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(57) Abstract: It is provided a mechanical to electric power converter comprising: an electric generator configured to convert a
mechanical motion to an electric generator signal; a DC, direct current, output; a rectifier configured to convert the electric generator
signal to a rectified signal; a first energy storage element provided between the rectifier and the DC output; a secondary string com-
prising a second energy storage element and a first switch, the secondary string being provided between the rectifier and the DC out-
put; and a controller configured to close the first switch to enable the rectitied signal to charge the second energy storage element
when a first switching condition is true.
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MECHANICAL TO ELECTRIC POWER CONVERTER

TECHNICAL FIELD

The invention relates to a mechanical to electric power converter, lock device
and method for converting power, especially for converting mechanical

power to electric power.

BACKGROUND

Energy harvesting can be used to convert mechanical energy to electric
energy. For instance, in locks, the energy of inserting a key can be harvested
to supply electric energy. The electric energy can then be used to perform
electronic access control and, when access is granted, energise an actuator

(such as a motor or solenoid) to unlock the lock.

However, the efficiency of such energy harvesting is critical. If more electric
energy could be made available, reliability would be improved and more
activities could be performed in the lock, such as powering LEDs (Light
Emitting Diodes), displays, keypads, more powerful motors, etc. Hence, it is
always beneficial to be able to more efficiently convert mechanical energy of a
limited mechanical movement (such as when inserting a key) to electric

energy.

SUMMARY

It is an object to improve the efficiency of converting mechanical power to

electric power.

According to a first aspect, it is provided a mechanical to electric power
converter comprising: an electric generator configured to convert a
mechanical motion to an electric generator signal; a DC, direct current,
output; a rectifier configured to convert the electric generator signal to a
rectified signal; a first energy storage element provided between the rectifier
and the DC output; a secondary string comprising a second energy storage
element and a first switch, the secondary string being provided between the

rectifier and the DC output; and a controller configured to close the first
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switch to enable the rectified signal to charge the second energy storage

element when a first switching condition is true.

The first switching condition may be a condition which indicates that the first

capacitor is sufficiently charged.

The first switching condition may comprise that a measured voltage is greater

than a first threshold voltage.

The measured voltage may be a voltage across the first energy storage

element.

The first switching condition may comprise that a rate of change of a voltage

is less than a first rate threshold.

The first switching condition may comprise that a certain time has elapsed
from when the electric generator starts to provide the electric generator

signal.

The mechanical to electric power converter may further comprise a diode
between the first energy storage element and the second energy storage
element, preventing an electric current from flowing from the first energy

storage element to the second energy storage element.

The mechanical to electric power converter according to any one of the
preceding claims may further comprise a tertiary string comprising a third
energy storage element and a second switch. The tertiary string is provided
between the rectifier and the DC output. The controller is then configured to
close the second switch to enable the rectified signal to charge the third

energy storage element when a second switching condition is true.
The second threshold voltage may be less than the first threshold voltage.

The mechanical to electric power converter may further comprise a DC/DC

converter configured to supply a suitable DC voltage on the DC output.
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A capacitance of the second energy storage element may be at least twice the

capacitance of the first energy storage element.

The mechanical to electric power converter may further comprise: a memory
storing instructions that, when executed by the processor, cause the
controller to close the first switch to enable the rectified signal to charge the

second energy storage element when a first switching condition is true.

According to a second aspect, it is provided a lock device comprising the
mechanical to electric power converter according to any one of the preceding

claims.

According to a third aspect, it is provided a method for converting energy
from a mechanical motion to a DC, direct current, output signal on a DC
output of a mechanical to electric power converter. The method is performed
in the mechanical to electric power converter and comprises the steps of:
converting a mechanical motion to an electric generator signal in an AC
generator; converting the electric generator signal to a rectified signal in a
rectifier; storing energy in a first energy storage element provided between
the rectifier and the DC output; when a first switching condition is true,
closing a first switch to enable the rectified signal to charge a second energy
storage element, the first switch and the second energy storage element
forming part of a secondary string being provided between the rectifier and
the DC output.

The step of closing the first switch may comprise dynamically controlling the
first switch according to a target duty cycle. This can e.g. be implemented

using pulse width modulation (PWM) or pulse frequency modulation (PFM).

The method may further comprise the step of: when a second switching
condition is true, closing a second switch to enable the rectified signal to
charge a third energy storage element, the second switch and the third energy
storage element forming part of a tertiary string being provided between the

rectifier and the DC output.
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The method may further comprise the step of: supplying a suitable DC
voltage on the DC output using a DC/DC converter.

Generally, all terms used in the claims are to be interpreted according to their
ordinary meaning in the technical field, unless explicitly defined otherwise
herein. All references to "a/an/the element, apparatus, component, means,
step, etc." are to be interpreted openly as referring to at least one instance of
the element, apparatus, component, means, step, etc., unless explicitly stated
otherwise. The steps of any method disclosed herein do not have to be

performed in the exact order disclosed, unless explicitly stated.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now described, by way of example, with reference to the

accompanying drawings, in which:

Fig 11is a schematic diagram illustrating a mechanical to electric power

converter using only one energy storage element;

Fig 2 is a schematic graph illustrating the operation of the mechanical to

electric power converter of Fig 1;

Fig 3 is a schematic diagram illustrating a mechanical to electric power

converter using a plurality of energy storage elements;

Fig 4 is a schematic graph illustrating the operation of the mechanical to

electric power converter of Fig 3;

Fig 5 is a flow chart illustrating the operation of the mechanical to electric

power converter of Fig 3; and

Fig 6 is a schematic diagram illustrating the mechanical to electric power

converter of Fig 3 forming part of a lock device.

DETAILED DESCRIPTION

The invention will now be described more fully hereinafter with reference to

the accompanying drawings, in which certain embodiments of the invention
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are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth
herein; rather, these embodiments are provided by way of example so that
this disclosure will be thorough and complete, and will fully convey the scope
of the invention to those skilled in the art. Like numbers refer to like

elements throughout the description.

Fig 11is a schematic diagram illustrating a mechanical to electric power
converter 1 using only one energy storage element. An electric generator 10
comprises mechanical and electrical components to convert a mechanical
motion to a generator signal in the form of an AC (Alternating Current) or DC
(Direct Current) signal. For instance, when deployed in a lock device, the
motion of inserting a key, turning a key or turning a handle/knob is
converted to a voltage. When the electric generator 10 is implemented using
an AC generator, a rectifier 11 converts the AC of the generator signal to a
rectified signal at point v1. The rectifier 11 is of any suitable type providing an
output voltage of only one sign. For instance the rectifier 11 can be a diode
bridge rectifier. When the electric generator 10 is implemented using a DC
generator, the rectifier can be replaced with a diode to prevent a reverse DC

current to the generator 10.

A first energy storage element 13a is charged by the rectified signal. The
energy storage element can be of any suitable type, e.g. a capacitor, a battery,
a super capacitor, etc. For simplicity, any reference to this or other energy
storage elements is simply referred to as a capacitor in the text below. The
electric energy from the first capacitor 13a energy is converted by a DC/DC
converter 17 to a suitable output voltage for powering a controller 16 and to
be provided on a DC output 15 of the mechanical to electric power converter
1. The DC/DC converter 17 can be a buck converter, a boost converter or a
buck/boost converter as needed, to provide the suitable voltage on the DC

output 15.

The controller 16 can be implemented using a processor (e.g. MCU

(microcontroller unit), a CPU (central processing unit) or DSP (digital signal
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processor)), executing software instructions. Alternatively or additionally, the
controller is implemented using any combination of one or more application
specific integrated circuits, field programmable gate arrays, discrete logical
components, etc. When the controller 16 executes software instructions, the
software instructions are stored in a memory 64, which can be provided as
part of the controller 16 (as shown) or externally to the controller 16 (not
shown). The memory 64 can be any combination of read and write memory
(RAM) and read only memory (ROM). The memory 64 comprises persistent
storage, which, for example, can be any single one or combination of

magnetic memory, optical memory, solid state memory, etc.

The DC output 15 provides a suitable DC voltage for powering a load 19, such
as an access control device and other electrical components of a lock device.
The controller 16 can optionally also be used for functions, such as the access

control, of the lock device.

Fig 2 is a schematic graph illustrating the operation of the mechanical to
electric power converter of Fig 1 when a mechanical action is applied to the
mechanical to electric power converter, e.g. by inserting a key. The vertical

axis represents voltage and the horizontal axis represents time.

The rectified signal 21 is here shown as a rectified generator signal in the
form of an AC signal and an upper line 20 shows the voltage across the first

capacitor 13a.

The generator signal increases in amplitude over time to a point after which it
decreases again. As long as the rectified generator signal is greater than the
current voltage of the first capacitor 13a, the first capacitor 13a is charged. In
other words, the capacitor voltage 20 increases with (in this case) the
rectified signal 21 when this is at a higher voltage, as indicated by charging

periods 22a-c at the lower section of Fig 2.

Fig 3 is a schematic diagram illustrating a mechanical to electric power
converter 1 using a plurality of capacitors. Here there is a secondary string 12

provided with one end between the rectifier 11 and the DC output 15 and one
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end at ground. In other words, the secondary string 12 is provided in parallel
to the first capacitor 13a. The secondary string 12 comprises a second
capacitor 13b, hereinafter denoted second capacitor 13b, and a first switch
14a. Optionally, a tertiary string 12’ is provided in parallel to the secondary
string 12.. The tertiary string 12’ comprises a third capacitor 13c, hereinafter
denoted third capacitor 13c, and a second switch 14b. More strings with
respective capacitors and switches can optionally be provided if desired. The

switches 14a-b can e.g. be implemented using transistors.

The controller 16 is here configured to close the first switch 14a when a first
switching condition is fulfilled. The first switching condition is a condition
which indicates (directly or indirectly) that the first capacitor is sufficiently
charged. Sufficiently charged is here to be interpreted as a charge level at
which it is reasonable to start charging the second capacitor. The first
condition could e.g. comprise that the measured voltage is greater than a first
threshold voltage to thereby enable the rectified signal to charge the second
capacitor 13b. This threshold voltage indicates that the first capacitor is
sufficiently charged. Alternatively or additionally, the first switching
condition comprises that a rate of change of the voltage is less than a first rate
threshold. When the rate of change decreases below this threshold, this
indicates that the capacitor is sufficiently charged. In other words, when the
voltage flattens out, this can be part of the first switching condition. The rate
of change of the voltage can be expressed as a time derivative (dV/dt) of the
measured voltage. Alternatively or additionally, the first switching condition
comprises that a certain time has elapsed time since activation, e.g. by key
insertion. It is thus assumed that the first capacitor has been sufficiently
charged after this elapsed time. This activation can e.g. be indicated by the
start of the provision of the electric generator signal. The first switching
condition can be defined also or alternatively using other voltages, currents

or other physical parameters within the system.

Optionally, a diode 18 is provided between the first capacitor 13a and the
second capacitor 13b to thereby prevent an electric current from flowing from

the first capacitor 13a to the second capacitor 13b. In this way, a stable output
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voltage is provided on the DC output 15. In such a case, the secondary string
12 is still considered to be connected in parallel to the first capacitor 13a,
albeit via the diode 18.

Looking now to Fig 4, this is a schematic graph illustrating the operation of
the mechanical to electric power converter 1 of Fig 3. As in Fig 2, the vertical
axis represents voltage and the horizontal axis represents time. Here there

are ten charging periods 22a-j.

At time to0, the first switch is open (in a non-conducting state), whereby the
rectified signal charges the first capacitor 13a in the first to five complete
charging periods 22a-e and in an initial section of the sixth charging period

2of,

At time t1, the first switching condition is fulfilled, whereby the first switch
14a is closed (to a conducting state). In the example shown here, the first
switching condition is that the voltage is greater than a first threshold value
th1. However, as explained above, any other one or combination of conditions
can make up the first switching condition. The second capacitor 13b then
starts to charge in the sixth charging period 22f. Since, at time t1, the second
capacitor 13b is uncharged, the rectifier signal v1 drops to zero and charging
can start at an earlier point in time than if only the first capacitor was
charged, thus utilising more electric energy of the rectified signal to charge a
capacitor (the second capacitor in this case). Optionally, the first switch 14a
can be dynamically closed using e.g. a Pulse Width Modulated (PWM) or
Pulse Frequency Modulated (PFM) signal instead of being statically closed.
When the dynamic closing (e.g. PWM/PFM) is utilised, the amount of
mechanical resistance experienced by the user can be controlled, e.g. when
inserting a key or turning a door handle. For instance, if a duty cycle is
controlled to be low, the mechanical resistance becomes low. On the other
hand, if the duty cycle is controlled to be high, the mechanical resistance
becomes high. The duty cycle can be controlled to vary over time to achieve a
desired profile of mechanical resistance to thereby achieve a high quality user

experience. The dynamic control can also be used to optimise power transfer
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over time during the entire mechanical motion. The type of switching mode,
static or dynamic, can also be selected depending on different parameters in

the system.

At time t2, the second switching condition is fulfilled, whereby the second
switch 14b is closed. The second switching condition can be of the same type
as the first switching condition or it can be of a different type. In this
example, the second switching condition is that the voltage is greater than a
second threshold th2. The second threshold th2 can be less than the first
threshold th1 to allow more energy to be utilised for charging the third
capacitor 13c when the amplitude of the rectified signal 21 decreases. The
third capacitor 13c then starts to charge in the ninth charging period 22i.
Optionally the first switch 14a can be opened at time t2. Because the third
capacitor 13c is then uncharged, the rectifier signal v1 drops to zero and
charging occurs. In fact, charging of the first and second capacitors 13a-13b is
not possible at this stage, but using the second switch, the third capacitor can
be charged, utilising electric energy which would otherwise be wasted. In one
embodiment, the first switch 14a is kept closed at time t2, whereby, the
second capacitor 13b and the third capacitor 13c are charged in parallel
starting from a voltage v1 which depends on the previous charge level of the
second capacitor 13b. The first and second switches 14a and 14b can in this
charging phase be connected either dynamically (e.g. using PWM/PFM) or
statically, independently of each other in the same way as described at time t1

above.

Hence, by using the secondary string 12 and the tertiary string 12°, more
electric energy is stored which can be used to power the controller 16 and the
load 19. In other words, more power is harvested, converting mechanical
power to electric power. Moreover, the second capacitor 13b and the third
capacitor 13c are selected to achieve the desired characteristics of charging.
This gives much more flexibility, e.g. compared to using a single non-linear

capacitor.
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The diode 18 prevents the voltage supplied to the DC/DC converter 17 from
dropping when the first switch 14a and the second switch 14b are statically or
dynamically closed. In this way, the voltage level provided to the DC/DC
converter 17 can be kept at a high level, allowing the load 19 to be powered

also at time t1 and t2.

In one embodiment, the capacitance of the second storage element 13b is
considerably larger than the capacitance of the first storage element 13a. For
instance, the capacitance of the second storage element 13b can be at least
twice the capacitance of the first storage element 13a. In this way, the voltage
of the first (smaller) capacitor 13a quickly reaches a level which can be
utilised for powering the load, while additional power is collected in the
second and third capacitors 13b-c. This can be particularly useful when
response times need to be short, e.g. when powering electronic access control

where short response time greatly benefit the user experience.

Fig 5 is a flow chart illustrating the operation of the mechanical to electric
power converter of Fig 3. The method is performed in the mechanical to
electric power converter 1 e.g. of Fig 3, with or without optional components
as described above. The method can be started when a suitable mechanical
motion is performed, e.g. by a user. For instance, when the mechanical to
electric power converter is powered by the insertion of a key, the method is

started when the key is inserted.

The method is illustrated in two paths. The path on the left hand side
converts power and the path on the right hand side controls the switches. The
two paths can be performed in parallel in the mechanical to electric power

converter. First the power conversion is described.

In a convert to electric step 40, a mechanical motion is converted to an
electric generator signal in the electric generator. As explained above, the
electric generator signal can be an AC signal or a DC signal. The mechanical
motion can e.g. be a linear motion, a rotary motion or any other motion

which can be used to drive the electric generator.
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In an optional rectify step 42, when the generator signal is an AC signal, the
generator signal is rectified to a rectified signal in the rectifier. If a DC
generator is used, this step can be omitted. A single diode can however be
provided to avoid discharge of the second capacitor 13b and the third
capacitor 13c through the DC generator.

In a store energy step 44, energy is stored in the first capacitor provided
between the rectifier and the DC output. The second capacitor is also charged
in this step when activated using the first switch. Additional capacitors can

also be charged in this step when activated using respective switches.

In a supply suitable voltage step 48, a suitable DC voltage is supplied on the
DC output using the DC/DC converter.

In a conditional end step 54, the left hand path ends if appropriate.
Otherwise, the left hand path continues with the convert to electric step 4o0.
This determination can be an active determination e.g. by considering the
voltage of the first capacitor. Alternatively, this is a passive determination, i.e.

the path ends when there is no power conversion to be performed.

It is to be noted that the steps 40, 42, 44, 48, 54 of the left path can be
performed independently in parallel to ensure that the power supply occurs

without interruption.

Now, the switch control path on the right side of the flow chart is described.
Optionally, this path is started when the mechanical to electric power

converter supplies sufficient electric power to power the controller 16.

In a conditional first switching condition step 45, it is determined whether
the first switching condition is fulfilled. If this is the case, the method
proceeds to a control first switch step 46. Otherwise, the path re-executes the
conditional first switching condition step 45, optionally after a delay. As
explained above, the first switching condition can be any single or
combination of relevant sub-conditions, e.g. related to voltage, rate of change

of voltage (dV/dt), time, etc. When several sub-conditions are combined,
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these can be combined using AND logic, i.e. that all sub-conditions need to be
true to fulfil the first switching condition. Alternatively, the sub-conditions
are combined using OR logic, i.e. that any one or more of the sub-conditions

need to be true to fulfil the first switching condition.

In a control 15t switch step 46, the first switch is statically or dynamically (e.g.
using PWM/PFM) closed to enable the rectified signal to charge the second
capacitor. As described above, the first switch and the second capacitor form

part of a secondary string provided between the rectifier and the DC output.

In a conditional second switching condition step 47, it is determined whether
the second switching condition is fulfilled. If this is the case, the method
proceeds to a control second switch step 48. Otherwise, the path re-executes

the conditional second switching condition step 47, optionally after a delay.

As explained above, the second switching condition can be any single or
combination of relevant sub-conditions, e.g. related to voltage, rate of change
of voltage (dV/dt), time, etc. When several sub-conditions are combined,
these can be combined using AND logic, i.e. that all sub-conditions need to be
true to fulfil the first switching condition. Alternatively, the sub-conditions
are combined using OR logic, i.e. that any one or more of the sub-conditions
need to be true to fulfil the first switching condition. The second switching
condition can be of the same type (and the same or different value) as the
first switching condition, or the second switching condition can be of a
different type to the first switching condition. In a control 2nd switch step 48,
the second switch is statically or dynamically (e.g. using PWM/PFM) closed
to enable the rectified signal to charge the third capacitor. As described
above, the second switch and the third capacitor form part of a tertiary string
provided between the rectifier and the DC output.

The third capacitor can be connected alone, i.e. while disconnecting the
second capacitor, or in parallel with the second capacitor. Each of the two

capacitors can be individually closed or opened in a static o dynamic way.
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In a conditional end step 50, it is determined whether the right hand path is
to end. This determination can be an active determination e.g. by considering
the voltage of the first capacitor. Alternatively, this is a passive
determination, i.e. the path ends when no power is supplied anymore. If the
right hand path is to end, the method proceeds to an open switch(es) step 52.
Otherwise, the path re-executes the conditional end step 50, optionally after a

delay.

In the open switch(es) step 52, the first switch and the second switch, when
deployed, are opened. In this way, the mechanical to electric power converter
is in a state where the method can be performed again. Optionally, the
switches are such that they open when not provided with a control signal. In
such a case, when the power conversion ends, the controller becomes
unpowered and ends sending a control signal to the second switch (and any
other switches), thus opening the switch(es) when there is no more electric

power left.

Fig 6 is a schematic diagram illustrating the mechanical to electric power

converter of Fig 3 forming part of a lock device 3.

The lock device 3 then comprises the mechanical to electric power converter 1
of Fig 3 (with or without optional components) and a load 19 powered by the
mechanical to electric power converter. The load 19 can e.g. comprise one or
more access control circuitries, LEDs, displays, keypads, solenoids, motors,
etc. Using the more efficient mechanical to electric power converter 1 as
described above, the load 19 can consume more power which is harvested
from the mechanical motion, such as inserting a key. In this way, power
harvesting can be used in cases which would otherwise require external

power supply, such as a mains connection or cell batteries.
Here now follows a set of embodiments enumerated with roman numerals.

i. A power converter (1) comprising:
an electric generator (10) configured to convert a mechanical motion to

an electric generator signal;
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a DC, direct current, output (15);

a rectifier (11) configured to convert the electric generator signal to a
rectified signal;

a first energy storage element (13a) provided between the rectifier (11)
and the DC output (15);

a secondary string (12) comprising a second energy storage element
(13b) and a first switch (14a), the secondary string being provided between
the rectifier (11) and the DC output (15); and

a controller (16) configured to close the first switch (14a) to enable the
rectified signal to charge the second energy storage element (13b) when a first

switching condition is true.

ii.  The power converter (1) according to embodiment i, wherein the first
switching condition comprises that a measured voltage is greater than a first

threshold voltage.

iii. The power converter (1) according to embodiment ii, wherein the

measured voltage is a voltage across the first energy storage element (13a).

iv.  The power converter (1) according to any one of the preceding
embodiments, wherein the first switching condition comprises that a rate of

change of a voltage is less than a first rate threshold.

v.  The power converter (1) according to any one of the preceding
embodiments, wherein the first switching condition comprises that a certain
time has elapsed from when the electric generator (10) starts to provide the

electric generator signal.

vi. The power converter (1) according to any one of the preceding
embodiments, further comprising a diode (18) between the first energy
storage element (13a) and the second energy storage element (13b),
preventing an electric current from flowing from the first energy storage

element (13a) to the second energy storage element.
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vii. The power converter (1) according to any one of the preceding
embodiments, further comprising a tertiary string (12”) comprising a third
energy storage element (13b) and a second switch (14b), the tertiary string
being provided between the rectifier (11) and the DC output (15); and
wherein the controller (16) is configured to close the second switch
(14b) to enable the rectified signal to charge the third energy storage element

(13b) when a second switching condition is true.

viii. The power converter (1) according to embodiment vii, wherein the

second threshold voltage is less than the first threshold voltage.

ix. The power converter (1) according to any one of the preceding
embodiments, further comprising a DC/DC converter (17) configured to

supply a suitable DC voltage on the DC output (15).

x.  The power converter (1) according to any one of the preceding
embodiments, wherein a capacitance of the second energy storage element

(13b) is at least twice the capacitance of the first energy storage element

(13a).

xi. The power converter (1) according to any one of the preceding
embodiments, further comprising: a memory (64) storing instructions (66)
that, when executed by the processor, cause the controller to close the first
switch (14a) to enable the rectified signal to charge the second energy storage

element (13b) when a first switching condition is true.

xii. Alock device (3) comprising the power converter (1) according to any

one of the preceding embodiments.

xiii. A method for converting energy from a mechanical motion to a DC,
direct current, output signal on a DC output (15) of a power converter (1), the
method being performed in the power converter (1) and comprising the steps
of:

converting (40) a mechanical motion to an electric generator signal in

an AC generator (10);
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converting (42) the electric generator signal to a rectified signal in a
rectifier (11);

storing (44) energy in a first energy storage element (13a) provided
between the rectifier (11) and the DC output (15);

when a first switching condition is true, closing (46) a first switch (14a)
to enable the rectified signal to charge a second energy storage element (13b),
the first switch (14a) and the second energy storage element (13b) forming
part of a secondary string (12) being provided between the rectifier (11) and
the DC output (15).

xiv. The method according to embodiment xiii, wherein the step of closing
(46) the first switch comprises dynamically controlling the first switch

according to a target duty cycle.

xv. The method according to embodiment xiii, further comprising the step
of:

when a second switching condition is true, closing (48) a second switch
(14b) to enable the rectified signal to charge a third energy storage element
(13¢), the second switch (14b) and the third energy storage element (13c)
forming part of a tertiary string (12") being provided between the rectifier (11)
and the DC output (15).

The invention has mainly been described above with reference to a few
embodiments. However, as is readily appreciated by a person skilled in the
art, other embodiments than the ones disclosed above are equally possible

within the scope of the invention, as defined by the appended patent claims.
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CLAIMS

1. A mechanical to electric power converter (1) comprising:

an electric generator (10) configured to convert a mechanical motion to
an electric generator signal;

a DC, direct current, output (15);

a rectifier (11) configured to convert the electric generator signal to a
rectified signal;

a first energy storage element (13a) provided between the rectifier (11)
and the DC output (15);

a secondary string (12) comprising a second energy storage element
(13b) and a first switch (14a), the secondary string being provided in parallel
to the first energy storage element; and

a controller (16) configured to close the first switch (14a) to enable the
rectified signal to charge the second energy storage element (13b) when a first

switching condition is true.

2. The mechanical to electric power converter (1) according to claim 1,
wherein the first switching condition is a condition which indicates that the

first capacitor is sufficiently charged.

3.  The mechanical to electric power converter (1) according to claim 1 or 2,
wherein the first switching condition comprises that a measured voltage is

greater than a first threshold voltage.

4. The mechanical to electric power converter (1) according to claim 3,
wherein the measured voltage is a voltage across the first energy storage

element (13a).

5.  The mechanical to electric power converter (1) according to any one of
the preceding claims, wherein the first switching condition comprises that a

rate of change of a voltage is less than a first rate threshold.

6. The mechanical to electric power converter (1) according to any one of

the preceding claims, wherein the first switching condition comprises that a
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certain time has elapsed from when the electric generator (10) starts to

provide the electric generator signal.

7. The mechanical to electric power converter (1) according to any one of
the preceding claims, further comprising a diode (18) between the first
energy storage element (13a) and the second energy storage element (13b),
preventing an electric current from flowing from the first energy storage

element (13a) to the second energy storage element.

8. The mechanical to electric power converter (1) according to any one of
the preceding claims, further comprising a tertiary string (12’) comprising a
third energy storage element (13b) and a second switch (14b), the tertiary
string being provided in parallel to the secondary string (12); and

wherein the controller (16) is configured to close the second switch
(14b) to enable the rectified signal to charge the third energy storage element

(13b) when a second switching condition is true.

9. The mechanical to electric power converter (1) according to claim 8
when dependent on claim 3, wherein the second threshold voltage is less than
the first threshold voltage.

10. The mechanical to electric power converter (1) according to any one of
the preceding claims, further comprising a DC/DC converter (17) configured

to supply a suitable DC voltage on the DC output (15).

11. The mechanical to electric power converter (1) according to any one of
the preceding claims, wherein a capacitance of the second energy storage
element (13b) is at least twice the capacitance of the first energy storage

element (13a).

12. The mechanical to electric power converter (1) according to any one of
the preceding claims, further comprising: a memory (64) storing instructions
(66) that, when executed by the processor, cause the controller to close the
first switch (14a) to enable the rectified signal to charge the second energy

storage element (13b) when a first switching condition is true.
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13. Alock device (3) comprising the mechanical to electric power converter

(1) according to any one of the preceding claims.

14. A method for converting energy from a mechanical motion to a DC,
direct current, output signal on a DC output (15) of a mechanical to electric
power converter (1), the method being performed in the mechanical to
electric power converter (1) and comprising the steps of:

converting (40) a mechanical motion to an electric generator signal in
an AC generator (10);

converting (42) the electric generator signal to a rectified signal in a
rectifier (11);

storing (44) energy in a first energy storage element (13a) provided
between the rectifier (11) and the DC output (15);

when a first switching condition is true, closing (46) a first switch (14a)
to enable the rectified signal to charge a second energy storage element (13b),
the first switch (14a) and the second energy storage element (13b) forming
part of a secondary string (12) being provided between the rectifier (11) and

the DC output (15).

15. The method according to claim 14, wherein the step of closing (46) the
first switch comprises dynamically controlling the first switch according to a

target duty cycle.

16. The method according to claim 14 or 15, further comprising the step of:

when a second switching condition is true, closing (48) a second switch
(14b) to enable the rectified signal to charge a third energy storage element
(13¢), the second switch (14b) and the third energy storage element (13c)
forming part of a tertiary string (12") being provided between the rectifier (11)
and the DC output (15).
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