzer nach Anspruch 1, wo-
bei, wenn ein IGBT (T2) kurzgeschlossen ist, die Null
Ausgangsspannung dann nur durch Schalten des
IGBTs (T4) in dem anderem Phasenzweig gegenü-
ber dem kurzgeschlossenen IGBT erreicht ist, wäh-
rend der andere IGBT (T3) in dem gesunden Pha-
senzweig ausgeschaltet ist, was dazu führt, dass der
Strom nur in dem IGBT (T4) in dem anderen Pha-
senzweig gegenüber dem kurzgeschlossenen IGBT
und dem kurzgeschlossenen IGBT (T2) fließen wird.

9. Spannungsquellen-Umsetzer nach irgendeinem der
voranstehenden Ansprüche, wobei die drei Phasen
(L1, L2, L3) in einer Deltakonfiguration angeschlos-
sen sind.

10. Spannungsquellen-Umsetzer nach irgendeinem der
Ansprüche 1 - 8, wobei die genannten drei Phasen
(L1, L2, L3) in einer Y-Konfiguration angeschlossen
sind.

11. Spannungsquellen-Umsetzer nach irgendeinem der
Ansprüche 1 - 10, wobei jede Schutzabdeckung im
Wesentlichen eine Box mit rechteckigen Flächen mit
einer offenen Bodenfläche ist und die zwei Ventile
vollumfänglich einschließt.
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12. Verfahren in einem Spannungsquellen-Umsetzer
(VSC), das auf einer Umsetzerzellen-Typologie ba-
siert, wobei der Umsetzer eine oder mehrere Phase
(n) (L1, L2, L3) umfasst, wobei jede der Phasen ein
oder mehrere, in Serie geschaltete Umsetzer-Zel-
lenmodul(e) umfasst, die aneinander angeschlos-
sen sind, wobei jedes Umsetzer-Zellenmodul zwei
Phasenzweige mit Ventilen umfasst, jedes Ventil
(11, 12, 13, 14) einen bipolaren Transistor mit iso-
liertem Gate (IGBT) mit einer antiparallelen Diode
umfasst, jedes der Umsetzer-Zellenmodule vier
Ventile (11, 12, 13, 14) umfasst, die in einem Voll-
brücken-Anschluss angeordnet sind und wobei das
Ventil bei einer Störung in einen Kurzschluss-Modus
eintritt, eine Ausgangsspannung des Spannungs-
quellen-Umsetzers durch Steuersignale gesteuert
ist, die durch eine Steuer- und Schutzvorrichtung er-
zeugt sind, die auf die Zellenmodule angewendet ist,
und jedes der Umsetzer-Zellenmodule vier Ventile
(11, 12, 13, 14) umfasst, die in zwei Halbbrücken-
Anschlüssen angeordnet sind, und wobei der Halb-
brücken-Anschluss zwei der Ventile umfasst, die ei-
nen Phasenzweig formen, wobei der Vollbrücken-
Anschluss mittels Schutzabdeckungen in zwei me-
chanisch getrennte Elemente unterteilt ist, wobei je-
de Schutzabdeckung angeordnet ist, um die zwei
Ventile eines Phasenzweigs vollumfänglich einzu-
schließen, um die Umgebung für den Fall von Feuer
oder Explosion zu schützen und wobei das Verfah-
ren die folgenden Schritte umfasst:

A) Erfassung einer Störung in einem Pha-
senzweig eines Zellenmoduls,
B) Analysieren der Störung,
C) Bestimmen des Typs der Störung und
D) in Abhängigkeit vom Typ der Störung Steuern
der Ventile nicht nur des nicht gestörten Pha-
senzweigs des Moduls derart, dass an seinem
Ausgangsspannungs-Wechselstromterminal
(UAC) Null Ausgangsspannung bereitgestellt ist.

Revendications

1. Convertisseur de source de tension (VSC) modulai-
re comprenant une ou plusieurs phases (L1, L2, L3),
chacune desdites phases comprenant un ou plu-
sieurs modules de cellule de convertisseur connec-
tés en série les uns aux autres, chacun desdits mo-
dules de cellule de convertisseur comprenant deux
pattes de phase avec des valves, chaque valve (11,
12, 13, 14) comprenant un transistor bipolaire à grille
isolée (IGBT) avec une diode anti-parallèle, chacun
desdits modules de cellule de convertisseur com-
prenant quatre valves (11, 12, 13, 14) disposées en
connexion plein-pont, et dans lequel la valve, en cas
de panne, passe en un mode de court-circuit, une
tension de sortie dudit convertisseur de source de

tension est commandée par des signaux de com-
mande appliqués auxdits modules de cellule, cha-
cun desdits modules de cellule de convertisseur
comprend quatre valves (11, 12, 13, 14) disposées
en deux connexions demi-pont, et dans lequel ladite
connexion demi-pont comprend deux desdites val-
ves formant une patte de phase ;
caractérisé en ce que ladite connexion plein-pont
est divisée en deux unités mécaniquement séparées
par le biais de caches de protection, chaque cache
de protection étant disposé de manière à enfermer
complètement les deux valves d’une patte de phase
afin de protéger l’environnement en cas de feu ou
d’explosion, et dans lequel en cas de panne dans
une patte de phase d’un module de cellule de con-
vertisseur, ce module est commandé uniquement
par les signaux de commande commandant les val-
ves de la patte de phase non défaillante dudit module
de cellule de convertisseur de sorte qu’une tension
de sortie de zéro est fournie à sa borne CA de tension
de sortie (UAC).

2. Convertisseur de source de tension selon la reven-
dication 1, dans lequel un nombre additionnel de mo-
dules de cellule de convertisseur est prévu dans cha-
que phase pour assurer un fonctionnement sans ex-
cursion durant un intervalle de service.

3. Convertisseur de source de tension selon la reven-
dication 1, dans lequel chacune desdites valves a
un concept press-pack.

4. Convertisseur de source de tension selon la reven-
dication 3, dans lequel chacun desdits modules de
cellule de convertisseur se voit attribuer une unité
de grille (GU) qui est physiquement connectée à la
valve, lesdits signaux de commande sont des si-
gnaux de marche et arrêt de valve appliqués via la-
dite unité de grille, et ladite unité de grille est conçue
pour recevoir des signaux de détection depuis le mo-
dule de cellule.

5. Convertisseur de source de tension selon la reven-
dication 1, comprenant en outre une unité de com-
mande et de protection de cellules conçue pour gé-
nérer un signal de panne si une quelconque panne
est détectée dans un quelconque desdits modules
de cellule de convertisseur, ledit signal de panne
étant appliqué à un dispositif de commande et de
protection responsable de la commande globale du
convertisseur de source de tension.

6. Convertisseur de source de tension selon la reven-
dication 5, dans lequel la tension de sortie totale de-
puis le convertisseur est maintenue en comman-
dant, avec lesdits signaux de commande, des mo-
dules de cellule non défaillants pour augmenter leurs
tensions de sortie afin de compenser la tension de
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sortie de zéro depuis un ou plusieurs modules de
cellule défaillants conformément à un algorithme de
commande de gestion de panne.

7. Convertisseur de source de tension selon la reven-
dication 6, dans lequel ledit algorithme de comman-
de de gestion de panne est appliqué par ledit dispo-
sitif de commande et de protection lorsqu’un signal
de panne est détecté.

8. Convertisseur de source de tension selon la reven-
dication 1, dans lequel si un IGBT (T2) est court-
circuité, alors la tension de sortie de zéro sera obte-
nue en commutant uniquement l’IGBT (T4) dans
l’autre patte de phase, opposée à l’IGBT court-cir-
cuité, tout en maintenant l’autre IGBT (T3) dans cette
patte de phase saine arrêté résultant en ce que le
courant va uniquement circuler dans l’IGBT (T4)
dans l’autre patte de phase, opposée à l’IGBT court-
circuité, et l’IGBT (T2) court-circuité.

9. Convertisseur de source de tension selon l’une quel-
conque des revendications précédentes, dans le-
quel lesdites trois phases (L1, L2, L3) sont connec-
tées selon une configuration delta.

10. Convertisseur de source de tension selon l’une quel-
conque des revendications 1 à 8, dans lequel lesdi-
tes trois phases (L1, L2, L3) sont connectées selon
une configuration en Y.

11. Convertisseur de source de tension selon l’une quel-
conque des revendications 1 à 10, dans lequel cha-
que cache de protection consiste essentiellement en
un boîtier possédant des surfaces rectangulaires
ayant une surface inférieure ouverte, et enferme
complètement les deux valves.

12. Procédé, dans un convertisseur de source de ten-
sion (VSC) basé sur une topologie de cellule de con-
vertisseur, ledit convertisseur comprenant une ou
plusieurs phases (L1, L2, L3), chacune desdites pha-
ses comprenant un ou plusieurs modules de cellule
de convertisseur connectés en série connectés les
uns aux autres, chacun desdits modules de cellule
de convertisseur comprenant deux pattes de phase
avec des valves, chaque valve (11, 12, 13, 14) com-
prenant un transistor bipolaire à grille isolée (IGBT)
avec une diode anti-parallèle, chacun desdits mo-
dules de cellule de convertisseur comprenant quatre
valves (11, 12, 13, 14) disposées en connexion plein-
pont, et dans lequel la valve, en cas de panne, passe
en un mode de court-circuit, une tension de sortie
dudit convertisseur de source de tension est com-
mandée par des signaux de commande, générés
par un dispositif de commande et de protection, ap-
pliqués auxdits modules de cellule, et chacun desdits
modules de cellule de convertisseur comprend qua-

tre valves (11, 12, 13, 14) disposées en deux con-
nexions demi-pont, et dans lequel ladite connexion
plein-pont comprend deux desdites valves formant
une patte de phase, ladite connexion demi-pont
étant divisée en deux unités mécaniquement sépa-
rées par le biais de caches de protection, chaque
cache de protection étant disposé de manière à en-
fermer complètement les deux valves d’une patte de
phase afin de protéger l’environnement en cas de
feu ou d’explosion, et le procédé comprenant les éta-
pes suivantes :

A) détecter une panne dans une patte de phase
d’un module de cellule ;
B) analyser la panne ;
C) déterminer le type de panne ; et
D) commander, en fonction du type de panne,
les valves d’uniquement la patte de phase non
défaillante du module de sorte qu’une tension
de sortie de zéro soit fournie à sa borne CA de
tension de sortie (UAC).
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