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(57) Abrégé/Abstract:

A charging unit comprises a number of stationary capacitors for charging mobile capacitors which can be connected via a
connection socket. The charging unit comprises switching mechanisms for connecting a first capacitor to the mobile capacitors
and for connecting each additional capacitor step by step. The number and respective capacitances of the stationary capacitors
are greater in comparison to the mobile capacitors. Between the individual steps, the stationary capacitors are separated from the
mobile capacitors and the capacitors are connected in parallel such that the voltage states thereof can equalize.
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Abstract:

A charging unit comprises a number of stationary capacitors for charging mobile capacitors which
can be connected via a connection socket. The charging unit comprises switching mechanisms for
connecting a first capacitor to the mobile capacitors and for connecting each additional capacitor
step by step. The number and respective capacitances of the stationary capacitors are greater in
comparison to the mobile capacitors. Between the individual steps, the stationary capacitors are
separated from the mobile capacitors and the capacitors are connected in parallel such that the
voltage states thereof can equalize.
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Quick-Charging Unit

The invention relates to a rapid charging unit for charging

mobile capacitors according to the generic concept of Claim 1.

Swiss Patent Applications 702/18 and 1142/18, which have not
yet been published, describe methods and devices for charging
mobile capacitors at a charging station, in which the mobile
capacitecrs at a charging station are connected several times in
successgsion te staticnary charged capacitors whose charge is in
each case higher than that of the mobile capacitors. The
present applicaticn expressly refers to these two applications
in order not to repeat facts which are described in detail
therein and which are not directly related to the present

invention.

The following terms are used in the present description:

"Mobile c¢apacitors™ are those that are not permanently
connected to a power grid c¢r the like and therefore have
to be charged regularly at charging stations.

Typically, these are capacitors which are used in
electrically operated vehicles, tools or other applications.
The mobile capacitors are also referred to as "capacitors to

be charged".

Charged capacitors provided in a c¢harging station te which the
mobile capacitors are temporarily c¢onnected for charging are

referred to as "staticnary or charging capacitors".

CA 03149736 2022-2-28
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The term "relay" also includes improper relays, such as
B. Semiconductor relays or other current or voltage controlled

switches, such as soclenoids or IGBTs.

The term “capacitors” also encompasses all energy stores in
which electrical energy is stored not chemically, but
physically, i.e. in simplified terms, in an electrostatic
field between two plates. The capacitors therefore also
include so-called supercapacitors, ultracapaciters, lithium-
ion supercapacitors, hybrid capacitors and the like, and
possibly future energy-storing components based on the

principle of a capacitor.

It is known that when an empty capacitor A is connected to an
identical fully charged capacitor B, the charges egqualize
within seconds and two half-full charged capacitors result.
If an empty capacitor A 1s connected to twe fully charged
serieg-connected capacitors Bl and B2, a fully charged
capacitor A and two half-fully charged capacitors Bl and B2

are obtained within seconds.

The sum of all the internal resistances of all the components,
as well as the dimensicning and different charge states of Lhe
capaciters involved, determine the maximum possible current to
be expected when capacitors B charged to a greater extent than

A charge the former.

At present, resistors cor inductors are used to limit the
current in the abkove configuration, which is known to lead
to losses. This is a disadvantage of the known methods for

charging capacitors.

CA 03149736 2022-2-28
WSLEGAL93314.00001:29830720v]



-3- 26/08/201

In comparison to capacitors connected in parallel, capacitors
connected in series make it possible to transmit higher
voltages and thus larger amounts of electrical energy.

Capacitcrs to be charged should therefore ke charged in series.

According to the pricor art, assemblies of capacitors must
have so-called active or passive “balancing”, which is
necessary in order that all cells or capacitors cf an
assembly firstly have the same voltage and secondly no cell
is charged via its maximum permissible, specified nominal
voltage. Balancing is necessary since, typically, individual
capacitors connected in series have different internal
resistances and thus, during a charging prccess, at the end
have different voltages which could lead to damage
individually by exceeding the specified maximum voltage.
This is a further disadvantage of the known metheds for
charging capaciteors. Therefore, the capacitors to be charged
should alsc be connected in parallel between the energy

transmissicn phases, so that they have the same voltages.

In energy transmissicn, the physical properties of the
respective affected components limit the speed at which, or

the amount of energy per time, which can be transmitted.

If the threottling of the speed is not feasible with losses,
energy must be transmitted in smaller units. If capacitors
charge cther capacitors, throttling has hitherto been

associated with losses.

CA 03149736 2022-2-28
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If capacitors charge other capacitors directly, the
transmission rate is limited by the respectively greater
internal resistance c¢f the capacitors invelved. In the case
of ultracapacitors, a considerable amount c¢f current is
transmitted within a very short time. If electronic
components, such as cables and switching elements, are
connected between them in order to control the energy
transmission, they increase the overall resistance of the
circuit, composed of the internal resistance of the
capacitors plus that of the switching elements, on the one
hand, and on the other hand most electronic components are
not designed for the high currents which occur, for which
reason they are damaged and c¢an fail rapidly ¢ver time. This
is a further disadvantage of the known methods for charging

capaciters.

Known ultracapacitors typically have a maximum voltage of
2.7 volts. It is to be expected that future developments
will enable higher wvalues. For most applications,
however, higher voltages are generally necessary, which
is why several to many series-connected ultracapacitors

are used.

If it is desired to completely charge such network with
capacitors of the same capacitance, then, as already
mentioned at the outset, twice as many capacitors are
required on the current-supplying side as are to be
charcged. It is not only alternatively possible, but is also
advisable in the sgsense c¢of the invention, to equip a
charging capacitor assembly with a substantially higher
tectal capacitance, because a fully charged capacitor with a
substantially greater capacitance can be used for an empty

capacitor with the same maximum voltage approximately fully

CA 03149736 2022-2-28
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less the amount of energy delivered to it, which is
manifested in a reduced veltage of the larger capacitor.
If you want to load promptly, a combination of these two

variants 1s also possible.

Summary OF the invention It is an cbject of the present

invention to overcome the aforementioned disadvantages.

According to the invention, this is achieved by the
characterizing features ¢f Claim 1. Preferred exemplary
embodiments of the invention are described below with

reference to the accompanying drawings. What is shown is:

Fig. 1 a c¢ircuit diagram c¢f a charging unit

Fig. 2 diagrams of the charging current

The solution approach is based on:

- that the components used have maximum load capacities
which must be adhered to in a targeted manner,

- that the capacitors to be charged are connected in seriesg,
which enables higher voltages at which substantially more
energy can be transmitted in the same time units at the
same currents and corresponds to speed optimization on the
part of the capacitors to be charged,

- that the charging capacitors are combined stepwise and
with increasing number in series to form a composite,
which corresponds to speed optimization on the part of
the charging capacitors,

- that in each case a further charging capaciter is included
in the composite as soon as the resulting compesite will

comely with the maximum load capacity of the coempenents,

CA 03149736 2022-2-28
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- that, in comparison with the capacitor network toc be
charged, the charging capacitor network has a
substantially greater total capacitance, a greater maximum
voltage, and thus a certain overdimensioning

- and that the energy-supplying capacitors are cocnnected to
one another in parallel between the portioned, energy-
emitting partial phases, which should ideally alsc be done

with the capacitors to be charged.

The combination of the stationary capacitcers has a
substantially greater total capacitance than the combination of
the mobile capacitors. The combination of the stationary
capaciters can be operated with a smaller, equal or larger
number of capacitors in comparison with the number of
capacitcrs of the mobile combination. Ideally, however, it has
a larger number, namely 50% to 100% more than the combination
0of the mobile capacitors. If this i1s not the case, the mobile
capacitecrs must expediently be connected all the more in
parallel for charging.

When dimensicning the stationary capacitcrs, the following

must be taken into account:

The more capacitance they have in comparison with the
mobile capacitors tce ke charged, the more successive
charging of mobile capacitor assemblies is possible without
intermediate recharging of the stationary capacitor
assembly. With sufficient dimensioning, (1)cheap night
currents

"punkering", (Z2) peak-demand times {(peak traffic) are
better served cor are only served in the first place, and
{3)the power grids running today at 90% of the locad
capacity are less loaded by adjusting the time of lcading

of the staticnary capacitors.

CA 03149736 2022-2-28
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If, in the present device, the stationary capacitors do not
have substantially more capacitance than the mobile
capaciters, it may result, especially if the equalizaticn
of the veltages of the stationary capacitors by the
omissicn of an intermediate step of the parallel ccnnection
for equalizaticn, that certain stationary capacitors, those
which are first taken for energy transmission, are
discharged to such an extent and in further steps are first
completely discharged and then change the polarity, i.e.
are negatively charged, which has three effects: The latter
no longer contribute to the charging process, since they
can no longer emit energy, they are negatively charged and
therefore belong to the capacitors to be charged, which
makes the charging process more inefficient, and they can

be damaged by the pclarity change.

This is cone reason why the capacitance of the statiocnary
capaciters should be substantially greater than that of the
mobile capacitors. If it is not possible to use
capacitively substantially larger capacitors in the
stationary capacitor combination, for example because the
largest capaciters currently available on the market are
already used as mobile capacitors, a stationary capaciter
can in turn censist of a plurality of capacitors connected
in parallel.

Between individual charging phases or charging pulses
during the process of charging mobile capacitors by
stationary capaciters, both should be connected in parallel
for an instant, sc¢ that they

"inter-associaticn". If this is not done on the side of the
stationary capaciters, the balancing currents after the

charging process are posgssibly

CA 03149736 2022-2-28
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that they exceed the specifications.

If it does nct take place on the side of the mobile capacitors,
last damage can be caused by exceeding the specified individual

maximum rated voltage.

The c¢ircuit diagram shown in the figure shows a charging unit
in the state in which no charging of mobile capacitors takes
place. The charging unit comprises seven capacitors C1 to C7

and relays R1 to R7 associated therewith.

The relays are of the type Double Pole Dcuble Throw "DPDT" 1
("two contacts two states"), for example OMRON G5V-2 or
Finders 40.52.

All relays R1-R7 are in the switching position in which the
positive poles of the capacitors are connected to one another
via a line L1 and their negative poles are connected to one
another via a line LZ. The capacitors are thus connected in

parallel via the lines L1 and L2 and via the relays RI1I-R7.

The drive terminals of the relays are each connected toc a
power supply B via switchesg 81 to 87 and a line L3. The
drive terminals of the relays are also cconnected to one

another via diodes D1 to Do6.

The capaciters to be charged are not shown in the figure.
They are cconnected to the connection socket J1. The
connecting socket J1 also serves to connect the charging

unit to a current source for charging the capacitors Cl1-C7.

CA 03149736 2022-2-28
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The capaciters Cl-C7 are connected to one another in such a
way that they can be arranged in the manner of a stack by
actuating the switches 51 to §7, Cl being the lowermost
capaciter of the stack and being the first to be connected to

the connecting socket J1 for charging mobile capacitors.

A further relay R8 is arranged between the relay R1 and the
connecting socket J1 and serves to connect the charging unit

to the ceonnecting socket J1 or to disconnect between them.

The diodes D1 to D6 have the following functicn: If one of the
switches 81 to 87 is actuated, it must be ensured that,
together with the corresponding relay, all the relays lccated
“below” are alsc actuated, to be precise at the same time.
Thus, 1f, for example, S$S3 is actuated, the dicdes D2 and DI
ensure that not only relays R3 but also relays RZ and R1 are
activated. This 1s essential, since otherwise the various
capacitors would be damaged. In this illustrative example, if

only R3 were activated, the following situation would be:

- the negative peles of the capacitors C1, C2, C4 to CV
would be connected to one another,

- the pesitive peles of the capacitors C1, C3, C4 to CV
would be connacted,

- the negative pole c¢f capacitor C3 would be connected to
the positive pole of capacitor C2, whereby

- the veltage of C2 plus C3 would be applised to the
capacitors Cl, C4 to C7 and thus destroy the latter,
assuming that the stationary capacitors should be charged
to substantially more than only 50% in crder to be able to

carry cut their function (meaningfully).

CA 03149736 2022-2-28
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In other words, the diodes D1 to D6 intercept this problem. In
addition, it must be taken into account that this preblem is
independent c¢f the state of R8, but if, in additicn, partially
charged mobile capacitcers are also connected simultanecusly via
an activated relay R8, the capacitors C2 and C3 can possibly

also be damaged.

In order to ensure a safe behaviour of the system, the
principle must be taken into account that first {and depending
on the state of charge of the mobile capacitors)the switches S1
to 87 sheould be activated, and only afterwards the switch S8,
which makes it possible to use less expensive relays for R1 to
R7, provided that the relay R8 is correctly dimensioned, i.e.
congiderabkly more stabkle, than the former 7. By more stable
dimensioning is meant that R1 to R7 must be able to conduct the
same currents which R8 must be able to switch, which makes a

considerable difference.

The following is not listed in this circuit diagram;

- Voltage sensor, which measures the voltage at the network
of mebile capacitors and passes this on to the control
electreonics, which interrupts the charging process, i.e.
ends as scon as the maximum permissible value is reached,
or opticonally continues in parallel configuration of the
stationary AND mcobkile capacitors (see excursus),

- Circuit diagram of the mobile capacitors, which results,
however, acccrding to the patents menticned at the
beginning,

- Circuit diagram ¢f the electronics which charge the
stationary capacitcers, which can be ¢f variocus forms and

would not contribute in a targeted manner here.

The sequence of the step-by-step connection of the

capacitors Cl1-C7 is described below.

CA 03149736 2022-2-28
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- The network c¢f mgcbile capacitors is connected to the
terminal Jl.

- First, the switch S1 is pressed; as a result, the capacitor
1 connected to the relay RS,

- the switch S8 is then pressed; as a result, the capacitor 1
charges the mobile capacitors; the current which now flows
decreases constantly and the applied voltage increases.

- If the current falls below a g¢ertain wvalue, the switch

S1 ig released, then the switch S8 is released and the

mobile capacitors are switched over from serial to

rarallel.

- After appreoximately one second, the swit¢ch S2 is pressed and
the mobile capacitors are switched to serial.

- The gswitch S8 1is ncow pressed; the two series-connected
capacitecrs 1 and 2 now charge the mobile capacitors.

- If the current falls below a certain wvalue, the switch

S8 1ig released, then the switch 52 1s released and the

mobile capacitors are switched over from serial to

parallel.

- After about cne second, the switch S3 is pressed and the
mobile capaciters are switched to serial.

- The switch 58 1s now pressed; the series-connected
capaciters 1, 2 and 3 now c¢harge the mobile capacitors.

- If the current falls below a g¢ertain wvalue, the switch

S8 i1ig released, then the switch 83 is released and the

mobile capacitors are switched over from serial to

rarallel.

- After about cne seccond, the switch 54 is pressed and the

mobile capacitors are switched to serial.

CA 03149736 2022-2-28
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- The sgwitch S8 1is now pressed; the series-connected
capacitors 1, 2, 3 and 4 now charge the mebile capaciters.
- If the current falls below a certain value, the switch
S8 1ig released, then the switch 5S4 is released and the
mobile capacitcors are switched over from serial to
rarallel.

- After about cne seccond, the switch S5 is pressed and the
mobile capacitors are switched to serial.

- The switch 58 is now pressed; the series-connected
capaciters 1, 2, 3, 4 and 5 now c¢harge the mobile
capaciters.

- If the current falls below a g¢ertain wvalue, the switch
S8 i1ig released, then the switch 85 is released and the
mobile capacitors are switched over from serial to
parallel.

- After one seccnd, the switch S6 is pressed and the
mobile capacitors are switched to serial.

- The switch 88 1s now pressed; the series-connected
capaciters 1, 2, 3, 4, 5 and 6 now charge the meobile
capaciters.

- If the maximum permissible voltage at the meobkile capacitors
is reached, ¢r if the current falls below a certain value,
the switch S8 is released, then the switch $S6 is released and
the mobile capacitors are switched over from serial te
rarallel.

- After one second, the switch 37 is pressed and the
mobile capacitors are switched to serial.

- The switch 58 is now pressed; the series-connected
capaciters 1, 2, 3, 4, 5, 6 and 7 now charge the mobile
capaciters.

- When the voltage at the mobile capacitors reaches the

maximum permissikble veoltage, the switch 88 is released, then

CA 03149736 2022-2-28
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the switch 57 is released and the mobile capacitors are
switched from serial to parallel.

- After about cne seccnd, the mobile capacitcrs are switched
to serial.

- The charging process 1s now completed and the mokile

capacitors are disconnected from J1.

The expressicon "if the current falls belcw a certain value"
regquires an explanation:
When a fully charged capacitor of identical type "charges"
an empty capacitor, the current curve shown in the diagram
of FIG. Z2a is c¢btained. This process can be divided inte
three areas:
a.First, a very strong current flows, which can
damage compcnents (lines, contrel electronics,
etc.). The invention described here is intended to
prevent this, for which reason the charging process
should not take place in this region.
b.During a certain time, a strong current flows.
c.From a certain point onwards, only a small amcunt of
current flows, and one would have to wait a very
leng time for the charging process to be completely
completed. Charging should not take place in this

area.

Thus, 1t results that the charging process takes place in the
region between the points A and B in the diagram shcown in

FIG. 2.

2 single partial step is thus intended tc cover the region

shown in the diagram of FIG. lc:

Several partial steps in succession cover the regions shown in

the diagram of FIG. 2d:

CA 03149736 2022-2-28
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Curing a partial charging step, that is to say when a switch S
is pressed, current flows from the staticnary capacitors to the
mobile capacitors, which current decreases continucusly. Thus,
its tip lies at the beginning of a charging part step. So that
it never exceeds a certain maximum value, in the above diagram,
point AZ defines when Rl is reached. Thus, Bl represents the
above-menticned "certain value". This can be calculated or

determined experimentally.

Thus, the device always operates in the cptimum range;
maximum current intensities are never exceeded and the

charging time is minimized.

The diodes D1 to D6 serve the purpose of simultaneocusly
activating all required relays which switch the respective

capacitor plus the "underlying" ones.

In the exemplary embodiment, the combination of mokile
capacitors consists of five capacitors. However, it can
also consist of a combination of a plurality of
subassemblies ¢f a multiple of capacitors which could be
connected partially in parallel and partially in series

for charging.

However, this has the disadvantage that the charging
process lasts longer than when all mobile capacitors are
connected in series, but in practice g¢an have the advantage
that, inter alia, a higher compatibility between mobile and
stationary capaciters can be achieved or mobkbile capacitor
interconnections which are designed for special
applications {with high voltage reguirements) can

nevertheless be achieved by existing staticnary capacitors.

CA 03149736 2022-2-28
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Capaciteor composites can still be loaded relatively

quickly.

In general, it is advisable to first load a mobile
capacitor assembly, such as a stationary capacitor
assembly, connected in series, and to charge it in
parallel in a second phase as scon as the veltage applied
to the capacitors to ke charged, which are still connected
in series, apprcaches the maximum permissible nominal

voltage.

Many soluticons are available for charging the staticnary
capacitors, such as switched-mode power supplies or DC/DC
converters {(dc/dc-step up or -step down converters, aka buck
converters). If a netwerk of stationary capacitors consists of
so many capaciters that, i1if they are connected in series, they
have a maximum permissible total rated wvoltage cf, for
example, 240 volts, then a rectifier can also be used between
the mains supply and stationary capacitors, in which case the
access toe the mains current must be able to supply at least as
much current as the stationary capacitors are able to take up
as much as possible, which is provided by the total internal
resistance c¢f all the components concerned, including the
stationary capaciteors. It should be noted that the veltage
applied to the stationary capacitors increases constantly,
while the flowing current decreases constantly.

Here, tco, "lcgical three-pole relays" are suitable for better
monitoring and optimal management, but de not necessarily have

to be used.

If one imagines lcading a truck equipped with capacitors,
aka supercapaciters, in a short time, the required amcunt

of energy is

CA 03149736 2022-2-28
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reguire the individual components to be selected and
dimensiconed accordingly, and that it is essential to load

the supercapacitors of a truck step by step.

Example

To test the function of the invention, a model prcoctcectype was
realized. It consists of a stationary unit with staticnary
capacitors and a remote-controlled model car c¢f the brand
Carrera F150. The staticonary unit contains seven SPSCAP brand
supercapacitoers with 3kF each, the model car contains five
SPSCAP brand supercapacitors with 150F each. The mobkile
capaciters are soldered and connected in series. The
stationary capacitors are connected analcgously to the
circuit diagram shown in the figure; for the sake of
simplicity, only seven capacitors are shown in the circuit
diagram. The manufacturer Carrera also supplies a
rechargeable nickel metal hydride battery and recommends
charging the battery for %0 minutes in order to be able to

drive for 20 minutes.

The electronics of the model car were not altered in any
way, except that these of the mobile capacitors were
additionally soldered to the two feeding contacts, which
originally came from the Ni-MH battery, and a switch was
attached between them. This means that the medel car can
also be used in the original configuraticn. Test series
confirm the manufacturer's information regarding charging

time (90 minutes) and driving time (20 minutes).

So that the electronics of the model car can work

according to the gspecifications of the manufacturer,

CA 03149736 2022-2-28
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first uses a step-up DC/DC converter betwesen Lhe mobile
capaciteors and the electronics of the model car, which
increases the veltage to 20 volts. Thereafter, a step-dcwn
DC/DC converter was used which supplies 6 volts. A switch has
been installed bketween the DC/DC converters and the electronics
of the medel car. The test series showed that the model car
driven by the capacitors runs for 5 minutes with a charging
time of 20 seconds. This efficiency was achieved without any
particular cptimizaticon of the capacitive supply. The ratio of
charging time to service life for capacitor operaticn is thus
already more than 65 better than for battery operaticon. With
appropriate optimization, the comparison factor ccould =asily be

doubled with supercapacitors currently available on the market.

Current research results show that the capacitance of
capacitors can be increased from currently 0.3F/cm2 to
4F/cmz and in THE near future tc 11F/cmz" (scurce
Superdielectrics Ltd.). For the remote-contrclled model
car, this would mean that with 2 minutes of charging,
approximately 6.6 hours, or approximately 18 hours,
could be driven. Thus, the comparison facter would be at

least a further 3 to 7 times higher.
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Claims

CA 03149736 2022-2-28

1.

3.

Charging unit having a number of staticnary capacitors for
charging mcbile capacitors which can be connected via a
connecting socket, characterized by switching devices for
connecting a first capacitor to the mobile capacitors and
for connecting in each case a further capacitor in steps,
the number and respective capacitance c¢f the stationary
capacitors being greater than that of the mobile

capacitors.

. Charging unit according to Claim 1, characterised by a

relay bhetween the staticnary capacitor assembly and

the cennecting socket.

Method for charging mobile capacitors by means of a
charging unit according te Claim 1, characterized in
that in each case stepped-in stationary capacitors are
connected in, and betwesen the individual steps the
staticnary capaciters are disconnected from the mobile
capacitors, and the respective capacitcrs are connected
in parallel, in order that their voltage states can be

egqualized.

WSELEGAL093314.00001:29830720v1



L3

T.57
_/____? R7
m

D6 =
| T8
=R6
¥
D5 =

55
N

754
' =R4
b4
D3 =
"TS3
y
D2
TS2

L2

D1
T8 13 | TS1
R8
r_j[] (ﬁs =B
-
____r(ﬁs




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	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 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - CLAIMS
	Page 21 - REPRESENTATIVE_DRAWING

