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Abstract

A control system controls conversion of input power into
output power 1n a converter module comprising input terminal and

output power terminal. An active switching device is connected
O Dbetween the input and output terminals. It comprises a master

controller and a communication link interconnecting the master
controller and the converter module, a timing generator gene:ating a
timing signal having a cycle time equal to or less thah the shortest
time constant of converter module(s) and the immediate power circuit

10 elements relating to the used converter module, which 1s integrated
1n or interconnected with the master controller. A signal generator
1s l1ntegrated in or interconnected with the master controller which
generates switching control signals each containing a control
message defining a switching state for the active switching device,

15 the duration of each control message being equal to or less than the

cycle time. The communication links are serial communication links.



10

15

20

25

30

35

CA 02727683 2011-01-12

200909921

Description

Method and control system for controlling power conversion in

a power converter

The present invention relates to controlling conversion of
power 1n at least one converter module by use of switching
control signals sent from a master controller to a converter
module. In addition, the invention relates to a control sys-
tem for controlling power conversiocn by use of a master con-
troller. Furthermore, the invention relates to a power con-

verter.

Power converters are, for example, used in wind turbines for
converting a variable frequency AC power provided by the wind
turbine generator into a nominally fixed freguency AC power
to be fed to a grid. Such power converters typically comprise
a rectifier or active rectifier for converting the variable
frequency AC power 1nto a DC power and an inverter for con-
verting the DC power i1nto the fixed frequency AC power. Both
the rectifier and the inverter typically comprise two DC
voltage terminals and three AC voltage terminals. In case of
the rectifier the AC voltage termlinals are connected to the
generator output terminals providing, e.g., a three phase AC
power and the DC terminals are connected to a DC link between
the rectifier, and the inverter. The inverter also comprises
two DC terminals connected to the DC link. In addition, 1t
comprises three AC terminals connected to a grid via appro-
priate filtering circuits as may be required. Active recti-
fier and inverter may be formed from the same circuit compo-
nents but with different power flow (AC to DC in case of the

active rectifier, DC to AC in case of the inverter).

- Other applications of power converters comprise, i.e., con-

version of a fixed frequency AC power to a variable frequency
AC power, for example for controlling the rotational speed

and/or torque of an electric motor.
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Typical configurations of a rectifier and an inverter, both
commonly referred to as power converters in the following,
comprise a series of at least two active switching devices
connected between the upper voltage level of the DC link and
the lower voltage level of the DC link and a node between
both active switching devices which 1s connected to one of
the AC terminals. Such a design is known as half bridge, or
phase. The same structure 1s present for all other AC voltage
terminals of the power converter so that a power converter
for a three phase AC power has three half bridges each com-

prising at least two active switching devices. The structure

with two active switching devices 1n a given half-bridge 1is
known as a two-level converter in that by appropriate control
the output voltage seen at the centre phase terminal can be
either the upper voltage level of the DC link or the lower
voltage level of the dc¢ link.

Power conversion by use of the active switching devices is

typically done in the following way:

In case of converting DC power to AC power each AC voltage
terminal 1s connected through the active switching devices to
the high DC level and the low DC level in an alternating |
fashion. By introducing a phase shift between the command
signals defining the output of each AC terminal a polyphase
AC power, for example a three phase AC power, can be estab-
lished. The AC power may be designed to be a balanced AC

power, e.g. a three phase AC power in which the three phase

currents always sum up to zero.

In case of converting AC power into DC power the active
switching devices are switched for each AC input terminal

such that the terminal is connected to the upper DC voltage
terminal or the lower DC voltage terminal.

For both modes of power conversion, switching the active
switching devices is typically performed on the basis of a

pulse width modulation scheme in which time and duration of
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an active switching device being ON, i.e. conductive, or OFF,
i.e. non-conductive, is defined by high level or low level

switching pulses, respectively. Other schemes for determin-
ing the switching of the active devices is equally valid in-
cluding direct power control, direct current control, direct

torque control or eguivalent.

Sometimes, two or more half bridges are connected in parallel
Oor 1n series to an AC terminal, in particular in power con-
verters having a high power rating. In case, for example,
three half bridges each comprising two switching devices
would be connected in parallel in a three phase converter the
whole power converter would comprise 12 active switching de-
vices (three times two times two). Typically, a power con-
verter comprising parallel or serial half bridges is organ-
1zed in the form of converter modules each of which comprises
one half bridge for each of the AC terminals. These power
modules are connected in parallel or in series to form the
power converter. In particular, for high power rated power
converters for industrial drives and renewable energy appli-
cations, it is a standard technique to construct these con-
verters from multiple converter modules operating in parallel
or 1n series to achieve the necessary voltage, current and

power rating.

It 1s desirable to use a central controller for all converter
modules 1n a power converter. A difficulty thereby is to
build a communication system between the central controller,
which could also be considered as a main control system or a
real time computer, running the control algorithms and the
distributed converter modules of the power converter. The
maln requirements of such of a communicaticn systems are to
transmit the switching control signals to the converter mod-
ules with a high degree of timing precision, a high degree of
edge resolution of the switching states in a given pulse
width modulation scheme, a low latency response to error con-
ditions, and tolerance to single bit errors. Furthermore, it

should comprise viable and affordable physical media for in-
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terconnections between the central controller and the con-
verter modules. In addition, the communication system should
preferably be able to transmit current, voltage and other
analogue feedback signals and logical status signals, i.e.
digital signals, from the converter modules to the central

controller.

Document WO 2009/087063 Al discloses a power converter with
distributed cell control i1in which a central control unit
transmits a reference AC voltage and a switching carrier sig-
nal to controller subunits where each subunit controls the
switching of power electronic switches according to a pulse
width modulation pattern so that each time the switching car-
rier signal crosses the reference AC voltage either a high DC
voltage or a low DC voltage 1s applied to output terminals of
the corresponding converter submodule. Hence, the actual
switching signals for the active switching devices are deter-
mined at a local level rather than by the central controller.
It 1s, however, desirable to calculate all switching states
at the central controller. This, however, means that in case
of a three phase AC converter using a two-level half bridge
structure for each converter module at least twelve switching
states need to be transmitted within a given PWM period (a |
switching state representing the “on-state” and a switching
state representing the “off-state” for each of the six active

switching devices).

There exist two approaches to transmit the switching states
from a central controller to the converter module in the
state of the art. The first one is to use a parallel connec-
tion from the central controller to each of the distributed
converter modules. Such a parallel connection would typically
be an electrical ribbon cable. This parallel connection car-

ries 1ndividual copper communication channels for each piece

of data, e.g. six ways for the switching control signals for
the active switching devices, three ways for the three cur-

rent feedback signals, three ways for three voltage feedback
signals, etc. This kind of parallel connection has some draw-



10

15

20

25

30

CA 27277683 2017-05-04

04106-661
5

backs, for example, the amount of cifcuitry that 1s needed at both
ends of the communication link. Moreover, the information transferred
over the communication link is fixed by the circuitry at both ends so
that this type of connection is inflexible. 1In addition, the

distance which can be realized with a parallel connection channel is

usually restricted.

The second state of the art approachtto a link comprises a high-
performance serial link. The connection topology for such a link is a
daisy chain system. However, this means that the data payload ‘is
comparatively large as the single connection from/to the central
controller has to carry information for all the distributed converter
modules, and the message interval therefore has to be large to keep
the bandwidth requirement of the communication channel within a
practical and affordable range. Typically, the message interval is
once per pulse width modulation period. This means that emergency
conditions have to be catered for by a separate connection between the
converter modules. Additionally, certain control modes which have a

CPU calculation period less than the cycle time of the communication

link are not realisable in this system.

It i1s therefore desirable to provide an advantageous control method

and an advantageous control system which are, in particular, suitable
for use with distributed power modules controlled by a central

controller.

It 1s further desirable to provide an advantageous power converter

with distributed converter modules and a central controller.

Accordingly, there 1s provided a method for controlling conversion

of an input power 1nto an output power 1n at least one converter

module comprising at least one input power terminal, at least one

output power terminal, for each output power terminal at least one
active swiltching device connected between an input power terminal

and the respective output power terminal, the method comprising:
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controlling the timing of switching the at least one active
switching device in each converter module:; contrclling the

switching by sending switching control signals from a master

controller to each converter module, each switching control signal

containing a control message defining a switching state for the at
least one active switching devices and time relative to a time
reference derived from the master controller at which the defined
switching state for the at least one active switching devicé'is to
be applied in the respective converter module, wher e in the
switching control signals are sent with a cycle time equal to or
less than the shortest time constant of a used converter module and
the lmmediate power circuit elements relating to the used
respective converter module and the duration of a control message

1s equal to, or less than, the cycle time.

Accordingly, there is further provided a control system for
controlling conversion of an input power into an output power in at
least one converter module comprising at least one input power
terminal, at least one output power ‘terminal, and for each output
power terminal at least one active switching device connected
petween an input power terminal and the respective output power
terminal, by controlling the timing of the switching of the at least
one active switching device, the control system comprising: a master

controller; for each converter module controlled by the master

controller, a communication link interconnecting the master
controller and the respective converter module; a timing generator
generating a timing signal having a cycle time equal to or less than
the shortest time constant of the converter modules and the
1mmedlate power circuit elements relating to the used respective
converter module, the timing generator being integrated in or
interconnected with the master controller; and a signal generator
integrated in or interconnected with the master controller, the
signal generator generating switching control signals, each .

switching control signal containing a control message defining a
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switching state for the at least one active switching device in a
converter module interconnected with the master controller, the
duration of each control message being.equal to or'less than the
cycle time, whereiln the communicatidn links are serial communication

1inks.

Accordingly, there is also provided a power converter, comprising at
least one input power terminal, at least one output power terminal,
for each output power terminal, at least one converter module
comprising at least one active switching device connected between an
1nput power terminal and the respective output power terminal, and a
control system for controlling the conversion of power, wherein the

control system 1s a control system as disclosed herein.

Accordingly, there is further provided a method for controlling
conversion of an input power into an ocutput power in a converter
module, comprising: providing an input power terminal and an output
power terminal; providing for the output power terminal an active
switching device connected between the input power terminal and the
output power terminal; and controlling a timing of switching the
active switching device in each converter module, wherein the
switching i1s controlled by sending switching control signals from a
master controller to the converter module; each switching control
signal containing a control message defining a switching state for the
active switching devices and time relative to a time reference derived
from the master controller at which the defined switching state for
the active switching device is to be applied in the converter”module,
wherein the switching control signals are sent with a cycle time equal
Lo, or less than, the shortest time constant of the converter module
and an 1mmedlate power circult element relating to the converter

module, and wherein a duration of a control message 1s equal to, or

less than, the cycle time.

Accordingly, there 1s also provided a control system for contfolling

conversion of an input power into an output power in a converter
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module, comprising: an input power terminal; an output power terminal:

an active switching device connected between the input power terminal
and the output power terminal, wherein a timing of switching of the
active switching device is controlled; a master controller which
controls the converter module; a communication link interconnecting
the master controller and the converter module; a timing generator
generating a timing signal having a cycle time ecqual to or less than a
shortest time constant of the converter module and immediate power
clrcult elements relating Lo the converter module, the timing
generator belng i1integrated in or interconnected with the master
controller; and a signal generator integrated in or interconnécted
with the master controller which generates switching control signals,
each switching control signal containing a control message defining a
switching state for. the active switching device, a duration of each
control message being equal to or less than the cycle time, wherein

the communication link 1s a serial communication link.

Accordingly, there is also provided a power converter, comprising: at
least one 1nput power terminal; at least one output power terminal;
for each output power terminal, at least one converter module
comprising at least one active switching device connected between an
input power terminal and the respective output power terminal; and a
master controller which controls the converter module; a communication
link iInterconnecting the master controller and the converter module: a
timing generator generating a timing signal having a cycle time equal

to or less than a shortest time constant of the converter module and

1mmediate power circuit elements relating to the converter module, the
timing generator being integrated in or interconnected with the master

controller; and

a signal generator integrated in or interconnected with the master
controller which generates switching control signals, each switching
control signal contalning a control message defining a switching state

for the active switching device, a duration of each control message
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being equal to or less than the cycle time, wherein the communication

link 1s a serial communication link.

There 1s also disclosed a method for controlling conversion of an
lnput power into an output power in at least one converter module
comprising at least one input power terminal, at least one output
power terminal, and for each output power terminal at least oné active
switching device connected between an input power and the respective
output power terminal. The method controls the power conversion by
controlling the timing of switching the at least one active switching
device 1n each converter module. The switching is controlled by
sending switching control signals from a master controller, which may,
e.g., be a central controller or a selected one of a number of
equivalent controllers, to each converter module, each switching

control signal containing a control message defining a switching

state (or swltching states in case of a converter module with at
least two active switching devices) for the at least one active
switching device (i.e. one switching state for each active switching
device 1n a converter module) and time relative to a time reference
derived from the master controller at which the defined switching
state for the at least one active switching device is to be applied in
the respective converter module. According to this method, the
switching control signals are sent with a cycle time that is equal to

or less than the shortest time constant of a used converter module
and the 1mmediate power circuit elements relating to the used
respective converter module and the duration of a control message is
equal to, or liless than, the cycle tiﬁe. Note that in case the
converter module comprises more than one active switching device the
control message contains individual switching states for each active

switching device without explicitly mentioning it in the following.

Such short cycle times and control messages allow for connecting a
master controller like, e.g., a central controller to distributed

converter modules by serial connection links like, for example,
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optical fibres or a differential pair copper cables. The whole

control architecture can then be realised in form of a radial
communication system between the central controller and the

converter modules with minimum payvload, and hence, with minimum

5 bandwidth requlrement, on each communication link. Furthermore, the

10

15

20

25

30

short message duration means that the response time to errors, or
transient conditions, is reduced, increasing the potential control
performance since the rate at which any errors in current or voltage
increase in the converter module and immediate power circuit is
determined by the transient characteristics (time constant) of the
total power circuit. Having a message duration, or message cycle
time, which is not more than the shortest time constant of the

converter module therefore allows for the mentioned increase of

control performance.

In addition, the transmission of the switching states for each half
bridge of a converter module built up of half bridges, and the short
time of these states means that the system is independent of the

control or pulse width modulation strategy applied to the parallel,

or otherwise connected, converter modules. Indeed, the converter

modules can have different switching strategies and frequencies, if

required.

An embodiment of the disclosed method can be equally applied to

current source 1nverters as to voltage source inverters.

In particular, the switching control signals are sent with a cycle

time that i1s equal to, or less than, the dead time of the used active

switching devices. This further development of the present control
method 1s based on the insight that the minimum time constant in a
converter module 1s typically given by the dead time of the switching
between the states of a active switching device. This dead time
considers the turnoff delay inherent in the characteristics of the
active switching devices. For example, in a converter module com-

prising two half bridges, the minimum time constant in the converter
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module 1s typically given by the fact that the second switching
device of a half bridge 1s only allowed to be turned on after one
can be sure that the first switching device has been tﬁrned off for
sufficient time for the'first switching device to become high

impedance.

Another method of assessing the minimum time constant in the power
converter is to consider the evolution of a fault - how fast does the
control system need to respond to prevent excessive current flowing in
the switching devices given the loop inductance of the immediate power
circult and the margin between operational current levels and the
current level at which power devices have to be turned off for‘

protection purposes.

Typically the delay accounting for the dead time is 2 ps, and the
minimum pulse times in a pulse width modulation scheme are typically
4 pns. However, the edge resolution of switching states in a given
pulse width modulation period is preferably less than 100 ns. In
addition, the pulse width modulation edge accuracy between different
converter modules 1s also preferably less than 100 ns. Hence,
according to another further development of the control method, the
control message contains timing information defining times within the
cycle time at which the switching state (or states) contained in the
control message 1s to be applied to the at least one active
switching device 1n the respective converter module. The timing
information has a time resolution that is higher than the cycle
time, and high enough to meet the 100 ns requirement above. However,
a time resolution that is at least one order of magnitude higher

than the cycle time is also possible.

According to an embodiment of the disclosed method, the switching
state (or states 1n case of a converter module with more than_one
active switching device) to be applied to the at least one active
switching device of a converter module may be contained at least

threefold in a control message. Then, a majority voting algorithm is
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applied to the threefold switching states for determining the actual
switching state (or statés) to be applied to the at least one active
switching device. This development is advantageous in the evenf of a
single message error since it allows the converter system to carry on
running. In the described development, any single bit error can be
eliminated by the majority voting. However, multiple bit errors

cannot to be corrected by this method.

Additionally, or alternatively, each control method could also
contain a CRC-code (cyclic redundancy check code). Then, a CRC~check
1s performed on each control message, and the switching state (or
states) contalned 1n the control message are not applied to the at
least one active switching device of the respective converter module
1f the CRC-check fails. In other words, a message received in error is
not used. Hence, the state of the at least one active switching device
remalns in the state defined by the previous control message. In this
case, the converter module will be in the incorrect state for one
cycle period, however as the cycle time has been defined to be less

than the time constant of the power circuit, the incorrect state

When the CRC-check, or majority voting, for the switching state (or
states) contained 1n the control message following a predetermined
numpber of control messages for which the CRC-check, or majority
voting, has failed is successful this switching state is applied to
the at least one active switching device so that a fault ride through
ability of the converter module exists. In case also the CRC-check, or
majority voting, for the switching state contained in the control mes-
sage followling a predetermined number of control messages for which
the CRC-check, or majority voting, has failed also fails the

respective converter module 1s set to a fault state.

Advantageously, a full-duplex data transmission is used for

transmitting the control signals to the at least one converter module.
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This allows to use the same transmission line for acquiring voltage
feedback signals and/or current feed-back slignals and/or intervention
signals, etc., from the at least one converter module to the central
controller with the.same cycle time than the switching control
signals. Full duplex is two separate paths - a (control) path
containing the switching state and time information and a separate
(feed-back) path containing the voltage feedback signals and/or

current feedback signals and/or intervention signals, etc.

An embodiment of a control system for controlling conversion of an
Input power into an. output power in a converter module comprlsing at
least one 1nput power terminal, at léast one output power terminal,
and for each output power terminal at least one active switching
device connected between the an input power terminal and the .
respective output power terminal, allows for controlling the timing
of the switching of the at least one active switching device according
to a control method disclosed herein. The control system comprises a
master controller, which may, e.g., be a central controller or a se-
lected one of a number of equivalent‘controllers, and, for each
converter module controlled by the master controller, a communication
link interconnecting the master controller and the respective
converter module. The control system comprises a timing generator
generating a timing signal having a cycle time that is equal to, or

less than, the shortest time constant of the converter modules

interconnected with the master controller and the lmmediate power
circult elements relating to the used respective converter modules.
The timing generator (45) 1s integrated in or interconnected with the
master controller., Furthermore, a signal generator is integrated 1n
or 1nterconnected with the master controller. This signal generator
generates switching control signals, each switching control signal
containing a control message defining a switching state (or switching
states 1n case of a converter module with at least two active

switching devices) for the at least one active switching device in a

converter module interconnected with the master controller, where
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Che duration of each control message is equal to, or less than, the
cycle time. As the communication links, serial communication links

are used.

The use of serial communication links becomes possible due to
performing the method. Using serial communication links connebting
each i1ndividual converter module with the master controller is
advantageous over the use of parallel communication links in that
less circuitry at both ends of the communication link is necessary
and the flexibility of the information transferred is higher.
Moreover, the serial communication link can be longer than a parallel

communication link. With respect to the mentioned daisy chain connec-

tion by high-performance serial links, such as Ethercat, the control
system 1s advantageous 1in that a radial communication system can be
formed and data payload and bandwidth requirements of each

communication link can be kept small.

It 1s particularly advantageous if the communication links used are
full-duplex links so that not only the switching control signals can
pe sent to the converter modules but also feedback signals like
current feedback signals or voltage feedback signals, or other kinds
of signals can be transferred from the converter modules to the

central controller without using a time multiplexing scheme.

According to a further development of the control system, at least two

converter modules may be present which are connected in parallel or in

serles. Each converter module then comprises at least one input power
terminal, at least one output power terminal, and for each output

power terminal at least one active switching device connected between
an lnput power terminal and the respective output power terminal.
Connecting at least two converter modules in parallel or in series

allows for i1increasing the power rating of a power converter.
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In particular, each-converter module may comprise at least a high
voltage DC terminal and a low voltage DC terminal as input power
terminals or output power terminals and at least two AC terminals, in
particular three AC terminals, as output power terminals or input
power terminals, respectively, and, for each AC terminal, at least an
upper switching device connected between the high DC voltage terminal
and the respective AC voltage terminal and at least a lower active
switching device connected between the low DC voltage terminal and
the respective AC voltage terminal. This development of a control

system allows for transforming DC power into polyphase AC power, or

polyphase AC power into DC power. An important application is the use
of three AC terminals for converting DC power to three phase AC power,
Or vice versa. Such converters converting DC power to three phase AC
power, oOr vice versa, are typically used in many industrial drives and
1n renewable energy applications, such as wind turbines. In
particular, 1f a high power rating is desired, two or more converter
modules comprising at least two AC terminals, in particular three

AC terminals, may be connected in parallel or in series.

To allow for single bit error correction, the signal generator may
generate the control message in threefold. Then, a voting module
running a majority voting algorithm on a received control message
would be present in each converter module interconnected with the

central controller. Hence, single bit errors can be corrected through

the two versions of the control message not containing the bit error.

Additionally or alternatively, the signal  generator may comprise a
CRC-code generator to generate, for each control message, a CRC-code
and to add the generated CRC-code to the respective control message.
In this development, a CRC-check module performing a CRC-check on
each received controlled message is present 1n each converter module
interconnected with the central controller. Said CRC-module blocks the

application of the switching state (or states) contained in the

controller derived message to the at least one active switching device
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Of the respective converter module in case the CRC-check fails. By
this means applying incorrect switching state to the at least one

active swltching device of the respective converter module can be

avolded.

The CRC-check module or the voting module may clear the application
of the switching State (or states) contained in the control message
followlng a number of control messages for which the CRC-check or
majorlity voting has failed to the at least one active switching
device 1n case the CRC-check or majority voting for said following
control message 1s successful, or set the respective converter module
Lo a tault state otherwise. In case the following control message
satisfles the CRC-check the converter module was in the incorrect
state for up to a given number of cycle times. However, the power
converter and 1its immediate power components can be designed to be
able to ride through such a short condition. Hence, a fault ride
through ability of the converter module may be provided. Although
such an 1ncorrect switching state may result in a small amount of
wave form distortion, it will happen sufficiently rarely such that it
1s tolerable. The important point is that the operation of the
converter system can continue after the short timed incorrect bridge
state so that the converter system is able to carry on running even

1f one of the control messages contains an incorrect switching state.

Typically the number of control messages for which the CRC-check or

majority voting is allowed to fail would be one in order to prevent

the respective converter module from being in an incorrect switchilng
state over a too long time. However, 1f the converter module and the
appliance connected to the converter module tolerate being in an

incorrect switching state said number of control messages may be

larger than one to 1increase the fault ride through ability.

There 1s further disclosed a power converter, which comprises at
least one 1nput power terminal, at least one output power terminal,

and, for each output power terminal, at least one converter module.
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Fach converter module comprises at least one active switching device
connected between an input power terminal and the respective output
power terminal. In particular, two or more converter modules may be
present for each output power terminal to allow for a higher power
rating. Such converter modules may be connected in parallel or in
series. The power converter further comprises a control system for
controlling power conversion disclosed herein. The properties and
advantages of the power converter result from the already mentioned

properties and advantages of the control system and are, therefore,

not described again.

Note that according to the present disclosure the master controller
needs not to be separate to the converter module(s), e.dg. in.form ot
a central controller. It would be feasible to locate the master
controller immediately adjacent to, or housed within one of the

converter modules.

Further features, properties and advantages of different embodiments
of the present invention will become clear from the following

description of embodiments of the invention in conjunction wlth the

accompanyilng drawings.

Figure 1 schematically shows a wind turbine and its electrical

equlipment.

Figure 2 shows the inverter shown in Figure 1 and the inverter

controller.

Figure 3 schematically shows an example for a high power rated

inverter.
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Figure 4 schematically shows a first embodiment of a cir-

cuitry of the inverter.

Figure 5 schematically shows a second embodiment of a cir-

cultry of the i1nverter and the central controller.

In the following, the present invention will exemplary be de-
scribed in conjunction with the power electric converter of a
wind turbine. However, the invention can also be embodied in
other power converters, e.g. such power converters that are
used to control a variable speed electric motor, or such
power converters that are used in other renewable energy ap-

pliances like, for example, solar cells.

Fig. 1 schematically shows a typical wind turbine and its
electrical equipment for controlling the generator and the
power output. The wind turbine 1 comprises a rotor 3 with a
rotor shaft 5 transmitting the rotational momentum of the
turning rotor 3 to a gear box 7. In the gear box 7, a trans-
mission of the rotation to an output shaft 9 with a certain
transmission ratio takes place. The output shaft 9 is fixed
to the rotor of an AC generator 11 which transforms the me-
chanical power provided by the rotation of the output shaft 9
into the electrical power. The AC generator 11 may either be
a synchronous generator or an asynchronous generator (singly-
fed or doubly-fed). In a synchronous generator, the rotor ro-

tates with the same rotational freguency as a rotating mag-

netic field produced by a stator of the generator. In con-
trast, in an asynchronous generator, the rotational frequen-
cies of the stator magnetic field and the rotor are differ-
ent. The difference in rotational frequency 1s described by
the slip of the generator. The generator 11 shown in Figure 1
1S a variliable speed generator, i.e. the rotational speed of
the rotor is allowed to vary depending on the wind condi-

tions.

To provide a nominally fixed frequency electricity for the

grid to which the wind turbine is connected, the wind turbine
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1l 1s equipped with a power electronic converter 13 which con-
verts parts or the whole of the varying frequency electricity
delivered by the generator 11 into an electrical power having
a nominally fixed frequency which is adapted to the grid. In
addition, the power electronic converter 13 controls the out-

put power of the electricity supplied by the wind turbine 1.

If a wind turbine 1s part of a wind farm, it 1s typically
connected to a collector cable 15, which is part an internal
intermediate voltage grid 17, through filters 19 in form of
reactors and transformers 21. The internal grid 17 is con-
nected, via a substation 23 including a transformer, to a
utility grid which is typically to be operated with a certain

power factor requested by the utility system operator.

The regulation of the power output of the electricity sup-
plied by the wind turbine 1 will be described in conjunction
with Figures 1 and 2. The power output is controlled by the
power electronic converter 13 of the wind turbine 1 according
to a power factor request or, alternatively, according to an
active power request and a reactive power request. The power
electronic converter 13 comprises an active rectifier 25 for
producing a DC voltage with a high voltage level and a low
voltage level from the variable frequency AC voltage provided
by the wind turbine 1, an inverter 27 producing a fixed fre-
quency AC voltage from the DC voltage, and a DC link 29 con-

necting the active rectifier 25 with the inverter 27. The

power electronic converter 13 further includes a generator
controller 31 which controls the torque reacted by the AC
generator 11 by controlling the stator current or stator
voltage of the AC generator 11, and an inverter controller 33
controlling the output current of the power electronic con-
verter 13 to supply three-phase AC power having leading or
lagging currents at an angle specified by the requested power

factor.

The inverter controller 33 receives the voltage levels on the

DC link 29, the current levels at the inverter output 37, the
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voltage levels between the filters 19 and the transformer 21,
and current control signals from a power controller 41 and
generates the current demand signals according to the re-
quested power factor. The structure of the invérter 27 and
the general structure of the 1nverter controller 33 are shown
in Figure 2. Likewlise, the generator controller 31 receives
the voltage levels on the DC link 29, the current and/or

voltage levels at the generator output, and control signals

from the power controller 41.

Although the present invention can be embodied with the in-
verter as well as with the rectifier, the following descrip-

tion 1s restricted to a description of the inverter to avoid

unnecessary repetitions.

The 1nverter 27 comprises three pairs of active switching de-
vices 35, like 1insulated gate bipolar transistors (IGBT), bi-
polar junction transistors, field effect transistors (MOS-
FETs), darlington transistors, gate turn-off thyristors or
IGCTs. In the present embodiment, each pair of active switch-
1ng devices 35 1ncludes two 1insulated gate bipolar transis-
tors as active switching devices 35. The pairs of active
switching devices 35 are connected between the high voltage
level (actlve switching device 35 U) and the low voltage
level (actilive switching device 35 L) of the DC link 29. Such
palrs of active switching devices 35 are also known as half-
bridge or phase. The three lines of the inverter output 37
are each connected to a different one of the pairs of active
switching devices 35, i1.e. to a different half-bridge, and
there to a node between the switching devices 35 of the re-
spective half-bridge. By a suitable scheme of switching the
active switching devices 35 the DC voltage on the voltage
link 29 can be transformed into a three-phase AC voltage at
the 1nverter output 37 with current levels sc as to match the

grid frequency and the requested power factor.

The power converter topology described with respect to the

inverter 27 shown in Figure 2 1s known as 2-level converter.
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However, within the scope of the invention, other topologies
than the topology described with respect to the inverter 27
are applicable for power converters, such as 3-level neutral
clamped topologies, Floating Symmetrical Capacitor Convert-
ers, Cascade H-Bridge, etc. Since these other topologies are
generally known from the state of the art they will not be

described here.

The switching of the active switching devices 35 1s done ac-
cording to pulse width modulation scheme. A central inverter
controller 33 establishes switching control signals for the

active switching devices 35 of the i1nverter 27 according to

the pulse width modulation scheme and sends them to a cir-

cuiltry 39 of the i1inverter 27. Each switching control signal

contains a control message defining switching states BRL, BU,
YL, YU, RL, RU to be set i1in the active switching devices 35
in the inverter in the following cycle time and timing infor-
mation which allows the circuitry 39 to determine the exact

switching times for each one of the active switching devices
35.

The circuitry 39 also acquires feedback signals like, 1n the
present exemplary embodiment, current and voltage feedback
signals from the inverter output and sends them to the cen-
tral controller 43. Furthermore, the circuitry 39 may send
fast intervention signals to the central inverter controller
33 such as, for example, a disable signal 1n case of an over-
current being detected at the inverter output.

r

'he power rating of an inverter 27 as shown in Figure 2, or

of other power converters, can be increased by connecting a
number of converter modules connected 1n parallel or in se-
ries. As an exemplary embodiment of a power converter having
a high power rating, Figure 3 shows an inverter 127 compris-
ing three inverter modules 27 1, 27 2, 27 3 which are con-

nected 1in parallel between a DC link 29 and an inverter out-

put 37. Each inverter module 27 1, 27 2, 27 3 corresponds to

the i1nverter 27 described with respect to Figure 2. The cen-
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tral controller 32 controls all inverter modules 27 1, 27 2,

27_3 by providing the respective switching control signals.

Bach inverter module 27 1, 27 2, 27 3 is connected to the
central controller 33 by a serial data link 40 1, 40 2, 40 3

in form of a single full-duplex cable, e.g. a copper wire or

an optical cable.

The central controller 33 comprises a transmitting and re-
celving circultry 41 that forms a serial interface for allow-
ing serial data transmission to and from circuitries 39 1,
39 2, 39 3 of the inverter modules 271 1, 27 2, 27 3, which
also form serial interfaces. A timing circuit 45 provides for
a timing signal with cycle times equal to, or preferably less
than, the shortest time constant of the inverter modules
21_1, 27_2, 27_3. Although not explicitly shown in Figure 3
the circuitries 39 1, 39 2, 39 3 of the inverter modules

27 1, 27 2, 27 3 also comprise such timing circuits.

The shortest time constant in a inverter module 27 1, 27 2,
21 3 1s typically the so called “dead time” of the active
switching devices 35. The switching of the active switching
devices 35 in a half bridge is coordinated such that the turn
Off delay inherent in the characteristics of the switching
devices is allowed for before turning on the other device in
the half bridge. The waiting time before switching on the
other device is the dead time. The dead time is typically

2 ps, and the minimum pulse times in the pulse width modula-
tion scheme are typically 4 ps. The cycle time provided by
the timing circuits has, in the present embodiment, therefore
been chosen to have a length of 2 ps, or less. Furthermore,
the control message transmitted in a switching control signal
has a duration of 2 ps, or less. Hence, by keeping the mes-
sage duration at 2 us, or less, the switching states can be
easily updated with the serial data link 40 1, 40 2, 40 3.

The requirements for a converter module 27 as described with
respect to Figure 2 would be that the edge resolution of the

switching states in a given pulse width modulation period 1s
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100 ns or less. Furthermore, the timing accuracy for the
edges between different converter modules 27 1, 27 2, 27 3
needs to be 100 ns, or less. To achieve this, the control
message also contains timing information which allows fine

timing with a time resolution of 100 ns or less.

In case of the present example, in which cycle time has a
lengths of 2 ps, the timing information needs to divided into
at least 20 subintervals in order to achieve a timing resolu-
tion of < 100 ns. Such a subdivision can be achieved by use
of a 5> bit coded message. The lowest data payload 1s achieved
by transmitting the 5 bits of timing information, for each

half bridge (or phase).

Furthermore, one bit is necessary for defining a switching

state of an active switching device in a inverter module
27 1, 27 2, 27 3.

Therefore, a total of seven bits of information are required,
per half bridge, per 2 ps cycle time, giving a total of 21
bits for a three-phase, two level inverter module, as in fig-
ure 2. This allows for each of the phases to be controlled
independently from each other phase, which is a requirement

of the control system.

If each power module consists of a rectifier and an inverter
module, and therefore of six phases in total, then when addi-
tional formatting and control bits are considered to be pre-
sent i1n the control message, and other miscellaneous control

data, then a message length of about 100 bits are required.

To transfer the whole message within the 2 us cycle time, a
clock frequency of the transmitting and receiving circuitry
in the order of 50 to 100 MHz is sufficient.

It i1s advantageous, if the inverter (27) is able to carry on
running in the event of a control message error. A first al-

ternative for achieving this will be described with respect



10

15

20

25

30

35

. CA 02727683 2011-01-12

200909921
21

to Figure 4 while a second alternative will be described with

respect to Figure 5.

Figure 4 shows an inverter module 27 and its circuitry for
recelving signals from and sending signals to the central
controller 33 i1in a highly schematic view. The circuitry 39
comprises a decoder circuit 47 for distributing the switching
states to the switching devices 35 according to a control
message recelved from the central controller 33 via the se-
rial data link 40. The control message is sent by the central
controller 33 1in threefold over the serial data link 40. A

voting module 49 in the circuitry 39 (or, alternatively, con-
nected to the circuitry 39) receives the threefold control
message and runs a majority voting algorithm. The control
message 1s then forwarded to the decoder circuit 47 if all
three copies of the control message are identical. In case
only two of the three copies are identical for a certain bit,
the bit contained in these two control messages is used in
the version of the control message forwarded to the distribu-

-

tion circuit 47. In case all three control messages differ

from each other in a certain bit the voting module may either
set the inverter module 27 to a fault state, or may keep the
previously set switching states until the next threefold con-
trol message arrives. In case also in this next control mes-
sage all three copies of the control message differ from each
other the inverter module 27 is set to a fault state. Other-
wise, the switching states contained in this control message
are distributed to the active switching devices 35 so that
the operation of the inverter module 27 can continue. Hence,
by the alternative described with respect to Figure 4 the
converter 1s able to carry on running even in the event of a
single message error. Although, in case of a single message
error, the respective inverter module receiving the single
message error will be in a incorrect state for 2 us time pe-
riod, which results in a small amount of waveform distortion,
the system and the appliance connected thereto can be laid

out so that such a waveform distortion is tolerable.
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A second alternative which allows the inverter to carry on
running 1n case of a message error 1s shown in Figure 5. The
Figure shows an inverter module 27 with its circuitry 33
which contains the decoder circuit 47 described with respect
to Figure 4 and a CRC-check module 51. The central controller
comprises a CRC-code generator 53 that generates, for each
control message, a check sum and adds the check sum to the
control message before sending 1t to an inverter module 27
via the serial data link 40. In the inverter module 27 re-
ceiving the control message, the CRC-check module recalcu-
lates the CRC-code and, 1n case the CRC-code i1s found to be
ldentical with the received code, forwards the control mes-
sage to the decoder circuit 47. In case the CRC-check module
calculates a CRC-code different to the received CRC-code the
control message 1s not forwarded to the decoder circuit 47,
and elther the 1nverter module 27 is set to a fault state or,
preferably, the active switching devices are kept in the
states they have been set according to the previously re-
ceived control message. When then the next control message 1is
received and the CRC-code calculated by the CRC-check module
51 1s 1dentical with the received CRC-code this control mes-
sage 1s forwarded to the decoder circuit 47, and the respec-
tive switching states are distributed to the active switching
devices 35. In case also the CRC-code of said following mes-
sage calculated by the CRC-check module 51 differs from the

received CRC—code the i1nverter module 27 is set to a fault

state.

Both methods, majority voting and CRC-check may be combined.

To summarize, a message error may be detected and, if possi-
ble, corrected by a majority voting algorithm or detected by
a CRC-check-algorithm. In case only a single message error is
detected and the following control message is error free the
system can just be kept in the previously set switching
states so that i1t might be in an incorrect state until the
next timing cycle. If two consecutive control messages con-

tain errors the respective inverter module is set to a fault
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state. Note, however, that 1t 1s not mandatory to set the in-
verter module to a fault state if two consecutive control
messages contain errors. If the inverter module and the ap-
pliance controlled by the converter module tolerate incorrect
O switch states for more than one timing cycle an inverter mod-
ule may be set to fault state only when more than two con-

secutive control messages contain errors.

In case the control message contains an error in its timing
10 data these errors can be handled by the inclusion of addi-

tional logic at the receiving circuitry, which ensures the

immediate requirements of the converter bridges are satis-

tied, for example that the dead times and minimum on/of times

are respected.
15

As already mentioned with respect to Figure 3, the communica-
tion links interconnecting the central controller 33 and the

1nverter modules 27 1, 27 2, 27 3 are full-duplex links. This
means that, at the same time data is transmitted from the

20 central controller 33 to the inverter modules 27 1, 27 2,

27 3, data can be transmitted from the inverter modules 27 1,

27 2, 27 3 to the central controller 33. Such data transmit-

ted from the inverter modules to the central controller may
include voltage feedbacks, current feedbacks, intervention

25 signals, for example a disable signal in the event of an

overcurrent, etc. In this way, a coordinated shut down of the
parallel or series connected inverter modules can be
achieved, using the single cable communication system without
the need for extra dedicated communication lines. Hence, al-
30 though, according to the invention described with respect to
Figures 1 to 5, each converter module of a power converter is

connected to a central controller only by a serial cable,

like a copper cable or an optical cable, control messages can

be sent to the converter modules which fulfil the following
35 requirements:

- The edge resolution of switching states in a given pulse
width modulation period is less than 100 ns;
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- The pulse width modulation edge accuracy 1is less than
100 ns, between converter modules;

- A low latency response to error conditions 1s present,
i.e. disable in the event of overcurrent, 1n less than

5 5 us;

- A variable and affordable physical media for the inter-
connections between the main control system (central
controller) and distributed converter modules 1s pro-
vided;

10 - Tolerance to single bit errors is provided.

Numbers given in the above list are by way of example, other
values may be applicable depending on the characteristics ot

the power circuit and the associated time constants.
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Claims

1. A method for controlling conversion of an input power
1nto an output power in at least one converter module comprilsing
at least one 1nput power terminal, at least one output powef-
terminal, for each output power terminal at least one active
switching device connected between an input power terminal and the

respective output power terminal, the method comprising:

controlling the timing of switching the at least one

active switching device in each converter module;

controlling the switching by sending switching control
signals from a master controller to each converter module, each
switching control signal containing a control message defining a
switching state for the at least one active swiltching devices and
time relative to a time reference derived from the master
controller at which the'defined switching state for the at least
one active switching device is to be applied in the respectiﬁe

converter module,
whereiln

the switching control signals are sent with a cycle time
equal to or less than the shortest time constant of a used

converter module and the lmmediate power circuit elements relating

to the used respective converter module and the duration of a

control message 1s equal to, or less than, the cycle time.
2 . The method as claimed in claim 1,
whereiln

the switching control signals are sent with a cycle time

that 1s equal to or less than the dead time of the at least one

active switching device.
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3. The method as claimed in claim 1 or claim 2,
whereiln

the control message contains timing information defining
times within a cycle time at which the sWitching state contained 1in
the control messagé 1s to be applied to the at least one active
swltching device in the respective converter module, where the
timing information has a time resolution that is higher than the

cycle time.

4 . The method as claimed in any one of claims 1

to 3, wherein

the switching state to be applied to the at least one
active switching device of a converter module is contained at least
threefold in a control message, and a majority voting algorithm is
applied to the threefold switching state for determining the actual
switching state to be applied to the at least one active switching

device.

5. The method as claimed in!any one of claims 1

to 4,
whereiln
- each control message also cqntains a CRC-code;
- a CRC-check 1is performgd bn each control message; and

- the switching state contained in the control message is
not applied to the at least one active switching device of the

respective converter module if the CRC-check fails.
o . The method as claimed in claim 4 or claim 5,

whereiln
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the swiltching state contained in a control message

following a predetermined maximum number of control message for
which the CRC-check or majority voting, respectively, has failed is
applied to the at least one active switching device if the CRC-check

or majority voting, respectively, for said following control message

1s successful.

7. The method as claimed in any one of claims 1

to o,

whereiln

full-duplex data transmission is used for transmitting

the switching control signal to the at least one converter module.

8 . A control system for controlling conversion of an input
power 1nto an output power in at least one converter module
comprising at least one input power terminal, at least one output
power terminal, and for each output poWer terminal at least one
active switching device connected between an input power terminal
and the respective output power terminal, by controlling the
timing of the switching of the at least one active switching

device, the control system comprising:
& master controller;

for each converter module controlled by the master
controller, a communlcation link interconnecting the master

controller and the respective converter module;

a timing generator generating a timing signal having a
cycle time equal to or less than the shortest time constant of the
converter modules and the immediate power circuit elements relating
Lo the used respective converter module, the timing generator being

integrated in or interconnected with the master controller; and
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a signal generator integrated in or interconnected with
the master controller, the signal generator generating switching
control signals, each switching control signal contalning a control
message defining a switching state for the at least one active

O switching device in a converter module interconnected with the

master controller, the duration of each control message being egua.

to or less than the cycle time,

whereln the communication links are serial communication

links.
10 9. The control system as claimed in claim 8,
whereiln
the communication links are full-duplex links.
10. The control system as claimed in claim 8 or claim 9,
whereiln
15 at least two converter modules are present which are

connected 1n parallel or 1n series, where each converter module
comprises at least one input power terminal, at least one output
power terminal, for each output power terminal at least one active

switching device connected between the an input power terminal and

20 the respective output power terminal.

11. The control system as claimed in any one of claims 8

to 10,

wherein -

each converter module comprises a high voltage DC
25 terminal and a low voltage DC terminal as input power terminals or
output power terminals, at least two AC terminals as output power

terminals or 1nput power terminals, respectively, and, for each AC
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terminal, at least an upper active switching device connected
petween the high DC voltage terminal and the respective AC voltage
terminal, and at least a lower active switching device connected

petween the low DC voltage terminal and said respective AC voltage

terminal.

12. The control system as claimed in any one of claims 8 to

11,
wherein

- the signal generator generates the control message in

threefold; and

- a voting module running a majority voting algorithm on
a recelved control message is present in each converter module

interconnected with the master controller.
13. The control system as claimed in any one of claims 8 to 12,
wherein

- the signal generator comprises a CRC-code generator to
generate for each control message a CRC-code and to add the

generated CRC-code to the respective control message; and

— a CRC-check module performing a CRC-check on each
received control message 1s present in each converter module
lnterconnected with the master controller said
CRC-check module blocking the application of the SWitching state
contained 1n the control message to the at least one active

switching device of the respective converter module in case the

received CRC—-check fails.

14, The control system as claimed in claim 12 or claim 13

wherein
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the switching state contained in a control message

following a predetermined maximum number of control messages for
which the CRC-check or majority voting, respectiVely, has failed 1is
applied to the at least one active switching device if the CRC-check
or majority voting, respectively, for said following control message

18 successful, or the respective converter module is set to a fault

state otherwise.

15. A power converter, comprising
- at least one i1nput power terminal,
- at least one output power terminal,

- for each output power terminal, at least one converter
module comprising at least one active switching device connected

petween an input power terminal and the respective output power

terminal, and

- a control system for controlling the conversion of

power,

wherein the control system is a

control system as claimed in any one of claims 8 to 14.

16. A method for controlling conversion of an input power

1nto an output power in a converter module, comprising:

providing an input power terminal and an output power

terminal ;

providing for the output power terminal an active

switching device connected between the input power terminal and the

output power terminal; and

controlling a timing of switching the active switching

device 1n each converter module,
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whereln the switching is controlled by sending switching
control signals from a master controller to the converter module,
each swiltching control signal containing a control message defining
a swltching state for the active switching devices and time relative
to a time reference derived from the master controller at which the
defined switching state for the active switching device is to be

applied 1n the converter module,

whereln the switching control signals are sent with a
cycle time equal to, or less than, the shortest time constant of the

converter module and an immediate power circuit element relating to

the converter module, and

wherein a duration of a control message 1s equal to, or

less than, the cycle time.
17. The method as claimed in claim'16,

wherein the switching control signals are sent with a
cycle time that 1s equal to, or less than, a dead time of the active

switching device.
18. The method as claimed in claim 16,

wherein the control message contains timing information
defining times within a cyvcle time at which the switching state
contained 1n the control message is to be applied to the active

switching device in the converter module, and

wherein a timing information has a time resolution that

1s higher than the cycle time.
19. The method as claimed 1n claim 16,

wherein the switching state to be applied to the active
switching device of the converter module 1s contained at least

threefold 1n a control message, and
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whereln a majority voting algorithm is applied to the
threefold switching state for determining the actual switching state

to be applied to the at.least one active switching device.
20. _ The method as claimed 1n claim 16, wherein
5 cach control message also contains a CRC-code;
a CRC-check 1s performed on each control message; and

the switching state contained in the control message is
not applied to the at least one active switching device of the

respective converter module when the CRC-check fails.

10 21. The method as claimed in claim 19,

wherein the switching state contained in a control
message following a predetermined maximum number of control message
for which the CRC-check or majority voting, respectively, has
failed, 1s applied to the active switching device when the CRC-check

15 or majority voting, respectively, for said following control message

18 successful.

22 . The method as claimed 1in claim 20,

whereln the switching state contained in a control
message followlng a predetermined maximum number of control message
20 for which the CRC-check or majority voting, respectively, haé
failed, 1s applied to the active switching device when the CRC-check

Or majority voting, respectively, for said following control message

1s successful.
23. The method as claimed in claim 16,

25 wherein full-duplex data transmission 1s used for

transmitting the switching control signal to the at least one

converter module.
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24 . A control system for controlling conversion of an input

power 1nto an output power in a converter module, comprising:
an 1nput power terminal;

an output power terminal;

an active switching device connected between the input
power terminal and the output power terminal, wherein a timing of

switching of the active switching device is controlled;
a master controller which controls the converter module;

a communlcation link interconnecting the master

controller and the converter module;

a timing generator generating a timing signal having a
cycle time equal to or less than a shortest time constant of the
converter module and 1mmediate power circuit elements relating to
the converter module, the timing generator being integrated in or

interconnected with the master controller; and

a slgnal generator integrated in or interconnected with
the master controller which generates switching control signals,

each switching control signal containing a control message defining

a switching state for the active switching device, a duration of

each control message being equal to or less than the cycle time,

whereiln the communication link 1s a serial communication

link.

25. The control system as claimed in claim 24, wherein the

communication link is a full-duplex link.
26. The control system as claimed 1n claim 24, wherein

at least two converter modules are present which are

connected 1n parallel or 1n series, -
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each converter module comprises at least one input power

terminal, at least one output power terminal, and

tor each output power terminal at least one active
switching device 1s. connected between the input power terminal and

Lhe respective output power terminal.

27 . The control system as claimed in claim 24, wherein the

converter module comprises:

a high voltage DC terminal and a low voltage DC terminal

as 1nput power terminal or output power terminal,

at least two AC terminals as output power terminals or
input power terminals, respectively, and, for each AC terminal, at
least an upper active switching device connected between the high DC

voltage terminal and the respective AC voltage terminal, and

at least a lower active switching device connected

petween the low DC voltage terminal and said respective AC voltage

terminal.

28. The control system as claimed in claim 24, wherein the

slgnal generator generates the control message in threefold.

29. The control system as claimed in claim 24, further

comprilising:

a voting module running a majority voting algorithm on a
received control message in the converter module interconnected with

the master controller.

30. The control system as claimed in claim 24, wherein the
signal generator comprises a CRC-code generator to generate for each
control message a CRC-code and to add the generated CRC-code to the

respective control message.
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31. The control system as claimed in claim 24, further

comprising:

a CRC-check module performing a CRC-check on each
recelved control message in the converter module interconnected with

the master controller, said CRC-check module blocking the

application of the switching state contained in the control message

to the active switching device of the converter module in case the

recelved CRC-check fails.

32. The contfol system as claimed in claim 30, wherein the
switching state contained in a control message following a
predetermined maximum number of control messages for which the
majority voting has failed, is applied to the active switchihg
device when the majority voting for said following control message

1s successful, or the converter module is set to a fault state

otherwise.

33. The control system as claimed in claim 32, wherein the
switching state contained in a control message following a
predetermined maximum number of control messages for which the CRC-

check has failed, 1s applied to the active switching device when the
CRC-check for said following control message 1s successful, or the

converter module 1s set to a fault state otherwise.
34 . A power converter, comprising:

at least one 1nput power terminal;

at least one output power terminal;

for each output power terminal, at least one converter

module comprising at least one active switching device connected

between an 1nput power terminal and the respective output power

terminal; and

a master controllier which controls the converter module:;
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a communication link interconnecting the master

controller and the Converter module;

a timing generator generating a timing signal having a
cycle time equal to or less than a shortest time constant of the
converter module and immediate power circuit elements relating to
the converter module, the timing generator being inteqgrated in or

interconnected with the master controllef; and

a signal generator integrated in or interconnected with
the master controller which generates switching control signals,
each switching control signal containing a control message defining
a switching state for the active switching device, a duration of

each control message being equal to or less than the cycle time,

wherein the communication link is a serial communication

link.
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FIG 2
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