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(57) ABSTRACT 

A poWer storage device has a plurality of series-connected 
storage battery units, battery circuits associated With the 
storage battery units to control or monitor the storage battery 
units, respectively; a main circuit of a potential level dif 
ferent from that of the battery circuits; and a potential level 
changing circuits connecting the battery circuit to the main 
circuit. The poWer storage unit is small in construction and 
operates at a low power consumption in a high control 
accuracy. 
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POWER STORAGE DEVICE AND METHOD OF 
MEASURING VOLTAGE OF STORAGE BATTERY 

BACKGROUND OF THE INVENTION 

[0001] A prior art power storage device is disclosed in 
Japanese Patent Laid-open No. Hei 8-78060(1996). In this 
poWer storage device, tWo storage battery units are con 
nected in series, and a voltage determining device and a 
plurality of series-connected resistors are connected across 
the opposite ends of each of the storage battery units. The 
voltage determining device provides a voltage indicating 
Whether or not the voltage of the storage battery unit is as 
high as a predetermined voltage. The series-connected resis 
tors divide the voltage of the storage battery unit to provide 
a reference voltage. 

[0002] A comparator compares the output voltage of the 
voltage determining device With the reference voltage deter 
mined by resistance type voltage division. If one of the 
storage battery units is fully charged and the output voltage 
of the voltage determining device is higher than the refer 
ence voltage, the output of the comparator goes LOW. Then, 
a PET connected in series to the storage battery unit is turned 
off to stop charging the storage battery unit. 

[0003] In this prior art poWer storage device, the potential 
levels of the output of the voltage determining devices With 
respect to the potential level of the loWest negative terminal 
of the series-connected storage battery units are different. 
Therefore, the series-connected resistors for determining the 
reference voltage must be specially formed for the storage 
battery units. Thus, circuits of the same function conforming 
to the potential levels of the storage battery units are 
necessary for the storage battery units. 

[0004] Since the resistances of the resistors are dispersed 
in a range around a nominal resistance, the reference volt 
ages indicating a fully charged state differ from each other 
and the accuracy of the reference voltages is unsatisfactory. 
Therefore, resistors having resistances close to a desired 
resistance must be selectively used. Such resistors, hoWever, 
are eXpensive. 

[0005] The Withstand voltage of the comparator must be 
equal to the sum of the voltages of the series-connected 
storage battery units. Therefore, When many storage battery 
units are connected in series, an increased number of circuits 
respectively conforming to the potential levels of those 
storage battery units are necessary, Which increases the cost, 
siZe and poWer consumption of the poWer storage device and 
the poWer storage device needs parts including a comparator 
having a high Withstand voltage. 

SUMMARY OF THE INVENTION 

[0006] A poWer storage device according to the present 
invention comprises: a plurality of series-connected storage 
battery units; a plurality of battery circuits that provides 
signals of potential levels respectively corresponding to the 
voltages of the storage battery units; and a plurality of 
potential level changing circuits for changing the potential 
levels of the output signals of the battery circuits. The output 
signals of the potential level changing circuits are given to 
a signal processing circuit. The signal processing circuit 
carries out predetermined processes on the basis of input 
signals or produces a control signal for controlling the 
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storage battery units. The output control signal of the signal 
processing circuit changes potential levels in the potential 
level changing circuits and is given to the plurality of battery 
circuits. The battery circuits control the storage battery units 
on the basis of the input control signal so that the voltages 
of the storage battery units are equalized by, for eXample, 
bypass circuits. According to the present invention, the 
signal processing circuit is able to process a plurality of 
voltage measurement signals through potential level con 
version, so that the number of the component parts of the 
poWer storage device can be reduced. 

[0007] The potential level changing circuit of the poWer 
storage device according to the present invention is a circuit 
provided With an insulating coupler interposed betWeen the 
battery circuits and the signal processing circuit or a level 
shift circuit. The signal processing circuit of the poWer 
storage device according to the present invention is a 
processor, such as a microcomputer, or a controller. 

[0008] In the poWer storage device according to the 
present invention, an error in measurement included in a 
poWer storage unit voltage measured by the storage circuit 
and caused due to the variation of the element is correction 
calculated by the data processing circuit. 

[0009] In the poWer storage device according to the 
present invention, the battery circuits provides pulse signals 
respectively corresponding to the storage battery units. The 
potential level of each pulse signal is changed by the 
potential level changing circuit. The pulse signals are digital 
signals or differential pulse signals. Use of the pulse signals 
reduces errors in voltage measurement due potential level 
change. The pulse signal is a pulse signal of a pulse Width 
corresponding to the voltage of the storage battery unit or a 
pulse train continuous for a time period corresponding to the 
voltage of the storage battery unit. Conversion of the voltage 
of the storage battery unit, Which is an analog value, into a 
pulse signal improves the accuracy of voltage measurement. 
The conversion of the voltage into the pulse signal can be 
achieved by various method, such as a method using hard 
Ware, such as a circuit and a method using softWare, such as 
a microcomputer. 

[0010] The poWer storage device according to the present 
invention is applied to various storage battery units capable 
of an electric poWer storage function, such as secondary 
battery units including lithium battery units and nickel 
hydrogen battery units, and electric double layer capacitors, 
and to a device formed by connecting storage battery units 
in series. The poWer storage device according to the present 
invention is applied to various storage battery systems, such 
as a storage battery system formed by connecting in series 
a plurality of storage battery groups each formed by con 
necting a plurality of storage battery units in series or in 
parallel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a block diagram of a poWer storage 
device in a ?rst embodiment according to the present 
invention; 
[0012] FIG. 2 is a block diagram of a poWer storage 
device in a second embodiment according to the present 
invention; 
[0013] FIG. 3 is a block diagram of a poWer storage 
device in a third embodiment according to the present 
invention; 



US 2001/0011881 A1 

[0014] FIG. 4 is a block diagram of a power storage 
device in a fourth embodiment according to the present 
invention; 
[0015] FIG. 5 is a block diagram of a poWer storage 
device in a ?fth embodiment according to the present 
invention; 

[0016] FIG. 6 is a timing diagram of assistance in eXplain 
ing the operation of the ?fth embodiment; 

[0017] FIG. 7 is a block diagram of a poWer storage 
device in a siXth embodiment according to the present 
invention; 
[0018] FIG. 8 is a block diagram of a poWer storage 
device in a seventh embodiment according to the present 
invention; 
[0019] FIG. 9 is a timing diagram of assistance in eXplain 
ing the operation of the seventh embodiment; 

[0020] FIG. 10 is a block diagram of a poWer storage 
device in an eighth embodiment according to the present 
invention; 

[0021] FIG. 11 is a block diagram of a poWer storage 
device in a ninth embodiment according to the present 
invention; 
[0022] FIG. 12 is a plan vieW of a tenth embodiment of the 
present invention; 

[0023] FIG. 13 is a sectional vieW of the tenth embodi 
ment shoWn in FIG. 12; 

[0024] FIG. 14 is a plan vieW of an eleventh embodiment 
of the present invention; 

[0025] FIG. 15 is a block diagram of a poWer storage 
device in a tWelfth embodiment according to the present 
invention; 

[0026] FIG. 16 is a graph of assistance in explaining 
operations for processing measured data; 

[0027] FIG. 17 is a diagram of assistance in explaining a 
poWer storage device in a thirteenth embodiment according 
to the present invention; and 

[0028] FIG. 18 is a typical vieW of a poWer storage device 
in a fourteenth embodiment according to the present inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] Preferred embodiments of the present invention 
Will be described hereinafter With reference to the accom 
panying draWings, in Which like parts are denoted by the 
same reference characters. 

[0030] First Embodiment 

[0031] FIG. 1 shoWs a poWer storage device in a ?rst 
embodiment according to the present invention. ShoWn in 
FIG. 1 are storage battery units 101, battery circuits 102, 
potential level changing circuits 103, a main circuit 104, a 
microcomputer 105, a poWer supply 106, an enable signal 
107 and a current measuring circuit 108. The four storage 
battery units 101 are connected in series, and the battery 
circuits 102 are connected in parallel to the storage battery 
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units 101, respectively. The battery circuits 102 are con 
nected through the potential level changing circuits 103 to 
the main circuit 104. 

[0032] Each battery circuit 102 has a voltage measuring 
circuit and a bypass circuit, the battery circuit 102 measures 
voltage betWeen the terminals of the corresponding storage 
battery unit 101. The bypass circuit controls the voltage of 
the corresponding storage battery unit to reduce differences 
in voltage betWeen the storage battery units 101 to the least 
possible eXtent. 

[0033] The main circuit 104 has the microcomputer 105 
and the poWer supply 106. The output of the current mea 
suring circuit 108 is given to the microcomputer 105. 

[0034] The microcomputer 105 estimates the open-circuit 
voltages of the storage battery units 101, determines the 
charged state of the storage battery units 101 and difference 
in voltage betWeen the storage battery units, displays 
remaining amount of charge, drives the bypass circuits and 
controls the poWer storage device on the basis of voltages 
betWeen the terminals of the storage battery units 101 and 
current measured by the current measuring circuit 108. 

[0035] Since the storage battery units 101 are connected in 
series, each battery circuit 102 has a potential level different 
from that of the main circuit 104. The potential level 
changing circuits 103 change the different potentials of the 
battery circuits 102 and provide electric signals. 

[0036] In this embodiment, the potential level changing 
circuits 103 are insulating couplers of a capacitive coupling 
type. The potential level changing circuits 103 may be of 
other insulating coupling type, such as a transformer cou 
pling type or a photocoupler type, or may be level shift 
circuits comprising MOS transistors and voltage dividing 
resistors. Although an input to the insulating couplers is a 
pair of differential signal to improve noise Withstand prop 
erty, the same may be a single end. The insulating couplers 
of this embodiment are capacitors, i.e., capacitive insulating 
barriers, interposed betWeen the battery circuits 102 and the 
main circuit 104. 

[0037] An enable signal 107 is applied to each insulating 
coupler. The outputs of the insulating couplers are given 
through a common point to the microcomputer 105. The 
enable signal 107 controls the operations of the insulating 
couplers. The outputs of the insulating couplers are trans 
ferred through the common point to reduce the number of 
inputs to the microcomputer 105. If the number of the 
insulating couplers is small, the outputs of the insulting 
couplers may be individually given to the microcomputer 
105. 

[0038] Thus, the battery circuits 102 respectively having 
different potential levels and the main circuit 104 are func 
tionally connected to construct a poWer storage device 
capable of monitoring and managing the individual storage 
battery units and the series-connected storage battery units. 
Since the circuits operate on the different potential levels, 
respectively, the Withstand voltages of the circuits can be 
loWered to magnitudes large enough to Withstands the poten 
tial levels, respectively. Since the main circuit 104 includes 
all the circuits that carry out common functions including 
the determination of the charged state of the storage battery 
units 101 and the voltage differences betWeen the storage 
battery units 101, the number of circuits, the number of parts 


















