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(57) Abstract: The present invention relates to a system for distributing electric power to an electrical grid (106). The system com-
prises a DC/AC inverter (102) arranged to convert a DC voltage output from an electric power generator (101) to an AC voltage, a
transformer (103) arranged to receive said AC voltage, transform said AC voltage and deliver the transformed AC voltage to the grid
(106), and a connector (104) arranged to selectively connect and disconnect the transtormer (103) from the grid (106). The DC/AC
inverter (102) is arranged to control primary winding magnetizing current delivered to the transformer (103). Further, the connector
(104) is arranged to selectively connect and disconnect the grid (106) to and from the transformer (103) on the basis of the con -
trolled magnetizing current.
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SYSTEM FOR DISTRIBUTING ELECTRIC POWER TO AN ELECTRICAL GRID

TECHNICAL FIELD

The present invention generally relates to a method of and
system for distributing electric power to an electrical grid.
The present invention further relates to a computer program

product for carrying out the method.

BACKGROUND

Medium voltage (MV) transformers step up DC/AC inverter output
voltage to allow connection to an MV distribution grid.
Transformer power losses consist of a) winding losses due to
transformer load current and b) winding and core losses due to

transformer magnetizing current.

The transformer power losses can be categorized as i) load
losses during transformer operation (i.e. inverter power > 0)
or 1i) no-load losses occurring when the transformer is idle

(inverter power = 0).

Studies show that the no-load losses account for up to 75% of
the total transformer power losses depending on configuration
and should thus preferably be eliminated or at least reduced.
Consequently, the MV transformer should be disconnected when
there is no power generation in the power generating means
delivering a DC voltage to the inverter, which power
generating means for example may be embodied in the form of a

photovoltaic (PV) array.

However, connection of the transformer to the distribution
grid results in an inrush current flow in the primary winding,
which results in strong magnetic fields and misplacement of

the windings. Conseguently, insulation properties are
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deteriorated. Similar effects also occur during disconnection
since the magnetizing current is forced to stop flowing, and
frequent connection/disconnection hence reduces transformer

reliability and lifetime.

In the art, a series choke has been used to limit the inrush
current. However, this requires a bulky additional component
the design of which has to be adapted to the specific

transformer requirements.

SUMMARY
A general object of the present invention is to solve or at

least mitigate the above described problems in the art.

In a first aspect of the present invention these objects are
achieved by a system for distributing electric power to an
electrical grid. The system comprises a DC/AC inverter
arranged to convert a DC voltage output from a power generator
to an AC voltage, a transformer arranged to receive said AC
voltage, transform said AC voltage and deliver the transformed
AC voltage to the electrical grid, and a connector arranged to
selectively connect and disconnect the transformer from the
grid. The DC/AC inverter is arranged to control primary
winding magnetizing current delivered to the transformer, and
the connector is arranged to selectively connect and
disconnect the transformer to the grid on the basis of the

controlled magnetizing current.

In a second aspect of the present invention these objects are
achieved by a method of distributing electric power to an
electrical grid. The method comprises the steps of converting
a DC voltage output from a power generator to an AC voltage,
transforming said AC voltage in a transformer and delivering
the transformed AC voltage to the grid. Further, the method

comprises the steps of controlling primary winding magnetizing
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current delivered to the transformer and selectively
connecting and disconnecting the grid from the transformer on

the basis of the controlled magnetizing current.

In a third aspect of the present invention these objects are
achieved by a computer program product comprising computer-
executable components for causing a device to perform the
steps of the method of the present invention when the
computer-executable components are run on a processing unit

included in the device.

In a fourth aspect of the present invention these objects are
achieved by a computer program product comprising a computer
readable medium storing program code which when executed

performs the method according to the present invention.

Thus, the present invention is advantageous in that the DC-AC
inverter controls primary winding magnetizing current of the
transformer, and the connector is arranged to selectively
connect the electrical grid to - or disconnect the electrical
grid from - the transformer on the basis of the controlled
magnetizing current. By having the inverter control the
magnetizing current and connecting/disconnecting the
electrical grid to/from the transformer on the basis of the
carefully controlled current, i.e. operating the connector
when the magnetizing current has been stabilized at levels
considered safe, inrush current flow to the transformer can be

greatly reduced or eliminated.

In an exemplifying embodiment, when the electric power
generator (being for example a PV array) starts producing
enough power - typically early morning - the DC-AC inverter
slowly increases primary winding magnetizing current of the
transformer. When it is considered safe to connect the pre-

energized load, being for instance a distribution grid, a
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connector embodied in the form of e.g. a switch connects the
secondary side of the transformer to the electrical grid and

the inverter starts operating in a power transfer mode.

Hence, the DC/AC inverter controls the magnetizing current and
when the current has stabilized, the grid is connected to the
transformer. When the PV array power output falls below a
predetermined threshold value, typically at the end of the
day, the connector disconnects the transformer from the grid.
The inverter thus goes into a grid disconnection mode and
remains in this mode until the PV array starts producing

enough power again.

In a further exemplifying embodiment, if the electrical grid
needs to be disconnected due to e.g. maintenance, the inverter
decreases the magnetizing current and when considered safe,
i.e. when the magnetizing current has been decreased to and
stabilized at a level where inrush current in the transformer
can be greatly reduced or avoided, the transformer is
disconnected from the grid. After finished maintenance, the
inverter increases the magnetizing current and the electrical
grid is connected to the transformer when the current has
stabilized at a certain level where inrush currents will be

avoided.

By carefully controlling magnetizing current before the
electrical grid is connected to (or disconnected from) the
transformer, inrush current flow to the transformer is reduced

or avoided.

In an embodiment of the present invention the DC/AC inverter
is further arranged to control increase of primary winding
magnetizing current delivered to the transformer such that
current increase per time unit complies with a predetermined

increase rate, and the connector is further arranged to
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connect the transformer to the grid when the magnetizing

current has stabilized at a certain level.

Again, when the PV array starts producing enough power early
morning, or e.g. when maintenance has been carried out, the
DC-AC inverter slowly increases primary winding magnetizing
current of the transformer with a controlled di/dt. Thus,
current increase per time unit should comply with a
predetermined increase rate when the generated power exceeds
the predetermined threshold value. When it is considered safe
to connect the pre-energized load, being for instance a
distribution grid, the connector connects the secondary side
of the transformer to the electrical grid and the inverter
starts operating in a power transfer mode. The increase rate
for the current may be in the order of milliseconds up to
several seconds depending on configuration of the power
system. Hence, the DC/AC inverter controls the magnetizing
current and in particular its rate of increase, and when the
current has stabilized at a predetermined level, the grid is
connected to the transformer. In analogy with the above, when
the PV array power output falls below the predetermined
threshold at the end of the day, or when maintenance is to
commence, the connector disconnects the transformer from the
grid. The inverter thus goes into a grid disconnection mode
and remains in this mode until the PV array starts producing

enough power again.

Advantageously, this further facilitates reduction of the

inrush current flow to the transformer.

In an embodiment of the present invention the DC/AC inverter
is further arranged to control decrease of the primary winding
magnetizing current delivered to the transformer such that

current decrease per time unit complies with a predetermined
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decrease rate. As previously mentioned, this embodiment

improves transformer reliability and lifetime.

It should be noted that the predetermined threshold wvalue
could be embodied in the form of a first and a second
predetermined threshold value. The first predetermined
threshold value which the generated power is to exceed for the
electrical grid to be connected is in that case set higher
than a second predetermined threshold value which the
generated power is to fall below for the electrical grid to be
disconnected, such that a measure of hysteresis is introduced

in the system.

In a further embodiment of the present invention, the DC/AC
inverter is a grid-tie inverter arranged to synchronize sine
wave power signals output from the inverter to sine wave power
signals at the electrical grid before connecting the grid to
the transformer. This further mitigates possible inrush

currents.

It should further be noted that, as has been mentioned in the
above, the increase or decrease rate for the magnetizing
current may be in the order of milliseconds up to several
seconds depending on configuration of the power system.
However, the actual value of the rate of change of magnetizing
current is in general not in itself a critical parameter; when
increasing the current, the grid should be connected to the
transformer once the current has stabilized at a level where
inrush current is reduced or eliminated. In an analog manner,
when decreasing the current, the grid should be disconnected
from the transformer once the current has stabilized at a

level where inrush current is reduced or eliminated.

Additional features and advantages will be disclosed in the

following.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention and advantages thereof
will now be described by way of non-limiting examples, with

reference to the accompanying drawings in which:

Fig. 1 shows a block scheme illustrating an embodiment of the

present invention,

Fig. 2 shows a block scheme illustrating a further embodiment

of the present invention, and

Fig. 3 shows a block scheme illustrating yet a further

embodiment of the present invention.

DETATILED DESCRIPTION

Fig. 1 illustrates a system 100 according to an embodiment of
the present invention. The system 100 for distributing
electric power to a distribution grid 106 comprises a DC/AC
inverter 102 for converting a DC voltage output from electric
power generator 101 (typically a PV array) to an AC voltage.
The power generator 101 is in the following exemplified by
means of a PV array, but could be any generator which
occasionally stops producing power during some time of the
day. Further, the system comprises transformer 103 which
receives the AC voltage and transforms, in this example steps
up, the AC voltage to the grid 106. In an exemplifying
implementation, the output of the PV array is 600-1000V DC and
the converted AC voltage from the inverter is 400V at 100 kW,
while the stepped-up transformer voltage is 10kV-20kV.
Finally, the system 100 comprises a connector 104, which may
be embodied in the form of a switch, for selectively
connecting and disconnecting the transformer from the grid.
The closing and opening of the switch is controlled 105 by the
DC/AC inverter 102.
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The DC/AC inverter 1is arranged to control increase of primary
winding magnetizing current delivered to the transformer such
that current increase per time unit complies with a
predetermined increase rate when the PV array 101 produces
enough power, typically early morning as the sun rises. This
is to reduce or even eliminate inrush current flow in the
primary winding of the transformer. When the magnetizing
current has stabilized, the DC/AC inverter 102 controls 105
the connector 104 to connect the transformer to the grid and

power is transferred from the PV array to the grid.

Advantageously, this greatly reduces the inrush current flow

to the transformer.

When the PV array stops producing power, typically in the
evening as the sun sets, the DC/AC inverter is arranged to
control operation of the connector such that the grid is

disconnected from the transformer. The inverter then shuts

down and remains in this mode during the night.

Advantageously, before disconnecting the grid from the
transformer, the DC/AC inverter slowly decreases the

transformer magnetizing current in a controlled manner.

In this exemplifying embodiment, the functionality to monitor
PV array power output, control the increase of magnetizing
current and operate the connector is implemented in the DC/AC
inverter, but could just as well be implemented in some other
appropriate power device in connection to the DC/AC inverter,
for example in a control device supervising the complete power
system. Further, this functionality can be implemented by
means of software downloaded into a processing device 107 of
the DC/AC inverter. This facilitates swift and straightforward
updates and modifications of inverter functionality without
having to modify inverter hardware. Further, the DC/AC

inverter could comprise a user-operated interface where
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control commands can be received to control increase/decrease
of transformer magnetizing current and possibly also

connection/disconnection of the electrical grid.

With PV panels the DC/AC inverter can control inverter output
power by changing operating power point on the V-I curve of

the panel. It is thereby possible to adjust the output power
of the inverter under any condition, within the frames of PV

panel operating voltage and current.

Fig. 2 illustrates the system of Fig. 1 (control line 105 has
been omitted), and the need for synchronization when
connecting the transformer 103 and the DC/AC inverter 102 to
the distribution grid 106. It should be noted that the grid
typically is a 3-phase network with three terminals carrying a
respective sine wave voltage signal, each one a 120 degrees
out of phase with the remaining two. For illustrational

purposes, one phase is shown.

As can be seen at 110 on the transformer side of connector
104, and at 111 on the grid side, the power signals coming out
from the inverter may not be in phase with the power signals
on the grid, but must be synchronized or a large inrush
current will flow upon connection. Thus, a so called grid-tie
inverter could be used. The grid-tie inverter monitors the
power signals on the grid side (this functionality could be
included wvia control line 105), and ensures that the sine wave
power signals output from the inverter stays in phase with
those of the grid as is illustrated at 112. Consequently, upon
connection of the grid 106 to the transformer 103 via the
connector 104, the three-phase voltages output from the
transformer will have the same phase and amplitude as those of
the grid. It should be noted that other suitable inverters

alternatively could be used for synchronizing purposes.
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Fig. 3 illustrates the system of Figs. 1 and 2 (processing
device 107 has been omitted), further comprising a power
source 108 arranged to power the DC/AC inverter 102 and thus
to provide the magnetizing current to the transformer 103.
This embodiment is advantageous since the operation of the
DC/AC inverter is not dependent on power output from the
generator 101. As a result, even though the generator being
e.g. a solar panel does not provide enough energy to power the
inverter, the inverter will still be able to operate. Further,
the power source 108 could comprise energy storage
functionality to appropriately store energy from the power
generator 101 and subsequently energize the inverter 102 in

case the power generator does not produce enough power.

The skilled person in the art realizes that the present
invention by no means is limited to the examples described
hereinabove. On the contrary, many modifications and
variations are possible within the scope of the appended

claims.
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CLAIMS

1. A system (100) for distributing electric power to an

electrical grid (106), comprising:

a DC/AC inverter (102) arranged to convert a DC

voltage output from a power generator (101) to an AC voltage,

a transformer (103) arranged to receive said AC
voltage, transform said AC voltage and deliver the transformed

AC voltage to the electrical grid, and

a connector (104) arranged to selectively connect and

disconnect the transformer from the grid, wherein

the DC/AC inverter is arranged to control primary

winding magnetizing current delivered to the transformer, and

the connector is arranged to selectively connect and
disconnect the transformer to and from the grid on the basis

of the controlled magnetizing current.
2. The system (100) according to claim 1, wherein

the DC/AC inverter (102) further is arranged to
control increase of primary winding magnetizing current
delivered to the transformer (103) such that current increase

per time unit complies with a predetermined increase rate, and

the connector (104) is further arranged to connect
the transformer to the grid when the magnetizing current has

stabilized at a certain level.
3. The system (100) according to claims 1 or 2, wherein

the DC/AC inverter (102) further is arranged to
control decrease of the primary winding magnetizing current
delivered to the transformer (103) such that current decrease

per time unit complies with a predetermined decrease rate, and
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the connector (104) is further arranged to disconnect
the transformer from the grid when the magnetizing current has

stabilized at a certain level.

4. The system (100) according to any one of the
preceding claims, wherein (a) increase of primary winding
magnetizing current delivered to the transformer (103) is
performed when the generated power exceeds a predetermined
threshold value, and (b) decrease of the primary winding
magnetizing current delivered to the transformer (103) is
performed when the generated electric power falls below the

predetermined threshold value.

5. The system (100) according to any one of the
preceding claims, wherein the DC/AC inverter (102) is arranged
to control (105) the connector (104) to connect and disconnect

the electrical grid.

6. The system (100) according to any one of the
preceding claims, wherein a first predetermined threshold
value which the generated power is to exceed for the
electrical grid (106) to be connected is set higher than a
second predetermined threshold value which the generated power

is to fall below for the electrical grid to be disconnected.

7. The system (100) according to any one of the
preceding claims, wherein the DC/AC inverter (102) is a grid-
tie inverter arranged to synchronize sine wave power signals
output from the inverter to sine wave power signals at the
electrical grid (106) before connecting the grid to the

transformer.

3. The system (100) according to any one of the

preceding claims, further comprising:

a power source (108) arranged to power the DC/AC

inverter (102).
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9. The system (100) according to claim 8, wherein the

power source (108) further comprises:

energy storage element arranged to store power

provided by the power generator (101).

10. A method of distributing electric power to an

electrical grid (106), comprising:

converting a DC voltage output from a power generator

(101) to an AC voltage,

transforming said AC voltage in a transformer (103)

and delivering the transformed AC voltage to the grid,

controlling primary winding magnetizing current

delivered to the transformer, and

selectively connecting and disconnecting the grid
from the transformer on the basis of the controlled

magnetizing current.

11. The method according to claim 10, wherein the step of
controlling primary winding magnetizing current further

comprises:

controlling increase of primary winding magnetizing
current delivered to the transformer (103) such that current
increase per time unit complies with a predetermined increase

rate, and

the connection of the transformer to the grid (106)
is performed when the magnetizing current has stabilized at a

certain level.

12. The method according to claims 10 or 11, wherein the
step of controlling primary winding magnetizing current

further comprises:
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controlling decrease of the primary winding magnetizing
current delivered to the transformer (103) such that current
decrease per time unit complies with a predetermined decrease

rate, and

the disconnection of the transformer from the grid
(106) is performed when the magnetizing current has stabilized

at a certain level.

13. The method according to any one of claims 10-12,

further comprising the step of:

synchronizing the converted AC voltage to an AC
voltage at the electrical grid (106) before connecting the

grid to the transformer (104).

14. A computer program product comprising computer-
executable components for causing a device (102) to perform
the steps recited in any one of claims 10-13 when the
computer-executable components are run on a processing unit

(107) included in the device.

15. A computer program product comprising a computer
readable medium storing program code which when executed

performs the method according to any of the claims 10-13.
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