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Power converter and assembly method for assembling a power converter

The present invention relates to a power converter and an assembly method
for assembling a power converter. In particular, the present invention relates
to a power converter and an assembly method for a power converter having a
modular design.

Power converters are used in many applications. For example, power
converters are used in an inverter for changing a direct current (DC) into an
alternating current (AC), in a rectifier changing an alternating current into a
direct current, in a DC/DC converter for changing the voltage of a direct
current, or in a converter changing the voltage and/or the frequency of an

alternating current.

US 7,667,952 B2 discloses a connection system banks of capacitors
associated with an inverter, whereof the capacitors are connected by a busbar
consisting of two thin bars of different polarities stacked and separated by an

insulating layer.

Power converters are used, for instance, in uninterruptible power supplies
(UPS). In such an application an alternating current of an external power supply
is rectified for charging a battery. When the external power supply is interrupted,
the direct current of the battery is rectified in order to maintain an internal power

supply.

Further to this, power converters are also used in connection with the
generation of renewable energy. For example, a wind generator or a
photovoltaic panel usually generates a direct current. Thus, the energy has to
be converted to an alternating current for feeding the energy into the public grid.
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Additionally, power converters are also used in many other fields, for instance
for motor drives, active front ends (AFE), grid tight inverters (GTI) and many

other applications.

For all these applications, the power converters include power modules. These
power modules comprise insulated gate bipolar transistor (IGBT) and/or diode
chips. Depending on the power range and depending on the desired

application, an appropriate power module has to be selected.

The power range of the above described applications usually varies in a very
wide range starting form 50 kVA up to 2 MVA and more. Thus, many specialized
power modules for the respective application and the desired power range of
each power converter are necessary. Accordingly, for each of the many power
modules an individual power converter has to be designed. By using a large
number of different power modules, the design of all these specialized power
modules leads to relative high costs per item for each individual power module.

Further to this, each of the many different power modules requires an individual
control circuit. Accordingly, the individual design of the power converters for all
power modules and the used power modules require a huge engineering effort,
too.

Power converters usually are designed for a specialized power range and the
power converter use specialized power modules and specialized control
circuits, both adapted to a particular application and a predetermined power
range. Thus, it is impossible to change the power range of a power converter
afterwards. When the power range of an application changes, a complete new
power converter is required having new power modules and a new control

circuit.

Furthermore, power converters usually have a high thermal power loss leading
to a heating of the respective components. In order to avoid damage due to a
high temperature of the power converters, the components of the power
converter, in particular the IGBT and the diode chips have to be cooled. For this
purpose a forced cooling, for instance a liquid cooling system or an air cooling
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system, is required. Such a cooling system usually requires large volumes,
leading to power converters having a big size.

Thus, there is a need for a power converter which can be easily adapted to a
power range, and wherein the power range can be adapted ex post.

There is also a need for a power converter which can be adapted for a use in
different applications.

There is also a need to a power converter which can be manufactured based
by a small number of standard power modules.

Further, there is a need for a power converter providing an efficient cooling and

having a relative small size.

According to a first aspect of the present invention a power converter with a
plurality of modular power stack units is provided, each modular power stack
unit comprising a plurality of power modules, each power module being
connected with a separate driver unit, a capacitor, a connection means for
connecting the power module and the capacitor, and an electrical interface,
wherein each electrical interface of the plurality of modular power stack units

having a same structure.

According to a second aspect of the present invention, an assembly method for
assembling a power converter is provided, the method comprising the steps of
providing a plurality of modular power stack units, each modular power stack
unit comprising a plurality of power modules, each power module being
connected with a separate driver unit, a capacitor, a connection means for
connecting the power module and the capacitor, and an electrical interface,
wherein each electrical interface of the plurality of modular power stack units
having a same structure; and connecting the plurality of modular power stack
units via the electrical interfaces.

One idea underlying the present invention is to separate a power converter into
a plurality of modular power stack modules. Each of these modular power stack
units is built on standardized components, in particular based on commonly
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available standardized power modules. In order to adapt the power range of the
power converter to desired power, a plurality of modular power stack units are
combined. By providing the same electrical interfaces for all modular power
stack units, a plurality of modular power stack units can be easily combined.

In this way, the power can be build based on standardized power modules.
Thus, the respective components are good available and less expensive. Thus,

the costs for manufacturing such a power converter can be reduced.

By dividing the whole power converter into a plurality of sub-modules, a flexible
adjustment of the power range can be achieved. The power range of such a
power converter can be easily increased or decreased by simply adding or

removing one or more modules.

Additionally, the reliability of the power converter can also be increased. Even
when one module is damaged, only the damaged module has to be replaced.
The remaining modules can be further used without any modifications.

By separating a power converter into individual modules, an enhanced thermal
management can be achieved. In this way, an efficient cooling of the power
converter is provided. Consequently, the size of such a power converter can be

reduced.

According a first implementation form of a power converter of the first aspect of
the invention, the power module comprises a power diode and/or an insulating
gate bipolar transistor (IGBT). Based on such power modules a flexible design

for modular power stack units can be achieved.

According a second implementation form of a power converter of the first aspect
of the invention as such or according to according to the first implementation
form of the first aspect, the separate driver units of each power module being
adapted to provide an IGBT-driving signal to the connected power module,

respectively.

According a third implementation form of a power converter of the second
implementation form of the first aspect of the invention, all power modules are
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the same. By using a plurality of common power modules, in particular
standardized power modules, such modules usually are inexpensive and good

available.

According a fourth implementation form of a power converter of the first aspect
of the invention as such or according to any of the preceding implementation
forms of the first aspect, the modular power stack unit further comprises cooling

means.

According a fifth implementation form of a power converter of the fourth
implementation form of the first aspect of the invention, the cooling means
comprises a forced air cooling system or a liquid cooling system. By applying
separate cooling units to each power stack unit, a good and reliable cooling can
be achieved and the efficiency of the modular power stack unit is increased.

According a sixth implementation form of a power converter of the first aspect
of the invention as such or according to any of the preceding implementation
forms of the first aspect, each of the plurality of modular power stack units
comprises a mechanical interface, wherein each mechanical interface of the
plurality of modular power stack units is the same. In this way an easy and
flexible assembling of the power converter is achieved.

According a seventh implementation form of a power converter of the first
aspect of the invention as such or according to any of the preceding
implementation forms of the first aspect, the connection means comprises a
bus bar. A bus bar for connecting the power modules and the capacitors

provides a connection with low inductivity.

According an eighth implementation form of a power converter of the first
aspect of the invention as such or according to any of the preceding
implementation forms of the first aspect, at least one of the pluralities of modular
power stack units is a rectifier, an inverter, a DC/DC converter or an AC/DC/AC
converter. Based on such modular power stack units, a very flexible power
converter can be created based on the combination of the individual power
stack units.
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According a ninth implementation form of a power converter of the first aspect
of the invention as such or according to any of the preceding implementation
forms of the first aspect, the power converter further comprises a mounting
device for receiving the plurality of modular power stack units. A mounting
device, for instance a rack, provides an efficient and flexible way for mounting
and connecting the individual modular power stack units.

According a tenth implementation form of a power converter of the fourth
implementation form of the ninth aspect of the invention, the mounting device
further comprises pluggable connectors for connecting the electrical interface
of the modular power stack units. By means of pluggable connectors, a very

easy mounting and demounting of the individual modules can be achieved.

According to a first implementation form of a method of the second aspect of
the invention, the method for assembling a power converter determines the
number of modular power stack units based on a designed power range of the
power converter. By adapting the number of required modules to the desired
power range, an individual power converter for a very wide power range can be
achieved.

According to third aspect of the invention, an uninterruptible power supply
comprising a power converter according to the first aspect of the invention as
such or according to any of the preceding implementation forms of the first
aspect is provided.

According to fourth aspect of the invention, a solar inverter or a wind energy
inverter comprising a power converter according to the first aspect of the
invention as such or according to any of the preceding implementation forms of
the first aspect is provided.

In the following, the present invention is described with respect to the

accompanying figures, wherein:

Fig. 1 is a schematically top view of a power converter according to
an embodiment of the present invention;



10

15

20

25

WO 2016/026514 PCT/EP2014/067613

Fig. 2 is a schematically rear view of a power stack unit according to
an embodiment of the invention;

Fig. 3 is a circuit diagram of a power stack module according to an
embodiment of the invention;

Fig. 4 is a schematically illustration of a power converter according to
an embodiment of the invention; and

Fig. 5 is a flow diagram of an assembling method for a power
converter according to an embodiment of the present invention.

In the following, terms for describing a direction like “above”, “below”, “left”,
“right” and so on are only for a better understanding of the figures and do not
limit the present invention. Same reference numerals relates to same or similar
components. The dimensions of the figures are only for illustrated purposes and
also do not limit the invention.

Figure 1 illustrates an example of a modular power stack unit 1. According to
this example, one or more power units 2 are arranged in the left and/or the right
of the power stack unit 1. Other arrangements of power units 2 in the modular
power stack unit 1 are possible, too.

The power modules 2 can be, for instance modules comprising power diodes
or IGBT modules.

A plurality of power modules 2 can be arranged in the modular power stack unit
1. For example the power modules can be arranged in the left as well as in the
right. For instance, three IGBT modules can be arranged on the left and three
further modules can be arranged on the right, respectively. In this way, it is
possible to build two three phase inverters, one in the left and one in the right.
However, other arrangements of power modules 2 are also possible.

Each power module 2 comprises a separate driver unit for driving the respective
power module 2. In particular, each driving unit provides an IGBT-driving signal
for driving the respective power module 2. For this purpose, the IGBT-driving
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signal is galvanically insulated with respect to the supply voltage of the power
stack unit 1. In particular, the driver unit may be provided with an additional
auxiliary supply voltage. In order to drive the IGBT modules, the driver unit may
comprise an output stage for gate voltage control, for protecting the voltage
drop between Collector and Emitter Vce(sat) of the IGB and/or for interlock

protection features.

In front of the power modules 2, cooling means 5 are arranged for cooling the
power modules 2. The cooling means 5 can be a liquid cooling system or a
forced air cooling. For example, a forced air cooling system may comprise a
plurality of fans. Alternative cooling systems are also possible.

By arranging the cooling system 5 close to the power modules 2, a very efficient
cooling of the power modules 2 is achieved. Accordingly, such an efficient
cooling leads to lower operation temperatures of the power modules 2. Thus,
the efficiency of the modular power stack unit 1, in particular the efficiency of

the power modules 2 is increased.

Thus, the cooling efficiency can be significantly improved. The power modules
can be arranged in an optimized manner with respect to the cooling
requirements. Accordingly, only less and/or smaller components for a forced
cooling are necessary. In comparison with conventional power converting
systems, for a power converter according to present invention only half volume
is needed.

In this way, the overall size of the power converter can be reduced. Thus, the
weight of a power converter according to the present invention is significantly
reduced, too. Accordingly, the costs for manufacturing such a power converter
can be reduced.

In the middle of the modular power stack unit 1, one or more capacitors 3 are
arranged between the left and the right power modules 2. The capacitors 3 and
the power modules 2 are connected by a connection means 4. In order to
achieve a very efficient connection, for instance, a bus bar can be used for
connecting capacitors 3 and power module 2. A bus bar is a flat rectangular
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element having a good electric conductivity. Such a connection of power
module 2 and capacitors 3 provides an excellent connection with a low parasitic
inductance. Accordingly, due to the low inductance of the connection between
capacitor 3 and power module 2 a very good switching behaviour of the power

modules 2 can be achieved.

To provide electrical connections, the modular power stack unit 1 further
comprises an electrical interface 6. The electrical interface 6 comprises a
plurality of terminals for connecting the power stack unit 1 with further modular
power stack units 1 or for connecting the modular power stack unit 1 with further

external components.

In order to achieve a flexible use of the individual modular power stack units 1,
the electrical interface 6 of each modular power stack unit 1 has the same
structure. The individual terminals of the electrical interface 6 having the same
functionality in each modular power stack unit 1 are located at the same position
and have the same design. For example, the terminals for receiving and/or
providing the three phases of an alternating current have a predetermined
structure and are located at a predetermined position within the modular power
stack unit 1. In the same way, the terminals for receiving and/or providing a
direct current have a predetermined structure and are located at a
predetermined position within the modular power stack unit 1, too.

In this way, a mounting device for receiving the modular power stack units 1
can be equipped with a standardized interface for receiving the terminals of the

electrical interface of the modular power stack units 1.

For example, the interface comprises a plurality of terminals for a pluggable
connection. A pluggable connection of the electrical interfaces enables a very
fast connection of the modular power stack units 1. In this way, a modular power
stack unit 1 can be easily placed into a mounting device, for instance a rack,
and an electrical connection is automatically established.

By providing the same electrical interface 6 for all modular power stack units 1
a flexible arrangement of the modular power stack units 1 can be achieved. In
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this way, a standardized mounting device, for instance a rack, can be provided.
This mounting device provides a plurality of electrical and mechanical interfaces
for receiving the respective electrical and mechanical interfaces of each
modular power stack unit 1. Thus, the individual modular power stack units 1
can be very easily inserted and removed. Accordingly, an easy assembling and
an accelerated maintenance can be achieved.

Alternatively or additionally, the terminals of the electrical interface 6 may be
connected by cables. In this way, a very flexible connection between the
individual modular power stack units 1 and/or a connection to peripheral

elements can be achieved.

Furthermore, such cables may further serve as a fuse. If a component of the
power converter might be damaged and a high current is flowing through a
cable, the cable may fuse and the electrical connection will be interrupted. In
this way, a further damage of the power converter can be prevented.

Since each power module 2 is controlled by a separate driver unit, a damage
of one power module does not influence the remaining power modules. Thus,
the functionality of the wholes power stack unit 1 can be maintained, even if
one power module 2 of the plurality of power modules 2 will be damaged. In
contrast to this, damage in a single IGBT in a conventional power stack will lead
to an overcurrent and to a damage of the whole power stack. Thus, the reliability
of a power stack unit 1 according to the present invention can be increased with

respect to a conventional power stack.

Figure 2 illustrates a schematically rear view of a power stack unit 1. According
to the illustration of this embodiment, three terminals are arranged on the left
side and three terminals are arranged on the right side. Other arrangements of
connectors with another number of connection terminals are possible, too. In
order to achieve a flexible combination of a plurality of modular power stack
units 1, the structure of the electrical interface 6 with the terminals is unique for

each modular power stack unit 1.

10
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Figure 3 illustrates a schematically configuration of a three phase inverter which
can be realized by a modular power stack unit 1 according to the present
invention. As can be seen in Figure 3, the inverter comprises a capacitor 30
and three power modules 21, 22 and 23. Such a three phase inverter can be
realized, for instance, by commonly available standard IGBT modules with a
power range of 100 kVA, 125 kVA or 150 kVA. Power modules, in particular

standardized power modules having another power range are also possible.

In order to increase the power range, one modular power stack unit 1 may
comprise two of the three phase inverter arrangements. According to Fig. 1 a
first three phase inverter can be arranged on the left, and a second three phase
inverter can be arranged on the right, for example. When using, for instance,
125 kVA standard IGBT modules, a power range of 250 kVA can be achieved
without a need for specialized 250 kVA power modules.

Other arrangements of modular power stack units 1 comprising a different
number of power modules 2 and a different number of functional elements, such
as inverters, are also possible.

In order to further increase the power range of the power converter, two or more
modular power stack units 1 can be combined. For instance, a power range of
1.000 kVA can be realized by combining four of the above described modular
power stack units 1 each comprising two three phase inverters of 125 kVA,
respectively. Such a combination of four modular power stack units 1 in a power
converter is illustrated in Figure 4.

However, the present invention is not limited to the combination of four modular
power stack units 1. It is also possible to combine less or more than four
modular power stack units 1 in a power converter. In particular, it is also
possible to change the power range of a power converter at a later time by
increasing or decreasing the number of modular power stack units 1.
Accordingly, a very flexible arrangement of a power converter is provided. Even
an adaption of the overall power dimensions of such a power converter can be
realized by adding or removing individual components.

11
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By building-up a power converter having a plurality of individual modular power
stack units 1, the reliability of the power converter is also increased. In case of
a failure in one of the modular power stack units 1, the remaining modular power
stack units 1 will remain functional. Thus, only the not working modular power
stack unit 1 has to be replaced by another one.

In order to enable a flexible and easily arrangement of the plurality of modular
power stack units 1, the modular power stack units 1 can be arranged in a
mounting device 10, for instance a rack. This mounting device 10 may provide
a plurality of mechanical interfaces for receiving the mechanical interfaces of
the modular power stack units 1. By applying the same mechanical interfaces
to all modular power stack units 1, a quick and easy assembly of the power
converter can be realized. Further, the mounting device 10 may also provide
terminals for connecting the terminals of the electrical interfaces 6 of the
modular power stack units 1. In this way, an electrical connection is established
when inserting a modular power stack unit 1 into the mounting device 10.
Accordingly, the assembling of the power converter can be further accelerated,
and the replacement of a damaged modular power stack unit 1 can be
simplified.

In the following, the advantages of the configuration according to the present
invention with respect to a conventional power stack will be explained.
Conventional IGBT power stack constructions are known, for instance, as
already discussed in the introductory portion. For example such a conventional
power stack construction may be used in an inverter for photovoltaic
applications. In one example, such a conventional inverter may comprise 8
IGBT half bridges per phase in parallel. Accordingly, 24 IGBT modules are used
in total. When using, for instance, 24 IGBT modules of the type SKM 400GB
123 D (Semikron) a power range of 500 kW may be achieved.

According to an embodiment of the present invention, by using 24 power
modules 2 of the same type (SKM 400GB 123 D), there can be made three
phases with 8 power modules 2 in each phase. Thus, due to the excellent

cooling conditions without thermal stacking and due to the lower switching
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losses a power range of 250 kW for each of the 8 power modules 2 comprising
three phases can be achieved. Accordingly, a total power of 1500 kW (8 times
250 kW) can be achieved. Hence, by employing the same number of IGBT
modules, the output power is three times higher than in a conventional power
stack.

In this way, the power range can be extended and/or the size and the weight of
a power stack 1 can be reduced. Since the costs of a power stack 1 correspond
to weight and size of the power stack 1, the costs of a power stack can be
reduced with respect to a conventional power stack having the same output

range.

Although the above description relates to a modular inverter, the present

invention is not limited to a power converter providing an inverter.

In another embodiment of the present invention, one or more modular power
stack units 1 may provide rectifiers, DC/DC converters, AC/DC/AC converters
or further functional groups. Accordingly, by combining such different modular
power stack units 1, a very flexible arrangement of a power converter can be
achieved.

By combining a plurality of standardized modular power stack units 1 having
the same functionality, the power range of a power converter can be increased.
Additionally, the power range of such a power converter can be increased or
decreased by adding or removing one or more modular power stack units 1.

Further to this by combining a plurality of modular power stack units 1 having
different functionality, for instance rectifier, inverter and/or DC-DC-converter, a
very flexible power converter arrangement can be achieved.

For example, an uninterruptible power supply (UPS) can be realized by
combining a rectifier, a DC/DC converter and an inverter. As long as an external
power source is available, an altering current can be rectified by one or more
rectifier modules in order to charge a battery. If necessary, the rectified voltage

13
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can be further adapted to the voltage of the battery by a DC/DC converter in an
additional modular power stack unit.

Further, the UPS comprises one or more modular power stack units 1 providing
the functionality of an inverter. When the external power supply is interrupted,
the internal power supply can be maintained by these modular power stack
units 1 providing inverter capabilities based on the energy of the charged

battery.

Depending on the required power range of the UPS, one or more rectifier,
inverter, DC/DC-converters can be used in parallel by combining a plurality of
standardized modular power stack units 1.

Based on the modular concept of the present invention, the same modular
power stack units 1 can be used for building inverters, UPS, etc. Thus, the
present invention provides a very flexible concept for adapting a power
converter to individual applications and power ranges.

As it has been illustrated in the above descried embodiments, the concept of
modular power stack units 1 allows adapting a power converter to the individual
requirements. Based on common components, a power converter for a very
broad power range and many different applications can be realized. For
instance, the same modular power stack units 1 can be used in an inverter for
a photovoltaic generator, a wind generator or even in an UPS.

Figure 5 shows a diagram for an assembly method for assembling a power
converter according to the present invention. In a first step S1 a plurality of
modular power stack units 1 are provided. Each of the modular power stack
units comprises a plurality of power modules 2, each power module 2 being
connected to a separated driver unit, a capacitor 3, a connection means 4 for
connecting the power module 2 and the capacitors 3, and an electrical interface
6. In a further step S2, the plurality of modular power stack units 1 are
connected via the electrical interfaces 6.

14
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In order to adapt the power range of the power converter, a number of modular
power stack units 1 can be determined based on the desired power range of
the power converter. By using a plurality of modular power stack units 1 in
parallel, the power range of the power converter can be easily adapted.

Additionally, individual of modular power stack units 1 providing different
functionality can be selected in order to build-up a desired power converter, for

instance an inverter, a rectifier or an uninterruptible power supply, etc.

Summarizing, the present invention provides a concept for a power converter
build-up by modular power stack design. The functionality and the power range
of the power converter can be individually adapted by combining a plurality of
modular power stack units 1. In order to adapt the power range of the power
converter, a plurality of modular power stack units 1 can be combined in

parallel.
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Claims

A power converter with a plurality of modular power stack units (1), each
modular power stack unit (1) comprising:

a plurality of power modules (2), each power module (2) being connected

with a separate driver unit;
a capacitor (3);

a connection means (4) for connecting the power module (2) and the
capacitor (3);

an electrical interface (6), wherein each electrical interface (6) of the

plurality of modular power stack units (1) having a same structure.

The power converter according to claim 1, wherein each power module (2)
comprising a power diode and/or an insulated gate bipolar transistor,
IGBT.

The power converter according to claim 1 or 2, wherein the separate driver
units of each power module (2) being adapted to provide an IGBT-driving

signal to the connected power module (2), respectively.

The power converter according to claim 3, wherein each power module (2)

connected with a separate driver unit being the same.

The power converter according to any of claims 1 to 4, wherein the
modular power stack unit (1) further comprising a cooling means (5).

The power converter according to claim 5, wherein the cooling means (5)

further comprising a forced air cooling system or a liquid cooling system.

The power converter according to any of claims 1 to 6, wherein each of

the plurality of power stack units (1) comprising a mechanical interface,
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10.

11.

12.

13.

14.

each mechanical interface of the plurality of modular power stack units (1)
being the same.

The power converter according to any of claims 1 to 7, wherein the
connection means (6) comprising a bus bar.

The power converter according to any of claims 1 to 8, wherein at least
one of the plurality of modular power stack units (1) being a rectifier, an
inverter, a DC/DC-converter or an AC-DC-AC-converter.

The power converter according to any of claims 1 to 9 further comprising
a mounting device (10) for receiving the plurality of modular power stack

units.

The power converter according to claim 10, wherein the mounting
device (10) further comprises pluggable connectors for connecting the
electrical interface (6) of the modular power stack units (1).

An uninterruptable power supply comprising a power converter according

any of claims 1 to 11.

A solar inverter or wind energy inverter comprising a power converter

according any of claims 1 to 11.

An assembly method for assembling a power converter comprising the

steps of

providing (S1) a plurality of modular power stack units (1), each modular
power stack unit (1) comprising

a plurality of power module (2), each power module (2) being connected
to a separated driver unit, a capacitor (3), a connection means (4) for
connecting the power module (2) and the capacitor (3), and an electrical
interface (6), wherein each electrical interface (6) of the plurality of

modular power stack units (1) having a same structure; and

17
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15.

connecting (S2) the plurality of modular power stack units (1) via the

electrical interfaces (6).

The assembly method according to claim 14, wherein a number of
modular power stack units (1) is determined based on a desired power

range of the power converter.
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