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(54) SECONDARY BATTERY STATE DETECTION DEVICE AND SECONDARY BATTERY STATE 
DETECTION METHOD

(57) Object: To accurately determine whether or not
it is possible to start an engine while accurately detecting
a degree of deterioration of a secondary battery.

Solution: In a secondary battery state detecting de-
vice 1 detecting a state of a secondary battery mounted
on a vehicle, a measurement unit (a voltage sensor (11),
a current sensor (12), a CPU (10a)) measuring a value
of an internal resistance of the secondary battery at an
engine stop time; an estimation unit (CPU 10a) estimat-
ing a value of a diffusion resistance resulting from diffu-
sion of an ion generated at an electrolytic solution of the
secondary battery by supplying electric power to a starter
motor at a starting time of the engine; and a calculation
unit (CPU 10a) calculating a starting voltage being a volt-
age required for the starting of the engine from a resist-
ance value obtained by adding the value of the diffusion
resistance estimated by the estimation unit to the value
of the internal resistance measured by the measurement
unit, a starting current flowing when the engine is started,
and a voltage before starting of the secondary battery
are included.
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Description

Technical Field

[0001] The present invention relates to a secondary battery state detecting device and a secondary battery state
detecting method.

Background Art

[0002] In Patent Document 1, an art making a secondary battery perform pulse-discharge in an approximately rec-
tangular shape, sampling a response voltage at that time to expand to a rectangular wave components perpendicular
mutually, calculating a pseudo impedance of the secondary battery from an obtained coefficient and current value, and
determining deterioration of a secondary battery based on the pseudo impedance, is disclosed.

Prior Art Document

Patent Document

[0003] Patent Document 1: Japanese Patent Application Laid-open No. 2006-284537

Summary of the Invention

Problem to be Solved by the Invention

[0004] In the art disclosed in Patent Document 1, a charge level of the secondary battery is lowered if the pulse-
discharge is continued for a long time. Besides, it is necessary to use a resistance element whose capacitance is large
to enable the discharge for a long time, and therefore, a size of a device becomes large. Therefore, a time for the pulse-
discharge is limited for a short period of time because of these reasons.
[0005] Incidentally, there are kinds of resistances as illustrated in Fig. 6 in the resistances of the secondary battery.
Namely, there are a conductor resistance, a positive/negative electrode reaction resistance, and a diffusion resistance.
Here, the conductor resistance and the positive/negative electrode reaction resistance increase in accordance with
deterioration of the secondary battery. The diffusion resistance is not affected by the deterioration of the secondary battery.
[0006] A most important object to measure an internal resistance of the secondary battery is to detect a degree of
deterioration of the secondary battery. A discharge time when the internal resistance is measured is set at a range
suitable for a deterioration determination illustrated in Fig. 6, and thereby, a highly accurate detection of degree of
deterioration is enabled.
[0007] On the other hand, when an engine is started, the discharge time continues for a longer period of time than the
case when the internal resistance is measured (the discharge time at the engine start time illustrated in Fig. 6), and
therefore, the internal resistance increases for an extent of the diffusion resistance as illustrated in Fig. 6.
[0008] Many methods to measure the internal resistance from a current, a voltage response at the engine start time
have been devised to estimate an engine starting voltage, but there are problems in which the degree of deterioration
of a battery cannot be correctly detected, the internal resistance cannot be measured other than the engine start time,
and so on.
[0009] An object of the present invention is to provide a secondary battery state detecting device and a secondary
battery state detecting method capable of accurately determining whether or not it is possible to start the engine while
accurately detecting the degree of deterioration of the secondary battery. Means for Solving the Problems
[0010] To solve the above-stated problems, the present invention is characterized in that: a measurement unit meas-
uring a value of an internal resistance of a secondary battery at an engine stop time; an estimation unit estimating a
value of a diffusion resistance resulting from diffusion of an ion generated at an electrolytic solution of the secondary
battery by supplying electric power to a starter motor at a starting time of the engine; and a calculation unit calculating
a starting voltage being a voltage required for the starting of the engine from a resistance value obtained by adding the
value of the diffusion resistance estimated by the estimation unit to the value of the internal resistance measured by the
measurement unit, a starting current flowing when the engine is started, and a voltage before starting of the secondary
battery, are included in a secondary battery state detecting device detecting a state of the secondary battery mounted
on a vehicle.
[0011] According to the constitution as stated above, it becomes possible to accurately determine whether or not it is
possible to start the engine while accurately detecting a degree of deterioration of the secondary battery.
[0012] Another invention is characterized in that: the estimation unit estimates the value of the diffusion resistance
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based on a discharge current, a discharge time at the starting time of the engine, and a temperature of the secondary
battery in addition to the above-stated invention.
[0013] According to the constitution as stated above, it is possible to accurately find the diffusion resistance by using
these three parameters.
[0014] Still another invention is characterized in that: the estimation unit estimates the value of the diffusion resistance
by setting at least one of the discharge current, the discharge time, and the temperature of the secondary battery as a
fixed value, and setting the others as variable values, and an obtained value of the diffusion resistance is corrected
based on a parameter which is set as the fixed value in addition to the above-stated invention.
[0015] According to the constitution as stated above, it is possible to find the diffusion resistance by using a simple
relational expression or table by fixing at least one parameter.
[0016] Still another invention is characterized in that: the estimation unit sets the temperature as the fixed value, the
discharge current and the discharge time as the variable values, estimates the value of the diffusion resistance based
on the discharge current and the discharge time at a predetermined temperature, and corrects the value of the estimated
diffusion resistance based on an actually measured temperature of the secondary battery in addition to the above-stated
invention.
[0017] According to the constitution as stated above, it is possible to find the diffusion resistance more easily by setting
the temperature whose variation is relatively large as the fixed parameter.
[0018] Besides, the present invention is characterized in that: a measurement step measuring a value of an internal
resistance of a secondary battery at an engine stop time; an estimation step estimating a value of a diffusion resistance
resulting from diffusion of an ion generated at an electrolytic solution of the secondary battery by supplying electric power
to a starter motor at a starting time of the engine; and a calculation step calculating a starting voltage being a voltage
required for the starting of the engine from a resistance value obtained by adding the value of the diffusion resistance
estimated at the estimation step to the value of the internal resistance measured at the measurement step, a starting
current flowing when the engine is started, and a voltage before starting of the secondary battery, are included in a
secondary battery state detecting method detecting a state of the secondary battery mounted on a vehicle.
[0019] According to the method as stated above, it becomes possible to accurately determine whether or not it is
possible to start the engine while accurately detecting a degree of deterioration of the secondary battery.

Effect of the Invention

[0020] According to the present invention, it is possible to provide a secondary battery state detecting device and a
secondary battery state detecting device method capable of accurately determining whether or not it is possible to start
an engine while accurately detecting a degree of deterioration of a secondary battery.

Brief Description of Drawings

[0021]

[Fig. 1] Fig. 1 is a view illustrating a configuration example of a secondary battery state detecting device according
to an embodiment of the present invention;
[Fig. 2] Fig. 2 is a block diagram illustrating a detailed configuration example of a control part illustrated in Fig. 1;
[Fig. 3] Fig. 3 is a view to explain Fick’s first law representing a relationship in a steady diffusion;
[Fig. 4] Fig. 4 is a view illustrating a relationship among a discharge current, a discharge time, and a diffusion
resistance;
[Fig. 5] Fig. 5 is a flowchart explaining an example of a process executed in the embodiment illustrated in Fig. 1; and
[Fig. 6] Fig. 6 is a view illustrating a change of various kinds of internal resistances depending on the discharge time.

Best Mode for Carrying out the Invention

[0022] Next, embodiments of the present invention are described.

(A) Description of Configuration of Embodiment

[0023] Fig. 1 is a view illustrating a power supply system of a vehicle having a secondary battery state detecting device
according to an embodiment of the present invention. In this view, a secondary battery state detecting device 1 includes
a control part 10, a voltage sensor 11, a current sensor 12, a temperature sensor 13, and a discharge circuit 15 as major
components, and detects a state of a secondary battery 14. Here, the control part 10 refers to outputs from the voltage
sensor 11, the current sensor 12, and the temperature sensor 13 to detect the state of the secondary battery 14. The
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voltage sensor 11 detects a terminal voltage of the secondary battery 14, and notifies the control part 10. The current
sensor 12 detects a current flowing in the secondary battery 14, and notifies the control part 10. The temperature sensor
13 detects an environmental temperature of the secondary battery 14 in itself or a periphery thereof, and notifies the
control part 10. The discharge circuit 15 is made up of, for example, a semiconductor switch, a resistance element, and
so on which are connected in series, and it makes the secondary battery 14 perform intermittent discharge by an on/off
control of the semiconductor switch by the control part 10. The control part 10 finds an internal resistance of the secondary
battery 14 from the voltage and the current when the intermittent discharge is performed.
[0024] The secondary battery 14 is made up of, for example, a flooded lead-acid battery and so on using lead dioxide
for a positive electrode (positive plate), spongy lead for a negative electrode (negative plate), and dilute sulfuric acid as
an electrolytic solution, is charged by an alternator 16, drives a starter motor 18 to start an engine 17 and supplies electric
power to a load 19. The alternator 16 is driven by the engine 17, generates an alternating-current power, converts into
a direct-current power by a rectifying circuit, and charges the secondary battery 14.
[0025] The engine 17 is made up of, for example, a reciprocal engine such as a gasoline engine and a diesel engine,
or a rotary engine, and so on, started by the starter motor 18, drives a driving wheel via a transmission to provide a
vehicle with a propulsive force, and generates electric power by driving the alternator 16. The starter motor 18 is made
up of, for example, a direct current motor, generates a rotational force by the electric power supplied from the secondary
battery 14, and starts the engine 17. The load 19 is made up of, for example, an electric steering motor, a defogger, an
ignition coil, a car audio, a car navigation, and so on, and operated by the electric power from the secondary battery 14.
[0026] Fig. 2 is a view illustrating a detailed configuration example of the control part 10 illustrated in Fig. 1. As illustrated
in this drawing, the control part 10 includes a CPU (Central Processing Unit) 10a, a ROM (Read Only Memory) 10b, a
RAM (Random Access Memory) 10c, a timer 10d, a communication part 10e, and an I/F (Interface) 10f. Here, the CPU
10a controls each part based on programs 10ba stored at the ROM 10b. The ROM 10b is made up of a semiconductor
memory, and so on, and stores the programs 10ba, and so on. The RAM 10c is made up of a semiconductor memory,
and so on, and stores parameters 10ca generated when the programs 10ba are executed. The timer 10d clocks and
outputs a time. The communication part 10e is connected to the other devices (for example, a not-illustrated ECU (Engine
Control Unit)) and so on via a communication line, and gives and receives information between the other devices. The
I/F 10f converts signals supplied from the voltage sensor 11, the current sensor 12, and the temperature sensor 13 into
digital signals, downloads them, and supplies a drive current to the discharge circuit 15 to control it.

(B) Description of Schematic Operations of Embodiment

[0027] Next, schematic operations of the embodiment are described with reference to Figs. 3 to Fig. 5. In the present
embodiment, a starting voltage being a voltage of the secondary battery 14 capable of starting the engine 17 is found.
Note that the starting voltage can be found by the following expression (1). 

[0028] Here, the voltage before starting is a voltage of the secondary battery 14 before electricity to the starter motor
18 is turned on, the starting current is a current flowing during the starter motor 18 is rotating, and the internal resistance
is an internal resistance component of the secondary battery 14. Note that the internal resistance can be obtained by,
for example, adding a value measured based on a voltage and a current while making the secondary battery 14 inter-
mittently pulse-discharged by the discharge circuit 15 during the engine 17’s stop, to a diffusion resistance found by the
later-described method. Besides, it is desirable that a point when the voltage becomes the lowest other than an inrush
current during cranking of the engine 17, namely a point when a torque of the starter motor 18 becomes the maximum
(hereinafter it is called as a "maximum torque point") is used as the starting current. Note that the maximum torque point
can be found by, for example, detecting a minimum value of the current.
[0029] Note that there are the conductor resistance, a positive/negative reaction resistance, and the diffusion resistance
in the internal resistance as illustrated in Fig. 6. Here, the conductor resistance is a resistance relating to an electron
conduction of an electrode plate. The positive/negative reaction resistance is a moving resistance of an electric charge
between an electrolytic solution and an active-material interface. Besides, the diffusion resistance relates to a charge
and discharge reaction of an ion (a sulfate ion in case of a lead-acid storage battery) in the electrolytic solution of the
secondary battery, the ion is consumed by an active material and an electrolytic solution concentration is lowered at a
discharge time, the ion is released and the electrolytic solution concentration increases at a charge time. Accordingly,
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a concentration gradient of the ion occurs in a vicinity of the electrode, and the diffusion resistance is generated resulting
from this concentration gradient. As stated above, the diffusion resistance increases at the starting time of the engine
17, and therefore, an internal resistance value increases for a degree of the diffusion resistance compared to the internal
resistance measured by the pulse-discharge. Accordingly, a voltage drop caused by the internal resistance becomes
large for the degree of the diffusion resistance when the diffusion resistance is not considered, and there is a case when
the engine 17 cannot be started even though it is judged that the starting of the engine 17 is possible by a determination
based on a starting voltage Vs.
[0030] In the present embodiment, the diffusion resistance is therefore estimated to be added to the internal resistance,
and the starting voltage is found based on the obtained value. It is thereby possible to obtain an accurate starting voltage,
and therefore, it is possible to accurately determine the starting capability.
[0031] Fig. 3 is a view to explain Fick’s first law representing a relationship in a steady diffusion. In this view, a horizontal
axis represents a position, and a vertical axis represents a concentration. In this view, "J" represents a diffusion flux or
a flux, and it is defined as an amount of a certain characteristic passing through a unit area per unit time. For example,
when the mass passes, a dimension is given by [ML-2T-1]. "D" represents a diffusion coefficient in dimensions of [L2T-1],
"c" represents a concentration in dimensions of [ML-3], and "x" represents a position in dimensions of [L]. Here, the
diffusion coefficient D is defined by a temperature, and a concentration gradient dc/dx is defined by a discharge time
and a discharge current. Accordingly, in the present embodiment, the diffusion resistance is found based on the discharge
current, the discharge time, and the temperature of the secondary battery 14 at the starting time of the engine 17.
[0032] Fig. 4 is a view illustrating a relationship among the discharge time, the discharge current, and the diffusion
resistance at a predetermined temperature. As illustrated in Fig. 4, the diffusion resistance becomes large as the discharge
time becomes long, and becomes large as the current becomes small. In the present embodiment, for example, an
average value of the discharge currents and an average value of the discharge times at the starting times of past plural
times are found, the diffusion resistance at the predetermined temperature (for example, 25°C) is found based on the
above by using a graph as illustrated in Fig. 4, this found diffusion resistance is corrected in accordance with the
temperature of the secondary battery 14, a value of the diffusion resistance obtained by the correction is added to a
value of the internal resistance found by the pulse-discharge by the discharge circuit 15 at the stop time of the engine
17, the obtained value is substituted to the above-stated expression (1), and thereby, an accurate starting voltage is found.
[0033] Next, detailed operations of the embodiment of the present invention are described with reference to Fig. 5.
Fig. 5 is a flowchart to explain an example of a process executed in the embodiment illustrated in Fig. 1. The flowchart
illustrated in Fig. 5 is executed at a predetermined cycle (for example, every several hours or every several days) when
the engine 17 stops. When the process in this flowchart is executed, the following steps are executed.
[0034] In step S1, the CPU 10a makes the secondary battery 14 perform pulse-discharge by on/off controlling the
discharge circuit 15 via the I/F 10f. Specifically, for example, the secondary battery 14 is discharged by a rectangular
pulse having a pulse width of millisecond order. It goes without saying that the pulse width may be ones other than the
above.
[0035] In step S2, the CPU 10a acquires a voltage V and a current I at the pulse-discharge time by the voltage sensor
11 and the current sensor 12.
[0036] In step S3, the CPU 10a determines whether or not the pulse-discharge is performed for a predetermined
number of times, when it is determined that the predetermined number of times of pulse-discharges are performed (step
S3: Yes), the process goes to step S4, and in other cases (step S3: No), the process returns to the step S1 to repeat
the similar processes as the case as stated above. For example, when the pulse-discharges are repeated for several
dozen times, the process goes to the step S4. It goes without saying that the number of times may be ones other than
the above.
[0037] The pulse-discharges of the secondary battery 14 are performed for the predetermined number of times by the
discharge circuit 15 by the processes of the above-stated steps S1 to S3, and the voltages V and the currents I at that
times are measured by the voltage sensor 11 and the current sensor 12.
[0038] In the step S4, the CPU 10a finds an internal resistance R of the secondary battery 14 based on the voltages
V and the currents I of the secondary battery 14 at the pulse-discharge times measured in the repeating processes of
the steps S1 to S3. Note that the internal resistance R found as stated above corresponds to the conductor resistance
and the positive/negative reaction resistance illustrated in Fig. 6.
[0039] In step S5, the CPU 10a acquires a starting time discharge current Id. Here, the starting time discharge current
is, for example, an average value of the currents supplied from the secondary battery 14 to the starter motor 18 at the
starting time of the engine 17. The CPU 10a measures the starting time discharge current by the current sensor 12 at
the starting time of the engine 17, and stores it as the parameter 10ca of the RAM 10c. In the step S5, the CPU 10a
acquires the starting time discharge current Id stored at the RAM 10c. Note that an average value of the discharge
currents at plural starting times may be used as the starting time discharge current Id.
[0040] In step S6, the CPU 10a acquires a starting time discharge time Td. Here, the starting time discharge time is
a time for which, for example, the current is supplied from the secondary battery 14 to the starter motor 18 at the starting
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time of the engine 17. Specifically, the CPU 10a measures the starting time discharge time by the timer 10d at the starting
time of the engine 17, and stores it as the parameter 10ca of the RAM 10c. In the step S6, the CPU 10a acquires the
starting time discharge time Td stored at the RAM 10c. Note that an average value of starting times at the plural number
of starting times may be used as the starting time discharge time Td.
[0041] In step S7, the CPU 10a calculates a diffusion resistance Rd based on the starting time discharge current Id
and the starting time discharge time Td acquired at the steps S5, S6. Specifically, the CPU 10a stores a table or a
relational expression representing the relationship among the discharge current, the discharge time and the diffusion
resistance at the predetermined temperature (for example, 25°C) illustrated in Fig. 4, as the parameter 10ca of the RAM
10c, and acquires a value of the diffusion resistance Rd corresponding to the starting time discharge current Id and the
starting time discharge time Td acquired at the steps S5, S6 from the table or the relational expression.
[0042] In step S8, the CPU 10a acquires a temperature Tc of the secondary battery 14 in itself or the peripheral
temperature thereof by the temperature sensor 13.
[0043] In step S9, the CPU 10a corrects the value of the diffusion resistance Rd calculated at the step S7 based on
the temperature Tc acquired at the step S8. Specifically, a table or a relational expression representing a relationship
between the temperature Tc and the diffusion resistance Rd is stored as the parameter 10ca of the RAM 10c to correct
the value of the diffusion resistance Rd found at the step S7 based on the temperature Tc acquired at the step S8.
[0044] In step S10, the CPU 10a adds the value of the diffusion resistance Rd which is temperature corrected at the
step S9 to the value of the internal resistance R found at the step S4, and newly stores the obtained value as the internal
resistance R. The internal resistance R thereby becomes a value in which the diffusion resistance Rd is added.
[0045] In step S11, the CPU 10a acquires a voltage before starting Vb. Here, the voltage before starting is a voltage
of the secondary battery 14 before the engine 17 is started. The CPU 10a measures the voltage before the engine 17
is started by the voltage sensor 11, and stores as the parameter 10ca of the RAM 10c. In the step S11, the CPU 10a
acquires the voltage before starting Vb stored at the RAM 10c. Note that, for example, a voltage at a timing when a most
recent discharge current is approximately "0" (zero) A, or a stable voltage estimated value may be used as the voltage
before starting.
[0046] In step S12, the CPU 10a finds a starting voltage Vs (= Vb + R x Id) based on the voltage before starting Vb
acquired at the step S11, the internal resistance R in which the corrected diffusion resistance Rd is added at the step
S10 and the starting time discharge current Id acquired at the step S5. Note that it is possible to determine whether or
not the starting of the engine 17 is possible or an exchange of the secondary battery 14 is necessary based on the
starting voltage Vs found as stated above and the voltage of the secondary battery 14. A determination result obtained
as stated above can be transmitted to, for example, the not-illustrated ECU and so on being a superior device via the
communication part 10e.
[0047] The starting voltage Vs is found based on the value of the internal resistance R obtained by adding the diffusion
resistance Rd generated resulting from the current flowing in the starter motor 18 at the starting time to the internal
resistance R by the above-stated processes, and therefore, it is possible to accurately find the starting voltage Vs.
[0048] Besides, in the above-stated processes, the temperature whose variation is relatively large is set as a fixed
value, and the diffusion resistance is found based on the starting time discharge current and the starting time discharge
time whose variations are small, and the found diffusion resistance is corrected based on an actually measured tem-
perature, and therefore, it is possible to speed-up the process by simplifying the calculation.
[0049] Further, in the above-stated embodiment, the internal resistance R excluding the diffusion resistance Rd which
is not affected by deterioration of the secondary battery 14 illustrated in Fig. 6 is found, and based on the internal
resistance R, the internal resistance suitable for the estimation of the starting voltage is calculated based on a sum with
the diffusion resistance (R + Rd) based on the internal resistance R. It is thereby possible to enable both an accurate
deterioration detection of the secondary battery 14 by using the former internal resistance R and an accurate estimation
of the starting voltage by using the latter internal resistance (R + Rd) in which the diffusion resistance Rd is taken into
account.

(C) Description of Modified Embodiment

[0050] The above-stated embodiment is just an example, and it goes without saying that the present invention is not
limited to only the above-stated case. For example, in the above-stated embodiment, the internal resistance R is found
by the pulse-discharge, but it may be found by a method other than the above. Specifically, for example, it is also possible
to make the alternating current flow in the secondary battery 14, and find the internal resistance based on a voltage at
that time.
[0051] Besides, in the above-stated embodiment, the temperature Tc is fixed at the predetermined value, and the
diffusion resistance Rd is found based on the acquired starting time discharge current Id and the starting time discharge
time Td. However, one of the starting time discharge current Id and the starting time discharge time Td may be fixed at
a predetermined value, the diffusion resistance Rd is found based on a table or a relational expression representing a
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relationship between the other one and the temperature Tc, and thereafter, a correction is performed based on a parameter
to be the fixed value. In more detail, the starting time discharge current Id is fixed at a predetermined value, the diffusion
resistance Rd is found based on a table or a relational expression representing a relationship between the starting time
discharge time Td and the temperature Tc, and a found value is corrected based on a measurement value of the starting
time discharge current Id. Otherwise, the starting time discharge time Td is fixed at a predetermined value, the diffusion
resistance Rd is found based on a table or a relational expression representing a relationship between the starting time
discharge current Id and the temperature Tc, and a found value is corrected based on a measurement value of the
starting time discharge time Td. Further, in the above-stated description, one parameter is fixed, but for example, the
diffusion resistance Rd is found by fixing two parameters at predetermined values, and the diffusion resistance Rd may
be corrected based on actually measured values of the fixed parameters.
[0052] Besides, a maximum current and time estimated in each vehicle may be used as the starting time discharge
current and the starting time discharge time. In such a case, it is possible to further simplify the processes.

Explanation of Reference Signs

[0053]

1 secondary battery state detecting device
10 control part
10a CPU (measurement unit, estimation unit, calculation unit)
10b ROM
10c RAM
10d timer
10e communication part
10f I/F
11 voltage sensor (measurement unit)
12 current sensor (measurement unit)
13 temperature sensor
14 secondary battery
15 discharge circuit
16 alternator
17 engine
18 starter motor
19 load

Claims

1. A secondary battery state detecting device for detecting a state of a secondary battery mounted on a vehicle,
comprising:

a measurement unit for measuring a value of an internal resistance of the secondary battery at an engine stop
time;
an estimation unit for estimating a value of a diffusion resistance resulting from diffusion of an ion generated at
an electrolytic solution of the secondary battery by supplying electric power to a starter motor at a starting time
of the engine; and
a calculation unit for calculating a starting voltage being a voltage required for the starting of the engine from a
resistance value obtained by adding the value of the diffusion resistance estimated by the estimation unit to the
value of the internal resistance measured by the measurement unit, a starting current flowing when the engine
is started, and a voltage before starting of the secondary battery.

2. The secondary battery state detecting device according to claim 1, wherein the estimation unit is adapted to estimate
the value of the diffusion resistance based on a discharge current, a discharge time at the starting time of the engine,
and a temperature of the secondary battery.

3. The secondary battery state detecting device according to claim 2, wherein the estimation unit is adapted to estimate
the value of the diffusion resistance by setting at least one of the discharge current, the discharge time, and the
temperature of the secondary battery as a fixed value, and setting the others as variable values, and an obtained
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value of the diffusion resistance is corrected based on a parameter which is set as the fixed value.

4. The secondary battery state detecting device according to claim 3, wherein the estimation unit is adapted to set the
temperature as the fixed value, the discharge current and the discharge time as the variable values, to estimate the
value of the diffusion resistance based on the discharge current and the discharge time at a predetermined temper-
ature, and to correct the value of the estimated diffusion resistance based on an actually measured temperature of
the secondary battery.

5. A secondary battery state detecting method for detecting a state of a secondary battery mounted on a vehicle,
comprising:

a measurement step for measuring a value of an internal resistance of the secondary battery at an engine stop
time;
an estimation step for estimating a value of a diffusion resistance resulting from diffusion of an ion generated
at an electrolytic solution of the secondary battery by supplying electric power to a starter motor at a starting
time of the engine; and
a calculation step for calculating a starting voltage being a voltage required for the starting of the engine from
a resistance value obtained by adding the value of the diffusion resistance estimated at the estimation step to
the value of the internal resistance measured at the measurement step, a starting current flowing when the
engine is started, and a voltage before starting of the secondary battery.
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