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(57) Abstract: A power supply charging method and device
for charging a power supply having a predetermined number
of battery cells divided into at least two battery cell groups.
The method comprises the steps of, for each battery cell group,
applying a voltage across the battery cell group until one
condition selected from the group consisting of the voltage
of a battery cell exceeding a first threshold and the current of
the cell group dropping below a second threshold, is met and
verifying that each of the predetermined number of battery
cells has a similar voltage. When the verification of the battery
cells voltage determines that at least one battery cell has a
voltage departing from the voltage of the other battery cells by
more than a predetermine value, the voltage of the other cells
is decreased and the previous steps are repeated. The method
may further comprise the step of, for each battery cell group,
applying a voltage across the battery cell group until the current
of the battery cell group drops below a third threshold and stays
below the third threshold for a predetermined period of time.
As device implementing the charging method is also described.
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POWER SUPPLY CHARGING METHOD AND DEVICE

TECHNICAL FIELD
t0001] The present invention relates to a power supply charging method
and device.
BACKGROUND
[0002] A power supply, or battery, is formed of individual cells, each of

which produces a voltage and current output. The cells are arranged in series
and/or parallel arrays to form a power supply that is capable of producing the
required voltage and current outputs suitable for applications such as power tools,

hobby planes, race carts and actuated prostheses, to name a few.

[0003] When a series of cells, such as lithium-ion cells, are charged and
discharged many times, a voltage difference may appear between the cells. When
the cells are thus unbalanced, a voltage beyond the rated voltage may develop

across a cell resulting in possible failure of the power supply.

[0004] Accordingly, it is an object of the present application to obviate or
mitigate some or all of the above disadvantages.

SUMMARY

[0005] The present invention relates to a method of charging a power
supply having a predetermined number of battery cells divided into at least two
battery celf groups, the method comprising the steps of:

a- for each battery cell group, applying a voltage across the battery cell
group until one condition selected from the group consisting of the
voltage of a battery cell exceeding a first threshold and the current of the

cell group dropping below a second threshold, is met;
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b- verifying that each of the predetermined number of battery cells has a
similar voltage;

c- when the verification of the battery cells voltage in step b determines that
at least one battery cell has a voltage departing from the voltage of the
other battery cells by more than a predetermine value, decreasing the
voltage of the other cells and returning to step a.

[0006] The method of charging a power supply may further comprise the
step of:

d- for each battery cell group, applying a voltage across the battery cell
group until the current of the battery cell group drops below a third
threshold and stays below the third threshold for a predetermined period
of time.

[0007] The present invention also relates to a power supply charger for
charging a power supply having a predetermined number of battery cells divided
into at least two battery cell groups, the power supply charger comprising:

a power source input configured to be connected to a power source;

at least two power converters connected to the power input and associated
with the at least two battery cell groups, respectively, each of the at least
two power converters being associated with a switching controlier, a
current sensing circuit, a voltage sensing circuit and a balancer circuit;

each of the at least two power converters being provided with terminals
configured to be connectable fo the battery cell groups;

a micro-controller operatively connected to the switching controllers, current
sensing circuits, voltage sensing circuits and balancer circuits, the micro-
controller being so configured as to:
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a- for each battery cell group, activate the switching controllers to apply a
voltage from the power converters across the battery cell group until
one condition selected from the group consisting of the voltage
sensing circuit of a battery cell group sensing that the voltage exceeds
a first threshold and the current sensing circuit of a battery cell group
sensing that the current has dropped below a second threshold, is
met;

b- activate the voltage sensing circuits to verify that each of the
predetermined number of battery cells has a similar voltage;

c- when the verification of the voltage of the battery cells in step b
determines that at least one battery cell has a voltage departing from
the voltage of the other battery cells by more than a predetermine
value, activate the balancer circuits to decrease the voltage of the
other cells and return to step a.

[0008] The micro-controller of the power supply charger may be further
so configured as to:

d- for each battery cell group, activate the switching controller to apply a
voltage from the power converter across the battery cell group until the
current sensing circuit of the battery cell group senses that the current
has dropped below a third threshold and stays below the third
threshold for a predetermined period of time.

[0009] The foregoing and other objects, advantages and features of the
present invention will become more apparent upon reading of the following non
restrictive description of an illustrative embodiment thereof, given by way of

example only with reference to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In the accompanying drawings:
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[0011] Figure 1 is a block diagram showing a control system for a
prosthesis having an actuating mechanism;

[0012] Figure 2 is a schematic block diagram of a battery;
[0013] Figures 3a and 3b is a block diagram showing a power supply
charger.
[0014] Figure 4 is a flow diagram of a charging algorithm; and
[0015] Figure 5 is a flow diagram of diagnostics algorithm.
DETAILED DESCRIPTION
[0016] Generally stated, a power supply charger according to an

illustrative embodiment of the present invention may be used to charge power
supplies comprising a number of individual cells in a balanced manner. For
example, the power supply charger may be used to charge the power supply of an
active prosthesis.

[0017] Referring to Figure 1, a control system (10) controls the supply of
electrical power from a power pack (20) to an active prosthesis (30). Unlike a
conventional prosthesis, an active prosthesis (30) is designed to supply the
mechanical energy necessary to move by itself. The purpose of the control
system (10) is to provide the required signals to operate the actuating mechanism
(32), for example an electric motor (not shown), of the active prosthesis (30) in the
required manner. The control system (10) includes sensors (12), an interface (14)
and a controller (16). The sensors (12) capture information, in real time, about the
dynamics of the amputee’s motion and provide that information to the controller
(16) via the interface (14). The controller (16) determines the prosthesis joints
trajectories and the required force or torque that must be applied by the actuating
mechanism (32) in order to provide coordinated movements. The control system
(10) then generates output signals which are used to regulate the power supplied
to the actuating mechanism (32) from the power pack (20).
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[0018] The power pack (20) includes a power drive (22) which is itself
connected to a power supply (24) to supply energy to the actuating mechanism
(32) in order to create the requirement movements.

[0019] An example of a control system using sensors that could be used
herein is described in U.S. patent application No. 10/600,725 filed June 20, 2003, -
entitted “CONTROL SYSTEM AND METHOD FOR CONTROLLING AN
ACTUATED PROSTHESIS", by Stéphane Bédard, examples of active prosthesis
that could be used herein are described in U.S. patent application No. 10/463,495
filed June 17, 2003, entitted “ACTUATED PROSTHESIS FOR ABOVE-KNEE
AMPUTEES”, by Stéphane Bédard et al., and an example of a power supply that
could be used herein is described in U.S. patent application No. 10/743,231 filed
December 22, 2003, entitled “COMPACT POWER SUPPLY”, by Stéphane Bédard
et al.

[0020] The power supply (24) has energy storage elements of different
characteristics, namely a battery. Referring now to Figure 2, there is shown an
example of a battery (100) which includes ten battery cells (110), such as high-
energy density Lithium Polymer cells, for example, but without limiting the present
invention to that specific item. The cell SLPB36495-HD manufactured by Kokam
Engineering has been found adequate. The battery cells (110) are
advantageously configured serially, this arrangement allowing for a relatively high
voltage to be used (nominal 37V, maximum 42V when fully charged) as well as
allowing the use of high current.

[0021] The battery (100) should match the power supply requirements of
the power drive (22) in order to deliver power within its operation range, thus,
depending on the application, the number and configuration of the battery cells
(110) may widely vary. The battery (100) further includes charging a connector
(170) to connect the battery cells (110) to a power supply charger for recharging.
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[0022] The battery cells (110) are monitored using Protector Circuit
Modules (PCM) (120, 130, 140 and 150). Each individual PCM (120; 130, 140 and
150) monitors respective associated cell group (112, 113, 114 and 115),
comprising, in the example shown, two or three battery cells (110) connected in
series. The PCM measures voltages, charge and discharge currents.

[0023] In a charging mode, when a PCM (120, 130, 140 and 150)
detects a noticeable voltage change or an over current condition, it protects the
monitored battery cells (110) by disabling the use of its associated cell group (112,
113, 114 and 115) by controlling its associated charging protection switch (124,
134, 144 and 154) through respective control lines (122, 132, 142 and 152).

[0024] During a discharge mode, a detection of an adverse condition in
one group of cells opens the discharging protection switch (164) to prevent further
current supply. The PCM (120, 130, 140 and 150) returns to bypass mode
(switches closed) when its associated cell group (112, 113, 114 and 115) reaches
its protection release voltage or current.

[0025] It should be noted that the purpose of numerals 122, 132, 142
and 152 is only to clarify the connections within Figure 2.

Power supply charger

[0026] Referring to Figures 3a and 3b, there is shown an example of a
power supply charger (200) that may be used to recharge the battery (100) of
Figure 2. The power supply charger (200) has four integrated switching controllers
(240, 250, 260 and 270), such as, for example, but without limiting the present
invention to that specific item, Linear Technology integrated circuit LT1510’s.
Using these constant-current and constant-voltage devices it may be possible to
achieve 1% accuracy on charging voltage, which is the required precision for Li-
Polymer cells. The integrated switching controllers (240, 250, 260 and 270) are
powered by four isolated AC-DC converters (204, 206, 208 and 210), respectively.
AC-DC converters (206, 208) having output voltages of 12 VDC while AC-DC
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converters (204, 210) having output voltages of 24 VDC. The AC-DC converters
(204, 206, 208 and 210) convert the AC voltage at their input from the AC power
source (201) via AC lines (203, 205). The integrated switching controllers (240,
270), powered by the 24 VDC AC-DC converters (204, 210), are used to recharge
the cell groups (115, 112) comprising three cells (110) each while the integrated
switching controllers (250, 260), powered by the 12 VDC AC-DC converters (206,
208), are used to recharge the cell groups (114, 113) comprising two cells (110)
each.

[0027] The 12 VDC (206, 208) and 24 VDC (204, 210) AC-DC
converters may be, for example, but without limiting the present invention to those
specific items, MSMA-1502 and MSMA-0305 AC-DC converters, respectively, both
from Astrodyne. The AC-DC converters (204, 206, 208 and 210) are protected by
an in-rush limiter (202) against possible voltage fluctuations of the AC voltage
provided at the power source input (201). The isolation of the integrated switching
controllers (240, 250, 260 and 270) is advantageous because the cells (110) in the
battery (100) are not isolated and because the voltage across groups of cells (110)
is monitored by associated PCMs (150, 140, 130 and 120), as shown in Figure 2.

[0028] In addition, a DC-DC converter (212), such as, for example, but
without limiting the present invention to that specific item, a NDY2405 from C&D
Technologies, is connected to the outputs of one of the 24 VDC AC-DC converters
(210). The DC-DC converter (212) is used to power a micro-controller (234), a
user interface (235), a timer (236) and a temperature sensor (238), the purpose
and operation of these elements will be detailed further below. A fan (213) may be
connected to the outputs of the other 24 VDC AC-DC converters (204) in order to
control the internal temperature of the power supply charger (200).

[0029] Current sensing circuits (244, 254, 264 and 274) and voltage
sensing circuits (246, 256, 266 and 276) constantly monitor the current through the
cell groups (115, 114, 113 and 112) and voltage across the cells (110) of each cell
group (115, 114, 113 and 112). The information about the various currents and
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voltages is supplied to the individual integrated switching controllers (240, 250,
260 and 270) and to the micro-controller (234) through the control bus (233).

[0030] In the event of abnormal current or voltage situations, the
integrated switching controllers (240, 250, 260 and 270) may cut power to their
respective associated cell group (115, 114, 113 and 112) using corresponding
clamping circuits (242, 252, 262 and 272). Each of the cell group (115, 114, 113
and 112) also has balancer circuits (248, 258, 268 and 278) associated to the cells
(110) of each cell group (115, 114, 113 and 112), respectively, which are
controlled by the micro-controller (234) via the control line (233). Each balancer
circuit (248, 258, 268 and 278) includes a resistive load and a switch circuit
allowing the connection of the resistive load to the associated cell (110) in order to
discharge it. When the micro-controller (234) detects an imbalance condition, for
example some cells (110) charge faster than others; the charging process is
interrupted and the balancer circuits (248, 258, 268 and 278) are activated.

[0031] It should be noted that the purpose of numerals 214, 216, 218,
220, 222, 224, 226, 228, 230 and 232 is only to clarify the connections between
Figures 3a and 3b.

Micro-controller

[0032] The micro-controller (234) includes an algorithm that
continuously monitors the current and voltage of each cell (110) using the current
sensing circuits (244, 254, 264 and 274) and voltage sensing circuits (246, 256,
266 and 276) in order to diagnose and report cell malfunctions as well as monitor
charging and balancing processes. An example of an algorithm that may be
executed by the micro-controller (234) is depicted by the flow diagram shown in
Figure 4. The operations of the algorithm are indicated by blocks (302) to (346).

[0033] At block (302) the algorithm starts in an idle state, verifying at
block (304) if, for example, a start button (not shown) on the user interface (235)
has been pressed. Once the start bution is activated, the algorithm starts the
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charging process by initiating, at block (306), a diagnostics routine which will be
further detailed below with reference to Figure 5. Then, at block (308), the
algorithm checks to see of the diagnostics routine has successfully completed, if
not, it goes to block (310) where the charging process is interrupted and then
proceeds to block (302), reports an error condition through the user interface (235)
where it goes back to the idle state.

[0034] If the diagnostics routine is successful, the algorithm goes to
block (312) where the preliminary charge routine starts by initializing, charge cycle
counter and then, at block (314), activating all of the integrated switching
controllers (240, 250, 260 and 270). At block (318), the algorithm verifies, for each
cell group (115, 114, 113 and 112), if the voltage reaches 4.2V or if the current
goes under C/10, C being a current corresponding to a nominal capacity of the
battery cells (100). If not, it goes back to block (314) and continues the preliminary
charge routine until one of the conditions is met. Once this occurs for one of the
cell groups (115, 114, 113 and 112), the algorithm proceeds to block (318) where
the corresponding integrated switching controller (240, 250, 260 and 270) is turned
off. The algorithm then verifies, at block (320) if all of the integrated switching
controllers (240, 250, 260 and 270) have been turned off, if not, it goes back to
block (314) and continues the preliminary charge routine.

[0035] When all of the integrated switching controllers (240, 250, 260
and 270) have been turned off, the balancing routine begins at block (322) by
verifying if the cells (110) are balanced, i.e. if the voltage difference between any
cells (110) is below a preset level, for example 0.005V. If not, the algorithm starts
the balancing routine by identifying, at block (324), the lowest voltage cell (110)
and then lowering the voltage of the other cells (110) by activating their respective
balancer circuits (248, 258, 268 and 278) until the \)oltage reaches the identified
cell's (110) voltage. At block (326), the charge cycle counter is increased and at
block (328), the algorithm verifies once more if the voltage difference between any
cells (110) is below the preset level. If so, the algorithm goes back to block (314)
where a new preliminary charge routine starts. If not, the algorithm verifies, at
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block (330), if the value of the charge cycle counter is above a preset number of
cycles, for example three, in order to prevent the algorithm from going into an
endless loop. If the value of the charge cycle counter is above a preset number,
then the algorithm goes to block (332), reports an error condition through the user
interface (235) and interrupts the charging process. In an alternative embodiment
the charge cycle counter may be replaced by a charge cycle timer that will
terminate the charging process after a specified amount of time.

[0036] Going back to block (322), if the voltage difference between all
cells (110) is below the preset level, the algorithm proceeds to block (334) and
starts the final charge routine. At this point, the cells (110) are nearly completely
charged and are sufficiently balanced. Each integrated switching controller (240,
250, 260 and 270) is activated until its associated cell group (115, 114, 113 and
112) current falls below C/10. Then, at block (336), the algorithm verifies, for each
cell group (115, 114, 113 and 112) who’s current has fallen below C/10 and if it is
the first time its current falls below C/10, if so, it then starts, at block (338), a
separate timer (236) for each cell group (115, 114, 113 and 112) meeting that
condition and goes back to the beginning of the final charge routine at block (334).
If it is not the first time that the cell group (115, 114, 113 and 112) current falls
below C/10, the algorithm then goes to block (340) and verifies if a predetermined
time as expired, for example the timer of block (338) may be set to 10 minutes. If
the time has not expired, the algorithm then goes back to the beginning of the final
charge routine at block (334). If the time has expired, the algorithm then proceeds
to block (342) where the integrated switching controller (240, 250, 260 and 270)
associated with the cell group (115, 114, 113 and 112) who’s time as expired is
turned off.

[0037] Finally, at block (344), the algorithm verifies if all of the integrated
switching controllers (240, 250, 260 and 270) have been switched off, if it is the
case, then, at block (346), the charging process is ended and its completion is
reported through the user interface (235). On the other hand, if not all of the
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integrated switching controllers (240, 250, 260, 270) have been turned off, the
algorithm goes back to the beginning of the final charge routine at block (334).

[0038] It is to be understood that in an alternative embodiment, the timer
(236) may also be implemented within the micro-controller (234).

Diagnostics routine

[0039] The algorithm for the diagnostics routine of block (306), from
Figure 4, is depicted by the flow diagram shown in Figure 5. The operations of the
algorithm are indicated by blocks (402) to (428).

[0040] At block (402) the algorithm starts by verifying if a battery (100) is
present, if not, the algorithm goes to block (428) and the diagnostics routine
returns a fail. If there is a battery (100) present, the voltages of all the cell groups
(115, 114, 113 and 112) of the battery (100) are read at block (404) and, at block
(406), the algorithm verifies if any voltage is below a preset level, for example
1.000V. If so, the algorithm goes to block (428) and the diagnostics routine returns
a fail. If not, the algorithm then verifies, at block (408), if any voltage is higher than
a preset level, for example 4.235V. If so, the algorithm goes to block (428) and the

diagnostics routine returns a fail.

[0041] At block (410), the algorithm reads the temperature of the
charger (200) using the temperature sensor (238) in order to verify, at block (412),
if the temperature of the charger (200) is out of range, for example below 0°C or
above 45°C. If so, the algorithm goes to block (428) and the diagnostics routine
returns a fail.

[0042] Then, at block (414), for each integrated switching controller
(240, 250, 260 and 270), the associated balancer circuits (248, 258, 268 and 278)
are turned on and the current of each cell groups (115, 114, 113 and 112) is read
at block (416). Then, at block (418), the algorithm verifies if the current is below
C/10, if so, the algorithm goes to block (428) and the diagnostics routine returns a
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fail. If not, at block (420), the balancer circuits (248, 258, 268 and 278) are turned
off and the algorithm proceeds to block (422) where the charger (200) current is
read. At block (424), the algorithm then verifies if the current is greater than a
preset level, for example 0.6C, if so the algorithm goes to block (428) and the
diagnostics routine retumns a fail. If not, the algorithm proceeds to block (426) and
diagnostics routine returns a pass. Whenever the diagnostics routine returns a
fail, information regarding the cause of failure may be provided to the user
interface (235) in order to inform the user of the cause of failure.

[0043] It is to be understood that the present invention is not limited to
its use with a power supply for an active prosthesis, other power supplies having
lithium-ion cells, such as, for example, power supplies for cordless power tools,
hobby planes and race carts, may also benefit from the above describe power
supply charger. As well, other types of batteries may be recharged using the
present invention, for example nickel-metal-hydride or nickel-cadmium batteries, or
any other battery that require constant-current and/or constant-voltage charging.

[0044] Although the present invention has been described by way of a
non-limitative illustrative embodiment and example thereof, it should be noted that
it will be apparent to persons skilled in the art that modifications may be applied to
the present illustrative embodiment without departing from the scope of the
present invention.
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WHAT IS CLAIMED IS:

1.

A method of charging a power supply having a predetermined number of
battery cells divided into at least two battery cell groups, the method
comprising the steps of:

a- for each battery cell group, applying a voltage across the battery cell
group until one condition selected from the group consisting of the
voltage of a battery cell exceeding a first threshold and the current of the
cell group dropping below a second threshold, is met;

b- verifying that each of the predetermined number of battery cells has a
similar voltage;

c- when the verification of the battery cells voltage in step b determines that
at least one battery cell has a voltage departing from the voltage of the
other battery cells by more than a predetermine value, decreasﬂng the

voltage of the other cells and returning to step a.
A method according to claim 1, wherein the first threshold is set to 4.2V.

A method according to claim 1, wherein the second threshold is set to C/10,

C being a current corresponding to a nominal capacity of the battery cells.
A method according to claim 1, further comprising the step of:

d- for each battery cell group, applying a voltage across the battery cell
group until the current of the battery cell group drops below a third
threshold and stays below the third threshold for a predetermined period
of time.

A method according to claim 4, wherein the third threshold is set to C/10, C
being a current corresponding to a nominal capacity of the battery cells.
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11.

12.

13.

14

A method according to claim 4, wherein the predetermined period of time is
set to 10 minutes.

A method according to claim 1, wherein step ¢ is repeated up to a

predetermined maximum number of times.

A method according to claim 7, wherein the predetermined maximum
number of times is 3.

A method according to claim 1, further comprising before step a the steps
of:

i- detecting the presence of at least one battery cell;

ii- when the detection of the presence of at least one battery cell of step i
fails, reporting an error condition and terminating the charging of the
power supply.

A method according to claim 1, further comprising before step a the steps
of:

i~ measuring the voltage of each battery cell group;

ii- wwhen the measured voltage of at least one battery cell group of step i
meets one condition selected from a group consisting of the voltage of a
battery cell group being below a fourth threshold and the voltage of a
battery cell group exceeding a fifth threshold, reporting an error condition
and terminating the charging of the power supply.

A method according to claim 10, wherein the fourth threshold is set to 1V.
A method according to claim 10, wherein the fifth threshold is set to 4.235V.

A method according to claim 1, further comprising before step a the steps
of:
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I- measuring the temperature of the battery cells;

ii- when the measured temperature of step i meets one condition selected
from a group consisting of the temperature being below a sixth threshold
and the temperature exceeding a seventh threshold, reporting an error

condition and terminating the charging of the power supply.
14. A method according to claim 13, wherein the sixth threshold is set to 0°C.

15. A method according to claim 13, wherein the seventh threshold is set to
45°C.

16. A method according to claim 1, further comprising before step a the steps
of:

I- measuring the current through each battery cell group;

ii- when the measured current of at least one battery cell group of step i is
below an eight threshold, reporting an error condition and terminating the
charging of the power supply.

17. A method according to claim 16, wherein the eighth threshold is set to C/10,
C being a current corresponding to a nominal capacity of the battery cells.

18. A method according to claim 1, further comprising before step a the steps
of:

i- measuring the current through all battery cell groups;

ii- when the measured current through all battery cell groups of step i
exceeds a ninth threshold, reporting an error condition and ferminating
the charging of the power supply.

19. A method according to claim 18, wherein the ninth threshold is set to 0.6C,
C being a current corresponding to a nominal capacity of the battery cells.
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A power supply charger for charging a power supply having a
predetermined number of battery cells divided into at least two battery cell
groups, the power supply charger comprising:

a power source input configured to be connected to a power source;

at least two power converters connected to the power input and associated
with the at least two battery cell groups, respectively, each of the at ieast
two power converters being associated with a switching controller, a current

sensing circuit, a voltage sensing circuit and a balancer circuit;

each of the at least two power converters being provided with terminals
configured to be connectable to the battery cell groups;

a micro-controller operatively connected to the switching controllers, current
sensing circuits, voltage sensing circuits and balancer circuits, the micro-
controller being so configured as to:

a- for each battery cell group, activate the switching controllers to apply a
voltage from the power converters across the battery cell group until one
condition selected from the group consisting of the voltage sensing circuit
of a battery cell group sensing that the voltage exceeds a first threshold
and the current sensing circuit of a battery cell group sensing that the
current has dropped below a second threshold, is met;

b- activate the voltage sensing circuits to verify that each of the
predetermined number of battery cells has a similar voltage;

c- when the verification of the voltage of the battery cells in step b
determines that at least one battery cell has a voltage departing from the
voltage of the other battery cells by more than a predetermine value,
activate the balancer circuits to decrease the voltage of the other cells
and return to step a.
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A power supply charger according to claim 20, wherein the first threshold is
set to 4.2V.

A power supply charger according to claim 20, wherein the second
threshold is set to C/10, C being a current corresponding to a nominal
capacity of the battery cells.

A power supply charger according to claim 20, the micro-controller being
further so configured as to:

d- for each battery cell group, activate the switching controller to apply a
voltage from the power converter across the battery cell group until the
current sensing circuit of the battery cell group senses that the current
has dropped below a third threshold and stays below the third threshold
for a predetermined period of time.

A power supply charger according to claim 23, wherein the third threshold is
set to C/10, C being a current corresponding to a nominal capacity of the
battery cells.

A power supply charger according to claim 23, wherein the predetermined
period of time is set to 10 minutes.

A power supply charger according to claim 20, wherein step ¢ is repeated
up to a predetermined maximum number of times.

A power supply charger according to claim 26, wherein the predetermined
maximum number of times is 3.

A power supply charger according to claim 20, further comprising a user
interface for operating the apparatus and reporting a status of the apparatus

to the user, the user interface being operatively connected to the micro-
controller.
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A power supply charger according to claim 28, the micro-controller being
further so configured as to:

i- detect the presence of at least one battery cell;

ii- when the detection of the presence of at least one battery cell of step i
fails, report an error condition through the user interface and terminate
the charging of the power supply.

A power supply charger according to claim 28, the micro-controller being
further so configured as to:

i~ activate the voltage measuring circuits to measure the voltage of each
battery cell group;

ii- when the measured voltage of at least one battery cell group of step i
meets one condition selected from a group consisting of the voltage of a
battery cell group being below a fourth threshold and the voltage of a
battery cell group exceeding a fifth threshold, report an error condition
through the user interface and terminate the charging of the power
supply.

A power supply charger according to claim 30, wherein the fourth threshold
is set to 1V.

A power supply charger according to claim 30, wherein the fifth threshold is
set to 4.235V.

A power supply charger according to claim 28, further comprising a
temperature sensor operatively connected to the micro-controller, the micro-
controller being further so configured as to:

i- activate the temperature sensor to measure the temperature of the power
supply charger;
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ii- when the measured temperature of step i meets one condition selected
from a group consisting of the temperature being below a sixth threshold
and the temperature exceeding a seventh threshold, report an error
condition through the user interface and terminate the charging of the
power supply.

A power supply charger according to claim 33, wherein the sixth threshold
is set to 0°C.

A power supply charger according to claim 33, wherein the seventh
threshold is set to 45°C.

A power supply charger according to claim 28, the micro-controller being
further so configured as to:

i- activate the current sensing circuits to measure the current of each battery
cell group;

ii- when the measured current of at least one battery cell group of step i is
below an eight threshold, report an error condition through the user
interface and terminate the charging of the power supply.

A power supply charger according to claim 36, wherein the eighth threshold
is set to C/10, C being a current corresponding to a nominal capacity of the
battery cells.

A power supply charger according to claim 28, the micro-controller being
further so configured as to:

i- activate the current sensing circuits to measure the current through all
battery cell groups;

ii- when the measured current through all battery cell groups of step i
exceeds a ninth threshold, report an error condition through the user
interface and terminate the charging of the power supply.
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A power supply charger according to claim 38, wherein the ninth threshold
is set to 0.6C, C being a current corresponding to a nominal capacity of the
battery cells.

A power supply charger according to claim 20, further comprising an in-rush
fimiter connected between the power source input and the at least two
power converters.

A power supply charger according to claim 20, further comprising a fan
connected to the power source input for reducing the temperature of the
power supply charger.

A power supply charger according to claim 41, wherein the fan is
operatively connected to the micro-controller.
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