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Description

Sub-module of a modular braking unit, braking unit, and method

for operating the braking unit

The invention relates to a sub-module of a modular braking unit
and a braking unit that is connected to a DC transmission
network, wherein each sub-module comprises an inverse diode and
a storage capacitor, which is arranged in parallel to said
inverse diode by way of a free-wheel diode, and also an energy-
consuming switching unit that is connected to the storage

capacitor.

Such a sub-module is frequently used in a known braking unit,
as 1is illustrated in figure 1. Each sub-module 1 of the known
braking unit 2 comprises in each case an inverse diode 3 and a
free-wheel diode 4 by way of which a storage capacitor 5 is
charged. An energy-consuming switching unit 6 that can be
controlled independently is connected to the storage capacitor
5; the energy-consuming switching units 6 of the braking unit 2
can therefore be controlled in each case individually. The
energy-consuming switching unit 6 comprises an energy-consuming
element, for example an ohmic resistor 7 that is connected by
way of semi-conductor power switching element 8 to the storage
capacitor 5. In the case of this known braking unit, the
energy-consuming switching units 6 are therefore integrated in
the braking unit. The known braking unit 2 comprises on the one
hand an external connection X1 and on the other hand a further
external connection X2 that is connected by way of a
concentrated or distributed inductance 9 to the series

connection of the sub-modules 1.

The storage capacitors 6 are embodied relatively large so that
the respective semi-conductor power switching elements 8 can be
controlled in a time off-set manner. The technical demand
placed on achieving this and the switching behaviour 1is

consequently comparatively small since 1t is not necessary to
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provide a hard series connection of the sub-module 1. In order
to achieve a controllable current flow through the braking unit
and consedquently to achieve an energy conversion, the
individual semi-conductor power switching elements 8 are
controlled by way of the method that is usual in MMC (modular
multilevel convertor) technology. These methods can use sorting
algorithms or a dedicated pulse width modulation for each sub-
module, both of which have the control objective of keeping all

capacitor voltages almost equal.

Such a known braking unit is used by way of example in the case
of a DC transmission network that is connected to an inverter
in order to be able the discharge the full power output of the
DC transmission network for a few seconds 1in the event of a
fault occurring on the AC-side in the inverter. During this
time period, it 1s possible to detect an AC-side fault and to
bring the inverter Dback into operation without adversely
affecting the rectifier, which 1is feeding into the DC
transmission networks, and the AC networks that is being

supplied thereby.

The published patent application DE 10 2008 045 247 Al
discloses a convertor having distributed braking resistors. In
this case, the braking resistors are each part of a bipolar
sub-module. The sub-modules are connected 1in series so as to

form a sub-module series circuit.

The published patent application DE 10 2012 220 388 Al
discloses a convertor having a plurality of convertor cells
connected in series. Each convertor cell has an energy source
for supplying energy to the convertor cell and semiconductor
switches for generating a positive or negative voltage at the
output of the convertor cell. A bypass switch is arranged at
the output of each convertor cell in order, in the event of a

defective convertor cell, to short-circuit this convertor cell.
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The document CN 102957378 A discloses a modular multilevel
convertor having a multiplicity of sub-modules. The sub-modules
each have power electronic components, a capacitor and a
resistor. Electrical energy can be converted into thermal

energy by means of the resistor.

The article “Projects BorWin2 and HelWinl - Large Scale
Multilevel Voltage-Sourced Converter Technology for Bundling of
Offshore Windpower” by V. Hussennether et al., CIGRE 2012, 9
March 2012, XP055489887, and the article “Trans Bay Cable - A
Breakthrough of VSC Multilevel Converters in HVDC Transmission”
by J. Dorn et al., CIGRE 2012 San Francisco Colloquium, 9 March
2012, pages 2712-2720, XP055489881, disclose a high-voltage DC
ftransmission system having braking unit modules. Each braking

unit module has an individual braking resistor.

In order to embody the sub-module of a braking unit of the type
mentioned in the introduction in such a manner that in the
waiting/idle state the braking unit has relatively small power
losses, an actively switchable semi-conductor bypass path is
provided in accordance with the invention parallel to the

inverse diode in the case of the sub-module.

The invention is defined by the independent claims. Preferred

embodiments are described by the dependent claims.

An essential advantage of the sub-module in accordance with the
invention resides in the fact that as a result of an actively
switchable semi-conductor bypass path a braking unit that is
equipped with such a sub-module can be operated as a boost
convertor with regard to the sum of voltages of its storage
capacitors. The storage capacitor of the sub-module in
accordance with the invention is therefore a true, controllable
energy storage device so that the sum of the voltages at the
storage capacitors of the sub-modules of a braking unit can be
greater than the voltage that 1s prevailing at the external

connections of the braking unit. A further advantage resides in
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the fact that the energy-consuming switching unit can be
designed to a great extent independently from the voltage at
the external connections of the braking unit so that the
resistance value of the actively switchable semi-conductor
bypass path can be configured on the one hand in an improved
manner and on the other hand independently from the prevailing
voltage with the characteristics of the semi-conductor switch
that 1s connected thereto. This additionally provides the
advantage that the 1inverse diode of +the sub-module in
accordance with the 1invention can be designed for smaller

currents.

In the case of the sub-module in accordance with the invention,
the semi-conductor bypass path comprises a semi-conductor power
switch. It is preferred that this semi-conductor power switch
is a bipolar transistor having an insulated gate electrode
(IGBT) .

The sub-module can also be embodied in different ways with
respect to the energy-consuming switching unit. In the case of
an advantageous embodiment, the energy-consuming switching unit
is an ohmic resistor that 1s arranged in parallel with the
storage capacitor by way of a power semi-conductor switching
element. This provides the advantage that better use can be
made of the semi-conductor power switch and the semi-conductor
power switching element of each sub-module: in addition it
provides the opportunity that only a few sub-modules are
required when connecting the sub-module to a braking unit,
which advantageously results 1in a cost reduction and in the

braking unit requiring less installation space.

However, 1t can also be advantageous 1f the energy-consuming
switching unit is a non-linear resistor that 1s arranged
directly in parallel with the capacitor; the energy-consuming
switching unit is therefore embodied in this case in a purely
passive manner. The semi-conductor power switching element is

therefore omitted in this case, which has an advantageous
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effect with respect to the costs and the installation space
required for the individual sub-module and consequently also
for a braking unit that is constructed from such sub-modules.
In the case of this embodiment of the sub-module in accordance
with the invention, the non-linear resistors in the sub-modules
can be effectively switched or switched on by way of
correspondingly controlling the semi-conductor power switches
in the semi-conductor bypass path in conjunction with the sub-
modules merely by way of raising or lowering the voltage at the
storage capacitor. The advantage 1is also produced in the case
of this embodiment of the sub-module 1in accordance with the
invention that the semi-conductor power switches and the semi-
conductor power switching elements can be designed in an
improved manner and consequently the number of sub-modules

required can be reduced.

It has proven to be particularly advantageous if the energy-
consuming switching element in the form of a non-linear
resistor is an overvoltage arrestor. In the case of a braking
unit that is embodied with such sub-modules, it is possible to
increase the converted power the greater the number of sub-
modules averaged over time are adjusted to a capacitor voltage
at which the non-linear resistor or overvoltage arrestor is

conductive.

In order to obtain a braking unit that has a relatively small
power loss, a braking unit is provided in accordance with the
invention that is connected to a DC transmission system and is
constructed in accordance with the invention from multiple sub-
modules that are arranged in series, such as are described

above in detail.

Such a braking unit is inter alia advantageous insofar as it
can comprise as a minimal resistance the sum of all resistors
of the energy-consuming switching units. In this case, all
these switching elements are switched on when using sub-modules

that comprise energy-consuming switching units having in each
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case a semi-conductor power switching element. The smallest
resistance of the braking unit in accordance with the invention
is zero if all semi-conductor power switches in the semi-
conductor bypass path are switched on. It is thus possible in
an advantageous manner to build up the current flowing through

the braking unit in a comparatively quick manner.

The same applies for the case that a current flowing through
the braking unit is to be reduced rapidly. In this case, the
voltage at the storage capacitors can be kept stationary
considerably greater than the DC voltage at the external
connections of the braking unit. It is possible at any time to
build up a high counter-voltage and to rapidly commutate

downwards the current flowing through the braking unit.

In the <case of the braking unit 1in accordance with the
invention, an additional energy-consuming switching unit is
provided arranged 1n series with the sub-modules that are
arranged 1in series. In this case, each sub-module is to be
dimensioned in a relatively simple manner because the voltage
at the braking unit in accordance with the invention can be
adjusted over a wide range. This additional energy-consuming
switching unit is a resistor arrangement. As a result of being
able to adjust the voltage at the braking unit in an almost
continuous manner, said unit is exposed to relatively low
pulsed loads. The additional energy-consuming resistor
arrangement can therefore be achieved in a comparatively
advantageous manner. Furthermore, the costs can be further
reduced Dbecause the additional energy-consuming resistor
arrangement is more cost effective with regard to its power
output than the resistors or overvoltage arrestors of the sub-
modules. This additional energy-consuming resistor arrangement
can be placed advantageously outside a convertor housing that
houses the braking wunit, as a consequence of which the
convertor housing and its cooling systems can be constructed

with smaller dimensions.
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A further advantage of the braking unit in accordance with the
invention resides in the fact that in the stationary and also
blocked state 1t can be symmetrically balanced 1in a very
advantageous manner since the transverse current flowing
through the braking unit does not have to flow through all the
resistors of the sub-modules of the braking unit. As a
consequence, the braking unit loses less power when idling. The
resistors of the energy-consuming switching units are moreover
not pre-heated as a result of symmetrically balancing the
braking unit and as a result can absorb more energy than in the

case of the known braking unit described in the introduction.

In the case of a particularly advantageous embodiment of the
braking unit in accordance with the invention, a measuring
device for the current flowing through the sub-modules of the
braking unit that are arranged in series and measuring devices
for the voltages at the sub-modules are connected to a control
arrangement that is suitable in the event of a fault occurring
in the inverter to output control signals to the power semi-
conductor switches of the sub-modules so as to adjust the
voltages at the sub-modules according to an optimization
criterion. This occurs 1in the case of a braking unit that is
connected to an inverter if a fault has occurred on the AC side
in an inverter that 1is connected to the braking unit in

accordance with the invention.

The above described embodiment of the braking unit in
accordance with  the invention 1is therefore above all
advantageous because with said braking unit the total losses in
the sub-modules and consequently the total loss of the braking
unit is comparatively small and its maximal power output is
relatively high. This is due to the fact that the temperature
of the respective hottest semi-conductor power switches is
reduced and it is thus possible to increase the maximal power
output of the respective sub-module and consequently of the
entire braking unit. During an optimal adjustment of the

voltage at the sub-modules or of the voltage at the storage
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capacitors, the maximal power output of the braking unit can be
increased by up to 20% with respect to an embodiment that does
not have the facility for the optimal adjustment of the sub-

module voltage.

Moreover, the invention relates to a method for operating a
braking unit of the above described embodiment 1in accordance
with the invention in the event of a fault in an inverter that
is connected to the DC transmission network, wherein the object
of said invention is to design this method so that the total
losses in the sub-modules and consequently the total loss of
the braking unit are comparatively small and the maximal power

output relatively high.

In order to achieve this object, the current flowing through
the sub-modules that are arranged in series and the voltages at
the individual sub-modules are determined in accordance with
the invention and the ascertained wvalues for the current and
the voltages at the sub-modules are used to establish a
prevailing working point of the respective sub-module; with
respect to at least one predetermined optimization criterion
for the braking unit, the voltages at the sub-modules are
adjusted according to the optimization criterion with reference
to the respective prevailing working point by means of
switching the actively switchable semi-conductor bypass path or
the energy-consuming switching unit. It goes without saying
that it 1s necessary in so doing for the energy-consuming
switching unit to be switchable in each case, in other words to
comprise an ohmic resistor that can be switched by way of a
power semi-conductor switching element 1in parallel with the

respective storage capacitor.

An essential advantage of the method in accordance with the
invention 1s regarded to be that the temperature of the
respective hottest semi-conductor power switch is reduced and
thus the power output of the respective sub-module and

consequently the power output of the entire braking unit can be
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increased. In the case of an optimal adjustment of the sub-
module voltage, the maximal power output of the braking unit

can be increased by up to 20%.

In the case of the method in accordance with the invention, in
the case of an optimization c¢riterion that takes into
consideration the temperature behaviour of the semi-conductor
power switches, the semi-conductor power switching elements,
the inverse diode and also of the free-wheel diode as semi-
conductor components of the sub-modules with reference to the
respective working point of the semi-conductor components for
different voltages, switching and conductive losses of the
semi-conductor components of the respective sub-modules are
calculated and temperature increases 1in the semi-conductor
components and also the temperatures of the semi-conductor
components in the event of a fault 1in dependence upon the
duration of the fault are determined; subsequently the
temperature difference with respect to the maximal admissible
depletion layer temperature of the respective semi-conductor
component is determined for the respective working point of
each semi-conductor component of the sub-modules in the case of
the possible voltages at the sub-modules, and optimal voltages

are set at the sub-modules using the objective function.

In so doing, as the objective function 1in an advantageous
manner, 1in the case of an optimization criterion that takes
into consideration the temperature behaviour of the semi-
conductor components of the sub-modules with reference to the
respective working point of the semi-conductor components for
different voltages, switching and conductive losses of the
semi-conductor components of the respective sub-modules are
calculated and temperature increases 1in the semi-conductor
components and also the temperatures of the semi-conductor
components in the event of a fault 1in dependence upon the
duration of the fault are determined; the temperature
difference with respect to the maximal admissible depletion

layer temperature of the respective semi-conductor component is
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determined for the respective working point of each semi-
conductor component of the sub-modules 1in the case of the
possible voltages at the sub-modules, and optimal voltages are

set at the sub-modules using an objective function.

It is possible in so doing, irrespectively of the type of
optimization criterion, to determine the temperature increases
in the semi-conductor components and also the temperature of

the semi-conductor components using a thermal model.

As a further optimization criterion, it 1s possible 1in an
advantageous manner to determine the temperature increases in
the semi-conductor components and also the temperatures of the
semi-conductor components in the event of a fault using a

thermal model.

It is also possible to use as optimization criteria
additionally or alternatively a minimal ripple of the voltages
at the sub-modules, an identical mean temperature of the semi-
conductor components or a mixture of the two optimization
criteria. Also other optimization criteria can be used in the

case of the method in accordance with the invention.

For the purposes of further explaining the invention:

Fig. 2 illustrates an exemplary embodiment of a braking unit
in accordance with the invention,

Fig. 3 illustrates a further embodiment of a sub-module for
the braking unit in accordance with the invention, and

Fig. 4 illustrates an example of a 3D graph with a minimal
temperature delta with respect to maximal admissible depletion
layer temperature (T, uj where 3 = 1.4) of the sub-modules
after a 1loading that 1lasts 2 hours in the <case of an
optimization criterion that takes into consideration a
temperature behaviour, and

Fig. 5 illustrates a simplified flow diagram of an algorithm
for wvarying the capacitor voltages with reference to

optimization criteria.



DK/EP 3140902 T3

Fig. 2 in which those components that correspond with the
braking unit as shown 1in fig. 1 are provided with 1like
reference numerals illustrates a braking unit 11 having
multiple sub-modules 12 that comprise in each case an inverse
diode 3. An actively switchable semi-conductor bypass path 13
extends in parallel with the inverse diode 3 and is formed in

the present case by a semi-conductor power switch 14.

As in the case of the above mentioned prior art, a storage
capacitor 5 1s connected to each sub-module 12 by way of a
free-wheel diode 4 and said storage capacitor lies parallel
with an energy-consuming switching unit 6. The energy-switching
unit 6 also comprises in this case a series connection of a
semi-conductor power switching element 8 and an energy-

consuming element, for example an ohmic resistor 7.

As 1is further illustrated in figure 2, the braking unit 11
comprises 1n the conventional manner an inductance 9 and an
additional energy-consuming resistor arrangement 15 whose one
connection forms an external connection X2 of the braking unit
11.

Figure 3 illustrates a sub-module 20 that is modified with
respect to the sub-modules 12 used in the braking unit 11
illustrated in figure 2 insofar as an energy-consuming
switching unit 21 that us also arranged in this case parallel
with the storage capacitor 5 comprises a non-linear resistor 22
or an overvoltage arrestor, in other words 1t can only be

passively switched.

Fig. 2 further illustrates that in the case of the braking unit
11 the current flowing through the sub-modules 12 that are
arranged 1n series 1s determined using a measuring device 25
and the voltages at the individual sub-modules 12 or at the
storage capacitors 5 are determined with the aid of measuring

devices M1 to Mn. The wvalues I for the current and the wvalues
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Ul to Un for the voltages at the storage capacitors 5
ascertained 1in this manner are processed 1n a control
arrangement 30. This control arrangement is activated by way of
a connection 31 if by way of example a fault occurs on the AC
side in an inverter that is connected to the braking unit 11.
In this case, a prevailing working point of the respective sub-
module 12 1is established. As is further described hereinunder,
different optimization criteria can be used for the braking
unit 11 in order to adjust the voltages at the sub-modules 12
by means of switching the actively switchable semi-conductor
bypass 13 with reference to the respective prevailing working

point.

This adjustment can be performed in the following manner: the
first step is to determine the working point with reference to
the measurement of the current flowing through the braking unit
11 whilst obtaining the measurement variable I and the
measurement of the voltages at the sub-modules 12 whilst
obtaining the values Ul to Un. Furthermore, the duration of the
working point 1s determined with reference to an on-line or
off-1line calculation of the respective temperatures to be
expected for the semi-conductor components (semi-conductor
power switches 14, semi-conductor power switching element 8,
inverse diode 3 and free-wheel diode 4) after a fault that
lasts x seconds. On the basis thereof, the optimal desired
values are calculated for the voltages at the sub-modules 12 of
the braking unit 11 and also the extent of control of the semi-
conductor power switch 14 and the semi-conductor power switch
element 8 with reference to the objective function and
corresponding control signals Stl to Stn are output by the

control arrangement to the semi-conductor power switches 14.

In the case of off-line calculations, a table is produced
showing the different temperatures (T;, sy where j = 1.4) of the
semi-conductor components 3, 4, 8 and 14 of the sub-modules 12
after a fault that lasts x seconds in an inverter, which is

connected to the Dbraking unit 11 and not figuratively
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illustrated, in the case of different voltages at the sub-
modules 12 for each working point and also for the design of a
sub-module that 1is selected in each case as a standard of

comparison.

With reference to the prevailing working point, the temperature
delta with respect to the maximal admissible depletion layer
temperature (ATy,umr5) of each semi-conductor component j = 3, 4,
8 and 14 of the sub-modules 12 for each possible voltage at the

sub-modules 12 of the braking unit 11 is calculated:
ATy,509 = T9,max — Ty,mr3 where j = 1.4 (1)

A possible objective function (ZF) is the maximization of this
temperature delta with respect to the maximal admissible
depletion layer temperature of the hottest semi-conductor

component:
ZF = max(min(AT;, u; where j = 1.4)) (2)

In the <case of on-line calculations, the switching and
conductive losses of the semi-conductor components 3, 4, 8 and
14 of the sub-modules 12 are calculated with reference to the
working point for different voltages at the sub-modules 12 of
the braking unit 11. With reference to a simplified thermal
model (for example only one thermal RC member) the temperature
increases and also the temperatures (T;,ur; where j = 1.14) of
the semi-conductor components 3, 4, 8 and 14 are calculated
after a fault that lasts x seconds 1in the inverter. With
reference to the prevailing working point, the temperature
delta with respect to the maximal admissible depletion layer
temperature (ATi,ur5) 0f each semi-conductor component 3, 4, 8
and 14 1is calculated for each possible voltage at the sub-
modules 12 of the braking unit 11 and subsequently the optimal
voltages of the sub-modules 12 are selected with reference to

an objective function.
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One possible objective function (ZF) 1s 1in this case the
maximization of the temperature delta with respect to the
maximal admissible depletion layer temperature of the hottest
semi-conductor component 3, 4, 8 or 14. The flow diagram
illustrated in fig. 5 illustrates the progression of such a
process. In the case of the illustrated process, after a start
SA in a step Spl the working point is determined with reference
to the currently required braking power with reference to the
values I for the current and the wvoltages at the storage
capacitors Ul to Un. Subsequently, a decision is made in a step
Sp2 as to whether an on-line calculation i1s to be performed or
not. In the case of a positive decision vy, the conductive and
switching losses for different capacitor voltages are
subsequently calculated 1in a further step Sp3. The semi-
conductor temperatures Ty,ur3 where 3 = 1.14 are calculated
subsequently in a step Sp4 using a simplified thermal model,
wherein the measured capacitor voltages Ul to Un and the semi-

conductor temperatures are taken into consideration.

In a subsequent step Spb, a new depletion layer temperature of

the semi-conductor in the sub-modules 1 is determined.

In the case of a negative decision n in step Sp2, the method
branches to a table T in which the temperature of each semi-
conductor of the sub-modules 1 is stored following a fault that
lasts x seconds for each working point in the case of different
capacitor voltages Ul to Un; in so doing the respective design
of the sub-modules 1is adjusted. In this manner, it 1is also
possible 1n this case to determine a new depletion layer

temperature in the step Spb.

Subsequently, the delta with respect to the maximal depletion
layer temperature of each individual semi-conductor is
calculated in a further step SP6 and subsequent thereto the
respective capacitor voltage 1is adjusted in a step SP7 with

reference to optimization criteria, for example in accordance
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with the above mentioned equation (2). E represents the end of

the maximization of the temperature delta.

Naturally, other optimization criteria are also feasible for
the off-line calculation or the on-line calculation, such as
for example minimal voltage ripple of the voltage at the sub-
modules 12 or rather the storage capacitor 5, identical mean
temperature of the semi-conductor components 3, 4, 8 and 14, or
welghted mixtures of c¢riteria that can be described with

reference to the objective function.

Fig. 4 illustrates an exemplary 3D graph showing the minimal
temperature delta with respect to the maximal admissible
depletion layer temperature (T;, wry where j = 1.4) of the sub-
modules 12 after a fault that lasts 2 seconds in the inverter
in the case of different voltages at the sub-modules 12 of the
braking unit 11. The illustrated area describes the
maximization of the minimal delta with respect to the maximum
permissible depletion layer temperature for the Thottest
component for different voltages U of the sub-module 12 and
also the different currents Ip that are the maximal admissible
for the semi-conductor components; in so doing a current is
identified as a percentage of the nominal wvalue by Ip. The
broken line in fig. 4 illustrates the optimal selection of the
voltages of the sub-modules 12 for the braking unit 11. It is
to be noted that when using fixed sub-module voltages a maximum
of only 80% of the possible current - or rather of the possible

power output - can be used.
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Patentkrav

1. Bremseaktuator (11) med flere serieforbundne undermoduler (12), hvor
hvert undermodul (12) omfatter en invers diode (3) og en lagerkondensator
(5), der er anbragt parallelt med den inverse diode ved hjeelp af en frilzbsdiode
(4), samt en energiforbrugende kredslgbsenhed (6), der er forbundet med lag-
ringskondensatoren (5), hvor

en aktivt omskiftelig halvlederomlabsvej (13) fra katoden til anoden af den in-
verse diode (13) er til stede parallelt med den inverse diode (3), og en in-
duktans (9) er forbundet i serie med de serieforbundne undermoduler (12) og
som et modstandsarrangement er forbundet som en supplerende energifor-
brugende kredslabsenhed (15),

hvor halvlederomlgbsvejen (13) omfatter en effekthalvlederomskifter (14),
hvor bremseaktuatoren (11) omfatter en styreanordning, der er udformet til at
udsende styresignaler til undermodulernes effekthalvlederomskiftere (14),
saledes at bremseaktuatoren drives som en boost-konverter i forhold til sum-

men af spaendingerne i dens lagringskondensatorer.

2. Bremseaktuator ifelge krav 1, kendetegnet ved, at effekthalvlederomskif-
teren (14) er en bipolar transistor med isoleret gate (insulated-gate bipolar tran-
sistor, IGBT).

3. Bremseaktuator ifelge et af kravene 1 til 2, kendetegnet ved, at den ener-
giforbrugende kredslgbsenhed omfatter en ohmsk modstand (7), der er an-
bragt parallelt med lagringskondensatoren (5) via et effekthalvlederomskif-

terelement (8).

4. Bremseaktuator ifelge krav 3, kendetegnet ved, at effekthalvlederomskif-

terelementet (8) er en bipolar transistor med isoleret gate (IGBT).
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5. Bremseaktuator ifelge et af kravene 1 til 2, kendetegnet ved, at den ener-
giforbrugende kredslagbsenhed (21) er en ikke-lineser modstand (22), der er

anbragt direkte parallelt med lagringskondensatoren (5).

6. Bremseaktuator ifglge krav 5 kendetegnet ved, atden ikke-linesere mod-

stand er en overspaendingsafleder.

7. Bremseaktuator ifalge et af kravene 1 til 6, kendetegnet ved, at bremseak-

tuatoren er forbundet til et jeevnspaendingstransmissionssystem.

8. Bremseaktuator ifelge et af kravene 1 til 7, kendetegnet ved, aten male-
indretning (25) for strammen gennem de serieforbundne undermoduler (12) i
bremseaktuatoren (11) og maleindretninger (M1 til Mn) for speendingerne ved
undermodulerne (12) er forbundet med styreanordningen (30), som er indrettet
til at udsende styresignaler (St1 til Stn) til effekthalvlederomskifterne (14) af
undermodulerne (12) for at justere spaendingerne ved undermodulerne (12) i

overensstemmelse med et optimeringskriterium.

9. Fremgangsmade til drift af en bremseaktuator (11) ifelge krav 7 eller 8 i
tilfeelde af en fejl i en vekselretter, der er tilsluttet jeevnstreamstransmissionssy-
stemet, kendetegnet ved, at stremmen gennem de undermoduler (12), der
ligger i serie, og spaendingerne ved de individuelle undermoduler (12) bestem-
mes,
et aktuelt arbejdspunkt for det respektive undermodul (12) etableres ud fra de
konstaterede veerdier (I;U1 til Un) for strammen og speendingerne ved under-
modulerne (12), og under hensyntagen til mindst et foruddefineret optimerings-
kriterium for bremseaktuatoren (11) ved hjeelp af det respektive aktuelle ar-
bejdspunkt justeres spaendingerne ved undermodulerne (12) ved at omskifte
den aktivt omskiftelige halvlederomlgbsvej (13) eller den energiforbrugende
kredslgbsenhed (6) ifglge optimeringskriteriet, hvor, i tilfeelde af optimerings-

kriteriet, der tager hgjde for temperaturadfeerden af effekthalvlederomskifterne
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(14), den inverse diode (3) og ogsa for frilabsdioden (4) som halvlederkompo-
nenter af undermodulerne (12) ved hjeelp af det respektive arbejdspunkt af
halvlederkomponenterne for forskellige speendinger beregnes omskifter- og
ledningstabene for halvlederkomponenterne i det respektive undermodul (12),
temperaturstigninger af halvlederkomponenterne samt temperaturerne af
halvlederkomponenterne bestemmes i tilfeelde af fejl afheaengigt af fejlens va-
righed,

for det respektive arbejdspunkt af hver halvlederkomponent af undermodu-
lerne bestemmes temperaturforskellen i forhold til den maksimalt tilladte speer-
relagstemperatur af den respektive halvlederkomponent i tilfeelde af de mulige
spaendinger ved undermodulerne (12), og

optimale speendinger indstilles pa undermodulerne (12) ved hjeelp af en mal-
funktion, hvor

en maksimering af temperaturafstanden mellem spaerrelagstemperaturen af
den mest opvarmede halvlederkomponent i et undermodul (12) og den maksi-
malt tilladte speerrelagstemperatur af denne halvlederkomponent bruges som

malfunktion.

10. Fremgangsmade ifglge krav 9, kendetegnet ved, at halviederkomponen-
ternes temperaturstigninger samt halvlederkomponenternes temperaturer ved

fejlen bestemmes ved hjeelp af en termisk model.

11. Fremgangsmade ifelge krav 10, kendetegnet ved, at der som optime-
ringskriterium anvendes en minimal krusning af speendingerne ved undermo-
dulerne (12), en ens gennemsnitstemperatur af halvlederkomponenterne eller

en blanding af disse to eller andre optimeringskriterier.
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