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(54) SYSTEM FOR RE-CHARGING AN ACCUMULATOR OF ENERGY OF AN ELECTRIC VEHICLE 
(EV)

(57) It is disclosed a system (1) to recharge an ac-
cumulator (2) of electric energy of an electric vehicle (EV),
comprising: a first converter unit (3) having a first voltage
(V3) and at least a second converter unit (4) having a
second voltage (V4), a first electrical circuit (8) connect-
ing the first converter unit (3) and the accumulator (2), to
recharge the accumulator (2) with the first converter unit
(3), a second electrical circuit (9) connecting the second
converter unit (3) and the accumulator (2), to recharge
the accumulator (2) with the second converter unit (4),
means to selectively control recharge of the accumulator
(2) with one of the first or the second converter units (3,
4) on said first and second electrical circuit (8, 9), or with
both the first and the second converter units (3, 4) in
parallel, a switch (5) adapted to connect in series the first
converter unit (3) and the second converter unit (4) and
to form a third electrical circuit (10) connecting in series
the first and second converter units with the accumulator
(2), to recharge the accumulator (2) with the first convert-
er unit (3) and the second connected unit (4) in series.

The system includes: a first diode (6) between the
accumulator (2) and the first converter unit (3), to prevent
a current flow from the accumulator (2) to the first con-
verter unit (3) on the first electrical circuit (8), a second
diode (7) between the accumulator (2) and the second
converter unit (4), to prevent a current flow from the ac-
cumulator (2) to the second converter unit (4) on the sec-
ond electrical circuit (9), a controller of the switch (5), to
detect a voltage (V2) of the accumulator (2) and to open
the switch (switch off) if a voltage (V3+V4) of the first and
second converter units (3, 4) connected in series is not
compatible with the voltage (V2) of the accumulator, or
to close the switch (switch on) if said voltage (V2) of the
accumulator is compatible with the voltage (V3+V4) of
the first and second converter units (3, 4) connected in
series; wherein a current flow from the accumulator to
the first and the second converter units (3, 4) is allowed
when said switch is closed (switched on).
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Description

Field of application:

[0001] The present invention relates to a system for
re-charging an accumulator of energy of an electric ve-
hicle (EV).
[0002] The present invention also relates to a method
for re-charging an accumulator of energy of an electric
vehicle (EV).

Prior art:

[0003] As known, a system for re-charging an accu-
mulator of energy of an electric vehicle (EV) comprises
a converter unit connectable to the accumulator, to trans-
fer electric energy from the converter unit to the accumu-
lator. The converter unit is included in a charging power
station, provided with a plug to connect a socket of an
electric cable adapted to be connected, at another end,
to the accumulator of the electric vehicle, in particular a
car.
[0004] In some applications, the flow of electric energy
may be from the accumulator to the converter unit , in
which case it is the stations to be recharged. This is use-
ful, for instance, when the energy demand is too high and
the user of the electric vehicle is available in providing
energy to the grid (through the station), since he does
not need to immediately use the vehicle.
[0005] On the other end, it is also known that electric
parameters of accumulators in EVs are continuously in-
creasing, to provide better performances, for instance
fast recharges of the accumulators. It is expected that
presently used accumulators, characterized by voltages
between 300 V and 418 V, as schematically represented
in figure 1, will be substituted by accumulators, charac-
terized by voltages between 700 V and 920 V, as sche-
matically represented in figure 2. This change has a con-
sequence that presently used converter units, for in-
stance working at voltages between 170 V and 500 V will
be no more adapted to recharge upcoming accumulators.
[0006] One solution to overcome this problem, avoid-
ing replacements of presently used converter units, is to
connected two or more units together, as represented in
figure 3, each having a predetermined voltage, for in-
stance between 170 V and 500 V, and to increase the
voltage to be provided to the accumulators up to the sum
of the voltages of each converter unit.
[0007] However, this solution has the drawback that
the converter units connected together are no more com-
patible with presently used accumulators, working at the
voltage of only one of the connected converter units, for
instance between 300 V and 418 V, as represented in
figure 4.
[0008] Another solution to overcome the compatibility
problem mentioned above is to introduce a switch be-
tween the converter units, to use the units together
(switch switched on) or separately (switch switched off),

and to connect each converter unit directly to the accu-
mulator to be recharged through a corresponding switch
(figure 5).
[0009] According to this system for recharging EV, if
the accumulator is detected to have a voltage substan-
tially equal to only one of the converter units, than the
switch between the converter units is opened (off) and
one or both of the switch between a corresponding unit
and the accumulator is closed (on). In this way, one or
two of the two units is used to recharge the accumulator.
[0010] To the contrary, if the accumulator is detected
to have a voltage substantially equal to the voltages pro-
vided by both converter units, than the switch between
the converter units is closed (on) and the switches be-
tween the units and the accumulator are opened (off). In
this way, the two units are used together to recharge the
accumulator.
[0011] Although appreciated because compatible with
different accumulators, this system has another draw-
back. Indeed, in case the switch between the recharging
unis is closed (on) and also one (or both) the switches
between the recharging station and the accumulator is
(are) closed, a short circuit may happen. This is very dan-
gerous, especially considering the high voltages and cur-
rents.
[0012] The problem at the base of the present invention
is to provide a system to recharge an accumulator of an
EV which is compatible with substantially all the accu-
mulators presently available and also with upcoming ac-
cumulators, i.e. accumulators characterized by higher
voltages, at the same time the system being safe and
preventing accidental usage of too high voltages, when
an accumulator is not compatible with high voltages or
dangerous short circuits, overcoming all the limitations
that presently affect the system of the prior art.

Summary of the invention:

[0013] The solution at the base of the present invention
is to provide a system to recharge an accumulator of
electric energy of an electric vehicle (EV), comprising:

- a first converter unit having a first voltage and at least
a second converter unit having a second voltage,

- a first electrical circuit connecting the first converter
unit and the accumulator, to recharge the accumu-
lator with the first converter unit,

- a second electrical circuit connecting the second
converter unit and the accumulator, to recharge the
accumulator with the second converter unit,

- means to selectively control recharge of the accu-
mulator with one of the first and the second converter
units on said first and second electrical circuits, or
with both the first and the second converter units in
parallel,
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- a switch adapted to connect the first converter unit
and the second converter unit and to form a third
electrical circuit connecting in series the first and sec-
ond converter units with the accumulator, to re-
charge the accumulator with the first converter unit
and the second connected unit in series, character-
ized by including:

-a first diode between the accumulator and the
first converter unit, to prevent a current flow from
the accumulator to the first converter unit on the
first electrical circuit,

-a second diode between the accumulator and
the second converter unit, to prevent a current
flow from the accumulator to the second con-
verter unit on the second electrical circuit,

-a controller of the switch, to detect a voltage of
the accumulator and to open the switch (switch
off) if a voltage of the first and second converter
units connected in series is not compatible with
the voltage of the accumulator, or to close the
switch (switch on) if said voltage of the accumu-
lator is compatible with said voltage of the first
and second converter units connected in series;
wherein

-a current flow from the accumulator to the first
and the second converter units is allowed when
said switch is closed (switched on).

[0014] More particularly, if the switch is switched off,
one or both the converter units recharge the accumulator
through the corresponding circuit, and a current flow from
the accumulator to each of the converter units is blocked
through the diodes.
[0015] On the other hand, when the two converter units
are connected in series, both the converter units are used
for recharging the accumulator through the series con-
nection. In this case, if required by circumstances, a cur-
rent flow from the accumulator to the converter units is
allowed through the series connection.
[0016] According to the solution idea given above, the
technical problem is solved by a system according to
claim 1.
[0017] further features and characteristics of the sys-
tem and method if the present invention will be apparent
from the description given hereafter with reference to the
drawings only for exemplificative purpose and without
limiting the scope of protection of the invention.

Brief description of the drawings:

[0018]

Figure 1 schematically represents a recharging sys-
tem of an electric vehicle, according to the prior art.

Figure 2 schematically represents the recharging
system 1, when connected to an incompatible accu-
mulator.

Figure 3 schematically represents another recharg-
ing system of an electric vehicle, according to the
prior art.

Figure 4 schematically represents the recharging
system of figure 3, when connected to an incompat-
ible accumulator.

Figure 5 schematically represents another recharg-
ing system of an electric vehicle, according to the
prior art.

Figure 6 schematically represents the recharging
system of figure 5, when a short circuits occurs.

Figure 7 schematically represents a recharging sys-
tem of an electric vehicle, according to the present
invention.

Figure 8 schematically represents the recharging
system of figure 7, during recharge of a high voltage
accumulator.

Figure 9 schematically represents the recharging
system of figure 7, during recharge of a lower voltage
accumulator.

Figure 10 is a picture representing a real implemen-
tation of the system of figure 7.

Figure 11 is a detail of the picture of fig. 10.

Figure 12 is the recharging system of figure 9, in
more detail.

Detailed description:

[0019] With reference to figure 7, it is schematically
represented and indicated with number 1 a system to
recharge an accumulator 2 of electric energy of an elec-
tric vehicle (EV) according to the present invention.
[0020] The system 1 includes a first converter unit 3
connectable to the accumulator 2, to transfer electric en-
ergy from the first converter unit 3 to the accumulator 2.
The converter unit 3 is included in a charging power sta-
tion, provided with a plug to connect a socket of an electric
cable, the cable being also adapted to be connected, at
another end, to the accumulator 2 of the electric vehicle,
in particular a car.
[0021] The first converter unit 3 has a first voltage V3
and may form a first electrical circuit 8 with the accumu-
lator. For instance, the converter unit 3 provides a voltage
between 170 V and 500 V.
[0022] Also the accumulator 2 is characterized by spe-
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cific electric parameters, including a voltage V2 and a
current C. Accumulators of different EVs may be char-
acterized by different electric parameters V2, C. For in-
stance, an accumulator 2 of a first EV may have first
electric parameters, for example a voltage between 300
V and 418 V, as schematically represented in figure 9;
an accumulator 2 of another EV may have second electric
parameters, for example a voltage between 700 V and
920 V, as schematically represented in figure 8.
[0023] Of course, the voltages indicated above are not
limiting the scope of protection of the present invention
and the first and second electric parameters of the accu-
mulators or the electric parameters of the converter unit
may be different.
[0024] The system 1 includes also a second converter
unit 4, included in a charging power station which is pro-
vided with a plug to connect a socket of an electric cable,
the cable being also adapted to be connected, at another
end, to the accumulator 2 of the electric vehicle. The
same power station may include the first and the second
converter units, as represented in figure 10 and 11.
[0025] Although the example given here after relates
to a first and second converter units only, more than two
converter units may be connectable together in the sys-
tem 1 of the present invention, with obvious modification
to the embodiment hereafter described in more detail.
[0026] The second converter unit 4 has a second volt-
age V4 and may form a second electrical circuit 9 with
the accumulator. The second converter unit, for instance,
provides same voltages of the first converter unit, i.e.
between 170 V and 500 V and, therefore, it is adapted
to recharge accumulator 2 compatible with first electric
parameters, through the second electrical circuit 9.
[0027] The first converter unit 3 and the second con-
verter unit 4 are each connectable to the accumulators
2 to transfer electric energy. Energy may be transferred
to the accumulator from one of the first and second con-
verting units, or from both the converter units in parallel
to the accumulator.
[0028] In this respect, the system includes means to
selectively control recharge of the accumulator 2 with
one of the first or the second converter units 3, 4, or with
both the first and the second converter units 3, 4 in par-
allel.
[0029] For instance, in the example given above,
where the accumulator has the first electric parameters
(300 V and 418 V), the accumulator 2 may be recharged
with the first and second converter units 3, 4 in parallel
and with a voltage still between 170 V and 500 V, but
with a higher current than the current provided by only
one of the first and second converter units, when used
alone. Of course, the accumulator 2 may be recharged
with only one of the first and second converter units, with
a voltage still between 170 V and 500 V, but with the
current provided by said only one converter unit. In all
these cases, the recharge is through the circuits 8 and/or
9.
[0030] To the contrary, if the accumulator 2 has the

second electric parameters (for instance between 700 V
and 920 V), the converter unit 3 or 4 has a voltage too
low to recharge alone the accumulator or to recharge it
with said parallel connection.
[0031] In order to recharge also accumulator 2 with the
second electric parameters, the system 1 of the present
invention provides that the first converter unit 3 and the
second converter unit 4 are also connectable together in
series.
[0032] In this respect, the system includes a switch 5
adapted to connect in series the first converter unit 3 and
the second converter unit 4 and to form a third electrical
circuit 10 (fig. 8) connecting in series the first and second
converter units with the accumulator 2, to recharge the
accumulator 2 with a higher voltage provided by the first
converter unit 3 and the second connected unit 4 in se-
ries. In the example given above, where the first and sec-
ond converter units have a same voltage between 170
V and 500 V, the accumulator may be recharged with a
voltage between 340 V and 1000 V if the units connected
in series.
[0033] Still according to present invention, a first diode
6 is between the accumulator 2 and the first converter
unit 3, to prevent a current flow from the accumulator 2
to the first converter unit 3 on the first electrical circuit 8.
Similarly, a second diode 7 is between the accumulator
2 and the second converter unit 4, to prevent a current
flow from the accumulator 2 to the second converter unit
4 on the second electrical circuit 9.
[0034] This diodes 6, 7 prevents short circuits when
the switch is switched on to recharge the accumulator
through the third circuits 10.
[0035] The circuit 8, 9, 10 to be used to recharge the
accumulator are selected through a controller. The con-
troller controls the switch 5.
[0036] More particularly, the controller detects a volt-
age V2 of the accumulator 2 and opens the switch (switch
off) if a voltage V3+V4 of the first and second converter
units 3, 4 connected in series is not compatible with the
voltage V2 of the accumulator. For instance, in the ex-
ample given above, when
the accumulator has a voltage between 300 V and 418 V,
the first circuit has a voltage between of 170 V and 500
V and
the second circuit has a voltage between of 170 V and
500 V,
the controller opens the switch, since the voltage of the
first and second converter units 3, 4 connected in series
is not compatible (too high) with the voltage of the accu-
mulator.
[0037] To the contrary, the controller closes the switch
(switch on) if the voltage V2 of the accumulator is com-
patible with the voltage V3+V4 of the first and second
converter units 3, 4 connected in series; this happens for
instance when the first circuit has a voltage between 170
V and 500 V, the second circuit has a voltage between
of 170 V and 500 V and the accumulator has a voltage
between 700 V and 900 V. In this case, the accumulator
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is recharged on the third circuit 10.
[0038] Advantageously, on the third circuit 10, a cur-
rent flow from the accumulator 2 to the first and the sec-
ond converter units 3, 4 connected in series is allowed
when the switch is closed (switched on), as well as a
current flow from the first and the second converter units
3, 4 to the accumulator 2. Therefore, advantageously,
depending on the application, for instance on the load of
the electrical grid or on user requirements, the system
may control recharge of the accumulator or recharge of
the station(s) associated to the converter units on the
circuit 10.
[0039] The invention further relates to a method of con-
trolling the recharge of an accumulator. The method is
used to control the system as described above.
[0040] For instance, still with reference to the example
(voltages) given and according to the method of the
present invention, if the accumulator 2 to be recharged
has the first electric parameters, i.e. between 300 V and
418 V, the controller opens the switch 5 and therefore
the accumulator 2 is connected to the converter unit 3
through diode 6 and to the converter unit 4 through diode
7, and may receive electric energy through this two con-
verter units in parallel, or through only one connection
conversion unit.
[0041] To the contrary, if the accumulator 2 to be re-
charged has the second electric parameters, i.e. between
700 V and 920 V, according to the method of the inven-
tion, the controller closes the switch 5 and therefore the
accumulator 2 is connected to the first and second con-
verter units 3, 4 in series and receives electric energy
through both the first and the second converter units.
Diodes 6 and 7 prevents short circuits.
[0042] In an embodiment of the method of the inven-
tion, the controller is configured to open the switch 5, if
a voltage of the accumulator 2 is compatible with a volt-
age of only one of the first and second converter units 3,
4 (in the example above, the unit 3), or to close the switch
5, if the voltage of the accumulator 2 is compatible with
a sum of the voltages of the first and second converter
units 3, 4.
[0043] More particularly, the controller is further con-
figured to make the following compatibility check:

- comparing the voltage V2 of the accumulator 2 with
the voltage V3 of the first converter unit 3 and/or
comparing the voltage V2 of the accumulator 2 with
the voltage V4 of the second converter unit 4;

- closing the switch if the voltage V2 of the accumulator
is more than the voltage V3, V4 of at least one of the
first and second converter unit of a predetermined
threshold.

[0044] According to an embodiment of the method of
the present invention, when the voltage of the accumu-
lator 2 is compatible with both the voltage of the first and
second converter units connected in parallel and with the

voltage of the first and second converter units connected
in series, the accumulator is preferably recharged with
the units connected in parallel, due to a higher output
current than the current provided by a series connection.
[0045] For instance, with the ranges of voltages given
in the above example (converter units with voltages be-
tween 170 V and 500 V), when the accumulator 2 has a
voltage of 450 V, both the parallel or series connections
could be selected to recharge the accumulator 2. As said
above, in this case, preferably the first and second con-
verter units are connected in parallel to recharge at 450
V with a higher current. However, nothing prevents that,
based on application scenarios, the series connection
may be selected. Figure 12 is a block diagram schemat-
ically representing the controller in the system. Power
converter units are provided to transfer energy to the ac-
cumulator 2 by series or parallel operation of the con-
verter units. A galvanic isolation of the power converter
units is provided. The series switch may work only when
power converters are galvanic isolated.
[0046] Advantageously, the system of the present in-
vention improves safety and allow to adapt presently
used recharging stations (units) to upcoming accumula-
tors having electric parameters not compatible with elec-
tric parameters of converter units taken alone, solving all
the problems presently affecting the prior art system and
avoiding risks for the uses.

Claims

1. System (1) to recharge an accumulator (2) of electric
energy of an electric vehicle (EV), comprising:

- a first converter unit (3) having a first voltage
(V3) and at least a second converter unit (4) hav-
ing a second voltage (V4),
- a first electrical circuit (8) connecting the first
converter unit (3) and the accumulator (2), to
recharge the accumulator (2) with the first con-
verter unit (3),
- a second electrical circuit (9) connecting the
second converter unit (4) and the accumulator
(2), to recharge the accumulator (2) with the sec-
ond converter unit (4),
- means to selectively control recharge of the
accumulator (2) with one of the first or the sec-
ond converter units (3, 4) on said first and sec-
ond electrical circuit (8, 9), or with both the first
and the second converter units (3, 4) in parallel,
- a switch (5) adapted to connect in series the
first converter unit (3) and the second converter
unit (4) and to form a third electrical circuit (10)
connecting in series the first and second con-
verter units with the accumulator (2), to recharge
the accumulator (2) with the first converter unit
(3) and the second connected unit (4) in series,
characterized by including:
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-a first diode (6) between the accumulator
(2) and the first converter unit (3), to prevent
a current flow from the accumulator (2) to
the first converter unit (3) on the first elec-
trical circuit (8),
-a second diode (7) between the accumu-
lator (2) and the second converter unit (4),
to prevent a current flow from the accumu-
lator (2) to the second converter unit (4) on
the second electrical circuit (9),
-a controller of the switch (5), to detect a
voltage (V2) of the accumulator (2) and to
open the switch (switch off) if a voltage
(V3+V4) of the first and second converter
units (3, 4) connected in series is not com-
patible with the voltage (V2) of the accumu-
lator, or to close the switch (switch on) if
said voltage (V2) of the accumulator is com-
patible with the voltage (V3+V4) of the first
and second converter units (3, 4) connected
in series; wherein
-a current flow from the accumulator to the
first and the second converter units (3, 4) is
allowed when said switch is closed
(switched on).

2. System according to claim 1, characterized by the
fact that said controller is configured to open said
switch (5) to recharge the accumulator (2) with the
first and the second converter units (3, 4) in parallel,
if said voltage (V2) of the accumulator is compatible
with both the voltage (V3+V4) of the first and second
converter units (3, 4) connected in series and with
the voltage (V3, V4) of the first and second converter
units (3, 4) connected in parallel.

3. System according to claim 1, characterized by the
fact that said controller is configured to open the
switch (5), if the voltage (V2) of the accumulator (2)
is compatible with the voltage (V3, V4) of only one
of the first and second converter units (3, 4), or to
close the switch (5), if the voltage of the accumulator
(2) is compatible with a sum of the voltages (V3, V4)
of the first and second converter units (3, 4), the con-
troller being further configured to make the following
compatibility check:

- comparing the voltage (V2) of the accumulator
(2) with the voltage (V3) of the first converter
unit (3) and/or comparing the voltage (V2) of the
accumulator (2) with the voltage (V4) of the sec-
ond converter unit (4);
- closing the switch if the voltage (V2) of the ac-
cumulator is more than the voltage (V3, V4) of
at least one of the first and second converter
unit of a predetermined threshold.

4. System according to claim 1, wherein the first con-

verter unit (3) has a voltage (V3) between 170 V and
500 V, and the second converter unit has a voltage
(V4) between 170 V and 500 V, and the accumulator
has a voltage (V2) between 700 V and 900 V.

5. Method (1) to recharge an accumulator (2) of electric
energy of an electric vehicle (EV), comprising:

- connecting a first converter unit (3) and the
accumulator (2) in a first electrical circuit (8), to
recharge the accumulator (2) with the first con-
verter unit (3),
- connecting the second converter unit (4) and
the accumulator (2) in a second electrical circuit
(9), to recharge the accumulator (2) with the sec-
ond converter unit (4),
- selectively controlling the recharge of the ac-
cumulator (2) with one of the first or the second
converter units (3, 4) on said first and second
electrical circuit (8, 9), or with both the first and
the second converter units (3, 4) in parallel,
- providing a switch (5) adapted to connect in
series the first converter unit (3) and the second
converter unit (4) and to form a third electrical
circuit (10) connecting in series the first and sec-
ond converter units with the accumulator (2), to
recharge the accumulator (2) with the first con-
verter unit (3) and the second connected unit (4)
in series, characterized by:

- further providing a first diode (6) between
the accumulator (2) and the first converter
unit (3), to prevent a current flow from the
accumulator (2) to the first converter unit (3)
on the first electrical circuit (8), and
- a second diode (7) between the accumu-
lator (2) and the second converter unit (4),
to prevent a current flow from the accumu-
lator (2) to the second converter unit (4) on
the second electrical circuit (9),

- detecting a voltage (V2) of the accumulator (2);
- opening the switch (switch off) if a voltage
(V3+V4) of the first and second converter units
(3, 4) connected in series is not compatible with
the voltage (V2) of the accumulator, or
- closing the switch (switch on) if said voltage
(V2) of the accumulator is compatible with the
voltage (V3+V4) of the first and second convert-
er units (3, 4) connected in series; wherein
- a current flows from the accumulator to the first
and the second converter units (3, 4) or from the
first and the second converter units (3, 4) to the
accumulator, when said switch is closed
(switched on).

6. Method according to claim 5, characterized by the
fact that if said voltage (V2) of the accumulator is
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compatible with both the voltage (V3+V4) of the first
and second converter units (3, 4) connected in series
and with the voltage (V3, V4) of the first and second
converter units (3, 4) connected in parallel, said con-
troller opens said switch (5) to recharge the accu-
mulator (2) with the first and the second converter
units (3, 4) in parallel.
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