
(19) United States 
US 20010019256A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0019256 A1 
Olsson et al. (43) Pub. Date: Sep. 6, 2001 

(54) METHOD AND DEVICE FOR BALANCING (30) Foreign Application Priority Data 
CHARGES OF A PLURALITY 0F 
SERIES-CONNECTED BATTERY CELLS Mar. 1, 2000 (FR) ............................................ .. 0002645 

(76) Inventors: Dan Hakan Lennart Olsson, Voorhout 
(NL); Geo?'rey John Dudley, De Kaag 
(NL) 

Correspondence Address: 
Barry L. Kelmachter 
BACHMAN & LaPOINTE, PC. 
Suite 1201 
900 Chapel Street 
New Haven, CT 06510-2802 (US) 

Publication Classi?cation 

(51) Int. Cl? ...................................................... .. H02J 7/00 
(52) US. Cl. ............................................................ .. 320/118 

(57) ABSTRACT 

A method and device for balancing the charges of a plurality 
of series-connected battery cells, the device comprising a 
current dissipative loop connected across the terminals of 
each battery cell, the voltage across each battery cell being 
measured, the average value of the measured voltages being 
determined, the measured voltage being then compared to 

(21) Appl, No,: 09/794,967 the average value, and the measured voltage of each battery 
cell being adjusted to the average value so as to equalize 

(22) Filed: Feb. 27, 2001 charges of all battery cells. 
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METHOD AND DEVICE FOR BALANCING 
CHARGES OF A PLURALITY OF 

SERIES-CONNECTED BATTERY CELLS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method and a 
device for balancing the charges of a plurality of series 
connected battery cells. 

[0003] 2. Description of the Prior Art 

[0004] The devices knoWn for balancing the charges of 
series connected battery cells are based either on a compari 
son of the individual voltage of each battery cell With an 
overcharge voltage, either upon actuation of an overcurrent 
relay, connecting the different battery cells together. These 
techniques are not adapted for lithium battery cells because 
current or voltage overcharge can cause the destruction of 
battery cells. 

[0005] EP-O 767 524 (MOTOROLA) describes a method 
for balancing the charge distributed among tWo series con 
nected cells. This method consists in comparing the currents 
through each of the cells and discharging the cell Whose 
charging voltage is the highest When the difference betWeen 
the detected currents is greater then a predetermined value. 
One draWback of this device that, on the one hand, currents 
can reach high values and damage the cells, and on the other 
hand, that the arrangement required for carrying out this 
comparison is compleX. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to provide a 
method and device for balancing the charges of series 
connected battery cells While avoiding the destruction of 
such battery cells due to a voltage or current overcharge. 

[0007] This object is achieved by a method Wherein a 
current dissipative loop is connected across each battery cell, 
the voltage across each battery cell is measured, an average 
value of the measured voltages is determined, the measured 
voltage is compared to said average value, and for a given 
battery cell, the measured voltage is adjusted to said average 
value so as to equaliZe charges of all battery cells. 

[0008] For this purpose, the dissipative loop is closed if 
the voltage measured across the relevant battery cell is 
greater than the average of the measured voltages, and said 
dissipative loop is opened if the voltage measured across 
said battery cell is loWer than the average of the measured 
voltages. 
[0009] The method according to this invention is carried 
out by a device comprising means for measuring the indi 
vidual voltage of each battery cell, means for determining 
the average voltage of all series-connected battery cells and 
control means for equalizing the measured voltage With said 
determined average voltage. 

[0010] Other features and advantages of the invention Will 
become apparent from the folloWing description of preferred 
embodiments of the present invention, provided by Way of 
non-limiting examples, in reference to the appended Figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 schematically shoWs a block diagram of a 
device for carrying-out the method according to the present 
invention; 
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[0012] FIG. 2 schematically shoWs a ?rst preferred 
embodiment of the device shoWn in FIG. 1 

[0013] FIG. 3 schematically shoWs a second preferred 
embodiment of the device shoWn in FIG. 1; 

[0014] FIG. 4 shoWs a modi?cation of the measurement 
and control circuit in one cell, according to the second more 
speci?c embodiment shoWn in FIG. 3; 

[0015] FIG. 5 shoWs another modi?cation of the measure 
ment and control circuit in one cell, according to the second 
speci?c embodiment shoWn in FIG. 3; 

[0016] FIG. 6 shoWs still another modi?cation of the cell 
measurement and control circuit, according to the second 
speci?c embodiment shoWn in FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0017] The device shoWn in FIG. 1 comprises a ?rst 
means 2 for measuring the individual voltage of each battery 
cell 4, a second means 6 for determining the average voltage 
of all series-connected battery cells 4, and a control unit 8 for 
the equaliZation of the measured voltage With said deter 
mined average voltage. 

[0018] Each battery cell 4 comprises a current dissipative 
loop 10, connected to said control unit 8, Which causes either 
the opening of loop 10, if the individual voltage of battery 
cell 4 is loWer than the average voltage, or the closing of said 
loop if the individual voltage of battery cell 4 is greater than 
the average voltage. 

[0019] In a preferred embodiment of the present invention 
shoWn in FIG. 2, said dissipative loop 10 comprises a 
comparator 12 and a resistor Rc 14, a ?rst terminal 16 of 
Which, of electric potential V“, is connected to the positive 
terminal 18 of comparator 12 through a ?rst resistor R5, and 
a second terminal 20 of Which, of electric potential V,_, is 
connected to the negative terminal 22 of said comparator 12 
via a second resistor R5, Which is identical to the ?rst one, 
each of said positive 18 and negative 22 terminals of 
comparator 12 being additionally connected, respectively, to 
the negative terminal 24 and to the positive terminal 26 of 
battery cell 4 of electric potentials Vo_ and V“, respectively, 
via a third and a fourth resistors RS, Which are identical to 
the ?rst one. The output of comparator 12 is connected to a 
dissipating resistor Rb. The dissipative loop 10 therefore 
comprises, in the draWing of FIG. 2, a resistor Rb, the 
comparator 12, Which controls the opening and closing of 
the loop, and fourth resistor R5. 

[0020] With such a device, the dissipative loop 10 is 
controlled so as to be closed When the folloWing condition 
is ful?lled: 

[0021] In an embodiment Which is not shoWn, the opera 
tion of the device according to the present invention is 
improved by the addition of a positive feedback resistor 
connecting the output of the comparator 12 to the positive 
input 18 of said comparator. This causes a hysteresis that 
prevents oscillations When the voltages of battery cells are 
close to each other. 

[0022] In another embodiment, the number of opening 
cycles of dissipative loop 10 can be substantially reduced by 
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a slight modi?cation in the input resistances RS of compara 
tor 12 so as that the dissipative loop is closed When the 
individual voltage of a battery cell 4 exceeds the average 
voltage by a prede?ned value. This alloWs for small varia 
tions in the voltages of battery cell 4 Without closing the 
dissipative loop 10 at the same time. 

[0023] According to another embodiment, the value of 
both summing resistors at the input of comparator C can be 
slightly changed so as to derive from the cell current only 
When their charge eXceeds the predetermined average value 
by a given value. This causes a reduction in the number of 
sWitching cycles and alloWs small variations in the cell 
voltages to be obtained Without at the same time deriving 
therefrom. 

[0024] According to yet another embodiment shoWn in 
FIG. 3, the resistor netWork Rc Was eliminated from the 
circuit shoWn in FIG. 2, and resistors RS connecting the 
positive and negative inputs of comparator 12, respectively, 
to voltages Vr+ and VI_ are replaced by resistors of value 
n*RS, Where n is the number of battery cells 4, and Which are 
related to the battery voltages V13+ and VB_, respectively. 
Therefore, the voltage comparison Which is thus carried-out 
by comparator 12 is equivalent to a voltage comparison 
performed by the corresponding cell With the average cell 
voltage (battery voltage/n). 
[0025] By means of this arrangement, the input voltages of 
the comparator are alWays ranging betWeen its supply volt 
ages Vcc and VDE, Whatever the imbalances betWeen the 
respective charges of cells 4. The battery poWer Which is 
dissipated Within the resistor network Rc becomes Zero. In 
addition, it is easier to adapt the circuit to the cell number 
When one of them is detected to be faulty and is discon 
nected. The latter feature is essential for space applications, 
since there are normally other devices in the battery Which 
Will permanently disconnect any cell detected as faulty. 

[0026] In the case of the circuit shoWn in FIG. 2, resistor 
Rc corresponding to a faulty cell should be short-circuited, 
Which requires the addition of n sWitching circuits, Where n 
is the number of battery cells. On the contrary, in the circuit 
shoWn in FIG. 3, only one sWitch is necessary for the entire 
battery. In this respect, according to a ?rst aspect shoWn in 
FIG. 4, each cell is associated With tWo additional resistors 
of resistance (n—1)*RS, Which are thus dimensioned for a 
battery comprising n-1 cells. Before cell failure, the ?rst set 
of resistors n*RS is connected in parallel With the connection 
terminals of the battery. When detecting a cell failure, the 
?rst resistor set is disconnected, Whereas the second resistor 
set (n-1)*RS is connected, by means of a sWitch 25. 

[0027] In a speci?c embodiment of the present invention 
shoWn in FIG. 4, the output of comparator 12 is connected 
to the base of a pnp transistor T connected in parallel across 
the positive 26 and negative 24 terminals of each cell 4, the 
collector of transistor T being connected to terminal 24 of 
the cell through a resistor R1, Which is series-connected to 
a Zener diode Z1 or to a potential barrier, so as to avoid cell 
discharging if its charge voltage has decreased beloW a 
predetermined voltage threshold. In this circuit, the dissipa 
tive loop comprises resistor R1, Zener diode Z1 and the 
collector-emitter junction of transistor T. Of course, Zener 
diode Z1 can be series-connected to other Zener diodes so 
that the predetermined voltage threshold can be achieved. 

[0028] Transistor T is useful in the case Where the output 
current of comparator 12 is insuf?cient for ef?ciently dis 
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charging the corresponding cell 4 When its voltage is greater 
than the average voltage of the battery cells. 

[0029] According to another preferred embodiment of the 
present invention, shoWn in FIG. 5, adjustable resistors R2 
are series-connected With resistors Rs for adjusting the 
resistance of the latter. Moreover, in this embodiment, 
transistor T is controlled by the output of comparator 12, 
Which is connected to tWo Zener diodes Z1, Z2, and a 
resistor R3, Which are series-connected, resistor R3 being 
connected to the base of transistor T. In this circuit, the 
dissipative loop comprises the collector-emitter junction of 
transistor T and a resistor R4, Which is connected betWeen 
the emitter of transistor T and terminal 24 of the correspond 
ing cell 4. Zener diodes Z1 and Z2 alloW the threshold 
voltage at Which the collector-emitter junction of transistor 
T is turned on, and therefore beloW Which cell 4 is not 
discharged, to be increased. 

[0030] According to a second aspect shoWn in FIG. 6, 
each circuit in the cell is provided With a set of resistors 
RS(n—1)*RS, Which is adapted for a battery of n-1 cells. 
Before cell failure, this resistor set is connected through a 
sWitch 30 to the junction of tWo series-connected resistors 
Rd and (n-1)*Rd that comprise a resistor divider bridge, 
connected to terminals 28, 29 of the battery so as to achieve 
a voltage equal to (n—1)/n of the voltage (VB+—VB_) pro 
vided by the battery. After cell failure, sWitch 30 is toggled 
so as to apply the entire voltage provided by the battery, 
across both resistors (n-1)*Rd. 

[0031] With respect to the ?rst aspect shoWn in FIGS. 4 
and 5, this aspect uses more energy due to the presence of 
the divider bridge, but requires less additional components. 

[0032] Of course, any programmable device such as a 
computer or a custom-made circuit can be used for control 
ling cell charging and discharging according to the inven 
tion, While remaining Within the scope of this invention. 

There is claimed: 
1. A method for balancing the charges of a plurality of 

series-connected battery cells (4), comprising the steps of 
connecting a current dissipative loop across each battery 
cell, measuring voltage across each battery cell, determining 
an average voltage value of said measured voltages, com 
paring each of said measured voltages to said average 
voltage value, and for each battery cell, adjusting said 
measured voltage to said average voltage value so as to 
equaliZe the charges of all battery cells. 

2. The method according to claim 1, Wherein the dissi 
pative loop connected to each of said battery cells is closed 
if the voltage measured across the battery cell is greater than 
said average voltage value, and opened if the voltage mea 
sured across said battery cell is loWer than said average 
voltage value. 

3. Adevice for balancing the respective charge currents of 
a plurality of series-connected battery cells, comprising ?rst 
means for measuring individual voltages of said battery 
cells, second means for determining an average voltage of 
all series-connected battery cells, and a control unit for 
triggering an equaliZation of said measured voltages With 
said determined average voltage. 

4. The device according to claim 3, Wherein each battery 
cell comprises a current dissipative loop connected to said 
control unit, said control unit comprising means for opening 
the dissipative loop, if the individual voltage of the battery 
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cell is lower than said average voltage, and closing said 
dissipative loop if the individual voltage of the battery cell 
is greater than said average voltage. 

5. The device according to claim 3, further comprising for 
each battery cell, a comparator, a ?rst resistor having a ?rst 
terminal at a ?rst voltage connected to a positive terminal of 
said cornparator via a second resistor, and a second terminal 
at a second voltage connected to a negative terminal of said 
cornparator via a third resistor, each of said positive and 
negative terminals of said cornparator being additionally 
connected to a negative and a positive terminal of said cell 
respectively, via a fourth and a ?fth resistor, respectively, an 
output of said cornparator being connected to a dissipation 
resistor, a difference betWeen said ?rst voltage and said 
second voltage corresponding to said average voltage. 

6. The device according to claim 5, Wherein the dissipa 
tive loop of each battery cell is controlled to be closed When 
the folloWing condition is ful?lled: 

and V0+ being respective electric voltages of said negative 
and positive cell terminals. 

7. The device according to claim 3, further comprising, 
for each battery cell a comparator having a positive and a 
negative input terminal, each being connected to a ?rst 
resistor and a second resistor, the second resistors being 
connected to battery terminals, respectively, the ?rst resis 
tors being connected respectively to a positive and a nega 
tive terminal of said cell, and an output of said cornparator 
being connected to one of said cell terrninals via a dissipa 
tion resistor. 

8. The device according to claim 7, Wherein the second 
resistors have a resistance Which equals n times a resistance 
of said ?rst resistors, n being a number of battery cells 
connected in series, said device further comprising, in 
parallel to each second resistor a respective third resistor 
having a resistance n-1 times the resistance of the ?rst 
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resistor, and sWitching means for connecting either said 
second resistors, or said third resistors across the battery 
terminals, respectively, according to Whether all battery cells 
are operating, or Whether one of said battery cells is faulty. 

9. The device according to claim 7, Wherein the second 
resistors have a resistance equal to n-1 times the resistance 
of the ?rst resistors, n being the number of battery cells 
connected in series, said device further comprising means 
for generating a voltage equal to (n—1)/n times the voltage 
across the battery terminals, and sWitching means for apply 
ing to the second resistors, either the voltage across the 
battery terminals in case of failure of one cell in the battery, 
or the voltage supplied from the voltage generation rneans 
otherWise. 

10. The device according to claim 4, further comprising 
for each battery cell, at least one Zener diode Which is 
series-connected Within said dissipative loop, so as to avoid 
discharging of said cell When its voltage decreases beloW a 
given threshold. 

11. The device according to claim 4, further comprising 
for each battery cell, a transistor having a base terrninal 
connected to the output of the comparator, and an emitter 
and a collector terrninal connected respectively across the 
terminals of said cell, a dissipating resistor being provided 
in series Within the dissipative loop comprising a collector 
ernitter junction of said transistor T. 

12. The device according to claim 11, further comprising 
for each battery cell, at least one Zener diode connected in 
series betWeen the output of said cornparator and the base 
terminal of said transistor for increasing a threshold voltage 
at Which the collector-ernitter junction of transistor is turned 
on, and therefore, for avoiding discharging of said cell When 
the voltage across its terrninals decreases beloW a given 
threshold. 


