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(57) ABSTRACT 

When any one or ones of at least tWo cells connected in 
parallel together is judged to be faulty by a cell failure 
detector, it is electrically disconnected to the normal other 
cells. Alternatively, When any one or ones of at least tWo 
cells connected in series together is judged to be faulty by a 
controller, a cell current interrupter is shifted from a con 
nected position to a disconnected position connected in 
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short-circuit device connected in parallel to the faulty cell by 
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BATTERY PACK 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a battery pack 
consisting of at least tWo cells connected in parallel and/or 
in series together, and more particularly, to a battery pack 
adapted such that if any one of a plurality of cells incorpo 
rated therein becomes faulty, it is electrically disconnected 
from the normal other cells. 

[0003] 2. Description of Related Art 

[0004] A small portable electronic apparatus such as a 
portable personal computer (Will be referred to as “portable 
PC” hereinunder), personal telephone or the like uses a 
battery pack as a poWer source. Such a battery pack ordi 
narily consists of one or more up to 9 cells electrically 
connected in parallel and/or in series. For example, a battery 
pack destined for use as a drive poWer source for a portable 
PC has been proposed Which incorporates therein three 
series-connected cell units each consisting of tWo cells 
electrically connected in parallel to each other (a battery 
pack of this type Will be referred to as “2-parallel/3-series 
battery pack” hereinunder). Assume that in such a 2-parallel/ 
3-series battery pack, each of the cells has a capacity of 4 V, 
for example. A total voltage the battery pack as a Whole can 
provide is 12 V (=4V><3) since the cells are connected in 
parallel together in each cell unit While three such cell units 
are connected in series together in this battery pack. Also, for 
example, a battery pack destined for use to drive a portable 
telephone has been proposed Which consists of tWo cells 
electrically connected in parallel to each other (a battery 
pack of this type Will be referred to as “2-parallel battery 
pack” hereinunder). 
[0005] In addition to the above types of battery packs, the 
conventional battery packs having heretofore been proposed 
include a one having to be able to supply a large current, for 
example, a battery pack destined for use as an electrornobile 
drive battery and consisting, for such a purpose, of 10 or 
more up to 100 cells connected in series together. As such an 
electrornobile drive battery, there has been proposed a one 
consisting of 48 cells, for example, electrically connected in 
series together (Will be referred to as “48-series battery 
pack” hereinunder). If each of the 48 cells has a capacity of 
4 V, for example, the 48-series battery pack can totally 
provide a voltage of 192 V (=4V><48) since the 48 cells are 
connected in series together in the battery pack. 

[0006] In addition to the above-mentioned 2-parallel/3 
series battery pack for the portable PC, a battery pack in 
Which three cells are electrically connected in series together 
(Will be referred to as “3-series battery pack” hereinunder) 
has also been proposed for use With portable PCs. It is 
assumed that in such a 3-series battery pack, each of the cells 
has a capacity of 4 V, for example. The battery pack as a 
Whole can provide a total voltage of 12 V (=4V x3) as in the 
above-mentioned 2-parallel/3-series battery pack since the 
cells are connected in series together in this battery pack. 

[0007] In the conventional battery pack in Which at least 
tWo cells are connected in parallel together (Which Will be 
referred to simply as “parallel-type battery pack” here 
inunder), such as the above-mentioned 2-parallel/3-series 
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battery pack, 2-parallel battery pack and the like, hoWever, 
if any one of the cells becornes faulty, the Whole battery pack 
cannot be used. 

[0008] The above Will be described more particularly 
beloW. If any one of the cells connected in parallel together 
in the above-mentioned parallel-type battery pack is inter 
nally short-circuited or otherWise fails, the discharge current 
from the normal other cells Will continuously How to the 
faulty cell. Thus, if the faulty cell is left as it is in the 
parallel-type battery pack, the voltages in the normal other 
cells connected in parallel to the faulty one will become 0 V 
in a certain time. That is to say, the failure of one of the cells 
in a battery pack Will cause the battery pack to Wholly be 
unusable. 

[0009] Also in a battery pack in Which at least tWo cells are 
connected in series together (Will be referred to simply as 
“series-type battery pack” hereinunder) such as the afore 
mentioned 48-series battery pack, 3-series battery pack or 
the like, if any one of the cells is internally short-circuit or 
otherWise fails, the battery pack cannot Wholly be used. 

[0010] More speci?cally, if any one of the cells connected 
in series together in the above-mentioned series-type battery 
pack is internally short-circuited or otherWise fails, it Will 
generate abnorrnally much heat and thus become hot. Thus, 
in the series-type battery pack, if the faulty cell is left as it 
is, its temperature Will continuously be elevated to a point at 
Which the safety device for that cell is activated to electri 
cally shut off a current to the faulty cell. Narnely, if any one 
of the cells used in a battery pack becornes faulty due to such 
an internal shortage or the like, it Will cause the battery pack 
to Wholly becorne unusable. 

[0011] Further, the series-type battery packs include a one 
having a function to monitor the temperature of each of the 
cells used therein. In the battery pack With the temperature 
monitoring function, hoWever, When a temperature elevation 
of one of the cells incorporated in the battery pack due to its 
abnorrnal heat generation, the battery pack itself is judged to 
be abnormal and thus the charging and discharging are 
stopped, so that the Whole battery pack becornes unusable. 

[0012] Furthermore, as one of the series-type battery 
packs, there has been proposed a battery pack adapted to 
electrically disconnect any one of the cells used therein, 
Which is found faulty, from the normal other cells. Assurne 
for example that such a battery pack is applied to a 48-series 
battery pack destined to drive an electrornobile. In this case, 
if one of the cells in the 48-series battery pack becornes 
faulty and the failure is detected, the current through the 
Whole battery pack is interrupted and thus the battery pack 
is Wholly unusable. 

[0013] As Will be understood from the foregoing, the 
larger the number of cells used in a battery pack, the higher 
the failure rate of the battery pack itself becornes. The 
battery pack has a correspondingly loWer reliability. More 
particularly, the total failure rate of a conventional battery 
pack is a product of a failure rate of one of cells used in the 
battery pack and a number of the cells. For example, a 
battery pack using 48 cells of 0.1% in failure rate Will have 
a total failure rate of 4.8%. 

SUMMARY OF THE INVENTION 

[0014] Accordingly, the present invention has an object to 
overcome the above-mentioned draWbacks by providing a 
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highly reliable battery pack consisting of at least tWo cells 
and Which can totally be used even if any one of the cells 
becomes faulty. 

[0015] The above object can be attained by providing a 
battery pack comprising at least tWo cells connected in 
parallel together, having according to the present invention: 

[0016] means for judging individually the cells to detect 
Whether they are normal or faulty; 

[0017] a cell or cells, if any thus found faulty, being 
electrically disconnected from the normal other cells. 

[0018] In the above battery pack, the individual cells are 
judged to detect Whether they are normal or faulty and a cell 
or cells thus found faulty is electrically disconnected from 
the normal other cells. The battery pack as a Whole is 
alloWed by the normal other cells to continuously Work 
normally. Therefore, the battery pack has an improved 
reliability. 
[0019] Also the above object can be attained by providing 
a battery pack comprising at least tWo series-connected cell 
units each consisting of at least tWo cells connected in 
parallel together, the battery pack having according to the 
present invention: 

[0020] means for judging individually the cells to 
detect Whether they are normal or faulty; 

[0021] in the cell unit including a faulty cell or cells, 
the faulty cell being electrically disconnected from 
the normal other cells; and 

[0022] in the cell unit including no faulty cell or cells, 
the normal cells as many as the faulty cells electri 
cally disconnected from the normal other cells in the 
cell unit including the faulty cells, being electrically 
disconnected from the other cells. 

[0023] In the above battery pack, it is possible to prevent 
a voltage imbalance betWeen the tWo or more cell units, 
thereby permitting a safety use of a battery pack comprising 
many cells. 

[0024] Further the above object can be attained by pro 
viding a battery pack comprising at least tWo cells connected 
in series together, having according to the present invention: 

[0025] means for judging individually the cells to 
detect Whether they are normal or faulty; and 

[0026] a cell short-circuiting means consisting of a 
?rst sWitching element connected in series to each of 
the cells, and a second sWitching element connected 
in parallel to each of the cells via a current inter 
rupting element. This battery pack is adapted such 
that, When the cell failure detecting means judges 
any one of the cells to be faulty, the ?rst sWitching 
element in the cell short-circuiting means is shifted 
from a connected position to a disconnected position 
from each cell to interrupt a current line to each cell 
While the second sWitching element is shifted from a 
disconnected position to a connected position to 
short a circuit portion corresponding to a current line 
connected to the faulty cell. 

[0027] In the above battery pack, only a faulty cell is 
electrically disconnected from the normal other cells in such 
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a manner that the latter Will be charged and discharged. Thus 
the battery pack is alloWed to continuously Work normally 
With an improved safety. 

[0028] These objects and other objects, features and 
advantages of the present intention Will become more appar 
ent from the folloWing detailed description of the preferred 
embodiments of the present invention When taken in con 
junction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a schematic vieW of the internal structure 
of an embodiment of battery pack according to the present 
invention; 

[0030] FIG. 2 is a circuit diagram of the battery pack in 
FIG. 1; 

[0031] FIG. 3 is a circuit diagram of a battery pack in 
Which non-resettable fuses each With a heater are used as a 
cell failure detector and cell circuit interrupter, respectively; 

[0032] FIG. 4 is a schematic vieW of the internal structure 
of another embodiment of battery pack according to the 
present invention; 

[0033] 
FIG. 4; 

[0034] FIG. 6 is a circuit diagram of a battery pack in 
Which resettable sWitching elements are used as a cell 
current interrupter and cell short-circuit device, respectively; 
and 

FIG. 5 is a circuit diagram of the battery pack in 

[0035] FIG. 7 is a circuit diagram of a battery pack in 
Which a non-resettable interrupting element With heater is 
used as a cell short-circuit device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0036] Referring noW to FIG. 1, there is illustrated a 
battery pack according to the present invention. The battery 
pack is generally indicated With a reference 1. The battery 
pack comprises a plurality of cells connected in parallel 
together. As shoWn in FIG. 1, the battery pack 1 comprises 
tWo cells 2a and 2b (the cells Will be generically called “cell 
or cells 2” hereinunder unless it is necessary to refer to them 
separately), a protective circuit 3, a container 4 in Which the 
cells 2 and protective circuit 3 are encased, and an eXternal 
terminal 5 disposed at one end of the container 4 and 
connected to an apparatus Which uses the battery pack 1 as 
a poWer source or a battery charger (both not shoWn) to 
Which the batter pack 1 is to be connected. 

[0037] The cells 2 are lithium-ion secondary cells, and 
connected in parallel to each other by the protective circuit 
3 as shoWn in FIG. 2. In this embodiment, the battery pack 
1 consists of the tWo cells 2a and 2b connected in parallel to 
each other. HoWever, the present invention is not limited to 
this embodiment but the battery pack according to the 
present invention may comprise more than tWo cells 2 
connected at least in parallel together. 

[0038] The cells 2 may not necessarily be a lithium-ion 
secondary cell. They may be any other secondary cell 
including a nickel-cadmium cell, nickel-hydrogen cell, 
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lithium-polymer cell, lead cell or the like. Also, they may be 
a primary cell such as manganese cell, alkaline cell, lithium 
cell or the like. 

[0039] The protective circuit 3 has the cells 2a and 2b 
connected to positive terminals 3a and negative terminals 
3b, respectively, thereof provided for the built-in cells. The 
protective circuit 3 is composed of a cell failure detector 6 
to judge Whether the cells 2 are normal or not, and a cell 
circuit interrupter 7 provided for each of the cells 2a and 2b 
to electrically disconnect a current line connected to one cell 
2 thus found faulty from a current line connected to the 
normal other cell 2. 

[0040] The cell failure detector 6 judges Whether each of 
the cells 2a and 2b composing together the battery pack 1 is 
faulty or not due to an internal shortage or the like. The cell 
failure detector 6 comprises a total charging current detector 
8 to detect a charging current value A of the Whole battery 
pack 1, cell charging current detectors 9 to detect charging 
current values B (or Ba and Bb) of the cells 2a and 2b, 
respectively, and discriminators 10 Which are supplied With 
charging current value outputs A and B from the total 
charging current detector 8 and cell charging current detec 
tors 9, respectively. 

[0041] The total charging current detector 8 is disposed 
just before a negative terminal 5b of the external terminal 5 
to detect a charging current A to the Whole battery pack 1. 
At this time, When the current in the Whole battery pack 1 
flows in the charging direction, namely, When the current 
flows in the direction of arroW E in FIG. 2, the total charging 
current detector 8 Will detect a positive value. On the 
contrary, When the current in the Whole battery pack 1 flows 
in the discharging direction, that is, When the current flows 
in the direction of arroW F in FIG. 2, the total charging 
current detector 8 Will detect a Zero value. The total charging 
current detector 8 supplies the discriminators 10 With a 
charging current value A detected during charging or dis 
charging. 

[0042] The cell charging current detectors 9 are connected 
in series to the cells 2a and 2b, respectively, of the battery 
pack 1 to detect the charging currents Ba and Bb, respec 
tively, in the cells 2a and 2b. At this time, When the current 
in the cells 2a and 2b flows in the charging direction, the cell 
charging current detectors 9 detect a positive value. When 
the current in the cells 2a and 2b flows in the discharging 
direction, the cell charging current detectors 9 detect a Zero 
value. The cell charging current detectors 9 supply the 
discriminators 10 With the charging current values Ba and 
Bb detected during charging or discharging. 

[0043] The discriminators 10 compare the charging cur 
rent values Ba and Bb supplied from the cell charging 
current detectors 9, respectively, With a predetermined ref 
erence value to judge Whether the cells 2a and 2b are normal 
or faulty. More speci?cally, if the charging currents values 
Ba and Bb from the cell charging current detectors 9, 
respectively, are larger than 0 mA and a reference value C 
indicating that a current flows, for example, if they are larger 
than 10 mA and a reference value D being a product of the 
charging current value A from the total charging current 
detector 8 and a predetermined ratio, the discriminators 10 
judge that any one of the cells incurs an internal shortage. 
The ratio necessary for calculation of the reference value D 
is determined depending upon the number of cells connected 
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in parallel together in the battery pack 1. It should be noted 
that in this embodiment, since the tWo cells 2a and 2b are 
connected in parallel to each other and the current flowing 
through each of the cells 2a and 2b is approximately 50% of 
the total charging current A in the battery pack 1, the 
charging current value A is multiplied by a ratio larger than 
50%, namely, 60%, to calculate the reference value D. 

[0044] The discriminators 10 compare the above-men 
tioned charging current values Ba and Bb With the reference 
value C or D, or With both to judge Whether the cells 2 are 
normal or faulty, and provide the cell circuit interrupters 7 
With a command for interruption or non-interruption the 
current lines. 

[0045] The cell circuit interrupters 7 are disposed in the 
proximity of the positive terminals 3a, respectively, con 
nected to the cells 2a and 2b, and connected in series to the 
cells 2a and 2b. Receiving a current line interruption com 
mand supplied from the discriminator 10 of the cell failure 
detector 6, the cell circuit interrupters 7 interrupt the charg 
ing/discharging current lines to Which the cell 2 judged to be 
faulty is connected, thereby electrically disconnecting the 
faulty cell 2 from the battery pack 1. It should be noted that 
the cell circuit interrupters 7 may be composed each of either 
a current interrupting element Which is not re-connectable 
into circuit once electrically disconnected, namely, of a 
non-resettable type, or a current interrupting element Which 
is re-connectable into circuit after the faulty cell is recovered 
from a failure, that is, of a resettable type. 

[0046] The external terminal 5 consists of the positive and 
negative terminals 5a and 5b. The external terminal 5 is 
provided to discharge or charge the cells 2a and 2b encased 
in the container 4 When the battery pack 1 is connected to a 
load apparatus or a battery charger. 

[0047] The battery pack 1 constructed as having been 
described in the foregoing operates during discharging, 
charging and unused status in Which neither discharging nor 
charging is done, as Will be described beloW: 

[0048] Note that in the battery pack 1 explained herebeloW 
concerning the operation thereof, the cell failure detector 6 
is formed from a detection circuit 11 Which detects the 
charging current values A, Ba and Bb to judge Whether the 
cells 2a and 2b are normal or faulty, as shoWn in FIG. 3. 
Also in the battery pack 1 involved in the folloWing func 
tional description, each of the cell circuit interrupters 7 
comprises a fuse 12 With a heater. The fuse 12 interrupts the 
current line When any of the cells 2 becomes faulty. The fuse 
With heater 12 forming the cell circuit interrupter 7 consists 
of a fuse 13 connected in series to the cell 2a (2b), a resistor 
14 connected at a middle point of the fuse 13, and a sWitch 
15 connected to the resistor 14 to control the How of a 
current to the resistor 14. The fuse With heater 12 Works as 
folloWs. That is to say, When the sWitch 15 is closed under 
a current line interruption command supplied from the 
detection circuit 11 having judged that any of the cells 2 is 
faulty, the resistor 14 heated by a current flowing through it 
causes the fuse 12 to bloW, thereby electrically disconnect 
ing the faulty cell 2 from the other cell 2. 

[0049] For the convenience of the illustration and expla 
nation that Will be made herebeloW of the present invention, 
it is assumed that in the battery pack 1 taken herein by Way 
of example, the total charging current value A is 500 mA and 
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an internal shortage Will cause the charging current to 
increase up to about 400 mA. 

[0050] First, hoW the protective circuit 3 operates When 
both the cells 2a and 2b are not faulty Will be described 
herebeloW: 

[0051] In the battery pack 1, if both the cells 2a and 2b are 
not faulty, the charging current values Ba and Bb to the cells 
2a and 2b are Zero as detected by the detection circuit 11 
When the battery pack 1 connected to a load apparatus 
discharges the charged potential to the apparatus. Based on 
the result of detection, the detection circuit 11 compares the 
charging current values Ba and Bb With the reference value 
C (preset to 10 mA), recogniZes that the charging current 
values Ba and Bb are smaller than the reference value C, and 
issues a command for keeping the sWitch 15 of the fuse With 
heater 12 at the off position, namely, at the disconnected 
position. 

[0052] Also, during charging With the battery pack 1 
connected to a battery charger, each of the charging current 
values Ba and Bb is 250 mA being about 50% of the total 
charging current value A, as detected by the detection circuit 
11. During the unused status in Which the battery pack 1 is 
not connected to a load apparatus or a battery charger, each 
of the charging current values Ba and Bb is about 0 mA as 
detected by the detection circuit 11. Based on the result of 
detection, the detection circuit 11 compares the charging 
current values Ba and Bb With the reference value C, or With 
both the reference value C and a reference value D preset to 
300 mA being 60% of the total charging current value A, 
recogniZes that the charging current values Ba and Bb 
detected during charging are larger than the reference value 
C and smaller than the reference value D and that the 
charging current values Ba and Bb detected during the 
unused status are smaller than the reference value C, and 
issues a command for keeping the sWitch 15 of the fuse With 
heater 12 at the off position, namely, at the disconnected 
position, as during discharging. 

[0053] Next, hoW the protective circuit 3 operates When 
the cell 2a incurs an internal shortage Will be described 
herebeloW: 

[0054] Assume here that in the battery pack 1, the cell 2a 
incurs an internal shortage. In this case, When the battery 
pack 1 is discharged, a discharging current will flow into the 
cell 2a from the cell 2b not internally short-circuited. So, the 
charging current value Ba to the cell 2a is 400 mA as 
detected by the detection circuit 11. Based on the result of 
detection, the detection circuit 11 compares the charging 
current value Ba With the reference value C and recogniZes 
that the charging current value Ba is larger than the reference 
value C. Then, the detection circuit 11 issues a current 
interrupting command to the sWitch 15 of the fuse With 
heater 12 connected to the cell 2a to shifting the sWitch 15 
from the off position to the on position, namely, to the 
connected position so that a current ?oWs to the resistor 14. 
In the battery pack 1, the resistor 14 heated With the current 
?oWing through it Will cause the fuse 13 to bloW, so that the 
current line to Which the cell 2a is connected is interrupted 
and thus the cell 2a is electrically disconnected from the cell 
2b. 

[0055] On the other hand, during discharging of the bat 
tery pack 1, the charging current Bb to the cell 2b is 0 mA 
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as detected by the detection circuit 11. Based on the result 
of detection, the detection circuit 11 compares the charging 
current value Bb With the reference value C and recogniZes 
that the charging current value Bb is smaller than the 
reference value C. Then the detection circuit 11 issues a 
command for keeping at the off position the sWitch 15 of the 
fuse With heater 12 connected to the cell 2b. 

[0056] Also during charging of the battery pack 1, the 
charging current Ba to the cell 2a is 400 mA as detected by 
the detection circuit 11 as mentioned above. Based on the 
result of detection, the detection circuit 11 compares the 
charging current value Ba With both the reference values C 
and D and recogniZes that the charging current Ba is larger 
than the reference values C and D. Then the detection circuit 
11 issues a current interrupting command to the sWitch 15 of 
the fuse With heater 12 connected to the cell 2a as in the 
discharging of the battery pack 1, to shift the sWitch 15 from 
the off position to on position. Thus the fuse 13 is bloWn off 
to electrically disconnect the cell 2a from the cell 2b. 

[0057] On the other hand, When the battery pack 1 is 
charged, the charging current Bb to the cell 2b detected by 
the detection circuit is 100 mA. Based on the result of 
detection, the detection circuit 11 compares the charging 
current value Bb With the reference value D and recogniZes 
that the charging current value Bb is smaller than the 
reference value D. Then the detection circuit 11 issues a 
command for keeping at the off position the sWitch 15 of the 
fuse With heater 12 connected to the cell 2b. 

[0058] When the battery pack 1 is not used, the charging 
current Ba to the cell 2a is 400 mA as detected by the 
detection circuit 11. Based on the result of detection, the 
detection circuit 11 compares the charging current value Ba 
With both the reference value C and the reference value D set 
to 0 mA being 60% of 0 mA Which is the charging current 
value AWhen the battery pack 1 is not used and recogniZes 
that the charging current value Ba is larger than the reference 
values C and D. Then, the detection circuit 11 issues a 
current interrupting command to the sWitch 15 of the fuse 
With heater 12 connected to the cell 2a as in the discharging 
and charging of the battery pack 1, to shift the sWitch 15 
from the off position to the on position, thereby alloWing the 
fuse 13 to bloW to electrically disconnect the cell 2a from the 
cell 2b. 

[0059] On the other hand, When the battery pack 1 is not 
used, the charging current Bb to the cell 2b is Zero as 
detected by the detection circuit 11. Based on the result of 
detection, the detection circuit 11 compares the charging 
current value Bb With the reference value C and recogniZes 
that the charging current value Bb is smaller than the 
reference value C. Then the detection circuit 11 issues a 
command for keeping at the off position the sWitch 15 of the 
fuse With heater 12 connected to the cell 2b. 

[0060] As aforementioned, only the cell 2a becoming 
faulty during discharging, charging and unused status of the 
battery pack 1 is electrically disconnected While the cell 2b 
not faulty is kept connected in circuit. Thus, even if any of 
the cells 2 connected in parallel to each other in the battery 
pack 1 has become faulty, the battery pack 1 can be 
discharged and charged With the other cell not faulty, so that 
the battery pack 1 can continuously be used normally. 

[0061] In the foregoing, the present invention has been 
described concerning the embodiment of battery pack 1 
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composed of the tWo cells 2a and 2b connected in parallel 
to each other, by Way of example. However, the present 
invention is not limited to this embodiment but can be 
applied to a battery pack comprising, for example, more than 
tWo series-connected cell units each containing more than 
tWo cells connected in parallel together. Also in such a 
battery pack, a total charging current value of the battery 
pack and charging current value of each of the cells are 
detected and compared With predetermined reference values 
to judge Whether the cells are normal or faulty, and a one or 
ones of the cells Which is judge to be faulty is electrically 
disconnected from the normal other cells, as in the battery 
pack 1 having been described in the foregoing. A battery 
pack comprising a plurality of series-connected such cell 
units is controlled so that to prevent a voltage imbalance 
betWeen the cell units When faulty cells are electrically 
disconnected in one of the cell units, cells as many as the 
faulty cells are electrically disconnected also in the other cell 
units to Which the faulty cells are not connected. 

[0062] Next, another embodiment of battery pack accord 
ing to the present invention Will be described herebeloW 
With reference to FIG. 4. The battery pack is generally 
indicated With a reference 30. As shoWn, the battery pack 30 
incorporates a number n of cells 31 connected in series 
together (n is a natural number larger than 2), a control unit 
32 to judge the status of each cell 31 in controlling the 
electrical connection betWeen the cells 31, a container 33 to 
encase the number n of cells 31 and control unit 32, and 
external terminals 34 (positive terminal 34a and negative 
terminal 34b) disposed at one side of the container 33 for 
connection to a load apparatus or battery charger (not 
shoWn). 
[0063] The cells 31 area a lithium-ion secondary cell 
similar to the aforementioned cell 2. As shoWn in FIG. 5, 
they are connected in series together by means of the control 
unit 32. It should be noted that although this embodiment 
uses a lithium-ion secondary cell for each cell 31, the cells 
31 may not necessarily be a lithium-ion secondary cell but 
they may be any other secondary cell including a nickel 
cadmium cell, nickel-hydrogen cell, lithium-polymer cell, 
lead cell or the like and also they may be a primary cell such 
as manganese cell, alkaline cell, lithium cell or the like. 

[0064] The control unit 32 connects the number n of cells 
31 in series to each other, measures a potential in each of the 
cells 31 included in he battery pack 30, and judges, based on 
the measured potential, the status of each cells 31, more 
particularly, Whether each of the cells 1 is normal or faulty, 
to thereby control the connected status of the cells 31 in the 
battery pack 30. 

[0065] The control unit 32 has provided therein individual 
cell voltage detectors 35 to measure a potential of the 
individual cells 31, and a total voltage detector 36 to 
measure the total voltage of the battery pack 30, namely, the 
total potential in the number n of cells 31 connected in series 
together. The individual cell voltage detectors 35 are con 
nected in parallel to the individual cells 31, respectively. The 
total voltage detector 36 is connected in parallel to all the 
number n of cells 31 connected in series to each other. 

[0066] Also, the control unit 32 has provided therein 
individual cell current interrupters 37 and individual cell 
short-circuit devices 38. The individual cell current inter 
rupters 37 are connected in series to the cells 31, respec 
tively. The individual current interrupters 37 are normally 
on, namely, normally closed-circuited. The individual cell 
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short-circuit devices 38 are connected in parallel to the cells 
31, respectively, via the individual cell current interrupters 
38, respectively. The individual cell short-circuit devices 38 
are normally off, namely, normally open-circuited. 

[0067] The individual cell current interrupters 37 use each 
a resettable or non-resettable interrupter, for example, a 
resettable sWitching element 37a as shoWn in FIG. 6 or a 
non-resettable sWitching element 37b as shoWn in FIG. 7. In 
addition, the individual cell current interrupter 37 may be an 
electromagnetic relay, ?eld-effect transistor, transistor or 
thyristor as a resettable interrupter, or an SC protector (by 
Sony Chemicals) as a non-resettable interrupter. 

[0068] Similarly to the individual cell current interrupters 
37, the individual cell short-circuit devices 38 use each a 
resettable or non-resettable short-circuit device, for 
example, a resettable sWitching element 38a or non-reset 
table sWitching element 38b, as mentioned above. Also, the 
individual cell short-circuit device 38 may be an electro 
magnetic relay, ?eld-effect transistor, transistor or thyristor 
as a resettable interrupter or a non-resettable short-circuit 
device. 

[0069] Further, the control unit 32 has provided therein a 
controller 39 Which is supplied With voltage values from the 
individual cell voltage detectors 35 and total voltage detec 
tor 36, more speci?cally, individual cell voltage values G 
and total voltage value H, judges based on the voltage values 
Whether each of the cells 31 is normal or faulty, and provides 
the individual cell current interrupters 37 and individual cell 
short-circuit devices 38 With an action command I. A ref 
erence voltage value J is preset for the controller 39 as a 
criterion for the controller 39 to judge Whether each of the 
cells 31 is normal or faulty. 

[0070] In the battery pack 30 equipped With the controller 
32 constructed as having been described above, if any of the 
cells 31 becomes faulty, the fault is recogniZed, a current line 
to Which the faulty cell 31 is connected is electrically 
disconnected, and a circuit portion corresponding to the 
current line thus disconnected is short-circuited to charge or 
discharge the other cells 31 Which are not faulty. 

[0071] In the aforementioned battery pack 30, it is judged 
as Will be described beloW Whether the cells 31 are normal 
or faulty. Individual cell voltage values G from the indi 
vidual cell voltage detectors 35 are supplied to the controller 
39 Which Will in turn judge, based on the individual cell 
voltage G, Whether each of the cells 31 is normal or faulty. 
More particularly, the controller 39 in the battery pack 30 
compares potentials of tWo cells 31, selected freely from the 
individual cell voltage values G from the individual cell 
voltage detectors 35, to calculate a difference betWeen the 
tWo potentials. The controller 39 Will further compare an 
absolute value of the difference betWeen these individual 
voltage values G, With the reference voltage value J preset 
for the controller 39. When the absolute value is larger than 
the reference voltage value J, the controller 39 Will judge 
that the cell 31 having provided the loW individual voltage 
value G is faulty. For example, it is assumed here that the 
cells 31 provided in the battery pack 30, a cell 31a provides 
the controller 39 With a voltage value G1 of 3 V and a cell 
31b provides the controller 39 With a voltage value G2 of 3.8 
V. Namely, there is an absolute difference of 0.8 V betWeen 
the voltage values G1 and G2. Also it is assumed that the 
reference voltage value J of 0.3 V is preset for the controller 
39. In this case, the absolute difference of 0.8 V betWeen the 
voltage values G1 and G2 is larger than the reference voltage 
value of 0.3 V, the controller 39 Will judge either the cell 31a 
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or 31b to be faulty and further that the cell 31a showing the 
lower individual voltage value G (3 V) is faulty. It should 
noted that the total voltage detector 36 may be omitted from 
the battery pack 30 the controller 39 is intended to judge 
only Whether the cells are normal or faulty as mentioned 
above. 

[0072] Also, in the battery pack 30, the individual cell 
voltage values G from the individual cell voltage detectors 
37 and total voltage value H from the total voltage detector 
36 are used by the controller 39 in a different manner to 
judge Whether the cells 31 are normal or faulty. More 
speci?cally, the controller 39 in the battery pack 30 divides 
the total voltage value H from the total voltage detector 36 
by a total number n of the cells 31 to calculate a mean 
voltage value and subtracts the mean voltage value each of 
the individual cell voltage values G from the individual cell 
voltage detectors 35 to calculate a difference betWeen them. 
When the difference betWeen the individual cell voltage G 
and mean voltage value is negative While an absolute value 
of the voltage difference is larger than the reference voltage 
value J preset for the controller 39, the latter Will judge that 
the cell 31 providing the individual voltage value G is faulty. 
For example, it is assumed here for a battery pack 30 
consisting of tWo cells 31a and 31b that the cell 31a provides 
a voltage value G1 of 3 V, the cell 31b provides a voltage 
value G2 of 3.8 V, and the Whole battery pack 30 provides a 
total voltage H of 6.8 V. All these voltage values are 
provided to the controller 39. A reference voltage value J of 
0.3 V is preset for the controller 39. In this case, the 
controller 39 calculates the individual voltage values G1 and 
G2 to determine a mean voltage value of 3.4 V. Further the 
controller 39 calculates a difference betWeen the individual 
voltage value G1 and mean voltage value and a difference 
betWeen the individual voltage value G2 and mean voltage 
value, compares an absolute value of the voltage difference 
With the reference voltage value J, and judges that the cell 
31a having the voltage value G1 Whose difference from the 
mean voltage value is negative and absolute value of the 
voltage difference is larger than the reference voltage value 
J is faulty While judging that the cell 31b providing the 
voltage value G2 Whose difference from the mean voltage 
value is positive is normal. 

[0073] In the battery pack 30, When any one of the cells 31 
is judged to be faulty as mentioned above, the controller 39 
Will issue an action command I to the individual cell current 
interrupters 37 and individual cell short-circuit devices 38 
connected to the faulty cell 31. Then, the individual cell 
current interrupters 37 connected in series to the cells 31 and 
normally closed-circuited Will be open-circuited While the 
individual cell short-circuit devices 38 connected in parallel 
to the cells 31 and normally open-circuited Will be closed 
circuited. When the individual cell current interrupters 37 
and individual cell short-circuit devices 38 are thus changed 
in status, the current line connected to the cells 31 is opened 
by the individual cell current interrupters 37 and a bypass 
line parallel to the faulty cell 31 is closed by the individual 
cell short-circuit devices 38, so that the circuit correspond 
ing to the current line connected to the disconnected cell 31 
is short-circuited. 

[0074] The short-circuiting in the battery pack 30 Will 
further be described herebeloW With reference to FIG. 6 
concerning an eXample in Which resettable sWitching ele 
ments 37a and 38a are used as the individual cell current 
interrupters 37 and individual cell short-circuit devices 38, 
respectively, as shoWn in FIG. 6. 
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[0075] In the battery pack 30, When the cell 31a, for 
eXample, of the cells 31 connected in series together is 
judged by the controller 39 to be faulty, the sWitching 
elements 37a and 38a connected to the cell 31a are supplied 
With an action command I from the controller 39. The 
sWitching element 37a Will be opened-circuited While the 
sWitching element 38a is closed-circuited. In the battery 
pack 30, the sWitching elements 37a and 38a are thus 
changed in status, so that the current line connected to the 
faulty cell 31a Will be open-circuited and there Will be 
formed a charging current and discharging current bypass 
line to Which the sWitching element 38a connected in 
parallel to the faulty cell 31a. 

[0076] In case the sWitching elements 37a and 38b are 
used as in the above, When the cell 31a is recovered from the 
failure and thus becomes usable again, the sWitching ele 
ments 37a and 38a are changed in status to connect the cell 
31a to the current line again so that the cell 31a Will be put 
into circuit again. 

[0077] The short-circuiting in the battery pack 30 Will 
further be described herebeloW With reference to FIG. 7 
concerning an eXample in Which non-resettable circuit inter 
rupting element With heater 37b is used as the individual cell 
current interrupter 37 and the sWitching element 38a is used 
as the individual cell short-circuit device 38. As shoWn in 
FIG. 7, the circuit interrupting element With heater 37b is 
comprised of an interrupting element 40 and a heater 41 to 
Which a DC source 43 disposed in the control unit 32 is 
connected via a sWitch 42. 

[0078] In the battery pack 30, When the controller 39 
judges that the cell 31a of the cells 31 connected in series 
together is faulty, it Will issue an action command I to the 
sWitch 42 connecting the heater 41 and DC source 43 to each 
other and the sWitching element 38a. The sWitch 42 and 
sWitching element 38a Will thus be changed in status. When 
the sWitch 42 is closed, the heater 41 is connected to the DC 
source 43 Which Will thus supply a current to the heater 41. 
Thus the heater 41 is energiZed to have a higher temperature. 
When the temperature of the heater 41 is elevated up to a 
point Which the interrupting element 40 is bloWn, the 
interrupting element 40 Will electrically be cut off. When the 
sWitching element 38a is closed-circuited, the charging 
current and discharging current bypassing line connected in 
parallel to the faulty cell 31a is formed. 

[0079] As mentioned above, in the battery pack 30, the 
current line for the faulty cell 31a is broken While a current 
bypass line is formed for the normal cells 31, more particu 
larly, the cells 31 other than the faulty cell 31a, so that a 
circuit portion corresponding to the current line to Which the 
faulty cell 31a is connected is short-circuited. Thus, in the 
batter pack 30, When any of the plurality of cells 31 
connected in series together becomes faulty, charging and 
discharging can be effected by only the normal cells 31. 

[0080] In the aforementioned battery packs 1 (30), the fact 
that the failure of the cells 2 (31) can be detected may be 
utiliZed to inform the load apparatus or battery charger (not 
shoWn) of a number of faulty cells 2 (31). The battery 
charging informed of the failure of a cell 2 (31) is designed 
to change the value of charging voltage according to the 
number of faulty cells 2 (31) and the load apparatus is 
designed to correct and change parameters used for calcu 
lation of the loading characteristic, residual potential, etc. 

[0081] As having been described in the foregoing, even if 
any of a plurality of cells composing a battery pack becomes 
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faulty, only the faulty cell can electrically be disconnected 
from the normal ones Which Will thus used for charging and 
discharging. Therefore, the battery pack can be continuously 
used normally. It is possible to minimize the likelihood that 
the faulty cell generates abnormal heat, ejects gas, ignites or 
explodes, thereby assuring an enhanced reliability and safety 
of the battery pack. 

[0082] In the above battery packs according to the present 
invention, it is possible to electrically disconnect any of the 
cells in one of the cell units from the other normal cells and 
disconnect as many cells as the faulty cells in the other cell 
units, thereby permitting to prevent a voltage imbalance 
betWeen the cell units. Thus it is possible to assure an 
enhanced safety use of the battery pack. 

What is claimed is: 
1. A battery pack comprising at least tWo cells connected 

in parallel to together, having: 

means for judging individually the cells to detect Whether 
they are normal or faulty; 

a cell or cells, if any thus found faulty, being electrically 
disconnected from the normal other cells. 

2. The battery pack as set forth in claim 1, Wherein the cell 
failure detecting means comprises: 

means for detecting a charging current in the Whole 
battery pack; 

means for detecting a charging current in each of the cells; 
and 

a discriminator Which is supplied With values of the 
detected charging currents from the total charging 
current detector and cell charging current detector and 
compares the detected charging currents With respec 
tive reference values to judge Whether the cells are 
normal or faulty. 

3. The battery pack as set forth in claim 1, further 
comprising a nonresettable type current interrupting element 
to electrically disconnect a one of the cells found faulty from 
the normal other cells. 

4. The battery pack as set forth in claim 1, further 
comprising a resettable type current interrupting element to 
electrically disconnect a one of the cells found faulty from 
the normal other cells. 

5. Abattery pack comprising at least tWo series-connected 
cell units each consisting of at least tWo cells connected in 
parallel together, the battery pack having: 

means for judging individually the cells to detect Whether 
they are normal or faulty; 

in the cell unit including a faulty cell or cells, the faulty 
cell being electrically disconnected from the normal 
other cells; and 

in the cell unit including no faulty cell or cells, the normal 
cells as many as the faulty cells electrically discon 
nected from the normal other cells in the cell unit 
including the faulty cells, being electrically discon 
nected from the other cells. 

6. The battery pack as set forth in claim 5, Wherein the cell 
failure detecting means comprises: 

means for detecting a charging current in the Whole 
battery pack; 

means for detecting a charging current in each of the cells; 
and 
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a discriminator Which is supplied With values of the 
detected charging currents from the total charging 
current detector and cell charging current detector and 
compares the detected charging currents With respec 
tive reference values to judge Whether the cells are 
normal or faulty. 

7. The battery pack as set forth in claim 5, further 
comprising a nonresettable type current interrupting element 
to electrically disconnect a one of the cells found faulty from 
the normal other cells. 

8. The battery pack as set forth in claim 5, further 
comprising a resettable type current interrupting element to 
electrically disconnect a one of the cells found faulty from 
the normal other cells. 

9. Abattery pack comprising at least tWo cells connected 
in series together, having: 

means for judging individually the cells to detect Whether 
they are normal or faulty; and 

a cell short-circuiting means consisting of a ?rst sWitching 
element connected in series to each of the cells, and a 
second sWitching element connected in parallel to each 
of the cells via a current interrupting element; 

When the cell failure detecting means judges any one of 
the cells to be faulty, the ?rst sWitching element in the 
cell short-circuiting means being shifted from a con 
nected position to a disconnected position from each 
cell to interrupt a current line to each cell While the 
second sWitching element is shifted from a discon 
nected position to a connected position to short a circuit 
portion corresponding to a current line connected to the 
faulty cell. 

10. The battery pack as set in claim 9, Wherein the cell 
failure detecting means comprises: 

means for detecting voltage of each of the cells; and 

a controller in Which a reference voltage is preset; 

the controller being adapted to compare an absolute value 
of a difference betWeen tWo voltage values detected by 
the cell voltage detectors With the reference voltage to 
judge Whether the cells are normal or not. 

11. The battery pack as set forth in claim 9, Wherein the 
cell failure detecting means comprises: 

means for detecting voltage of each of the cells; 

means for detecting a total voltage of the plurality of cells; 
and 

a controller in Which a reference voltage is preset; 

the controller being adapted to calculate a difference 
betWeen a value resulted from division of a voltage 
value detected by the total voltage detecting means by 
the total number of the cells and a value detected by the 
cell voltage detector and compare an absolute value of 
the difference thus calculated With the reference voltage 
to judge Whether the cells are normal or not. 

12. The battery pack as set forth in claim 9, Wherein the 
?rst sWitching element is of a non-resettable or resettable 
type. 

13. The battery pack as set forth in claim 9, Wherein the 
second sWitching element is of a non-resettable or resettable 
type. 


