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VOLTAGE MEASUREMENT DEVICE, VOLTAGE MEASUREMENT SYSTEM AND

VOLTAGE MEASUREMENT METHOD

BACKGROUND OF THE INVEN'I_‘ION

1. Field of the Invention
[0001] The invention relates to a voltage measurement device and the like that
measures battery voltage in an assembled battery in which a plurality of single batteries

are connected in series.

2. Description of Related Art

-[0002] Conventional batteries for vehicles include assembled‘b'atteries in which

a plurality of battery cells are connected is series. Over-discharge and over-charge of

battery cells may result not only in impaired torque characteristics of an electric motor,
and hence in impaired vehicle drivability, but also in reduced life of the battery cells.
Therefore, it is necessary to monitor cell voltage in the battery cells, so that, in case of

over-discharge or over-charge, such an anomaly is detected quickly so. as to control

charge and discharge'accordir-lgly.

[0003]  Japanese Patent Application Publication No. 2009-06_9056 Jp
2009-069056 A) discloses a cell voltage monitoring device that monitors anomalies in
battéry cells of a multi-cell series battery, wherein a cell voltage anomaly detection circuit
is activated immediately after start of a monitor cycle f_of an arbitrary battery Céll, and it
is detérmined wheéther cell voltage deviates from a normal rangé. |

[0004] In the éonfiguration of JP 2009-069056 A, however, measurement of cell
voltages fakes some time. Also, anomalies such as over-chafge and over-discharge may

be overlooked ‘upor'l a drop in the measurement precision of cell voltage.
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The invention provides a voltage measurement device, a voltage measurement
system and a voltage measurement method that combine shortening of the measurement
time of battery voltage with enhanced measurement precision.

[0005] A voltage measurement device according to a first aspeét of the
invention is a voltage measurement devicé that measures battery vdltages of a pluralify of
single baﬁe_rieS connected in series, the device having: a first voltage dete_cti/on unit that

detects the battery voltages; a storage unit that stores error information relating to a

detection error between a voltage detected by the first voltage' detection unit and a voltage

detected by a second voltage detection unit of higher detection precision but lower
detection speed than the first voltage detection unit; and a correction unit that, on the
basis of the eﬁor information stored in the storage unit, corrects the battery voltages
detected by the first voltage detection unit.

[0006] In the configuration of the voltage measurement device according to the
first aspect, the detection error may be a voltage difference obtained when the first
voltage detection unit and the second voltage detection unit respectively detect a Vol'tagev
of a reference power source. Such a configuration allows acquiring accurate error
informatioﬁ.

[0007]  In the configuration of the voltage measurement devic¢ according to the
first aspect,. the first voltage detection unit may include a plurality of differential
amplifiers provided so as to correspond to the single batteries; and each of the differential
amplifiers may acquire each of the battefy voltages at an identical timiﬁg. In such a
configuration, battery voltages are acquired concurrently, and hence detection speed can
be reliably increased. |

{0008] In the above configuration, thére may be further provided an aycraging
processing unit that a?erages respective battery voltages consecutively outputted from the
differential amplifiers; éuch that the correction unit may correct, on the basis of the error
information, the battery voltages averaged by the averaging processing unit. Such a
configuration allows further enhancing measurement precision of battery voltages.

[0009] In the configuratfon of the voltage measurement device according to the
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first aspect, the detection precision of the first voltage detection unit may ﬂuctuéte with

temperature. Loss of measurement preéision can be averted through correction on the

basis of the error information, even if detection precision by the first voltage detection |
unit drops accompanying changes in temperature.

[0010] A voltage measurement system according to avsecond aspect of the
invention is a voltﬁge measurement system that measuresl béttery voltages of a plurality
of single batteries connected in series, the System having: a reference power source; a
first voltage detection unit that detects the battery vpltages; a second voltage detection

unit of higher detection precision but lower detection speed than the first voltage

~ detection unit; a storage unit that stores, as error information, a voltage difference

- obtained when the first voltage detection unit and the second voltage detection unit

respecti{/ely detect a voltage of the reference power source; and a corrécﬁon unit that, on
the basis of fhe error information stored in the storage unit, corrects the battery voltages
detected by the first voltage detection unit. ‘

[0011] ‘A voltage measurement method according to a third aspect of the
invention includes measuring a voltage.of a reference power source, using a first voltage
detection unit; measuring a voltage of the reference power source, using a second voltage
detection unit of higher detection precision but lower detection speed than the first
voltage detection unit; storing in a storage unit, as error information, a difference between
the voltage of the reference power source measuréd by the first voltage detectfon unit-and
the voltage of the reference power source meésured by the second voltage detection unit;
concurrently measuring battery voltages of a plurality of single batteries connected in
serieé, vusingz the first voltage detection unit; and correcting, on the basis of theb error

information stored in the storage unit, the battery voltages measured by the first voltage

- detection unit.

[0012] That above aspects of the invention allow achieving both shortening of

the measurement time of battery voltage and enhanced measurement precision.
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[0013] Features, advantages, and technical and »ind_ustrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like nurﬁerals denote like élcments, and wherein:

FIG. 1 is a functional block diagram of a Voltage measurement system having a
voltage measurement device according to an embodiment of the invention;

FIG. 2 is a circuit diagram illustrating a hardware configuration of | a voltage
measurement system according to an embodiment of the invention;

FIG. 3 is a circuit diagram illustrating a hardware ’c:oﬁfigurz{tiOn upon acquisition of
error information according to an embodiment of the invention;

FIG. 4 is a schematic diagram illustrating schematically error information according
to an embodiment of the invention; |

FIG. 5 is a circuit diagram of the voltage measurement device in a comparative
example; |

| FIG. 6 is a flowchart illustrating a cell voltage measurement method according to an
embodiment of the invention; and

FIG. 7 is a functional block diagram of a voltage measurement system in a casé of
measurement of cell voltages of two different assembled. batteries, according to an

embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
[0014] .A voitage measurement‘ system that includes a voltage measurement
device aécording to the prese_r’lt émbodiment will be explainf:_(.inext with reference to FIG.
1 and FIG. 2. FIG. 1 is a functional bléck diagrar_ﬁ_ of _th_¢ voltage measurement system,
wherein the dotted line indicates the flow of signals upon determination of error
information in a first and a second voltage detection unit, and thé 'solidllines denote the

flow of signals upon measurement of the cell voltage (battery voltage) of each battery cell

- (single battery). FIG. 2 is a circuit diagram illustrating an example of hardware in the

voltage measurement system.

[0015]  With reference to FIG. 1, the voltage measurement system 1 has a
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voltage measurement device 2, a reference power source 60 and a second voltage
detection unit 70. The voltage measurement device 2 has an assembled battery 3, a first
voltage detection unit 20, a correction unit 30 and a stbrage unit 40. As illustrated in
FIG. 2, the assembled battery 3 is configured through connection in series of a plurality of
battery cells 31. The battery cells 31 may be secondary batteries Such as lithium ion
batteries, nickel hydride batteries or the like. |

[0016]  The first Qoltagc detection un.it 20 measures the cell voltage of the
battery cells 31. The first Voltagé detection urﬁt 20 measures also the voltage of the
reference power source 60. The second VOltlage detection uni‘t 70 measures the Vo‘ltage
of the reference power source 60. The second voltage detection unit 70 has higher

detection precision, and lower detection speed, than the first voltage detectioh unit 20.

The storage unit 40 stores, as error information, a voltage difference obtained when the

first voltage detection unit 20 and the second voltage detection unit 70 respectively detect
the voltage of the referenc,:e‘pOWer source 60. On the basis of the error information
stored in the storage unit 40, the correction unit 30 corrects the respective cell vOltages
detected by the first voltage detection unit 20.

[0017] .In the above configuration, the cell Voitagé in each battery cell 31 is
detected by the first \}oltage detection unit 20. The measurement speed of voltage
measurement can be made higher as a result.  Also, the cell voltage detected by the first
voltage detection unit 20 is corrected on the basis of error information stored in the
storage unit 40. The measurement precision in voltage measurement can be enhanced as
a result. A |

[0018]° An example of a hardware configuration for realizing the voltage

“measurement device 2 will be explained next with reference to FIG. 2. The first voltage

detection unit 20 has a plurality of isolation amplifiefs 21 and a plurality of differential
amplifiers 22. The isolation amplifiers 21 and the di‘fférential afnpiifiers 22 are
provided for respective battery cells 31.  The isolation amplifiers 2i isolate “ch” from
each other. The differential amplifiers 22 amplify an input signal up to ’an analog to

digital converter (ADC) input rat-ing, and output the signal to an ADC 51 mounted on a
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subsequent PC 50 for cell voltage measurement. The isolation amplifiers 21 and the
differential amplifiers 22 are analog circuits, and hence exhibit wvariability in
measurement precision on account of temperatufe changes, and also the estimation
precision thereof decreases as a result of changes over time. Therefore, the first voltage
detection unit 20 Has characteristicélly high detection speed but low detection precisioh.

[0019] The felay circuit 23 is positioned between the assembled battery 3 and
the first voltage detection unit 20. The relay circuit 23 has a plurality of relays 231.
The relays 231 aré provided for respective isolation amplifiers 21. The relays 231
switch between a state of connection to respective battery cells 31 and a state of
connection to the reference power source 60. In the present embodiment, the cell
voltages of all battery cells 31 are measured concurrently, and hence all relays 231 are
connected to corresponding battery cells 31.’ | | _

[0020] The ADC 51 is éonnectéd to, the averaging processing vunit 52 via a
peripheral components interconnect (PCI) bus, and concurfently feeds the cell voltages of

the battery cells 31 to the averaging processing unit 52, at cycles of 3 to 4 ms. The

-averaging processing unit 52-may be implemented in the form of a central processing unit

~(CPU) or a micro processing unit (MPU). The averaging proces‘sing.unit 52 is provided

with a memory 52A. The CPU or the MPU in the averaging processing unit 52 stores,
in the memory 52A, information rclatihg to the cell voltages outputted by the respective

differential amplifiers 22, and, upon reception of subsequent cell voltages, averages the

received cell voltages with the cell voltages stored in the memory 52A, and updates the

cell voltages stored in' the memory 52A. Cell voltages are updated every time: that
informatioﬁ relating to cell voltages is received. An application Specific integrated
circuit (ASIC) may be used that performs, in circuit form, at least part of the process that
is executed by the CPU or MPU. Performing thus the averaging process of the cell

voltages concurrently results in a faster process.

[0021]  The number of averaging processes carried out can be appropriately

decided by a person skilled in the art from the viewpoint of enhancing measurement

precision. In a case where, for instance, the number of averaging processes is 10, then
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the measurement time of all cell voltages can be shortened to just 30 to 40 ms. Drops in
measurement speed can be curtailed even if the number of battery cells 31 is increased,
since the averaging process of the cell voltages is performed concurrently. |

[0022] A control PC 80 has a controller 81 and a memory 82. The controller

‘81 controls the entire control PC 80. The controller-81 may be a CPU or an MPU, or

may be an ASIC that performs, in circuit form, at least part of the process that is executed

by the CPU or MPU. The memory 82 stores error information being a voltage

* difference obtained when the first voltage detection unit 20 and the second voltage

" detection unit 70 respectively detect the voltage of the reference power source 60. The

memory 82 may be a readable recording medium, and may be for instance a random
access memory (RAM).

[0023] The correspondence between the functional block of FIG. 1 and thé

hardware configuration of FIG. 2 is explained next. The process performbd by the

correction unit 30 in FIG. 1 may be executed through cooperation between the memory
82 and the controller’81 of the control PC 80. Specifically, the controller 81 corrects the
respéctive cell voltages detected by the first voltage detection unit 20, on the basis of the
error information stored in the memory 82. |

[0024]  The process performed by the storage unit 40 in FIG. 1 may be carried .
oui through cooperation between the memory 82 and the controller 81 of the control PC
80. That is, the controller 81 calculates a difference bétween the voltage of the
réference power source 60 as detected by the first voltage detection unit 20 and the
voltage of the reference power source 60 as detected by the second voltage detection unit
70, and stores the difference, as error information, in the Ihembry 82.. The storage unit
40 may be positioned outside the control PC 80. In this case, the control PC 80 corrects
the cell voltages by acquiring, through communication, the error information stored in the
storage unit 40.

[0025] The m'ethod for acquiring the errof information stored in the storage unit
40 is explained next with reference to FIG. 3. FIG. 3 is a diagram cdrresponding to FIG.

2. The configuration in FIG. 3 is different from that of FIG. 2 in that now all the relays
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231 are positioned at a connection position of connecting the first voltage detection unit
20 and the reference power source 60. |
[0026] The second voltage detectioﬁ' unit 70 rﬁeasures the voltage of the
reference power source 60. The second voltage detection uﬂit 70 may be a digital
multimeter (DMM) 71. The Control PC 80 acquires a voltage oﬁtputted by the DMM
71. | | |
[0027] The control PC 80 modifies the voltage of the reference power source 60
within a predefihed range. The predefined range may be the working voltage of the
battery cglls 31; alternatively, the voltage may be for instance sequentially modified in 1
A% intefvals, fromOVto5V. |
| [0028]  The control PC 80 acquires the detection results by the first voltage
detection unit 20 and a the DMM 71 while modifying the voltage of the reference power

source 60 in 1 V intervals, from 0 V to 5 V, and stores the result, in the storage unit 40, as

error information mapped to the channel number of the relays 231. - FIG. 4 is a

schematic diagram illustrating schematically the error information in the format of a data
table. Values other than the acquired voltage values can be worked out by straight line
approximation. Error information of all channels can be acquired by executing these
operations fof all the channels. The format of the error information may be other than a
data table (for instance, a function expressién).

(0029] FIG. 5 is a circuit diagram of the voltage measurenien't device in a

- comparative example. Constituent elements identical to those of the embodiment are

denoted with the same reference numerals. In the comparative example, the cell

- voltages of the battery cells-31 are acquired by.the DMM.71. The first stage of the.

DMM 71 is an analog circuit, and hence measurement errors occur as a result of
temperature changes as in the case of the differential amplifiers 22. However, the DMM
71 is also a dedicated measurement device, and is well equipped with a compensation
circuit, and hence the measurement precision thereof is high. The measurement time
upon measurement of the cell voltages, however, is very long, since the cell voltages

must be measured at different timings through consecutive switching-on of the relays 231
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[0030] In a case where, for instance, the switching cycle of the relays 231 is 20
ms/ch, and the measurement time of the DMM 71 is 17 ms/ch, then it takes a total
measurement time of 2072 ms to measure the cell voltages of 56 battery cells 31. ~ That
is, the second voltage detection unit 70 is charactérized by having higher measurément
precision, but incurring a longér ni_easurément time, than the first voltage detection unit .
20.- |

[0031] - An explanation follows next, with reference to the ﬂowcharf of FIG. 6, of

a measurement method for measuring cell voltages in the present embodiment. In step

* §101, the first voltage detection unit 20 and the second voltage detection unit 70 measure

the voltage of the reference power source 60. In step S102, the control PC 80 stores, in
the storage unit 40, the measureinent rcsulf of step S101, as error information.

[0032] In step 5103; the firs; voltage detection unit 20 concurrently measures
the cell voltages of the battery cells 31, amplifies the meas_urc'd _cell voltages up to an
ADC input rating, and outputs the cell voltages to the ADC 51. In step S104, the
averaging processing unit 52 averages th¢ cell voltages receivéd from the ADC 51 and

the cell voltages stored in the memory 52A, and in step S105, stores the obtained

averaged values, as new cell voltages, in the memory 52A. If no cell voltage is stored in

the memory 52A, the cell voltages received from the ADC 51 are stored, as they are, fn
the memory 52A.

[0033] In step S106, the averaging processing unit 52 determines whether the
number of averaging p.rocesses reaches 9 processes (i.e., whether the number of

measurements of " cell voltage reaches 10 measurements). If the number of

measurements reaches 10 measurements, the process proceeds to step S107; else, the

process returns to step S103. In step S107, the averaging processing unit 52 maps the
cell voltages of the battery cells 31, as stored in the memory 52A, to the cell numbers of
the battery cells 31, and outputs the méppe_d, cell voltages to the control PC 80.

[0034] The controller 81 of the control PC 80 reads error information from the

“storage unit 40, and corrects the cell voltages. In a case where, for instance, the .
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measured cell voltage of the battery cell 31 for chl is 3.6 V, the cell voltage is recorded in
the form of a correct voltage vélue after correction of the Voltage value of the second
voltage 'defection unit 70 that corrésponds to 3.6 V, with reference to FIG. 4. The above
method allowé enhancingi measurement precision as C(;mpared with a case in which cell
voltage is measured by the first voltage detection unit 20 alone.  Also, the measurement

speed can be made higher than in an instance where cell voltage is measured by the

- second voltage detection unit 70 alone.

(Variation 1)
[0035] In the above-described embodiment, an instance has been explained in
which there are measured cell voltages of one assembled battery, but the invention of the

present application can be used also in instances of measurement of cell voltages in a

plurality of assembled batteries. FIG. 7, which corresponds to FIG. 1, is a functional

block diagram of a voltage measurement system in a case of measurement of cell

voltages of two different assembled batteries. Constituent elements that have the same

function as tho.se in the above embodiment are denoted with the same reference numerals.
[0036] With respect to FIG. 7, a voltage measurement dev,ivce A.mebasures the cell
VOltage of battery cells that make up an éssembled battery A; and a voltage measurement
device B measures the cell voltage of battery cells that make up an assembled battery B.
In the present variation, the reference . powér source 60 ‘is' shared by thé voltage
measurement device A and the voltage measurement device B. Therefore, costs can be
ieduced, since there is no increase in the number of refcrence power sources 60. Cell
voltage measurement of the assembled battery A and( cell voltage measurement of the
assembled battery B can be performed concurrently, so that measurement speed can be
increased as a result. |
(Variation 2)
- [0037] In the above-described émbodifnent; the celll voltages in th}e battery cells
31 are measured a plurality of times, and average values thereof a'ré used as cell voltages
before correction in the correction unit 30. However, the invention is not lifnited thereto,

and the averaging process rhay be omitted. In this case, the cell voltages outputted by
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the first?oltagé detection unit 20 are corrected by the correction unit 30.
 (Variation 3)

[0038] In the above-described embodimcnt, an instance has béen explained in
which the cell voltages of battery cells are measured, but the invention is not limited
thereto, and may be used also in another single battery. This other single battery may be
aﬂ' battery module in which a plurality of battery cells are .connected. That is, the
invention can be used in an instance of m‘easu’rementv of module voltages (battery

voltages) of respective battery modules.

3
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CLAIMS:

1. A voliage measurement device that measures battery vbltagcs of a plurality of -

single bqttg:ries connected in series, comprising: |
“a first vbltaée detection unit that detects the battery voltages;

a storage unit 'tha;[ stores error infor_matién relating to a detectidﬁ,error between a
voltage detected by the first voltage detection unit and a voltage detected by a second
voltage detection unit of higher detection precision but lower detection speed than the
first voltage detection uﬁit; and |

a correction unit that, on thé basis of the error information stored in the'storage unit,

corrects the battery voltages detected by the first voltage detection unit.

2. The voltage'measurement device accbrding to claim 1, wherein the detection
error is a voltage difference obtained when the first voltage detection unit and the second

Vbltage detection unit respectively detect a voltage of a reference power source. |

3. The voltage mea’s_uremeni devicé according to claim 1 or 2, wherein

thé first vbltage detection unit includes a plurality of differential amplifiers provided
so as to correspond to the single batteries, and -

each of the differential amplifiers acquiies éach of the battery voltages at an

identical timing.

- - -4 The-voltage- measurement- device -according -to.claim 3, further comprising: an._. .. _ .

averaging processing unit that averages respective battery voltages consecutively
outputted from the differential amplifiers,
wherein the correction unit corrects, on the basis of the error information, the

battery voltages averaged by the averaging processing unit.

5. The voltage measurement device according to any one of claims 1 to 4, wherein
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the detection precision of the first voltage detection unit fluctuates with temperature.

6. A voltage measurement system that measures battery voltages of a plurality of
single batteries connected in series, comprising: - 4
a reference power source;
- a first voltage detection unit thaf detects the battery voltages;
a second voltage ‘detection unit of higher detection precision but lower detection
speed than the first voltage detection unit; |
- a storage unit that stores, as error information, a voltage difference obtained when
the firsf voltage detection unit and the second voltage detection unit respectively detect a
voltage of the referénce power source; and |
-a correction unit that, on the basis of the error information stored in the storage unit,

corrects the battery voltages detected by the first voltage detection unit.

7. A voltage measurement method, comprising:

measuring a veltage of a reference power source, using a first voltage detectio_n
unit; | |

measuring a véltage of the reference power source, using a second voltage detection
unit of higher detection precision but lower detection speed than the first voltage -
detection unit; |

storing in a storage unit, as error information, a difference between the voltage of
the reference power source measured by the first voltage detection unit and the voltage of
the reference power source.measured. by the second voltage detection unit; . . . __

concurrently measilring baftery voltages of a plurality of single batteries connected
in series, using the first voltage detection ﬁnit; and |

correcting, on the basis of the error information stored in the storége unit, the

battery voltages measured by the first voltage detection unit.
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