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(54) POWER SYSTEM

(57) Disclosed is a power system (100) for use on an
aerial vehicle, the power system (100) comprising: a first
number of photovoltaic cells (101), each having an open
circuit voltage; and a second number of battery cells
(102), each having an end of charge voltage, wherein

the first number of photovoltaic cells (101) multiplied by
the open circuit voltage is substantially equal to the sec-
ond number of battery cells (102) multiplied by an end of
charge voltage.
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Description

[0001] The present invention relates generally to a power system, and in particular to a solar power system for use
on an aerial vehicle. The present invention also relates generally to related methods.
[0002] In order to maximise the energy harvest from photovoltaic systems, DC to DC converters called power optimisers
are typically used. Power optimisers achieve this effect by individually tuning the performance of the solar panel through
maximum power point tracking (MPPT). Power optimisers are especially useful when the performance of the photovoltaic
cells is expected to vary over time, for example due to a variation in solar input. The efficiency of power transfer from
the photovoltaic cell depends on both the amount of sunlight falling on the solar panels and the electrical characteristics
of the load. However, said DC-DC converters add to the cost, complexity and the total weight of the solar power system.
This is particularly undesirable in case of power systems intended to provide power to aerial vehicles, such as unmanned
aerial vehicles (UAV) and high-altitude long endurance (HALE) vehicles. As such, there exists a need for maximising,
or at least increasing, the energy harvest from a solar system without increasing the weight of the system.
[0003] It is an aim of example embodiments to at least partially overcome or avoid one or more disadvantages of the
prior art, described above or elsewhere, or to at least provide an improved or even an alternative system to those already
in existence.
[0004] According to the present invention there is provided an apparatus and method as set forth in the appended
claims. Other features of the invention will be apparent from the dependent claims, and the description which follows.
[0005] According to an aspect of the invention, there is provided a power system for use on an aerial vehicle, the
power system comprising: a first number of photovoltaic cells, each having an open circuit voltage; and a second number
of battery cells, each having an end of charge voltage, wherein the first number of photovoltaic cells multiplied by the
open circuit voltage is substantially equal to the second number of battery cells multiplied by an end of charge voltage.
Thus, the need to employ a dedicated maximum power point tracking controller is eliminated, thereby reducing the mass,
complexity, and cost of the power system.
[0006] The open circuit voltage may be substantially equal to 2.7V. Thus, the voltage can be matched the current-
voltage characteristics of the photovoltaic cells to maximise energy harvest therefrom.
[0007] The end of charge voltage may be substantially equal to 4.4V. Thus, the voltage can be matched the current-
voltage characteristics of the photovoltaic cells to maximise energy harvest therefrom.
[0008] The battery cells may comprise lithium-ion battery cells. Thus, the mass of the power system can be reduced,
thereby reducing the total mass of the aerial vehicle.
[0009] The aerial vehicle may comprise an unmanned aerial vehicle. Thus, in use, the power system does not require
user attention.
[0010] The aerial vehicle may comprise a high-altitude long endurance vehicle. Thus, the system can operate under
various conditions, such as at various altitudes.
[0011] According to another aspect of the invention, there is provided a method of battery matching for a power system
for use on an aerial vehicle, the method comprising the steps of selecting a first number of photovoltaic cells, each cell
having an open circuit voltage, such that the first number of photovoltaic cells multiplied by the open circuit voltage is
substantially equal to a second number of battery cells, each cell having an end of charge voltage, multiplied by the end
of charge voltage.
[0012] The open circuit voltage may be substantially equal to 2.7V. Thus, the voltage can be matched the current-
voltage characteristics of the photovoltaic cells to maximise energy harvest therefrom.
[0013] The end of charge voltage may be substantially equal to 4.4V. Thus, the voltage can be matched the current-
voltage characteristics of the photovoltaic cells to maximise energy harvest therefrom.
[0014] Although a few preferred embodiments of the present invention have been shown and described, it will be
appreciated by those skilled in the art that various changes and modifications might be made without departing from the
scope of the invention, as defined in the appended claims.
[0015] For a better understanding of the invention, and to show how embodiments of the same may be carried into
effect, reference will now be made, by way of example only, to the accompanying diagrammatic Figures in which:

Figure 1 schematically depicts a power system for use on an aerial vehicle according to an example embodiment;

Figure 2a depicts the current-voltage characteristic of a photovoltaic cell for use with the invention;

Figure 2b depicts the current-voltage characteristic of a battery cell for use with the invention;

Figure 3 depicts example methodology according to an example embodiment.

[0016] Figure 1 schematically depicts a power system for use on an aerial vehicle. The aerial vehicle could be any
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vehicle capable of carrying or otherwise being connected to the power system. The vehicle could be a manned vehicle,
or an unmanned vehicle. In one particular example the vehicle is a high-altitude long endurance (HALE) aircraft.
[0017] Referring to Figure 1, the power system 100 comprises a first number of photovoltaic cells 101, each of the
photovoltaic cells having an open circuit voltage, and a second number of battery cells 102, each of the battery cells
having an end of charge voltage. The first number of photovoltaic cells 101 multiplied by the open circuit voltage is
substantially equal to the second number of battery cells 102 multiplied by the end of charge voltage. The reason for
said matching is to, during charging, allow the battery cells 102 to define the current produced by the photovoltaic cells
101 such that the battery cells 102 can efficiently use the power available from the photovoltaic cells 101 through their
charge cycle, whilst also preventing the photovoltaic cells 101 from ever overcharging the battery cells 102.
[0018] The first number of photovoltaic cells 101 and the second number of battery cells 102 may be connected in
parallel, in series, or using a combination of both parallel and series connections. The first number of photovoltaic cells
101 multiplied by the open circuit voltage is substantially equal to the second number of battery cells 102 multiplied by
the end of charge voltage; that is, there exists a small degree of tolerance for a variation between the two products. For
example, and strictly by way of example only, for a 100V system, the degree of tolerance is +/-3%.
[0019] Due to the intended use of the power system 100 - that is, for aerial vehicles - mass restrictions apply, since it
is desirable to minimise the weight of the vehicle. Ideally, the power system 100 should be light, so that performance of
the aerial vehicle is not affected negatively by additional mass. This is of particular importance in case of HALE vehicles,
where performance of the system is critically dependent on mass. Thus, it is preferred that the battery cells 102 are light;
for example, lithium-ion batteries, or similar, are preferred over heavier batteries such as lead-acid batteries.
[0020] Figure 2a depicts the current-voltage characteristic of a photovoltaic cell for use with the invention. In detail,
Fig. 2a shows the maximum current that can be supplied. As the solar input reduces - for example in the morning and
in the evening, when the sun is lower - the current and power reduce at the same nominal voltage points. In the example
of Fig. 2a, when the photovoltaic cell is strapped to a voltage of 2.7V, it can produce no charging current. For the battery
cell, this voltage would ideally be matched to the end of charge voltage of the cell - 4.4V. By building a battery of cells
in series, and a string of photovoltaic cells in series, it can be seen that there are a number of combinations where this
condition can be met, defined by 

Where Voc = the open circuit voltage of the photovoltaic cell, and VEOC = the end of charge voltage of the battery cell.
[0021] Figure 2b depicts the current-voltage characteristic of a battery cell for use with the invention. Lithium-ion battery
cells typically have a voltage range of 2.7V to 4.4V; however, some cells can be discharged to 2.5V, and others charged
to 4.5V. This voltage range can be matched to the IV characteristics of the photovoltaic cells around the peak-power
point seen at 2.5V. If the 4.4 end of charge voltage level is set to the maximum voltage of the photovoltaic cell, significant
energy is wasted at voltages above the peak-power point.
[0022] Thus, in order to maximise the energy harvest from photovoltaic systems, the power system 100 matches the
number of series photovoltaic cells 101 with the number of series battery cells 102 such that the end of discharge to
end of charge voltage range of the battery straddles the peak-power point. The standard approach to charging is to
control the charging power supply and/or loads to maintain the array of photovoltaic cells at its peak-power point. However,
such approach is more complex than the power system 100 described herein, as more components are required in
terms of both hardware and software. Eliminating the need for having a dedicated maximum power point tracking
controller has significant benefits for mass (and hence performance of the aerial vehicle), simplicity (and hence reliability
and certification) and cost.
[0023] Figure 3 describes general methodology associated with recently described embodiments. The method is for
battery matching for a power system for use on an aerial vehicle. The method comprises the step of selecting a first
number of photovoltaic cells, each cell having an open circuit voltage, such that the first number of photovoltaic cells
multiplied by the open circuit voltage is substantially equal to a second number of battery cells, each cell having an end
of charge voltage, multiplied by the end of charge voltage S100.
[0024] Attention is directed to all papers and documents which are filed concurrently with or previous to this specification
in connection with this application and which are open to public inspection with this specification, and the contents of all
such papers and documents are incorporated herein by reference.
[0025] All of the features disclosed in this specification (including any accompanying claims, abstract and drawings),
and/or all of the steps of any method or process so disclosed, may be combined in any combination, except combinations
where at least some of such features and/or steps are mutually exclusive.
[0026] Each feature disclosed in this specification (including any accompanying claims, abstract and drawings) may
be replaced by alternative features serving the same, equivalent or similar purpose, unless expressly stated otherwise.
Thus, unless expressly stated otherwise, each feature disclosed is one example only of a generic series of equivalent
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or similar features.
[0027] The invention is not restricted to the details of the foregoing embodiment(s). The invention extends to any novel
one, or any novel combination, of the features disclosed in this specification (including any accompanying claims, abstract
and drawings), or to any novel one, or any novel combination, of the steps of any method or process so disclosed.

Claims

1. A power system for use on an aerial vehicle, the power system comprising:

a first number of photovoltaic cells, each having an open circuit voltage; and
a second number of battery cells, each having an end of charge voltage,
wherein the first number of photovoltaic cells multiplied by the open circuit voltage is substantially equal to the
second number of battery cells multiplied by an end of charge voltage.

2. The power system of claim 1, wherein the open circuit voltage is substantially equal to 2.7V.

3. The power system of any preceding claim, wherein the end of charge voltage is substantially equal to 4.4V.

4. The power system of any preceding claim, wherein the battery cells comprise lithium-ion battery cells.

5. The power system of any preceding claim, wherein the aerial vehicle comprises an unmanned aerial vehicle.

6. The power system of any preceding claim, wherein the aerial vehicle comprises a high-altitude long endurance
vehicle.

7. A method of battery matching for a power system for use on an aerial vehicle, the method comprising the steps of:
selecting a first number of photovoltaic cells, each cell having an open circuit voltage, such that the first number of
photovoltaic cells multiplied by the open circuit voltage is substantially equal to a second number of battery cells,
each cell having an end of charge voltage, multiplied by the end of charge voltage.

8. The method of claim 7, wherein the open circuit voltage is substantially equal to 2.8V.

9. The method of any preceding claim, wherein the end of charge voltage is substantially equal to 4.4V.
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