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FIG. 1

(57) Abstract: The invention relates an electrical device for providing an output depending on an electrical input. The electrical
device (1) is adapted to provide a constant output, if the electrical input is in a first electrical input range, and a dependent output, if
the electrical input is in a second electrical input range, wherein the dependent output depends on the electrical input. The output can
therefore remain constant, even if the electrical input, which is preferentially a DC grid voltage, fluctuates within the first electrical
input range. Moreover, in the second electrical input range the output can be controlled by just controlling the electrical input like
the DC grid voltage, without necessarily requiring an additional control construction of the electrical device. A resistance against
fluctuations of the electrical input and a controllability of the output can therefore be realized in a relatively simple way.
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Electrical Device And Power Grid System

FIELD OF THE INVENTION

The invention relates to an electrical device, which provides an output
depending on an electrical input, and to a power grid system and a method for providing a
direct current (DC) voltage as an electrical input to an electrical device. The invention relates
further to an electrical circuit comprising an electrical device and a power grid system to
which the electrical device is connected, and a method and a computer program for providing

an output of an electrical device depending on an electrical input.

BACKGROUND OF THE INVENTION

A proprietary DC power grid system can be used for supplying electrical
devices like lamps of a building with DC voltage. The DC voltage provided by the DC power
grid system can fluctuate, wherein the electrical device is configured such that the output of
the electrical device is constant, if this fluctuation of the supplied DC voltage occurs. For
example, a lamp can be configured such that the intensity of the light generated by the lamp is
constant, even if the supplied DC voltage fluctuates. If the output of the electrical device
should be modified, the electrical device needs a corresponding control construction, which
controls the output of the electrical device independently of the supplied DC voltage. For
instance, in order to provide a dimming function for dimming a lamp, an additional control
construction is needed, which allows a person to modify the intensity of the light generated by
the lamp independently of the supplied DC voltage. This additional control construction can

be technically relatively complex and may be relatively spacious.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an electrical device for
providing an output depending on an electrical input, wherein a control of the output of the
electrical device can be simplified.

In a first aspect of the present invention an electrical device for providing an

output depending on an electrical input is presented, wherein the electrical device is adapted
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to provide a constant output, if the electrical input is in a first electrical input range, and a
dependent output, if the electrical input is in a second electrical input range, wherein the
dependent output depends on the electrical input.

Since the electrical device is adapted to provide a constant output, if the
electrical input is in a first electrical input range, the output remains constant, even if the
electrical input fluctuates within the first electrical input range. For instance, if the electrical
device is connected to a DC power grid system for receiving DC voltage as an electrical input
and if the nominal DC voltage of the DC power grid system is within the first electrical input
range, the output of the electrical device remains constant, even if the DC voltage supplied by
the DC power grid system fluctuates within the first electrical input range. Moreover, since, if
the electrical input is in a second electrical input range, the dependent output depends on the
electrical input, the output can be controlled by just using the electrical input, thereby
allowing a very simple control of the output of the electrical device. Thus, the electrical
device can be adapted to fulfill two functions. In order to provide a constant output despite of
possible fluctuations of the electrical input, the output is constant within the first electrical
input range, and in order to allow the output to be controlled by the electrical input, in the
second electrical input range the output depends on the electrical input.

The electrical device is preferentially an electrical load, and the electrical input
is preferentially an input voltage. It is further preferred that the electrical device is adapted for
being connected to a DC power grid system for receiving the electrical input from the DC
power grid system, wherein the DC power grid system is provided with a modifying unit for
modifying the electrical input to the electrical device. In particular, the modifying unit is
adapted to modify the electrical input within the second electrical input range. This allows
modifying the output of the electrical device by just modifying the DC voltage provided by
the DC power grid system. The modifying unit can be arranged, for example, between a
distribution cable of the DC power grid system and one or several electrical devices, or the
modifying unit can also be part of a rectifying system of the DC power grid system, wherein
the rectifying system rectifies alternating current (AC) to direct current and the modifying unit
modifies the corresponding DC voltage, before being provided to a DC distribution system,
which comprises, for instance, cables for distributing the modified DC voltage to one or
several electrical devices of, for instance, a building.

The DC power grid system is preferentially a proprietary grid system of, for

example, a building, in which the electrical device is located.
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The modifying unit is preferentially adapted for continuously modifying the
input voltage, which may be regarded as being a supply voltage, to the electrical device.

The electrical device is preferentially a lamp. The electrical device can also be
another electrical load like a fan, a sensor, a motor, a variable speed driver et cetera.

If the electrical device is a lamp connected to a DC power grid system
providing the input voltage, i.e. the supply voltage, the lamp can be dimmed, if the input
voltage is within the second electrical input range, by modifying the input voltage provided
by the DC power grid system, whereas the output of the lamp is not affected by fluctuations
of the power grid, if the input voltage is within the first electrical input range.

If the electrical device is a lamp, a modification of the output caused by
modifying the electrical input may be a modification of a property of light emitted by the
lamp. For instance, the light intensity, the light direction, the light color, the beam width, et
cetera, can be controlled, without needing a separate control channel, just by modifying the
voltage supplied by the DC power grid system. If the electrical device is another load, the
corresponding property, which may be modified, will generally also be another one. For
instance, if the electrical device is a fan, the fan direction, the intensity of the air flow and/or
the temperature may be modified depending on the electrical input, or, if the electrical device
is a motor, the motor speed may be modified depending on the electrical input.

It is also preferred that the first electrical input range comprises electrical input
values being larger than all electrical input values within the second electrical input range. In
particular, the first electrical input range and the second electrical input range are adjacent to
each other. For example, the first electrical input range can range from 360 to 400 V and the
second electrical input range can range from 0 to 360 V. Moreover, the second electrical input
range has a lower boundary, wherein the electrical device can be adapted to provide a zero
output, if the electrical input is smaller than the lower boundary of the second electrical input
range. For instance, the lower boundary can be larger than a residual power grid voltage of,
for example, 12 V. The lower boundary can also have a larger value. In an embodiment, the
lower boundary is 320 V, wherein the second electrical input range ranges from 320 to 360 V
and the first electrical input range ranges from 360 to 400 V.

It is further preferred that the electrical device is adapted such that in the
second electrical input range the dependence of the output on the electrical input forms a step
function. Small fluctuations of the electrical input, in particular, small voltage fluctuations,
within one step do therefore not change the output of the electrical device. Preferentially, to

allow a smooth transition from one step to another this transition is preferentially linear. This
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can reduce a possible visibility of changes from one step to another step. In another
embodiment, the dependence of the output on the electrical input in the second electrical input
range can also have another form. For instance, in the second electrical input range the
dependence of the output on the electrical input can form a hysteresis function or a linear
function.

In an embodiment, the electrical device is adapted to provide the dependent
output in the second electrical input range depending on predefined assignments between the
electrical input and outputs of the electrical device. For example, if the electrical device is a
lamp, different electrical inputs within the second electrical input range can be assigned to
different colors of the lamp such that the lamp can be switched between different colors
depending on the electrical input, in particular, depending on the supplied DC voltage.
Preferentially, after the electrical input has left the second electrical input range and is within
the first electrical input range, the last output, which had been chosen, before leaving the
second electrical input range, is output by the electrical device.

It is further preferred that the electrical device is adapted such that the output is
modifiable by modifying the electrical input, only if the electrical input has been in the second
electrical input range for a predefined time. This can reduce the effect of flickering of the
electrical input.

In a further aspect of the present invention a power grid system for providing a
DC voltage as an electrical input to an electrical device is presented, wherein the power grid
system comprises a modifying unit for modifying the provided DC voltage.

The modifying unit of the power grid system can be, for example, a part of a
rectifying unit, which rectifies alternating current to direct current, wherein the corresponding
DC voltage is modified, before supplying it to a distribution system, which may comprise
distribution cables for distributing the modified DC voltage to one or several electrical
devices. The modifying unit can also be part of the distribution system and/or it can be
connected between a distribution cable and one or several electrical devices. The modifying
unit allows modifying the output of the electrical device in a relatively simple way, without
requiring an electrical device having a switch or the like for modifying the output.

The modifying unit can be adapted to receive an electrical input setting signal
being indicative of an electrical input value to be set, wherein the modifying unit can be
adapted to modify the provided DC voltage depending on the received electrical input setting
signal. This can allow remotely controlling the DC voltage supplied by the power grid system

and, thus, remotely controlling the electrical devices connected to the power grid system.
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In a further aspect of the present invention an electrical circuit is presented,
wherein the electrical circuit comprises an electrical device, a power grid system for
providing an electrical input to the electrical device, and a modifying unit for modifying the
electrical input. The electrical circuit can comprise one or several electrical devices. For
example, a group of lamps can be connected to a common modifying unit for commonly
modifying the voltage supplied to the lamps by the power grid.

Preferentially, the power grid system comprises a nominal voltage, wherein the
first electrical input range contains the nominal voltage. Moreover, in an embodiment the
power grid system comprises a nominal voltage, wherein a lower boarder of the second
electrical input range is at least twenty percent smaller than the nominal voltage and wherein
an upper boarder of the second electrical input range is at least ten percent smaller than the
nominal voltage.

In a further aspect of the present invention a method for providing an output of
an electrical device depending on an electrical input is presented, wherein a constant output is
provided, if the electrical input is in a first electrical input range, and a dependent output is
provided, if the electrical input is in a second electrical input range, wherein the dependent
output depends on the electrical input.

It is further aspect of the present invention a method for providing a DC
voltage of a power grid system as an electrical input to an electrical device is presented,
wherein the provided DC voltage is modified by a modifying unit of the power grid system.

In a further aspect of the present invention a computer program for providing
an output of an electrical device depending on an electrical input is presented, wherein the
computer program comprises program code means for causing an electrical device as defined
in claim 1 to carry out the steps of the method as defined in claim 13, when the computer
program is run on a computer controlling the electrical device.

It shall be understood that the electrical device of claim 1, the power grid
system of claim 9, the electrical circuit of claim 11, the methods of claim 13 and 14 and the
computer program of claim 15 have similar and/or identical preferred embodiments as defined
in the dependent claims.

It shall be understood that a preferred embodiment of the invention can also be

any combination of the dependent claims with the respective independent claim.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following drawings:
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Fig. 1 shows schematically and exemplarily an embodiment of an
electrical device and a power grid system,

Figs.2to5  show different dependencies of an output of the electrical
device on an electrical input to the electrical device,

Fig. 6 shows a flowchart exemplarily illustrating a timing procedure.

Fig. 7 shows schematically and exemplarily a further embodiment of a
power grid system supplying DC voltage to several electrical devices,

Fig. 8 shows schematically and exemplarily a further embodiment of
an electrical device, and

Fig. 9 shows a flowchart exemplarily illustrating an embodiment of a
method for providing an output of an electrical device depending on an electrical input and for

providing a DC voltage of a power grid system as the electrical input.

DETAILLED DESCRIPTION OF EMBODIMENTS

Fig. 1 shows schematically and exemplarily an electrical device 1 connected to
a DC power grid system 2. The electrical device 1 is adapted to provide a constant output, if
an electrical input is in a first electrical input range, and a dependent output, if the electrical
input is in a second electrical input range, wherein the dependent output depends on the
electrical input. In this embodiment, the electrical device 1 is a lamp and the output of the
lamp is the light emitted by the lamp. For example, the light intensity or the light color can be
modified depending on the electrical input, which is, in this embodiment, a DC voltage
supplied to the electrical device 1.

The electrical device 1 comprises an electrical input detection unit 4, which
detects the value of the DC voltage 35 supplied to the electrical device 1 and which generates
a control signal, which is transmitted to a driving unit 5 for driving a light generating unit 6.
The control signal is indicative of the DC voltage, which should be applied to the light
generating unit 6 by the driving unit 5. In particular, in this embodiment the electrical input
detection unit 4 comprises a measuring unit 33 for measuring the supplied DC voltage 35 and
a control signal determination unit 34, which comprises, for example, a microprocessor and
which determines the control signal and, thus, the DC voltage to be applied to the light
generating unit 6 depending on the measured DC voltage 35 supplied by the DC power grid

system 2. Thus, the control signal determination unit 34 is, in this embodiment, adapted to
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provide a control signal indicating a constant DC power applied to the light generating unit 6
by the driving unit 5, if the measured DC voltage supplied by the DC power grid system 2 is
within the first DC voltage range, and to provide a control signal indicating a dependent DC
voltage, which is to be applied to the light generating unit 6 by the driving unit 5, if the
measured DC voltage received from the DC power grid system 2 is within the second DC
voltage range, wherein the dependent DC voltage applied to the light generating unit 6
depends on the measured DC voltage supplied by the DC power grid system 2.

The DC power grid system 2 is provided with a modifying unit 3 for modifying
the DC voltage supplied to the electrical device 1. The DC power grid system is, for example,
a proprietary grid system of a building, in which the electrical device 1, in particular, the
lamp, is located. The modifying unit 3 can be adapted for continuously modifying the DC
voltage supplied to the electrical device 1. In this embodiment, the lamp 1 can be dimmed, if
the input voltage, i.e. the DC voltage supplied by the DC power grid system 2, is within the
second DC voltage range, by modifying the input DC voltage by using the modifying unit 3.
Thus, the light intensity of the lamp 1 can be modified by modifying the DC voltage supplied
by the DC power grid system 2.

In this embodiment, the modification unit 3 comprises a control unit 7, which
is adapted to control the DC voltage received from a distribution cable 9 of the DC power grid
system 2. In particular, the control unit 7 is adapted to modify the received DC voltage in
accordance with a control signal provided by a user interface 8. The user interface 8 allows a
user to modify the DC power supplied to the electrical device 1 as desired. The output of the
electrical device 1 can therefore be controlled by just modifying the voltage supplied by the
DC power grid system 2, without needing an electrical device having a separate control
channel.

The first electrical input range, i.e. in this embodiment, the first DC voltage
range, comprises voltage values being larger than all voltage values within the second
electrical input range, i.e. in this embodiment, the second DC voltage range. The first
electrical input range and the second electrical input range can be adjacent to each other,
wherein, for instance, the first electrical input range can range from 360 to 400 V and the
second electrical input range can range from 0 to 360 V.

Fig. 2 illustrates exemplarily corresponding first and second electrical input
ranges. Fig. 2 shows a normalized intensity of the light emitted by the lamp 1 depending on
the DC voltage Uj, supplied by the DC power grid system 2 to the lamp 1. In the second

electrical input range 10 the intensity of the emitted light increases linearly with the DC
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voltage Ui, supplied by the DC power grid system 2. In the first electrical input range 11 the
lamp 1 emits light having a constant maximum intensity Ipax.

In another embodiment, the electrical device 1 can be adapted to provide a zero
output, if the electrical input is smaller than the lower boundary of the second electrical input
range. For instance, the lower boundary of the second electrical input range can be larger than
a residual power grid system voltage of, for instance, 12 V. Corresponding first and second
electrical input ranges are exemplarily illustrated in Fig. 3. In Fig. 3, in the second electrical
input range 12 the intensity of the light emitted by the lamp 1 increases linearly with
increasing DC voltage Uj, supplied by the DC power grid system 2 and in the first electrical
input range 13 the intensity of the light emitted by the lamp 1 is the maximum intensity Imax.
The second electrical input range 12 has a lower boarder being larger than zero, in particular
being 12 V, in this embodiment. This allows supplying a small voltage of, for example, 12V,
to the control signal determination unit 34, in particular, to a microcontroller of the control
signal determination unit 34, without generating light. However, in other embodiments the
lower boundary of the second electrical input range can also have a larger value. For example,
the lower boundary can be 320 V, wherein the second electrical input range ranges from 320
to 360 V and the first electrical input range ranges from 360 to 400 V.

In a further embodiment, the electrical device 1 can be adapted such that in the
second electrical input range the dependence of the output on the electrical input forms a step
function, wherein the transition from one step to another is preferentially linear. Such a step
function is schematically and exemplarily shown in Fig. 4.

In Fig. 4, in the second electrical input range 14 the dependence of the intensity
of the light emitted by the lamp 1 depends in a step-like manner on the DC voltage Ui,
supplied by the DC power grid system 2. The first electrical input range 15, in which the lamp
1 emits light having the maximum intensity Inax independently of the DC voltage supplied by
the DC power grid system 2, is denoted by reference number 15. The step function has the
advantage that small voltage fluctuations within one step do not change the intensity of the
light. The corresponding control signal, which is generated by the control signal
determination unit 34, can be low-pass filtered, in order to distribute a corresponding change
in the output of the electrical device, in this embodiment, change in the intensity of the light
generated by the light generating unit 6, over a larger time. This low-pass filtering leads to a
reduced visibility of relatively large light intensity changes, which may be present, if the DC
voltage changes only a little, within voltage ranges defined by the substantially vertical parts

of the step-like function shown in Fig. 4.
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In a further embodiment, the electrical device 1 is adapted such that in the
second electrical input range the dependence of the output, i.e. of the intensity of the light
emitted by the lamp 1, on the DC voltage supplied by the DC power grid system 2 forms a
hysteresis function. Such a hysteresis function in a second electrical input range 16 is
schematically and exemplarily shown in Fig. 5. This hysteresis function will in the following
be described by an exemplary function circle.

It is assumed that in the beginning of the exemplary function circle the lamp 1
operates in a certain operation point 18 and that, if the DC voltage supplied by the DC power
grid system 2 increases, firstly the intensity of the light remains constant. If a certain
predefined threshold voltage is exceeded, the intensity of the light, i.e. the voltage or power
applied to the light generating unit 6 by the driving unit 5, increases. This certain predefined
threshold voltage is reached at point 19. Starting at point 20 the DC voltage supplied by the
DC power grid system 2 is no longer increased but reduced, firstly to a voltage which
corresponds to point 21. Although the supplied DC grid voltage has been reduced, the
intensity of the light has not been decreased, but has been kept constant. The lamp 1 is now
operated around the point 21 for a while. Small voltage fluctuations will not change the light
intensity. In order to reduce the light intensity, i.e. the power or voltage applied to the light
generating unit 6 by the driving unit 5, the DC grid voltage has to fall below the voltage at the
point 22. If the DC grid voltage is further reduced, the intensity can reach, for example, the
intensity of the light at point 23. If at this point 23 the DC grid voltage is again increased, the
starting point 18 can be reached. This characteristic is well suited for dimming purposes.

The hysteresis function can be defined by two parallel lines 24, 25, wherein a
first line 25 defines the dependence of the light intensity, if the operation point is on the first
line 25 and the DC grid voltage is increased, and a second line 24 defines the dependence of
the light intensity, if the operation point is on the second line 24 and the DC grid voltage is
decreased. If the operation point is on the first line 25 and the DC grid voltage is decreased,
the light intensity firstly remains constant, i.e. the operation point moves along a line being
parallel to the DC grid voltage axis, until the operation point has reach the second line 24. If
the operation point is on the second line 24 and the DC grid voltage is increased, the light
intensity remains constant, until the operation point has reached the first line 25.

In other embodiments, the output of the electrical device can also depend in
another way on the electrical input. In particular, the electrical device can be adapted to
provide the dependent output in the second electrical input range depending on predefined

assignments between the electrical input and the output of the electrical device. For example,
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the electrical device can be a lamp, wherein the assignments can define relations between the
DC grid power and colors of the light emitted by the lamp.

The electrical device 1 can be further adapted such that the output is only
modified, if the electrical input has been in the second electrical input range for a predefined
time. The electrical device can comprise, for example, a timing unit for measuring the time
the DC grid voltage was in the second electrical input range, wherein the output of the
electrical device is modified only, if this measured time is larger than a predefined time
threshold. This can reduce a possible effect of flickering of the DC grid voltage on the output
of the electrical device. Such flicker can occur, if, for example, short spikes are on the
distribution cable 9, for instance, when a capacitive load gets connected.

Fig. 6 shows a flowchart exemplarily illustrating a possible interaction between
a measuring unit and microcontroller of a control signal determination unit for providing a
control signal to a driving unit of, for example, a light generating unit such that the output of
the electrical device is modified only, of the electrical input has been in the second electrical
input range for a predefined time.

In step 401, a timing unit of the control signal determination unit is reset. In
step 402, the measuring unit measures the electrical input, in particular, the DC grid voltage,
and, in step 403, the control signal determination unit determines whether the electrical input
is inside the second electrical input range or not. If the measured electrical input is not within
the second electrical input range, it is proceeded with step 401. If the measured electrical
input is within the second electrical input range, in the next step 404 it is determined whether
a preset time as indicated by the timing unit is over or not. If the time is not over, this timing
procedure continuous with step 402. If the time is over, a control signal is determined in
accordance with the measured electrical input and the determined control signal is provided to
the driving unit of, for example, the light generating unit in step 405.

In an embodiment it is further determined, whether a possible change of the
measured electrical input is smaller than a predefined threshold, while the loop defined by
steps 402 to 404 is performed. This change can be measured as the percentage of modification
of the measured electrical input divided by the time in which this percentage has been
occurred. If this change is larger than the predefined threshold, the timing unit can be reset
again and the procedure can start again with step 401. This allows filtering noise and small
disturbances in the second electrical input range.

Fig. 7 shows schematically and exemplarily a further embodiment of a DC

power grid system. The DC power grid system 102 supplies DC grid voltage to several
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electrical devices 101. The DC power grid system 102 comprises a rectifying unit 127 with a
rectifier 129 for rectifying alternating current 128 to direct current. The DC power grid system
102 is a proprietary grid system of a building 126, wherein alternating current 128 of an
external grid is rectified to DC voltage by the rectifier 129. The rectifying unit 127 further
comprises a modifying unit 103 for modifying the rectified DC voltage. The modified DC
voltage is the DC grid voltage, which is supplied to the electrical devices 101 via a
distribution system comprising distribution cables 109. The modifying unit 103 can comprise
a user interface for allowing a user to modify the DC grid voltage. In the embodiment shown
in Fig. 7, an electrical input setting unit 130 is provided, which is connected with the
modifying unit 103 via a data connection 131 for allowing a user to set the DC grid voltage.
The electrical input setting unit 130 can be an external unit, which is located remote from the
building 126, or it can be an internal unit, which is located within the building 126. In an
embodiment, the electrical input setting 130 is connected with the modifying unit 103 via the
Internet such that the DC grid voltage can be modified via the Internet.

The above described DC power grid systems 2, 102 comprise preferentially a
nominal voltage of, for example, 380 V. The first electrical input range contains preferentially
the nominal voltage of the respective DC power grid system. It is further preferred that the
lower boarder of the second electrical input range is at least twenty percent smaller than the
nominal voltage, wherein an upper boarder of the second electrical input range is
preferentially at least ten percent smaller than the nominal voltage.

Fig. 8 shows schematically and exemplarily a further embodiment of an
electrical device. Also the electrical device 201 shown in Fig. 7 is a lamp comprising an
electrical input detection unit 204 with a measuring unit 233 and a control signal
determination unit 234. The measuring unit 233 measures the DC grid voltage 235 received
from a DC power grid system, which is not shown in Fig. 8. The control signal determination
unit 234 determines a control signal depending on the measured DC grid voltage. The control
signal is indicative of the voltage to be applied to the light generating unit 206 via the driving
unit 205. The measuring unit 233 comprises preferentially an analog-to-digital converter for
providing a digital DC grid voltage value to the control signal determination unit 234. The
control signal determination unit 234 comprises preferentially a microcontroller which is
configured to determine the control signal. The control signal determination unit 234 is
adapted such that the determined control signal leads to a constant output of the electrical

device 201, if the DC grid voltage is in a first electrical input range, and a dependent output, if
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the DC grid voltage is an a second electrical input range, wherein the dependent output
depends on the DC grid voltage.

The electrical device 201 further comprises an auxiliary converter 232 for
converting the DC grid voltage 235 to another DC voltage being suitable for driving the
measuring unit 233, the control signal determination unit 234 and the driving unit 205.

As already mentioned above, the lower boarder of the second electrical input
range, in particular, of the second voltage range, can be relatively high. If this is the case, the
auxiliary converter 232 within the electrical device does not need to generate auxiliary power
or an excessive input voltage range. In addition, it may then be possible to run lamps or other
electrical devices like ventilation fans or sensors on the same distribution of the DC grid
power, wherein at least some of these lamps or other electrical devices are not controlled by
the DC grid voltage, if their respective driving units are able to work within a voltage range
being below the lower boarder of the second voltage range.

In the following embodiment a method for providing a DC voltage of a power
grid system as an electrical input to an electrical device and for providing an output of the
electrical device depending on the electrical input will be described with reference to a
flowchart shown in Fig. 9.

In step 301, a DC power grid system provides a DC grid voltage. In step 302,
this DC grid voltage is modified by using, for example, the modifying units 3 and 103 of the
DC power grid system, which are described above with reference to Figs. 1 and 7. In step 303,
the electrical device provides an output in accordance with the modified DC grid voltage. In
particular, the electrical device provides a constant output, if the modified DC grid voltage is
within the first electrical input range, and a dependent output, which depends on the modified
DC grid voltage, if the modified DC grid voltage is within the second electrical input range.

In an embodiment, the modifying unit for modifying the DC grid voltage of the
DC power grid system is a central controller of the DC power grid system for centrally
modifying the DC grid voltage. Sub-grids can be defined, wherein a group of electrical
devices can be connected to a common modifying unit of the DC power grid system. In
particular, an electrical circuit can comprise the DC power grid system and several electrical
devices, wherein the electrical devices can be connected to the same modifying unit or to
different modifying units of the DC power grid system.

The lamp described above with reference to Fig. 1 allows to keep the light
intensity of the lamp constant, if the DC grid voltage of the DC power grid system fluctuates.
On the other hand, the light intensity can be controlled by varying the supplied DC grid
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voltage. Thus, for example, the lamp can be dimmed, without needing a lamp having an
additional dimming control channel.

The above mentioned electrical input setting unit, which can be a remote unit
outside of, for example, a building comprising the DC power grid system, or which can be an
internal unit within the building, can be used for improving the power management of the DC
power grid system. For instance, a voltage decrease usually indicates an increased load in the
DC power grid system. If the loads in the grid have a constant power characteristic, the load
currents will increase, and the DC power grid system may become unstable and crash. If, for
example, a central power converter of a DC power grid system has the possibility to reduce its
load power with a reduced voltage, because it comprises, for instance, the modifying units 3
and 103 described above with reference to Figs. 1 and 7, the DC power grid system can be
kept stable without going in brownout. Therefore, the modifying unit, which can modify the
DC grid voltage, in particular, via a remote electrical input setting unit, allows the function of
a local smart grid without additional communication channel.

The first voltage range, i.e. the first electrical input range, is preferentially
defined such that it includes the nominal rated voltage range of the DC power grid system. It
is preferentially defined with a nominal DC voltage and a possible deviation from this voltage
of a few percent. For instance, the first voltage range can be defined by the nominal voltage of
the DC power grid and a deviation of ten percent (Upom = 10 %). Preferentially, the second
voltage range, i.e. is the second electrical input range, is a range with lower voltages than the
first voltage range, which connects to it. In the second voltage range, the power characteristic
of the lamp is preferably at least monotonically rising, which means, a higher supply voltage,
1.e. a higher DC grid voltage, leads to a higher lamp power, i.e. a higher power provided by
the driving unit to the light generating unit. Even more preferably, this characteristic is linear.

Although in the above described embodiments the electrical device is
preferentially a lamp, the electrical device can also be another electrical load like a fan, a
sensor, a motor, et cetera.

Although in the above described embodiments a modification of the output
caused by modifying the electrical input is a modification of the light intensity, in other
embodiments also other properties of the light can be modified. For instance, the light
direction, the light color, et cetera, can be modified and controlled depending on the electrical
input. If the electrical device is another load, the corresponding property, which may be

modified, will generally also be another one. For instance, if the electrical device is a fan, the
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fan direction and/or the ventilation intensity, in particular, the rotational speed of the fan, may
be modified depending on the electrical input.

Although in the above described embodiments the power grid system is a DC
power grid system, the power grid system can also be another kind of power grid system. For
example, it can be an AC power grid system, which can make use of the invention, in order to
reduce audible noise or high frequency content in the cables. For instance, a humming of a
power transformer and/or noise caused by magnetic components like magnetic components in
driving units for driving a light source can be reduced by reducing the amplitude of an AC
voltage supplied by a AC power grid system. The high frequency content in the cables, i.e.
unwanted disturbing radio frequency emissions, which may be generated in power supply
switches, can also be reduced by reducing the amplitude of the supplied AC grid voltage.

If an electrical circuit comprises the DC power grid system with the modifiable
DC grid voltage and several electrical devices connected to the DC power grid system, it is
not necessary that all electrical devices have implemented the concept of a constant output in
a first voltage range and a dependent output in a second voltage range. Some electrical
devices can just be adapted to, for example, switch themselves off, if the modified DC grid
voltage is outside of the DC voltage required by the respective electrical devices.

Although in above described embodiments the modification unit comprises a
user interface for allowing a user to modify the DC voltage supplied to an electrical device, in
other embodiments the modification unit can also be adapted to modify the DC voltage
supplied to the electrical device based on, for example, events or states detected by a sensor,
1.e., for instance, the modification unit can comprise assignments between certain events or
states, which can be detected by a sensor, and the DC voltage supplied to the electrical device.
For example, the DC voltage can be modified depending on an ambient light intensity
detected by a light sensor or depending on motion detected by a motion sensor, wherein, for
instance, the DC voltage can be decreased, if a movement is not detected anymore. Moreover,
the modification unit can also be adapted to modify the DC voltage supplied to the electrical
device depending on a predefined time schedule.

Although in the above described embodiments the electrical devices comprise
only a single unit which provides an output, in other embodiments an electrical device can
also comprise more than one unit which provides an output. For instance, the electrical device
can be a lamp, which does not only comprise a light generating unit, but also a fan. The
electrical device includes then, for instance, in a storing unit, assignments between different

outputs of the light generating unit and the fan on the one side and the electrical input, in
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particular, the DC grid voltage, on the other side. In an embodiment, several voltage regions
within the second electrical input range can be defined, wherein these several voltage regions
can be assigned to different colors of the light of the light generating unit or to different
rotational speeds of the fan. For example, three different voltage ranges can be assigned to
three different rotational speeds, and two other different voltage ranges can be assigned to two
different colors of the light. If the electrical input leaves the second electrical input range, the
output of the electrical device preferentially remains constantly the output, which has been
chosen at last, before leaving the second electrical input range.

The output of the electrical device can also depend on the time a certain
voltage is supplied to the electrical device. For instance, a certain length of time and a certain
DC voltage can be assigned to a certain output of the electrical device. A voltage and
optionally also a length of time of supplying the voltage to the electrical device can not only
be assigned to a single output value like a single output intensity or output color, but also to a
sequence of output values. For instance, a certain grid voltage and optionally a certain length
of time can be assigned to a sequence of colors of light generated by a light generating unit. It
can also be defined that a certain voltage is assigned to a certain sequence, wherein each time
the grid voltage reaches this certain voltage, the output of the electrical device is modified in
accordance with a next element of the sequence, or, it can be defined that the output is
modified in accordance with a predefined sequence of output characteristics like a predefined
sequence of colors with a constant velocity, while a certain voltage is supplied to the electrical
device. For instance, the electrical device can be a Gobo projector for projecting different
light patterns, which may be static or moving light patterns. The respective light pattern may
be selected by supplying a corresponding voltage to the Gobo projector. For example, the
Gobo projector can be adapted such that, if a first DC voltage of, for instance, 250 V £5 % is
supplied to the Gobo projector, a first light pattern can be projected, wherein, each time a
second DC voltage of, for instance, 280 V £5 % is reached, a next light pattern in a
predefined sequence of light patterns is projected. The Gobo projector can further be adapted
to provide a dimming region, for instance, within a voltage range of 320 to 360 V, wherein by
supplying corresponding DC voltages to the Gobo projector, firstly a desired light pattern, i.e.
a desired Gobo, can be selected and then a desired light intensity can be set.

Other variations to the disclosed embodiments can be understood and effected
by those skilled in the art in practicing the claimed invention, from a study of the drawings,

the disclosure, and the appended claims.
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In the claims, the word "comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a plurality.

A single unit or device may fulfill the functions of several items recited in the
claims. The mere fact that certain measures are recited in mutually different dependent claims
does not indicate that a combination of these measures cannot be used to advantage.

Determinations like the determination of the control signal, which is provided
to a driving unit of, for instance, a light generating unit, and/or the control of the electrical
device and the power grid system in accordance with the above mentioned methods can be
implemented as program code means of a computer program and/or as dedicated hardware.

A computer program may be stored/distributed on a suitable medium, such as
an optical storage medium or a solid-state medium, supplied together with or as part of other
hardware, but may also be distributed in other forms, such as via the Internet or other wired or
wireless telecommunication systems.

Any reference signs in the claims should not be construed as limiting the scope.

The invention relates an electrical device for providing an output depending on
an electrical input. The electrical device is adapted to provide a constant output, if the
electrical input is in a first electrical input range, and a dependent output, if the electrical input
is in a second electrical input range, wherein the dependent output depends on the electrical
input. The output can therefore remain constant, even if the electrical input, which is
preferentially a DC grid voltage, fluctuates within the first electrical input range. Moreover, in
the second electrical input range the output can be controlled by just controlling the electrical
input like the DC grid voltage, without necessarily requiring an additional control
construction of the electrical device. A resistance against fluctuations of the electrical input

and a controllability of the output can therefore be realized in a relatively simple way.
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CLAIMS:

1. An electrical device for providing an output depending on an electrical input,
the electrical device (1) being adapted to provide a constant output, if the electrical input is in
a first electrical input range, and a dependent output, if the electrical input is in a second

electrical input range, wherein the dependent output depends on the electrical input.

2. The electrical device as defined in claim 1, wherein the electrical input is an

input voltage.

3. The electrical device as defined in claim 1, wherein the electrical device (1) is
adapted for being connected to a direct current (DC) power grid system (2) for receiving the
electrical input from the DC power grid system (2), wherein the DC power grid system (2) is

provided with a modifying unit (3) for modifying the electrical input to the electrical device

(1).

4. The electrical device as defined in claim 1, wherein the first electrical input
range comprises electrical input values being larger than all electrical input values within the

second electrical input range.

5. The electrical device as defined in claim 1, wherein the electrical device (1) is
adapted such that in the second electrical input range the dependence of the output on the

electrical input forms a step function.

6. The electrical device as defined in claim 1, wherein the electrical device (1) is
adapted such that in the second electrical input range the dependence of the output on the

electrical input forms a hysteresis function.

7. The electrical device as defined in claim 1, wherein the electrical device (1) is
adapted to provide the dependent output in the second electrical input range depending on

predefined assignments between the electrical input and outputs of the electrical device.
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8. The electrical device as defined in claim 1, wherein the electrical device (1) is
adapted such that the output is modifiable by modifying the electrical input, only if the

electrical input has been in the second electrical input range for a predefined time.

9. A power grid system for providing a DC voltage as an electrical input to an
electrical device, the power grid system (2; 102) comprising a modifying unit (3; 103) for

modifying the provided DC voltage.

10. The power grid system as defined in claim 11, wherein the modifying unit (3;
103) is adapted to receive an electrical input setting signal being indicative of an electrical
input value to be set, wherein the modifying unit is adapted to modify the provided DC

voltage depending on the received electrical input setting signal.

11. An electrical circuit comprising:

- an electrical device (1; 101) as defined in claim 1,

- a power grid system (2; 102) for providing an electrical input to the
electrical device, and

- a modifying unit (3; 103) for modifying the electrical input.

12. The electrical circuit as defined in claim 11, wherein the power grid system (2;
102) comprises a nominal voltage and wherein the first electrical input range contains the

nominal voltage.

13. A method for providing an output of an electrical device depending on an
electrical input, wherein a constant output is provided, if the electrical input is in a first
electrical input range, and a dependent output is provided, if the electrical input is in a second

electrical input range, wherein the dependent output depends on the electrical input.

14. A method for providing a DC voltage of a power grid system as an electrical
input to an electrical device, wherein the provided DC voltage is modified by a modifying

unit (3; 103) of the power grid system.
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15. A computer program for providing an output of an electrical device depending
on an electrical input, the computer program comprising program code means for causing an
electrical device as defined in claim 1 to carry out the steps of the method as defined in claim

13, when the computer program is run on a computer controlling the electrical device.



WO 2013/038339 PCT/IB2012/054727

1/9
@ 2
f§7/ /% i
| ' _|—> ’é)
o <
_______ § g \
\r ) | ¥ B 5
9



WO 2013/038339

PCT/IB2012/054727
2/9
10 11
/ N /"
A
1 |
1
Imax
051
0 | | | -
0 100 200 300 400
Uin V]

FIG. 2



WO 2013/038339 PCT/IB2012/054727

3/9
12 13
/ /"
A
1 |
1
Imax
051
0 | | | -
0 100 200 300 400
Uin V]

FIG. 3



WO 2013/038339 PCT/IB2012/054727

4/9
14 15
/ /"
A
1 |
1
Imax
051
0 | | | -
0 100 200 300 400
Uin V]

FIG. 4



WO 2013/038339 PCT/IB2012/054727

5/9
16 17
' \/_H
A
1E
1
Imax
05|
25
0 | | | -
0 100 200 300 400
Uin[V]

FIG. 5



WO 2013/038339 PCT/IB2012/054727

6/9

- 401
Y
—> 402
Y
403
404
405

FIG. 6



WO 2013/038339 PCT/IB2012/054727

7/9
109 127
130 126
131 ' ] 101 . /
\& 000
128 ™
(1 J N MLA R .
N "
103 102 109



WO 2013/038339 PCT/IB2012/054727

8/9

235 233 205 201 206
[ { (

|
T 7%

——_ g = = = = -

232




WO 2013/038339

9/9

301
Y

302
Y

303

FIG. 9

PCT/IB2012/054727



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2012/054727

A. CLASSIFICATION OF SUBJECT MATTER

INV.
ADD.

HO5B33/08

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO5B GO5F HO2J

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 2009/261748 Al (MCKINNEY STEVEN [US] ET
AL) 22 October 2009 (2009-10-22)
page 1, paragraph 2 - paragraph 8; figures

1-15

2-4

AL) 8 April 2010 (2010-04-08)

figures 2,5,8

25 June 2009 (2009-06-25)
page 1, paragraph 3 - paragraph

X US 2010/084991 Al (LIU JING-MENG [TW] ET

page 2, paragraph 36 - paragraph 43;

A US 2009/160368 Al (GODBOLE KEDAR [US])

1-15

5,6,8
18
-/--

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

23 November 2012

Date of mailing of the international search report

04/12/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Maki-Mantila, Harri

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2012/054727

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

DE 20 2010 005323 U1l (NANO SECOND
TECHNOLOGY CO LTD [TW])

29 July 2010 (2010-07-29)

page 4, paragraph 37 - paragraph 39;
figure la

DE 20 2005 001221 U1l (HALLER PAUL OTTO
[DE]) 8 December 2005 (2005-12-08)
page 6, paragraph 52; figure 2

7

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2012/054727
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2009261748 Al 22-10-2009  NONE
US 2010084991 Al 08-04-2010  NONE
US 2009160368 Al 25-06-2009 US 2009160368 Al 25-06-2009
WO 2009085910 Al 09-07-2009
DE 202010005323 Ul 29-07-2010 AU 2010100337 A4 13-05-2010
CN 201813589 U 27-04-2011
DE 202010005323 U1 29-07-2010
GB 2478586 A 14-09-2011
NL 2004729 C 24-07-2012
RU 2011108831 A 20-09-2012
US 7846066 B1 07-12-2010
DE 202005001221 U1 08-12-2005  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report

