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(54) Arrangement for charging batteries

(57) An arrangement for charging batteries, the ar-
rangement comprising a battery pack (2) with two or more
cell groups (3) connected in series, cell group specific
monitoring units (4), and a charger (1) charging the bat-
tery pack (2). The cell groups (3) comprise one or more
cells. The cell group specific monitoring units (4) are ar-
ranged to monitor cell group specifically the voltage of
the cell group (3) by leading part of the charging current
to flow past the cell group (3) via a by-pass circuit of the

monitoring unit (4), if necessary, and comprise means
for determining control information (ctrl) to be transmitted
to a charger (1). The means for determining control in-
formation are arranged to determine the control informa-
tion (ctrl) in response to by-pass current (Is) of the by-
pass circuit or the temperature of the monitoring unit (4).
The charger (1) charging the battery pack (2) comprises
means for changing the voltage level of the charging volt-
age in response to the control information (ctrl) deter-
mined by any one of the monitoring units (4).
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Description

Background of the invention

[0001] The invention relates to charging batteries and,
particularly, to charging a battery pack consisting of se-
ries/parallel connections of individual cells. A cell is
formed of an electrochemical pair, the electromotive
force of which is determined by the material of electrodes
and the electrochemical series of the electrolyte. Typical
battery cells include lead-acid batteries and alkaline bat-
teries (Pb and NiCd batteries). The latest batteries are
lithium-based batteries.
[0002] Stationary battery packs are used in various ap-
plications requiring continuous electric supply as emer-
gency power supplies in times of mains interruptions.
Electric power plants, telephone equipment, and fire
alarm units and safety light systems of buildings typically
require battery backup. In these cases, battery packs are
usually connected to a charger, which keeps them per-
manently charged, i.e. in ’float charging’ (lU-charger / DIN
41773). Figure 1 shows such a charging arrangement.
In float charging, all cells 3 of a battery pack 2 are con-
nected in series and the same charging current supplied
by a charger 10 flows through them. This requires that
the cells 3 of the battery pack 2 are of uniform quality,
i.e. that their capacity and self-discharge current are of
equal magnitude.
[0003] For productional reasons, cells of battery packs
are never entirely identical but always have slight differ-
ences between them. This leads to small variations in
the cells in terms of capacity and self-discharge, for ex-
ample. This becomes apparent in differences in charging
voltages of the cells during recharge. Also, the aging of
the cells causes differences between them. For this pur-
pose, various companies have developed different cell-
specific monitoring and control devices. Usually these
are based on constant voltage, which means that when
the cell voltage exceeds an allowable limit, the cell-spe-
cific monitoring limits the voltage by leading charging cur-
rent to flow past the cell via a by-pass circuit. The other
cells are thus still supplied with charging current, but the
already fully charged cell will not be overcharged. Such
applications are common especially in low-antimonial
and calcium-alloyed lead-acid batteries, the self-dis-
charge current of which is very low. In these cases, the
differences between cells are thus quite considerable in
float charging.
[0004] The circuitry described in publication CHI 1
855-6 / 1983 IEEE (page 60) are based on balancing the
charges of cells of lead-acid batteries, which means that
they have a very low charging current. In lead-acid bat-
teries, overcharging does not cause a great risk, but only
shortens the lifetime of the battery. Battery monitoring
devices used for this purpose are based on handling a
low charging current. In addition, they operate independ-
ently and are not connected to control the charger.
[0005] The latest batteries, lithium batteries, are more

intolerant to overcharging than conventional Pb and NiCd
batteries. In addition to heating that leads to destruction
of batteries, overcharging of lithium batteries may also
cause a great risk of explosions. Therefore lithium bat-
teries must have a cell-specific battery monitoring. The
monitoring is usually performed by an individual monitor-
ing/control device of each cell of the battery pack, meas-
uring cell-specific charging voltages and controlling the
charging device of the battery pack accordingly. Another
alternative is to use the above-mentioned cell-specific
voltage compensation unit provided with a by-pass cir-
cuit.
[0006] To prevent overheating of lithium batteries,
there are solutions on the market, in which a temperature-
measuring sensor is arranged in connection with the bat-
tery or each one of its cells. When the temperature of the
battery or one of its cells becomes too high, the sensor
gives an alarm or interrupts the charging.
[0007] Patent publication US 6,211,650 discloses an
example of a charging arrangement which leads charging
current to flow via a by-pass circuit. There, a by-pass
current is led cell-specifically via a monitoring unit to a
MOSFET, where the power induced by the by-pass cur-
rent causes heat losses. The rest of the battery pack is
still being charged, but the fully charged or defective cells
will not be overcharged. Since the charging current flow
via the by-pass circuit causes power losses, the by-pass
circuit unit heats up. Lithium-ion batteries have a high
charging current, wherefore their monitoring unit provid-
ed with a by-pass circuit must be constructed to withstand
a high dissipation power. This requires integration of
power cooling elements into the by-pass circuit unit,
which makes the arrangement large and expensive.
[0008] Patent publication US 6,271,646 discloses a
similar arrangement, but, to avoid power losses, the by-
pass current is led via different complex circuit arrange-
ments to other cells of the battery pack.
[0009] Patent publication US 6,417,646 discloses a
solution in which the voltage of a battery cell is kept con-
stant with a by-pass circuit. The condition of the cell is
monitored with a pulse discharge circuit. The charging
current of the battery is controlled by using information
provided by the discharge circuits. However, the publi-
cation does not disclose a control arrangement or meth-
od. Furthermore, the solution of the publication is com-
plicated to implement.
[0010] Patent publication US 5,578,914 also discloses
a by-pass current arrangement, where a by-pass current
has a maximum value (saturation value), after which the
cell voltage starts to increase again. This reincrease of
the cell voltage is used for step control of the charger
current. A problem is a two-phase increase of the cell
voltage and the separation of the phases from one an-
other.

Brief description of the invention

[0011] An object of the invention is thus to develop an
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arrangement so as to solve the above-mentioned prob-
lems. The object of the invention is achieved by an ar-
rangement which is characterized by what is disclosed
in the independent claim. The preferred embodiments of
the invention are disclosed in the dependent claims.
[0012] The invention is based on connecting each cell
of a battery pack with a monitoring unit, which monitors
the cell voltage by leading part of the charging current to
flow via a by-pass circuit of the monitoring unit, if neces-
sary. The temperature of the monitoring unit provided
with the by-pass circuit is measured, and when the meas-
ured variable value exceeds the set limit value, the unit
conveys the control information to a charger, which de-
creases the charging current of the battery pack. When
the output voltage of the charger is reduced, the current
is also reduced indirectly. A lower current also reduces
the temperature of the by-pass circuit. The control con-
tinues until the measured variable value becomes lower
than the set limit value of the cell-specific monitoring unit.
Deviating from the prior art, the invention is based on
measuring the temperature and, by means of the meas-
ured variable value, linearly controlling the charger volt-
age to a desired value, which may be constant or linearly
dependent on the measured variable value.
[0013] An advantage of the arrangement of the inven-
tion is a simpler implementation. With the arrangement
of the invention, the charger voltage may be controlled
to a desired value, which may be constant or linearly or
non-linearly dependent on the measured variable.

Brief description of the figures

[0014] The invention will be described in greater detail
in connection with the preferred embodiments and with
reference to the accompanying drawings, in which:

Figure 1 shows a battery pack and a charging device,
Figure 2 shows an arrangement of the invention,
Figure 3 shows a monitoring and by-pass circuit unit
with a current measurement and a simple control
and alarm function,
Figure 4 shows an operating curve of the current
measurement of the monitoring and by-pass circuit
unit and the various operation modes thereof, and
Figure 5 shows a monitoring and by-pass circuit unit
with a current measurement and a linear charger
control.

Detailed description of the invention

[0015] The arrangement of the invention applies the
same basic principle as a constant voltage monitoring
device provided with a by-pass circuit, described in CHI
1 855-6 / 1983 IEEE. Figure 2 shows an arrangement of
the invention, in which each cell 3 of a battery pack 2 is
connected with a monitoring unit 4, which monitors the
cell voltage by leading part of the charging current to flow
via a by-pass circuit of the monitoring unit 4, if necessary.

The drawbacks of the above arrangements are avoided
by measuring the by-pass current of the by-pass circuit
of the monitoring unit 4, and when the by-pass current
exceeds the set limit value, the unit conveys control in-
formation ctrl to a charger 1, which reduces the charging
voltage of the battery pack 2. When the output voltage
of the charger 1 is reduced, the current is also reduced
indirectly. The control continues until the by-pass current
becomes lower than the set limit value of the cell-specific
monitoring unit.
[0016] When the by-pass current increases, the tem-
perature of a cooling element used in the by-pass circuit
rises in the same proportion, which means that the tem-
perature is directly dependent on the by-pass current. In
an alternative arrangement, the monitoring unit 4 is pro-
vided with a temperature sensor measuring the temper-
ature of the by-pass circuit. Since the operation of a by-
pass circuit is based on circulating the charging current
past the cell and converting the by-pass current into heat
losses, the by-pass circuit always heats to some extent.
When the by-pass current increases to the extent that
the temperature of the by-pass circuit rises to a prede-
termined value, the temperature sensor controls the
charging voltage of the battery charger 1 and reduces it
until the charging current is so low that the temperature
of the by-pass circuit does no longer exceed the set tem-
perature value. The cell 3 may also heat, even though
its voltage would not increase to the set upper limit for
the cell voltage. For instance, if a cell is defective, or even
in a short circuit, current flows into the cell but the voltage
does not increase. As a result, the cell heats. By arrang-
ing the monitoring unit 4 and its by-pass circuit in the
immediate vicinity of the battery cell 3, the temperature
sensor may also be used for sensing the overheating of
the cell.
[0017] In an alternative, the charger 1 may be switched
off completely on the basis of the information provided
by the monitoring unit 4 and simultaneously an alarm
indication may be given to the maintenance personnel.
The alarm function may also be added to other embod-
iments of the arrangement.
[0018] The by-pass circuit may be constructed to han-
dle (thermally withstand) part, for instance 20% to 50%,
of the maximum current of the charger 1. When used like
this, the by-pass circuit provides the advantage that the
charger 1 and the by-pass circuit balance the differences
between the cells 3 of the lithium battery pack 2 by charg-
ing the cells 3 in an incomplete charging state and leading
charging current of the fully charged or defective cells 3
to flow via the by-pass circuit. On the other hand, if the
capacity differences of the cells 3 are considerable (such
as 20% to 50%), the by-pass circuit does not have to be
dimensioned thermally too large according to such a de-
fective cell. The charger 1 control information provided
by the monitoring unit 4 with the by-pass circuit may also
be arranged to be linear, non-linear or such that it pro-
vides a direct on/off control for the charger.
[0019] The latest lithium iron phosphate batteries are
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no longer so insensitive in terms of charging voltages as
the previous applications. Thus, lithium iron phosphate
batteries may already be manufactured as cell groups of
6 V or even 12 V. They do not require a cell-specific
monitoring anymore, and the terminals of individual cells
are not visible on the outer side of the enclosure. The
circuit arrangement described herein may also be used
for balancing voltages of battery blocks, instead of indi-
vidual cell voltages. In this case, voltage settings must
be provided for values that are twice or four times as
high. Cells can also be connected to form cell groups so
that a group includes a plurality of parallel-connected
cells. In this document, said cells may be replaced by the
above-mentioned cell groups.
[0020] Figure 3 shows a preferred embodiment of the
invention, in which the monitoring unit 4 leads the charg-
ing current of the cell 3 to flow via the by-pass circuit, if
necessary. When the cell 3 is being charged, the voltage
UB of the cell 3 increases in proportion to the charge
level. In other words, when the cell 3 becomes more
charged, the voltage UB of the cell 3 increases. A non-
inverting (+) input of an amplifier 4.1 is supplied with a
reference voltage UREF, which is generated by a voltage
regulator, such as a Zener diode 4.2 and a current limiting
resistor 4.3 thereof. Two pieces of measurement infor-
mation are supplied to an inverting (-) input of the ampli-
fier 4.1 via summing resistors 4.4 and 4.5. The first piece
of measurement information is the actual value UB,o of
the cell voltage, formed of the cell voltage UB by means
of two resistors 4.6 and 4.7. The second piece of meas-
urement information is a voltage UBIS,0 proportional to
the cell 3 voltage UB and by-pass current Is, which is
obtained from a current measuring resistor 4.8 by means
of a control potentiometer 4.9.
[0021] At first, only the effect of the first measurement
information, i.e. the actual value of the cell voltage, on
the circuit is examined. When the actual value UB,o of
the cell voltage is lower than the reference voltage UREF,
the output of the amplifier 4.1 has a high value and a
transistor 4.10 is in a non-conducting state (cut-off state).
In this case there is no by-pass current Is, and the current
measurement information UBIS,O is equal to the actual
value UB,0 of the cell voltage. When the cell voltage UB
increases during the charging so much that the value of
the inverting (-) input of the amplifier 4.1 reaches the val-
ue of the reference voltage UREF, the voltage of the output
of the amplifier 4.1 starts to decrease, which controls the
transistor to a conducting state. Then, charging current
of the cell 3 starts to flow via the transistor. The current
settles to a level at which the voltage UB of the cell 3
remains constant. In other words, if the by-pass current
Is increases so much that the voltage UB of the cell 3
starts to decrease, the amplifier 4.1 decreases the control
of the transistor 4.10 so that the by-pass current Is also
decreases and the voltage UB of the cell 3 is allowed to
increase. The monitoring unit 4 thus stabilizes the voltage
UB of the cell 3 to be in line with a curve 0 of Figure 4.
The cell voltage UB remains constant regardless of the

by-pass current Is. The charger limits the by-pass current
Is in such a manner that the upper limit set for it (2A in
Figure 4) will not be exceeded.
[0022] In addition, by taking into account the measure-
ment information UBIS,0 for the by-pass current of the
circuit 4 of Figure 3, it is also possible to change the
voltage UB of the cell 3 in response to the by-pass current
Is. The by-pass current measurement information UBIS,0
is responsive to the by-pass current Is and the cell voltage
UB as follows: 

where Rs is the resistance of the power resistor 4.8 and
k is the ratio for voltage division of the control potentiom-
eter 4.9, varying between 0 and 1. The increase in the
by-pass current Is thus decreases the by-pass current
measurement information UBIS,0. The by-pass current
measurement information UBIS,0 is supplied via the sum-
ming resistor 4.5 to the inverting (-) input of the amplifier
4.1. The inverting (-) input of the amplifier 4.1 is now
supplied with sum information UB+BIS,0 of the cell voltage
actual value UB,0 and the by-pass current measurement
information UBIS,0 via the summing resistors 4.4 and 4.5.
When the value of the by-pass current measurement in-
formation UBIS,0 decreases, the sum information UB+BIS,0
also decreases. In other words, when the by-pass current
increases, the sum information UB+BIS,0, which is con-
nected to the inverting (-) input of the amplifier 4.1, de-
creases. The amplifier 4.1 corrects the situation by con-
trolling the cell voltage UB to increase. In this way, the
cell voltage UB is also made responsive to the by-pass
current Is. Figure 4 shows various cell voltage UB curves,
which are responsive to the by-pass current Is depending
on the ratio k. The first curve 0 illustrates a situation where
the ratio k = 0, i.e. the measurement result obtained from
the control potentiometer 4.9 is the same as the voltage
over the cell. In this case, the cell voltage UB is not re-
sponsive to the by-pass current Is. Three other curves (I,
II, III) illustrate situations in which the ratio k is bigger
than zero. A bigger ratio k increases the effect of the by-
pass current Is on the cell voltage UB. With the ratio value
k = 1, the measurement result obtained from the control
potentiometer 4.9 corresponds to the voltage over the
power resistor 4.8.
[0023] The circuit of Figure 3 shows control information
ctrl, which passes via an optoisolator 4.11 to the charger,
which is shown in Figure 2 with reference numeral 1. With
this control information ctrl it is possible to control the
charging current and/or voltage of the charger. Figure 3
only shows the principle of the circuit and the amplifier,
for example, may be a P controller, a Pl or PID controller,
or any combination thereof.
[0024] The circuit of Figure 3 also shows the principle
of an overheat monitoring/alarm circuit, which is achieved
by the temperature sensor 4.12. When the temperature
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rises above the set value, the temperature sensor 4.12
controls the measurement circuit of the amplifier 4.1 so
that the set cell voltage UB decreases in response to the
temperature. The resistance of the temperature sensor
4.12 increases when the temperature rises, as a result
of which the voltage of the inverting (-) input of the am-
plifier 4.1 tends to increase, because the voltage division
that produces the cell voltage actual value UB,0 changes.
To compensate for this, the amplifier 4.1 controls the cell
voltage UB to decrease. This also means that the by-pass
current Is increases. The by-pass current Is may thus be
used for indicating the temperature. The components of
the circuit may also be selected in such a manner that
the circuit controls the current of the charger (Figure 2,
reference numeral 1) and reduces it. In a preferred em-
bodiment of the invention, control information is supplied
directly from the temperature sensor 4.12 to the charger
(Figure 2, reference numeral 1).
[0025] Figure 3 also shows a compensation resistor
4.13 of the amplifier 4.1, a current limiting resistor 4.14
of the transistor 4.10 base, and a current limiting resistor
4.15 of the non-inverting (+) input of the amplifier 4.1.
[0026] Figure 5 shows yet another preferred embodi-
ment of the invention, in which the monitoring unit 4 leads
the charging current of the cell 3 to flow via the by-pass
circuit, if necessary, and the control information ctrl pro-
vided by the monitoring unit 4 to the charger (Figure 2,
reference numeral 1) is linear. The operation of the mon-
itoring unit 4 is essentially the same as in the embodiment
of Figure 3. Differing from the above, however, in this
embodiment the by-pass current is measured by means
of the amplifier 4.16 and the measurement is converted
by an A/D converter 4.17 into digital form and transmitted
to the charger. A measurement result signal is galvani-
cally isolated from the circuit of the monitoring unit.
[0027] It is obvious to a person skilled in the art that,
as technology advances, the basic idea of the invention
may be implemented in various ways. The invention and
its embodiments are thus not restricted to the above ex-
amples but may vary within the scope of the claims.

Claims

1. An arrangement for charging batteries, the arrange-
ment comprising
cell groups (3) with one or more cells,
a battery pack (2) with two or more cell groups (3)
connected in series,
cell group specific monitoring units (4) arranged to
monitor cell group specifically the voltage of the cell
group (3) by leading part of the charging current to
flow past the cell group (3) via a by-pass circuit of
the monitoring unit (4), if necessary, and comprising
means for determining control information (ctrl) to
be transmitted to a charger (1), and
a charger (1) charging the battery pack (2) and com-
prising means for charging the battery pack (2) in

response to the control information (ctrl) determined
by any one of the monitoring units (4), characterized
in that
the means for determining control information are
arranged to determine the control information (ctrl)
in response to the temperature of the monitoring unit
(4), and
the charger (1) charging the battery pack (2) com-
prises means for changing the voltage level of the
charging voltage in response to the control informa-
tion (ctrl) determined by any one of the monitoring
units (4).

2. An arrangement as claimed in claim 1, character-
ized in that the monitoring unit (4) and its by-pass
circuit are arranged in the vicinity of the battery cell
(3) in such a manner that a temperature sensor may
also be used for sensing the overheating of the cell.

3. An arrangement as claimed in claim 1 or 2, charac-
terized in that the monitoring unit (4) is arranged to
control the voltage (UB) of the cell group in response
to by-pass current (Is) of the by-pass circuit of the
monitoring unit (4).

4. An arrangement as claimed in any one of claims 1
to 3, characterized in that the means for determin-
ing the control information (ctrl) in response to the
temperature are arranged to determine the temper-
ature directly by using a temperature sensor (4.12).

5. An arrangement as claimed in any one of claims 1
to 3, characterized in that the means for determin-
ing the control information (ctrl) in response to the
temperature are arranged to determine the temper-
ature indirectly on the basis of the by-pass current
(Is).

6. An arrangement as claimed in any one of claims 1
to 5, characterized in that the charger (1) charging
the battery pack (2) comprises means for charging
the battery pack (2) in response to the control infor-
mation (ctrl) determined by any one of the monitoring
units (4) in such a manner that the charger (1) starts
to limit the charging of the battery pack (2) when the
value of the control information (ctrl) determined by
any one of the monitoring units (4) exceeds a pre-
determined limit value.

7. An arrangement as claimed in any one of claims 1
to 5, characterized in that the charger (1) charging
the battery pack (2) comprises means for charging
the battery pack (2) in response to the control infor-
mation (ctrl) determined by any one of the monitoring
units (4) by using on/off-type control.
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