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(54) BATTERY-STATE MONITORING SYSTEM

(57) A battery-state monitoring system capable of ef-
ficiently estimating the state and service life of each stor-
age battery at high precision by automatically measuring
or acquiring various parameters of a plurality of storage
batteries constantly connected to an equipment is pro-
vided. A battery-state monitoring system 1 which moni-
tors a state of each of a plurality of storage batteries 41
connected in series and constituting an assembled bat-
tery incorporated in an equipment includes: a power sup-
ply control device 50 which detects a current flowing
through each storage battery 41; and an end device 30
which measures a temperature, a voltage, and internal

resistance of each storage battery 41, the internal resist-
ance being measured by using at least two or more kinds
of frequencies, and degradation of each storage battery
41 is estimated based on at least one or more values of
the temperature, the voltage, and the internal resistance
measured by the end device 30 and a DC resistance of
each storage battery 41 obtained from a ratio between a
change in a current value detected by the power supply
control device 50 and a change in a voltage value meas-
ured by the end device 30 during discharging of each
storage battery 41.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a technique for monitoring the state of a storage battery, and particularly relates
to a technique effectively applied to a battery-state monitoring system in which a state of a storage battery constantly
connected to an equipment for use in backup power, output variation and others is monitored and estimated by applying
electric power thereto.

BACKGROUND ART

[0002] In an important apparatus, system or the like required to be constantly in operation, a USP (Uninterruptible
Power Supply) is used in some cases in order to continue the power supply to a load even when power supply from a
commercial power source is interrupted due to blackout or instantaneous power interruption (or power from a commercial
power source is not or cannot be used and these cases are hereinafter collectively referred to as "emergency situation,
etc."). The UPS has a storage battery which stores power to be supplied to the load in an emergency situation, etc., and
one UPS may have a plurality of storage batteries.
[0003] The storage battery used in the UPS is kept charged and does not operate (discharge) in a normal situation,
but operates and supplies power to the load in an emergency situation, etc. It is known that the storage battery degrades
over time even in a non-operation state and its degradation is accelerated generally when an ambient temperature is
high. Therefore, in the equipment having a storage battery such as the UPS, in order to prevent the occurrence of the
case in which the equipment does not operate normally due to the dead battery or the failure of the storage battery, the
state of the storage battery is monitored and the remaining battery life is predicted in consideration of the degradation
due to the ambient temperature and the service years, and the storage battery is replaced with a new storage battery
before the battery reaches the predicted end of the battery life of course when the battery is in a faulty state and even
when the storage battery is still in a normal state.
[0004] However, in the simple prediction of the remaining life based on the relation between the temperature and a
degree of the degradation, since the precision of the prediction of the remaining life is not so high, the storage battery
is replaced considerably earlier than the actual end of battery life when taking the safety margin into consideration, and
the battery is not used up effectively until the actual end in some cases, so that the use is not efficient from the viewpoint
of both of economical use and effective use.
[0005] As a technique for solving such a problem, for example, Japanese Patent Application Laid-Open Publication
No. 2005-26153 (Patent Document 1) discloses a storage battery monitoring system which detects the temperature T
of an assembled battery composed of a plurality of storage batteries, measures the voltage E and the internal resistance
R of each storage battery, and determines the service life of each storage battery based on the results of the detection
and measurement, so that the end of service life of the storage battery can be accurately determined at high precision
while considering other elements in addition to the relation between the temperature and the service life.
[0006] Also, the Non-Patent Document 1 describes a battery diagnostic apparatus in which, in order to monitor the
state of a lead storage battery used in UPS, the cell voltage, the internal impedance, and the temperature are consecutively
measured, and in the measurement of the internal impedance, the internal impedance is measured by using a frequency
different from a frequency component of a ripple current generated from the UPS, thereby suppressing the influence of
normal mode noises generated from the UPS and stably obtaining the measurement values of the internal impedance.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0007] Patent Document 1: Japanese Patent Application Laid-Open Publication No. 2005-26153

NON-PATENT DOCUMENTS

[0008] Non-Patent Document 1: Kiyoshi Takahashi, Shigeru Nagashima, "Development of Noise Solution type Battery
Condition Watcher (BCW) " FB Technical News No. 63 (2007/11), THE FURUKAWA BATTERY CO. , LTD, November
2007, pp. 32 to 37
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SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] When the state and service life of the storage battery are estimated, a more accurate estimation is possible by
using various parameters in addition to the temperature. Here, when the internal resistance of the storage battery is
measured like the case of the above-mentioned conventional technique, a portable measuring device may be used as
a simple measuring method. However, the portable measuring device is susceptible to the influence of noises generated
from the UPS, and therefore has a problem in its measurement precision. Besides, manual measurement is not efficient
in a system having a number of storage batteries such as the UPS, and it is therefore difficult to actually use the portable
measuring device for such a measurement.
[0010] Hence, as in the cases of Patent Document 1 and Non-Patent Document 1, the apparatus or system that
monitors the state of storage batteries is used. In the apparatus and system of Patent Document 1 and Non-Patent
Document 1, the internal resistance is measured in addition to the temperature and voltage, but for more accurate
estimation of the service life, increase in the number of measurement parameters such as data of charging and discharging
in an emergency situation, etc., is required.
[0011] For example, a more accurate estimation of the service life in correspondence to various degradation modes
of the storage battery is possible when a plurality of frequencies are used for the measurement of the internal resistance
instead of using a single frequency like the case of the above-mentioned conventional technique. Herein, although there
is a device capable of measuring the internal resistance by using a plurality of frequencies while varying the measurement
frequency for respective storage batteries, the application of this device to the measurement of a number of storage
batteries included in the UPS is difficult in practice like the case of the portable measuring device. For simultaneously
monitoring the states of a number of storage batteries, at least processing related to parameter measurement and data
recording must be automated.
[0012] Therefore, an object of the present invention is to provide a battery-state monitoring system capable of efficiently
estimating the state and service life of each storage battery at high precision by automatically measuring or acquiring
various parameters of a plurality of storage batteries constantly connected to an equipment.
[0013] The above and other objects and novel characteristics of the present invention will be apparent from the
description of the present specification and the accompanying drawings.

MEANS FOR SOLVING THE PROBLEMS

[0014] The following is a brief description of an outline of the typical invention disclosed in the present application.
[0015] A battery-state monitoring system according to a typical embodiment of the present invention is a battery-state
monitoring system which monitors a state of each of a plurality of storage batteries connected in series and constituting
an assembled battery incorporated in an equipment, and the system includes: current detecting device which detects a
current in each of the storage batteries; and state measuring device which measures a temperature, a voltage, and
internal resistance of each of the storage batteries, the internal resistance being measured by using at least two or more
kinds of frequencies, and degradation of each of the storage batteries is estimated based on at least one or more values
of the temperature, the voltage, and the internal resistance measured by the state measuring device and a DC resistance
of each of the storage batteries obtained from a ratio between a change in a current value detected by the current
detecting device and a change in a voltage value measured by the state measuring device during discharging of each
of the storage batteries.

EFFECTS OF THE INVENTION

[0016] The effects obtained by typical embodiments of the invention disclosed in the present application will be briefly
described below.
[0017] According to a typical embodiment of the present invention, it is possible to estimate the state and service life
of each storage battery at high precision by automatically measuring or acquiring various parameters of a plurality of
storage batteries constantly connected to an equipment. Furthermore, it is possible to efficiently estimate the state and
service life of a number of storage batteries.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0018]

FIG. 1 is a schematic diagram of a configuration example of a battery-state monitoring system according to one
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embodiment of the present invention;
FIG. 2 is a schematic diagram of a configuration example of a prime monitoring device according to the one em-
bodiment of the present invention;
FIG. 3 is a schematic diagram of a configuration example of a state measuring device (end device) according to the
one embodiment of the present invention;
FIG. 4 is a flowchart schematically showing an example of a process flow in a measurement control unit of the state
measuring device (end device) according to the one embodiment of the present invention;
FIG. 5 is a schematic diagram of an example of a voltage change at the time of charging and discharging of a storage
battery according to the one embodiment of the present invention; and
FIG. 6 is a flowchart schematically showing an example of a flow of an instruction execution process according to
the one embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0019] Hereinafter, embodiments of the present invention will be described in detail with reference to the accompanying
drawings. Note that components having the same function are denoted by the same reference symbols throughout the
drawings for describing the embodiments, and the repetitive description thereof will be omitted in principle.

<Summary>

[0020] In a battery-state monitoring system according to one embodiment of the present invention, various parameters
of a plurality of storage batteries constantly connected to an equipment and constituting an assembled battery which is
included in a UPS or the like are automatically measured or acquired by supplying electric power to the storage batteries,
thereby estimating the state and service life of each storage battery.
[0021] Each storage battery is provided with a measuring device which measures various parameters to acquire and
save measurement data, and the data measured by the measuring device is transmitted to a monitoring device in
response to a request. The monitoring device comprehensively carries out the process of estimating the state and service
life of the storage battery based on the measurement data collected from each measuring device, and the monitoring
device has an interface through which, when there is a storage battery which needs to be replaced, the user is informed
of the need of replacement of the storage battery together with related information and others.
[0022] In this embodiment, in consideration of the reduction in communication loads due to that the monitoring device
has communication sessions with many measuring devices and the easiness and flexibility of the installation of measuring
devices resulting from utilizing radio communication, a hierarchical configuration is adopted, in which a relay device for
distributing communication loads and/or converting a communication protocol is provided between the monitoring device
and the measuring device.
[0023] In the battery-state monitoring system of this embodiment, when making a determination on the degradation
of the storage battery, the degradation is determined from various aspects based on a plurality of parameters such as
the voltage, internal resistance (which is mainly AC impedance and includes the battery reactance at the time of meas-
urement, but will hereinafter be collectively referred to as "internal resistance") and DC resistance during charging and
discharging in addition to the determination based on the temperature of the storage battery. For example, with regard
to the temperature and voltage, as the management of the abnormal values including those caused by an unexpected
fault and others, the system determines that the storage battery is in an abnormal state when the value of temperature
or voltage of the storage battery acquired at a fixed interval (e.g., 5 minutes) exceeds a given threshold. Specifically, for
example, when the temperature of the storage battery exceeds the room temperature by +10°C, the system determines
that the storage battery is in a slight abnormal state, and when the temperature of the storage battery exceeds the room
temperature by +20°C, the system determines that the storage battery is in a state where immediate replacement is
needed. Also, the end of the service life may be determined based on a table or equation indicating the correlation
between the temperature and the service life.
[0024] Also, as a tendency management in a normal situation, the internal resistance is measured at regular cycles
such as once a day or at the time of reception of a user instruction, and the degradation of the storage battery is estimated
based on the change rate from an initial value of internal resistance (e.g., an internal resistance value measured for the
first time at the installation of the storage battery). For example, when the internal resistance value of the storage battery
increases from its initial value by 20% or more, the system determines that the storage battery is in a slightly degraded
state, when the internal resistance value increases from its initial value by 50% or more, the system determines that the
storage battery needs to be replaced in an early opportunity (e.g. , within a year), and when the internal resistance value
increases from its initial value by 100% or more, the system determines that the storage battery must be replaced
immediately. Since the absolute values of internal resistance vary depending on the type of storage batteries, determi-
nation based on relative values is carried as described above.
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[0025] In this embodiment, in order to estimate the service life more accurately in correspondence to various degra-
dation modes of the storage battery, the internal resistance is measured by using a plurality of frequencies, and the
above-mentioned determination based on a relative value to the initial value is carried out for each internal resistance
measured at each frequency. A conventional measuring device of an internal resistance usually uses a frequency of
about 1 kHz, and it is known that the gradual degradation of the storage battery can be determined to some extent based
on the internal resistance measured at this frequency. Also, since this frequency has been used widely and lots of
reference data involving the frequency have been accumulated, the frequency of about 1 kHz (e.g., 350 Hz or higher to
lower than 2000 Hz) is used as one of the frequencies in this embodiment.
[0026] Meanwhile, the frequency of about 1 kHz is too high as a frequency for obtaining information about a power-
generating element such as an electrode reaction, and just the information merely capable of determining whether the
storage battery is dead or alive can be obtained. Therefore, for obtaining more detailed information, it is preferable to
measure the internal resistance at a frequency of direct current or a lower frequency close to a direct current. In this
embodiment, a DC resistance component is acquired by automatically detecting the timing at which the UPS is operated
and the storage battery starts charging and discharging and calculating a ratio of respective changes (slope) of a current
value and a voltage value during discharging based on a voltage value and a current value (larger than those at the
measurement of internal resistance at AC) sequentially measured during the charging or discharging of the storage
battery by the measuring devices installed for respective storage batteries. By comparing that with the initial value in
the same manner as described above, the degradation of the storage battery can be determined more accurately.
[0027] However, since equipment such as the UPS usually stands by or is not in operation in a normal situation, there
is only a limited timing for measuring the DC resistance in the above-mentioned manner. For this reason, in this embod-
iment, the internal resistance at low frequency is also measured in the normal situation (in which the storage battery is
not charging or discharging). For example, a frequency of lower than 100 Hz is used because the frequency brings no
actual problem to the configuration of the system and does not interfere with the commercial power source (is not integer
multiple of 50 Hz or 60 Hz). For the further improvement of the precision of the degradation determination, it is preferable
to measure the internal resistance by using additional different frequencies.
[0028] Therefore, in this embodiment, frequencies for measuring the internal resistance include at least the high
frequency of about 1 kHz (e.g., 350 Hz or higher to lower than 2000 Hz) and the low frequency of less than 100 Hz
(which does not interfere with the commercial power source) and further include a middle frequency (e.g., 100 Hz or
higher to lower than 350 Hz) different from those frequencies, and the internal resistance is measured by using these
three kinds of frequencies as described later.
[0029] For more general description, for example, by measuring the internal resistance by using a plurality of frequen-
cies obtained by selecting at least one or more frequencies from the low-frequency range of lower than 200 Hz and the
high-frequency range of 200 Hz or higher to lower than 2000 Hz, the precision of degradation determination can be
improved. The precision of degradation determination can be further improved by measuring the internal resistance by
adding other frequencies selected from the above-mentioned frequency ranges.
[0030] In this manner, by determining the degradation from various aspects based on one or more parameters of a
plurality of parameters including the temperature, voltage, internal resistance, DC resistance during charging and dis-
charging and others, the state and service life of the storage battery can be estimated at high precision.

<System Configuration>

[0031] FIG. 1 is a schematic diagram of a configuration example of a battery-state monitoring system according to
one embodiment of the present invention. In a battery-state monitoring system 1, various parameters of a plurality of
storage batteries 41 connected in series and constituting an assembled battery which is incorporated in an equipment
such as a power supply device 40 are automatically measured or acquired, thereby estimating the state and service life
of each storage battery 41. The battery-state monitoring system 1 includes state measuring devices 30 each of which
is fixedly installed to each storage battery 41 of one or more power supply devices 40 and measures various parameters
of the storage battery 41 and a prime monitoring device 10 which collects measurement data from the state measuring
devices 30 and comprehensively carries out a process of estimating the state and service life of the storage battery 41.
The battery-state monitoring system 1 further includes data relay devices 20 which are disposed between the prime
monitoring device 10 and the state measuring devices 30 and relay the measurement data transmitted from the state
measuring devices 30 to the prime monitoring device 10.
[0032] More specifically, in this embodiment, the storage-battery monitoring system 1 has a three-layer hierarchical
configuration in which M data relay devices 20 (which may be hereinafter referred to as "station device") are connected
to one prime monitoring device 10 so as to enable communication therebetween and N state measuring devices 30
(which may be hereinafter referred to as "end device") are connected to each data relay device 20 so as to enable
communication therebetween. The prime monitoring device 10 and the station devices 20 are connected by a wired
communication via a network 60 such as LAN (Local Area Network), and the station devices 20 and the end devices 30
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are connected by a radio communication. Standards, protocols, and others for the wired and radio communications are
not particularly limited and known techniques can be used properly.
[0033] In this manner, in an equipment such as the power supply device 40 having a number of storage batteries 41,
since the end devices 30 can be installed for the storage batteries 41 without providing external wirings and others, the
easiness and flexibility of device installation can be improved and the devices can be installed more efficiently, so that
risks of trouble caused by erroneous wire connection, time-dependent degradation of wirings and others can be reduced.
[0034] In this embodiment, each station device 20 has at least a function of converting a communication protocol
between the radio communication with the end devices 30 and the wired communication with the prime monitoring device
10, but the station device 20 does not need to have other functions. The station device 20 may carry out the radio
communication with each end device 30 simultaneously or sequentially. Further, depending on the scale of the battery-
state monitoring system 1 (e.g., the number of storage batteries 41 to be monitored), the battery-state monitoring system
1 may have a two-layer configuration in which no station device 20 is present and the end devices 30 communicate
directly with the prime monitoring device 10, and the communication between the end devices 30 and the station devices
20 (or the prime monitoring device 10) is not limited to radio communication and may be replaced with wired communi-
cation.
[0035] To each power supply device 40, a power supply control device (power conditioning system (PCS), uninter-
ruptible power supply (UPS) or DC power supply) 50 which controls power supply to a load such as the apparatus or
system utilizing the power supply device 40 is connected. The power supply control device 50 controls the power supply
from the power supply device 40 to the load and has a function as a current detector capable of detecting a current value
flowing through the storage batteries 41 connected in series in the power supply device 40, and thus can acquire the
information about the presence/absence of charging and discharging of the power supply device 40 (storage battery
41). The power supply control device 50 is connected to, for example, the network 60, and the prime monitoring device
10 can acquire the information about the current value and the presence/absence of charging and discharging of the
storage battery 41 of the power supply device 40 from the power supply control device 50 via the network 60.
[0036] In the configuration of this embodiment, the power supply control device 50 detects the current value of each
storage battery 41 and the prime monitoring device 10 can acquire the information from the power supply control device
50. However, the configuration is not limited thereto, and it is also possible to adopt the configuration in which the end
device 30 described later measures the current value of each storage battery 41 in the same manner as the measurement
of other parameters such as temperature and voltage and transmits the information thereof to the prime monitoring
device 10.
[0037] FIG. 2 is a schematic diagram of a configuration example of the prime monitoring device 10. The prime monitoring
device 10 collects information of various parameters measured with respect to each storage battery 41 from each end
device 30 through the station device 20 and estimates the state and service life of each storage battery 41 based on
the collected information, thereby monitoring the presence/absence of an abnormal state and the arrival of the end of
its service life.
[0038] The prime monitoring device 10 is constituted of, for example, an information processing device such as a PC
(Personal Computer), server or the like and includes an interface unit 11, a monitor controlling unit 12, and a degradation
determining unit 13, which are incorporated as software programs running on middleware such as OS (Operating System)
and DBMS (Database Management System) (not shown). Also, the prime monitoring device 10 further includes a
measurement history 14 serving as a database that stores measurement data collected from the end device 30 and
setting information 15 made up of files, registries and others saving various settings related to the operation of the
battery-state monitoring system 1.
[0039] The interface unit 11 has a function of user interface for providing a screen with which the user inputs various
instructions and a screen by which the monitoring result of the state of the storage battery 41 is displayed for the user.
It is also possible to adopt the configuration in which the screen is displayed by having an access from a Web browser
on the client terminal of a user by a Web server program (not shown). The various instructions input by the user include,
for example, an instruction to specify operation conditions for the prime monitoring device 10 and the end device 30 that
are set as the setting information 15 and an instruction to measure and collect data to the end device 30 based on a
request from the user.
[0040] The monitor controlling unit 12 sends a request for specifying conditions for measurement of various parameters
and executing the measurement to the end device 30 (through the station device 20) in accordance with the setting
contents registered in the setting information 15 or an instruction from the user through the interface unit 11. Also, the
monitor controlling unit 12 has a function of collecting measurement data by requesting the end device 30 to transmit
the measurement data of various parameters and accumulating the measurement data of each storage battery 41 by
recording the data in the measurement history 14.
[0041] When there are a number of storage batteries 41 to be monitored, for example, if a data measurement instruction
is sent simultaneously to the end devices 30, the end devices 30 carry out the measurement for the storage batteries
41 simultaneously. Since the end device 30 applies an electric power to the storage battery 41, though it is minute, at
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the time of the measurement of parameters, the voltage drop occurs, and it may therefore exert an adverse effect on
the power supply device 40 if a number of end devices 30 simultaneously carry out the measurement. Also, when a
transmission request of measurement data is sent simultaneously to the end devices 30, the end devices 30 transmit
the measurement data simultaneously to the prime monitoring device 10 through the station devices 20, with the result
that a large communication load may be applied on the station device 20 and the prime monitoring device 10.
[0042] Therefore, in this embodiment, when instructions to measure various parameters (in particular, measurement
of the internal resistance), transmit the measurement data and others are sent to the end devices 30, the end devices
30 are divided into groups each consisting of a proper number of end devices 30 (e.g., 30% of the entire end devices
30), and the instruction is sent automatically or manually to each group of the end devices 30 with sufficient time
differences so that timings of processing by the end devices 30 belonging to respective groups do not overlap each other.
[0043] The degradation determining unit 13 estimates the state and service life of the storage battery 41 by determining
the degradation of the storage battery 41 from various aspects by the above-mentioned method in accordance with the
setting contents registered in the setting information 15 or an instruction from the user through the interface unit 11
based on the measurement values of various parameters such as the temperature, voltage, internal resistance and
others collected from the end devices 30 and recorded in the measurement history 14 and the current values and others
at the time of charging and discharging in the power supply device 40 acquired from the power supply control device 50.
[0044] In this embodiment, as described above, the degradation of the storage battery 41 is estimated at mainly three
timings. Firstly, the abnormality including an unexpected failure and the service life of the storage battery 41 are estimated
based on acquired data of the temperature and voltage measured consecutively at fixed time intervals (5 minutes in this
embodiment). Secondly, the degradation tendency of the storage battery 41 in a plurality of degradation modes is
estimated based on the measurement values of internal resistance measured by using a plurality of frequencies at
regular cycles (once a day in this embodiment) or arbitrary timing in accordance with an instruction from the user. Thirdly,
the degradation tendency of the storage battery 41 is estimated at higher precision at the timing of discharging or charging
of the storage battery 41 based on DC resistance calculated from measurement data of the voltage at the discharging
or charging and a DC current value at the discharging or charging acquired from the power supply control device 50.
[0045] The initial values of the internal resistance and DC resistance may be acquired from the first measurement
data of the storage battery 41 to be measured in the measurement history 14 or may be separately recorded for each
storage battery 41.
[0046] When it is determined as a result of the estimation of the state and degradation of the storage battery 41 that
the end of service life of the storage battery 41 has arrived or the storage battery 41 must be replaced because the end
of its service life is near, for example, the determination is imparted together with information of measurement data,
estimation result, and others to the user through the interface unit 11.
[0047] In the setting information 15, as setting contents related to the operation of the battery-state monitoring system
1, for example, an interval of measurement of the temperature and voltage by the end device 30 (e.g., 10 to 200 msec.
and 100 msec. in this embodiment), an interval of collection of measurement data of temperature and voltage measure-
ment data by the prime monitoring device 10 (e.g., 5 minutes), and a cycle of measurement of the internal resistance
(e.g., once a day) may be set or changed by the user, administrator and others. In addition, as described later, a threshold
of voltage drop and the number of consecutive cycles based on which the end device 30 detects discharging of the
power supply device 40 (storage battery 41), information of a time range during which voltage measurement data is
locked when discharging is detected, and the operation mode of the end device 30 (normal mode, power-saving mode)
and the like may also be set as setting information.
[0048] By saving the settings related to the operation of the end device 30 in the setting information 15 of the prime
monitoring device 10 so as to make it possible to specify the settings to the end device 30 from the monitor controlling
unit 12, separate works to a number of end devices 30 become unnecessary, and operation conditions of the end devices
30 can be specified and changed efficiently by an instruction from the prime monitoring device 10.
[0049] FIG. 3 is a schematic diagram of a configuration example of the state measuring device (end device) 30. One
end device 30 is fixedly installed to a lid or the like of one storage battery 41, measures and records various parameters
of the storage battery 41, and transmits measurement data to the prime monitoring device 10 through the station device
20 in response to an instruction from the prime monitoring device 10 through the station device 20. Since the end device
30 is fixedly installed to the storage battery 41, wiring connection with the terminals, sensors and others for measuring
various parameters can be stabilized, and the variations in measurement data can be reduced. Usually, one end device
30 is installed to one storage battery 41, but depending on the cost and the voltage of the storage battery 41, some
storage batteries 41 connected in series may be collectively monitored by one end device.
[0050] The end device 30 includes a measurement control unit 31, a temperature measuring unit 32, a voltage meas-
uring unit 33, an internal resistance measuring unit 34, and a sine wave generating unit 35, which are incorporated as
software programs executed by a CPU (Central Processing Unit), circuits, and others. Also, the end device 30 further
includes a communication unit 36 which carries out radio communication with the station device 20 and an internal
memory 37 which is a memory device composed of a nonvolatile semiconductor memory or the like. Furthermore, a
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temperature sensor 39 extended from the temperature measuring unit 32 is disposed on the storage battery 41, and
terminals extended from the voltage measuring unit 33, internal resistance measuring unit 34, and sine wave generating
unit 35 are connected to the positive and negative terminals of the storage battery 41, respectively. Note that the power
to operate the end device 30 is supplied from the storage battery 41. Therefore, it is preferable that the end device 30
has a power-saving mode or the like in which the end device 30 sleeps so as not to consume power unnecessarily
except a time when power is required for operating each unit.
[0051] The measurement control unit 31 has a function of controlling entire processing in the end device 30 such as
the measurement of various parameters in the end device 30 and recording and transmission of measurement data.
Each measuring unit constantly monitors the storage battery 41 (e.g., at the measurement interval of 100 msec. and the
measurement cycle of once a day) and sequentially records the measurement data in a given area of the internal memory
37. At this time, old measurement data is overwritten to use the area cyclically. Also, the communication unit 36 carries
out radio communication with the station device 20, and measurement data is transmitted to the prime monitoring device
10 through the station device 20 based on an instruction from the prime monitoring device 10 sent through the station
device 20. Measurement data recorded in the internal memory 37 can be taken out by copying or transferring it to an
external memory 38 composed of a semiconductor memory or the like attached to the end device 30. Also, the external
memory 38 may be used as a memory area equivalent to the internal memory 37.
[0052] The temperature measuring unit 32 measures the temperature of the storage battery 41 by using the temperature
sensor 39 and outputs the measurement data to the measurement control unit 31 in accordance with an instruction from
the measurement control unit 31 (e.g., at every 100 msec.). Similarly, the voltage measuring unit 33 measures a voltage
between the terminals of the storage battery 41 and outputs the measurement data to the measurement control unit 31
in accordance with an instruction from the measurement control unit 31 (e.g., at every 100 msec.). At this time, as
described later, when a drop (or rise) in the voltage value continues for a given period or longer, the measurement control
unit 31 determines that the storage battery 41 is discharging (or is being charged), and locks (protects) the voltage
measurement data obtained in a given period before and after the start of discharging (or charging) so that the data is
not overwritten with other data and lost in the internal memory 37.
[0053] The internal resistance measuring unit 34 measures internal resistance between the terminals of the storage
battery 41 and outputs the measurement data to the measurement control unit 31 in response to an instruction from the
measurement control unit 31 (e.g., once a day). In this measurement, the sine wave generating unit 35 generates sine
waves of a plurality of frequencies as described above and current (e.g., 3 A or less) at respective frequencies is applied
to the storage battery 41. Based on the measurement data of the current value at that time and the voltage value between
the terminals, the internal resistance at respective frequencies is calculated.
[0054] As described above, for example, the precision of the degradation determination can be improved by measuring
the internal resistance by using a plurality of frequencies obtained by selecting one or more frequencies from the low-
frequency range of lower than 200 Hz and the high-frequency range of 200 Hz or higher to lower than 2000 Hz, respectively.
By measuring the internal resistance by adding other frequencies in the above-mentioned frequency ranges, the precision
can be further improved. In this embodiment, for example, three kinds of frequencies selected from the high-frequency
range of about 1 kHz (e.g. , 350 Hz or higher to lower than 2000 Hz) and the low-frequency range of lower than 100 Hz
(which does not interfere with the commercial power source) and further the middle-frequency range (e.g., 100 Hz or
higher to lower than 350 Hz) different from those frequency ranges are used to measure the internal resistance.
[0055] In order to confirm the effects obtained by the measurement using a plurality of frequencies, an example of
experimental results is shown in a table below. In this example, the internal resistance of storage batteries is actually
measured and the service life thereof is evaluated (battery capacity is estimated) for the respective cases in which the
conventional measuring device of internal resistance (which measures the resistance by using a single frequency) is
used and in which the state measuring device 30 of this embodiment (in which the internal resistance measuring unit
34 measures the resistance by using a plurality of frequencies) is used.
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actual battery capacity and the estimated battery capacity and the time required for the measurement obtained by
measuring the internal resistance of the storage batteries having different degradation states and estimating the battery
capacities thereof by using the conventional products 1 to 3 and the developed products 1 and 2.
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[0057] Here, the conventional products 1 to 3 are the measuring devices each of which measures the internal resistance
by using a single frequency according to the conventional technique, and the measurement frequencies of these meas-
uring devices belong to the respectively different ranges (high-frequency range (350 Hz or higher to lower than 2000
Hz), middle-frequency range (100 Hz or higher to lower than 350 Hz) and low-frequency range (lower than 100 Hz)).
Meanwhile, the developed products 1 and 2 are the state measuring devices 30 of this embodiment, and they measure
the internal resistance by using measurement frequencies which belong to a plurality of frequency ranges (high-frequency
range (200 Hz or higher to lower than 2000 Hz) and low-frequency range (lower than 200 Hz) for the developed product
1 and high-frequency range (350 Hz or higher to lower than 2000 Hz), middle-frequency range (100 Hz or higher to
lower than 350 Hz) and low-frequency range (lower than 100 Hz) for the developed product 2).
[0058] Six types of storage batteries (batteries A to F) have been fabricated as storage batteries to be used in the
experiments. These batteries are:

battery A that is a new battery conforming to storage battery standards UP300-12 (12 V/100 Ah/5 HR);
battery B fabricated by reducing the electrolytic solution of a battery equivalent to the battery A by 10%;
battery C fabricated by subjecting a battery equivalent to the battery A to a trickle charge life test conducted at 25°C
which gives the battery an effect of 5-year time-dependent degradation;
battery D fabricated by subjecting a battery equivalent to the battery A to a trickle charge life test conducted at 25°C
which gives the battery an effect of 15-year time-dependent degradation;
battery E fabricated by refilling a battery equivalent to the battery C with a decreased amount of the electrolytic
solution; and
battery F fabricated by refilling a battery equivalent to the battery D with a decreased amount of the electrolytic solution.

[0059] In the table, as the conditions of each of the above-mentioned batteries, based on the 5HR capacity and 1CA
capacity, the actual capacities and the estimated capacity values obtained based on the measurement values of the
internal resistance by the conventional products 1 to 3 and the developed products 1 and 2 are indicated by the relative
ratios (%) to the full-charged capacity.
[0060] A storage battery in its fully charged state is prepared in accordance with JIS8704-02, and an actual measure-
ment value of the discharge capacity (actual capacity) of each battery is based on the storage battery. The storage
battery in its fully charged state means the storage battery charged with a limiting current of 13.38 V/10 A for 48 hours
or longer. For the actual measurement value (actual capacity) of the 5HR capacity, a storage battery after being charged
is left in its open-circuit state in an atmosphere of 2562°C for 24 hours and the battery is then discharged with a discharge
current value of 20 A under a temperature of 2562°C, and the discharge capacity is obtained from a discharge duration
time required to reach its final voltage of 10.5 V. Also, for the actual measurement value (actual capacity) of the 1CA
capacity, like the case of the 5HR capacity mentioned above, a storage battery after being fully charged is left in an
atmosphere of 2562°C for 24 hours and the battery is then discharged with a discharge current value of 100 A, and the
discharge capacity is obtained from a discharge duration time required to reach its final voltage of 9.6 V. The relative
ratios of the obtained actual measurement values of the discharge capacity of each storage battery to the discharge
capacity of a new battery are calculated.
[0061] In the estimation of the capacity based on the measurement value of an internal resistance, an experimental
formula regarding the relation between the internal resistance and the discharge capacity (or discharge duration time)
which is established as conventional knowledge based on accumulated experimental results is used. Specifically, since
the relation between the measurement value of internal resistance and the discharge capacity is expressed by a linear
function, for example, the discharge capacity obtained by each of the conventional products 1 to 3 (which measures the
internal resistance by using a single frequency) is expressed by the following equation based on the measurement value
of internal resistance and the initial value of internal resistance. 

[0062] Therefore, the relative ratio to the discharge capacity of a new battery (initial value of discharge capacity) is
calculated by the following equation. 
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[0063] In the case of measuring the internal resistance by using a plurality of frequencies like the developed products
1 and 2, for example, a weighted mean value obtained by giving a predetermined weight to two or three measured
internal resistance values is applied to the above-mentioned equations. For example, in the case of the measurement
in the low-rate discharge, a weight heavier than that for an internal resistance measured by using a frequency in the
middle-frequency range is set for an internal resistance value measured by using a frequency in the high-frequency
range. Also, in the case of the measurement in the high-rate discharge, a weight heavier than that for an internal resistance
measured by using a frequency in the high-frequency range is set for an internal resistance value measured by using
a frequency in the middle-frequency range, and a weight heavier than that for an internal resistance value measured by
using a frequency in the middle-frequency range is set for an internal resistance value measured by using a frequency
in the low-frequency range.
[0064] In the table 1, for each of the conventional products 1 to 3 and the developed products 1 and 2, an error between
an estimated capacity value (relative ratio) obtained based on a measurement value of internal resistance and an actual
capacity (relative ratio) is determined for the 5HR capacity and 1CA capacity of each storage battery. In addition,
evaluation scores are calculated based on the total of errors and times spent for the measurement of the internal
resistance, and evaluation results based on the scores are indicated.
[0065] According to the evaluation results, it can be understood that the developed products 1 and 2 can estimate the
battery capacity in a shorter time and at higher precision than the conventional products 1 to 3 (which measure the
internal resistance by using a single frequency). It is also understood that the developed product 2 (which measures the
internal resistance by using three kinds of frequencies) can estimate the battery capacity in a shorter time and at higher
precision than the developed product 1 (which measures the internal resistance by using two kinds of frequencies).

<Process Flow in State Measuring Device (End Device)>

[0066] FIG. 4 is a flowchart schematically showing an example of a process flow in the measurement control unit 31
of the state measuring device (end device) 30. When the end device 30 is activated to start the measurement process
of various parameters of the storage battery 41, it is first determined whether an instruction has been received from the
prime monitoring device 10 through the station device 20 (S01). When the instruction has been received, a process
specified by the instruction from the prime monitoring device 10 is executed (S02). The instruction execution process
at step S02 will be described later.
[0067] When no instruction has been received from the prime monitoring device 10 at step S01, it is next determined
whether a given interval has passed from the previous measurement cycle (S03). This given interval is the interval at
which the end device 30 regularly measures the parameters of the storage battery 41, and is set to, for example, 100
msec. in this embodiment. The value of the interval may be, for example, the value specified by the prime monitoring
device 10 through the station device 20, or a value set as a default value in advance to the end device 30 and saved in
the internal memory 37 or the like may be referred to at the activation of the end device 30 or other specific timing.
[0068] When 100 msec. has not passed at step S03, the flow returns to step S01 and the process is repeated. Instead
of step S01, the flow may return to step S03 to wait until 100 msec. passes. When 100 msec. has passed at step S03,
the temperature of the storage battery 41 is measured by the temperature measuring unit 32 (S04) and a voltage between
the terminals of the storage battery 41 is measured by the voltage measuring unit 33 (S05). At this time, if there is a
resistance measuring instruction from the prime monitoring device 10, a voltage is measured by applying a current with
a given frequency generated by the sine wave generating unit 35 (e.g., 3 A or less) to the storage battery 41.
[0069] When the temperature measuring unit 32 and the voltage measuring unit 33 have measured the temperature
and the voltage and the measurement control unit 31 has acquired the measurement data, it is determined whether the
current mode is a data lock mode in which the recording is carried out in the state where the measurement data is locked
so that it is not overwritten (S06). When the current mode is not the data lock mode but is a normal mode, the measurement
data of the temperature and voltage is recorded together with a time stamp in the internal memory 37 (S07). When there
is the data locked in the internal memory 37, the measurement data is recorded so as not to delete the locked data by
overwriting it.
[0070] In the following step, the process to determine whether the storage battery 41 has started discharging or
charging by analyzing the measured voltage data is carried out. The storage battery 41 incorporated in the power supply
device 40 is controlled so as to maintain a constant voltage in a normal situation. Meanwhile, when the power supply
device 40 is activated to start supplying power to a load, that is, the storage battery 41 starts discharging, the voltage
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of the storage battery 41 drops sharply and then gradually decreases as the discharging goes on (the voltage changes
inversely when the power supply device 40 stops supplying power to the load and charging to the storage battery 41 is
started).
[0071] FIG. 5 is a schematic diagram of an example of a voltage change at the time of charging and discharging of
the storage battery 41. FIG. 5 shows a case of discharging and charging of a unit cell of the storage battery 41, in which
a voltage per unit cell in the normal situation (e.g., 2.23 V) drops sharply to 2.1 V or lower and then gradually decreases
with an almost constant slope. Therefore, in this embodiment, for example, when the state where the voltage has dropped
from its normal voltage by 100 mV or more per one cell is continued for consecutive 3 measurement cycles (300 msec.),
it is determined that discharging is started.
[0072] As described above, since a large DC current flows through the storage battery 41 during the discharging, more
detailed information of the state of the storage battery 41 can be obtained based on the parameter measurement data
at this time. Therefore, as shown in FIG. 5, as the data during the discharging, the measurement data of voltage (which
may include temperature data) in a predetermined time range before and after a point of time when the discharging is
detected (time range enough to calculate a change rate (slope) during a gradual decrease of the voltage) is recorded
in the internal memory 37 in a locked state so that the recorded data is not lost by being overwritten or deleted by other
measurement data (the data during the charging may also be locked in the same manner).
[0073] In this embodiment, for example, data in a time range from 1 second before to 10 minutes after a point of time
when the discharging is detected is locked. Although this time range can be determined properly in accordance with the
capacity of the internal memory 37, a communication load for the data transmission, use conditions of the power supply
device 40 and others, it is preferable to save and lock the data in a time range of 1 minute or more after the point of time
when the discharging or charging is detected.
[0074] For carrying out the above-mentioned process, in the process flow of FIG. 4, it is first determined whether the
measurement value of voltage data has dropped (or risen) from that in the normal situation by a given threshold (e.g.,
100 mV per cell in this embodiment) or more (S08). In order to detect a sharp voltage drop, it may also be determined
whether the measurement value has dropped from the previously measured value by the given threshold or more.
[0075] When the voltage has not dropped by the given threshold or more at step S08, the flow returns to step S01
and repeats the measurement process. When the voltage has dropped by the given threshold or more at step S08, it is
next determined whether the voltage drop has continued for a given time (S09). In this embodiment, it is determined
whether the voltage drop has continued for 3 measurement cycles (300 msec.). When the voltage drop does not continue
for 3 measurement cycles, the flow returns to step S01 and repeats the measurement process. Meanwhile, when the
voltage drop has continued for 3 measurement cycles, the mode is shifted to the data lock mode in which the measurement
data is locked (S10). At this time, for example, voltage data (which may include temperature data) recorded in the internal
memory 37 within past 1 second is locked by setting a flag indicating that overwriting or deletion of the data is forbidden.
Subsequently, the flow returns to step S01 and repeats the measurement process.
[0076] Meanwhile, when the current mode at step S06 is the data lock mode, the measurement data of temperature
and voltage is recorded together with a time stamp in the internal memory 37 after setting the flag indicating that the
measurement data is locked (S11). Although the internal memory 37 preferably has a capacity sufficient to save the
locked data (measurement data in a time range of about 10 minutes in this embodiment), for example when the capacity
of the internal memory 37 is insufficient and the internal memory 37 is saturated with locked data and has no extra area
to record new data therein, an error message or warning may be sent to the prime monitoring device 10 through the
station device 20.
[0077] Thereafter, it is determined whether a given time (10 minutes in this embodiment) has passed from a point of
time when a continuous voltage drop (detection of discharging of the storage battery 41) has been detected for consecutive
3 cycles at step S09 (S12). When 10 minutes has not passed, the flow returns to step S01 and repeats the measurement
process. Meanwhile, when 10 minutes has passed, the data lock mode is shifted to the normal mode (S13) and the flow
returns to step S01 to repeat the measurement process. More specifically, measurement data in the subsequent cycles
is recorded in the internal memory 37 as unlocked data by the process at steps following step S07. Even when the data
lock mode is shifted to the normal mode, measurement data recorded as locked data in the past is saved in its locked
state until it is transmitted to the prime monitoring device 10 through the station device 20 as described later.
[0078] As shown in FIG. 4, in this embodiment, the measurement data to be locked is locked by setting a flag thereto,
but the data locking method is not limited to this. For example, when a continuous voltage drop for consecutive 3 cycles
(discharging of the storage battery 41) is detected at step S09, by calculating a time stamp at 1 second before the point
of time of the detection and a time stamp at 10 minutes after the same and saving the respective time stamps as
information of a lock start time and a lock ending time, whether the measurement data is to be locked may be determined
depending on whether the measurement data is included within the time range. Alternatively, a memory area for locked
data and a memory area for unlocked data may be separated from each other in the internal memory 37 (in this case,
the process in which unlocked data recorded within past 1 second is moved to the memory area for the locked data is
carried out).
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[0079] Furthermore, in the process flow shown in FIG. 4, the process based on an instruction from the prime monitoring
device 10 at steps S01 to S02 and the parameter measurement process by the end device 30 at step S03 and subsequent
steps are described as sequential processes for the sake of convenience, but the processing order is not limited to this.
Also, the process may be executed as an event-driven process with using the reception of an instruction from the prime
monitoring device 10, the passage of the measurement cycle of 100 msec. or the like as a trigger.
[0080] FIG. 6 is a flowchart schematically showing an example of a flow of the instruction execution process at step
S02 in the measurement process by the end device 30 shown in FIG. 4. When having received an instruction from the
prime monitoring device 10, the measurement control unit 31 first determines the contents of the instruction (S31), and
executes a process in accordance with the contents.
[0081] When the contents of the instruction received at step S31 are a request for acquiring the measurement data
of the voltage and temperature, the measurement data of the voltage and temperature recorded and accumulated in
the internal memory 37 after the previous transmission of measurement data to the prime monitoring device 10 (the
latest data measured at every 100 msec. by the process at step S04 and subsequent steps of FIG. 4) is transmitted to
the prime monitoring device 10 through the station device 20 (S32) to end the process. In this embodiment, the prime
monitoring device 10 is designed to automatically and regularly transmit the request for acquiring the measurement data
by the monitor controlling unit 12 at a given interval (e.g., every 5 minutes) set in the setting information 15 or the like.
The transmitted measurement data may be deleted from the internal memory 37. When the transmitted measurement
data is not deleted from the internal memory 37, for example, a time stamp for the latest one of the transmitted meas-
urement data is saved so that the transmitted measurement data can be distinguished from untransmitted measurement
data.
[0082] When the contents of the instruction received at step S31 are a request for acquiring measurement data of the
internal resistance of the storage battery 41, it is determined whether a given time (e.g., 1 hour in this embodiment) has
passed from the previous measurement of the internal resistance (S33). In this embodiment, the prime monitoring device
10 is designed to automatically and regularly transmit a request for acquiring the measurement data by the monitor
controlling unit 12 at a given cycle (e.g. , once a day) set in the setting information 15 or the like. In addition, the request
for acquiring the measurement data may be transmitted based on an instruction input manually by the user.
[0083] When 1 hour or more has not passed from the previous measurement at step S33, in order to avoid the case
where an unnecessary load is applied to the storage battery 41 due to the measurement process of internal resistance
carried out consecutively in a short time (e.g., the user repeats input of instructions to the prime monitoring device 10
consecutively in a short time), the measurement of internal resistance is not carried out. At this time, in this embodiment,
the measurement data of the internal resistance obtained at the previous measurement is read out of the internal memory
37 (S34) and is transmitted as measurement data (S36).
[0084] Meanwhile, when 1 hour or more has passed from the previous measurement at step S33, the internal resistance
of the storage battery 41 is measured by the internal resistance measuring unit 34 (S35), and the flow proceeds to step
S36. Here, as described above, sine waves of a plurality of frequencies are generated by the sine wave generating unit
35 and the current (e.g. , 3 A or less) at each frequency is applied to the storage battery 41, and the internal resistance
at each frequency is calculated based on the measurement data of the current value and the voltage value between the
terminals. In this embodiment, as described above, the plurality of frequencies include at least the high frequency of
about 1 kHz and the low frequency of lower than 100 Hz and may further include an additional different frequency. The
obtained data of internal resistance is recorded in the internal memory 37.
[0085] Thereafter, the measurement data of the internal resistance is transmitted to the prime monitoring device 10
through the station device 20 (S36) to end the process. Depending on a time required for measuring the internal resistance
at step S35, for example, in response to the instruction of measuring internal resistance received once a day, the
measurement process of internal resistance at step S35 is executed, and the data of previous measurement result
recorded in the internal memory 37 may also be transmitted (one day later) to the prime monitoring device 10 at step
S36 asynchronously with the measurement of internal resistance at step S35.
[0086] When the contents of the instruction at step S31 are a request for acquiring the locked voltage data (which
may include temperature data) measured during the discharging or charging of the storage battery 41, the locked
measurement data of voltage (and temperature) is acquired from the internal memory 37 and transmitted to the prime
monitoring device 10 through the station device 20 (S37).
[0087] In this embodiment, the prime monitoring device 10 transmits a request for acquiring locked voltage data based
on an instruction input manually by the user. For example, the user can know that the operation of the power supply
device 40 (discharging of the storage battery 41) is started based on the information obtained from the power supply
control device 50 through the prime monitoring device 10, and then the user instructs to acquire the locked voltage data
after waiting for the recovery from a failure of the like. Since the prime monitoring device 10 can acquire a DC current
value during the discharging of the storage battery 41 from the power supply control device 50, the degradation deter-
mining unit 13 can calculate a DC resistance value based on these data.
[0088] Thereafter, transmitted data is released from its locked state (S38) to end the process. The data released from
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its locked state becomes ordinary data that can be overwritten. The data may be deleted from the internal memory 37
instead of being released from its locked state.
[0089] Instructions from the prime monitoring device 10 include an instruction to set various types of setting information
(e.g., information of the measurement interval of temperature and voltage measured at a fixed interval and information
of the time range during which measurement data of voltage is locked when discharging of the storage battery 41 is
detected based on a voltage drop) in addition to the above-mentioned request to measure the parameters and request
to acquire the measurement data. The setting contents specified by the instruction are recorded in, for example, the
internal memory 37 and are referred to by the measurement control unit 31.
[0090] Also, the instructions may include an instruction on an operation mode such as the power-saving mode in which
circuits of each unit and others remain sleeping except a time to be actuated and an instruction to stop the end device
30. For example, when receiving a stop instruction, the measurement process is ended and the operation of the device
is stopped, or the mode thereof may be shifted to the sleep mode, stand-by mode or others instead of stopping. The
end device 30 may be designed to be returned from the sleep mode or stand-by mode upon reception of a return
instruction from the prime monitoring device 10 serving as a trigger.
[0091] As described above, in the battery-state monitoring system 1 of one embodiment of the present invention,
parameters of a plurality of storage batteries 41 constantly connected to an equipment such as voltage, internal resistance,
and DC resistance at the discharging or charging in addition to temperature are automatically measured or acquired,
and the internal resistance is measured by using a plurality of frequencies, so that the state and service life of each
storage battery 41 can be estimated at high precision.
[0092] Also, the battery-state monitoring system 1 has the hierarchical configuration composed of the prime monitoring
device 10, the station devices 20 and the end devices 30, and the station devices 20 and the end devices 30 are
connected by a radio communication, so that various parameters of a number of the storage batteries 41 can be measured
efficiently.
[0093] In this configuration, each end device 30 measures various parameters in accordance with the setting contents
and others specified by the prime monitoring device 10 and transmits the measured parameters to the prime monitoring
device 10 through the station device 20, and also automatically detects the discharging and charging of the storage
battery 41 and saves the measurement data of voltage obtained during the discharging and charging in the locked state
so that the measurement data is not lost by overwriting or the like. As a result, a voltage change caused by a DC current
can be monitored in each of the end devices 30, and the state and service life of each storage battery 41 can be estimated
more accurately at higher precision.
[0094] In the foregoing, the invention made by the inventors of the present invention has been concretely described
based on the embodiments. However, it is needless to say that the present invention is not limited to the foregoing
embodiments and various modifications and alterations can be made within the scope of the present invention.

INDUSTRIAL APPLICABILITY

[0095] The present invention can be applied to a battery-state monitoring system in which a state of a storage battery
constantly connected to an equipment for use in backup power, output variation and others is monitored and estimated
by applying electric power thereto.

DESCRIPTION OF REFERENCE SIGNS

[0096]

1 Battery-state monitoring system
10 Prime monitoring device
11 Interface unit
12 Monitor controlling unit
13 Degradation determining unit
14 Measurement history
15 Setting information
20 Data relay device (station device)
30 State measuring device (end device)
31 Measurement control unit
32 Temperature measuring unit
33 Voltage measuring unit
34 Internal resistance measuring unit
35 Sine wave generating unit
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36 Communication unit
37 Internal memory
38 External memory
39 Temperature sensor
40 Power supply device
41 Storage battery
50 Power supply control device
60 Network

Claims

1. A battery-state monitoring system which monitors a state of each of a plurality of storage batteries connected in
series and constituting an assembled battery incorporated in an equipment, the system comprising:

a current detecting device which detects a current in each of the storage batteries; and
a state measuring device which measures a temperature, a voltage, and internal resistance of each of the
storage batteries, the internal resistance being measured by using at least two or more kinds of frequencies,
wherein degradation of each of the storage batteries is estimated based on at least one or more values of the
temperature, the voltage, and the internal resistance measured by the state measuring device and a DC resist-
ance of each of the storage batteries obtained from a ratio between a change in a current value detected by
the current detecting device and a change in a voltage value measured by the state measuring device during
discharging of each of the storage batteries.

2. The battery-state monitoring system according to claim 1,
wherein the state measuring device measures the internal resistance of the storage battery by using two or more
kinds of frequencies including at least a first frequency of lower than 200 Hz and a second frequency of 200 Hz or
higher to lower than 2000 Hz.

3. The battery-state monitoring system according to claim 2,
wherein the state measuring device measures the internal resistance of the storage battery by using three kinds of
frequencies including the first frequency set to be lower than 100 Hz, the second frequency set to be 350 Hz or
higher to lower than 2000 Hz, and a third frequency of 100 Hz or higher to lower than 350 Hz.

4. The battery-state monitoring system according to any one of claims 1 to 3,
wherein the state measuring device measures and records a temperature and a voltage regularly at a given time
interval, and when a state where a voltage drop from a normal voltage value by a given threshold or more has
continued for a given time is detected, the state measuring device protects measurement data of the voltage obtained
in a given time range before and after a point of time of the detection so as not to be lost.

5. The battery-state monitoring system according to any one of claims 1 to 4,
wherein, when a temperature value and/or a voltage value of the storage battery measured by the state measuring
device exceed a given value or decrease below a given value, it is determined that the storage battery has a problem,
and
degradation of the storage battery is estimated based on internal resistance of the storage battery measured by the
state measuring device and/or a change rate of a DC resistance value from an initial value during discharging of
the storage battery.

6. The battery-state monitoring system according to any one of claims 1 to 5, comprising:

an end device composed of the state measuring device;
a prime monitoring device which acquires data detected or measured by the current detecting device and/or
the state measuring device and estimates degradation of each of the storage batteries based on the acquired
data; and
a station device which relays a communication between the prime monitoring device and the end device,
wherein one or more station devices are connected to the prime monitoring device so as to enable communication
therebetween, and
one or more end devices are connected to each of the station devices so as to enable communication there-
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between.

7. The battery-state monitoring system according to claim 6,
wherein the communication between the station device and the end device is radio communication.

8. The battery-state monitoring system according to claim 6 or 7,
wherein the end device measures internal resistance of the storage battery based on an instruction from the prime
monitoring device sent through the station device.

9. The battery-state monitoring system according to claim 8,
wherein the end device does not carry out measurement of internal resistance when an instruction to measure
internal resistance of the storage battery from the prime monitoring device is received before a given time or more
has passed from previous measurement.

10. The battery-state monitoring system according to any one of claims 6 to 9,
wherein the end device transmits data obtained by measurement to the prime monitoring device through the station
device based on an instruction from the prime monitoring device sent through the station device.

11. The battery-state monitoring system according to any one of claims 6 to 10,
wherein the prime monitoring device divides the end devices into a plurality of groups, and sends an instruction to
measure internal resistance to the end devices belonging to each group at different timings separately set for
respective groups so that timing to measure the internal resistance of each storage battery by the end devices
belonging to each group does not overlap with that by the end devices belonging to a different group.

12. The battery-state monitoring system according to any one of claims 6 to 11,
wherein the end device is fixedly installed to the storage battery.

13. The battery-state monitoring system according to any one of claims 6 to 12,
wherein the end device can put circuits other than those needed for processing into a sleep state.
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