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to prevent the water content in a fuel cell 40 from decreasing too much. The impedance comparator 150 compares a measured
Impedance value supplied from an impedance operation unit 140 with the impedance reference value and performs scavenging
control based on the comparison result.
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ABSTRACT

A fuel cell system capable of adequately controlling the water content of a fuel cell
is provided. An impedance reference value is stored in a memory 151 for an impedance
comparator 150. The impedance reference value i1s a reference value that is set in order
to prevent the water content in a fuel cell 40 from decreasing too much. The impedance
comparator 150 compares a measured impedance value supplied from an impedance
operation unit 140 with the impedance reference value and performs scavenging controi

based on the comparison result.
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FUEL CELL SYSTEM FOR IMPEDANCE MEASUREMENT

TECHNICAL FIELD

The present invention generally relates to a fuel cell system for

Impedance measurement.

BACKGROUND ART

A fuel cell system has a problem of possible damage that may be caused
to pipes and valves when the external temperature Is low and water generated
inside the fuel cell system becomes frozen after the fuel cell system is stopped.
In general, a fuel cell is more difficult to activate than other power sources; and
particularly under low temperature, the fuel cell has a problem of inability to supply
a desired voltage/current, thereby failing to activate the relevant equipment.

In light of the above-described problem, a method for discharging moisture
accumulated inside the fuel cell by executing scavenging processing when the
fuel cell system is stopped has been suggested (see, for example, Japanese

Patent Application Laid-Open (Kokai) Publication No. 2005-141943).

DISCLOSURE OF THE INVENTION
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However, if scavenging processing Is executed every time a fuel cell system is
stopped, the scavenging processing may also take place when it is not required, which
results in a problem of excessive drying of a fuel cell more than necessary, which thereby
makes 1t more difficult to activate the fuel cell system.

The present invention was devised in light of the circumstances described above,
and it is an object of the invention to provide a fuel cell system capable of adequately
controliing the water content In a fuel cell.

In order to solve the aforementioned problem, é fuel cell system according to the
present invention is characterized in that it includes: measurement means for measuring
an impedance value of a fuel cell, memory means for storing an impedance reference
value; judgment means for judging, based on the result of comparison of the impedance
value measured by the measurement means with the impedance reference value, whether
scavenging processing should be executed or not; and execution means for executing the
scavenging processing if an affirmative judgment is returned.

In the above-described configuration, the scavenging processing is executed only
when it is determined based on the result of comparison of the measured impedance value

with the impedance reference value that the scavenging processing should be executed.

As a result, it is possible to prevent any adverse effects caused by unnecessary execution
of the scavenging processing, I.e., the problem of, for example, excessively drying an
electrolyte membrane, thereby making it more difficult to activate the fuel cell system due to
the unnecessary execution of the scavenging processing.

In the above-described configuration, it is preferable that if the measured
Impedance value is lower than the impedance reference value, the judgment means

determines that the scavenging processing should be executed.
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Moreover, the fuel cell system in the above;described configuration should
oreferably further include storage means for storing, if the measured impedance value Is
lower than the impedance reference value, the measured impedance value and elapsed
time after the start of the scavenging processing by associating them with each other; and
calculation means for calculating time that is required for the measured impedance value to
reach the impedance reference value, based on the measured impedance value, the
elapsed time after the start of the scavenging processing, and the impedance reference
value.

Also, the fuel céll system according to the present invention should preferably be a
fuel cell system for measuring an impedance value of a fuel cell and performing
scavenging control based on the measurement result, the fuel cell system Including:
measurement means for measuring the impedance value of the fuel cell and elapsed time
after the start of scavenging processing more than once; storage means for storing a
olurality of pairs of the measured impedance value and the elapsed time; memory means
for storing an impedance reference value; and estimation means for estimating scavenging
completion time based on the impedance reference value and the pairs of the measured
impedance value and the elapsed time.

In the above-described configuration, it is preferable that the measurement means
performs the measurement twice, the first measurement around the time of the start of the

scavenging processing and the second measurement after specified time has elapsed from

the start of the scavenging processing.

Moreover, the fuel cell system in the above-described configuration should
preferably further include a temperature sensor for detecting a temperature relating to the

fuel cell: and change means for changing the impedance reference value based on the

detected temperature.
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Furthermore, the fuel cell system in the above-described configuration should

preferably further include a calendar mechanism for detecting a date and time; and change

means for changing the impedance reference value based on the detected date and time.

As described above, the present invention makes it possible to adequately contro!

the water content in the fuel cell.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the configuration of 3 fuel cell system according to the first
embodiment:

Fi1g. 2 1s a diagram for explaining the function of a control unit according to the first
embodiment;

FFig. 3 is a flowchart illustrating scavenging control processing according to the first
embodiment:

Fig. 4 shows the relationship between scavenging time and a measured
Impedance value according to the first embodiment;

Fig. 5 1s a diagram for explaining the function of a control unit according to the
second embodiment:

IFig. 6 is a diagram for explaining the function of a control unit according to the third
embodiment; and

Fig. 7 shows the relationship between scavenging time and a measured

impedance value according to the third embodiment.

BEST MODE FOR CARRYING QUT THE INVENTION

e e
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Embodiments of the present invention will be explained below with reference to the
attached drawings.

A. First Embodiment

Overall Configuration

Fig. 1 shows the schematic configuration of a vehicle on which a fuel cell system
100 according to the first embodiment is mounted. Incidentally, a fuel cell powered
vehicle (FCHV: Fuel Cell Hybrid Vehicle) is assumed as an example of this vehicle in the
following explanation, but the fuel cell system 100 can be used for both electric vehicles
and nybrid vehicles. The fuel cell system 100 can be used not only for vehicles, but also
various kinds of moving bodies (such as ships, airplanes, and robots).

This vehicle runs using a synchronous motor 61 connected to wheels 63L. 63R as
a driving force source. A power supply system 1 provides a power source for the
synchronous motor 61. A direct current output from the power supply system 1 is
converted by an inverter 60 to a three-phase alternating current, which is then supplied to
the synchronous motor 61. The synchronous motor 61 can also serve as an electric
generator at the time of braking.

The power supply system 1 is constituted from, for example, a fuel cell 40, a
battery 20, and a DC/DC converter 30. The fuel celi 40 is a means for generating electric
power from supplied fuel gas and oxidant gas and has a stack configuration in which a
plurality of fuel cells including MEAs are stacked in series. Specifically speaking, various
types of fuel cells such as solid polymer fuel cells, phosphoric-acid fuel cells, and molten
carpbonate fuel cells can be used.

The battery 20 is a secondary battery capable of charge and discharge and is
composed of, for example, a nickel hydrogen battery. Various other types of secondary

batteries can be used. Also, a condenser capable of charge and discharge other than the
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secondary battery, for example, a capacitor may be used instead of the battery 20. This
battery 20 is inserted into a discharge path of the fuel cell 40 and is connected in parallel to
the fuel cell 40.

The fuel cell 40 and the battery 20 are connected in parallel to the inverter 60, anad
a diode 42 for preventing the reverse flow of a current from the battery 20 or a current
generated by the synchronous motor 61 is provided in a circuit from the fuel cell 40 to the
inverter 60.

As described above, it is necessary to control a relative voltage difference between
the two power sources, the fuel cell 40 and the battery 20 which are connected in parallel,
in order to realize appropriate output distribution between the fuel cell 40 and the battery 20.
A DC/DC converter 30 is placed between the battery 20 and the inverter 60 in order to
control the voltage difference. The DC/DC converter 30 is a direct-current voltage
converter and has a function adjusting a DC voltage input from the battery 20 and
outputting the adjusted DC voltage to the fuel cell 40 and a function adjusting a DC voltage
input from the fuel cell 40 or the motor 61 and outputting the adjusted DC voltage to the
battery 20.

Vehicle auxiliary machinery 50 and FC auxiliary machinery 51 are connected
between the battery 20 and the DC/DC converter 30, and the battery 20 serves as a power
source for the above-mentioned auxiliary machinery. The vehicle auxiliary machinery 90
includes various types of power equipment used, for example, when driving the vehicle,
and includes lighting equipment, air-conditioning equipment, and oll hydraulic pumps.
The FC auxiliary machinery 51 includes various types of power equipment used to operate
the fuel cell 40, and includes pumps for supplying the fuel gas and reformed materials and

a heater for adjusting the temperature of a reformer.
The operation of each of the above-mentioned components is controlled by a

6
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control unit 10. The control unit 10 is configured as a rﬁicrocomputer containing a CPU,
RAM, and ROM. The control unit 10 controls switching of the inverter 60 and outputs a
three-phase alternating current to the synchronous motor 61 in accordance with the power
requested. The control unit 10 also controls the operation of the fuel cell 40 and the
DC/DC converter 30 in order to supply electric power in accordance with the power
requested. \Various sensor signals are input to this control unit 10. Sensors such as an
accelerator pedal sensor 11, an SOC sensor 21 for detecting the State of Charge (SOC) of
the battery 20, a flow rate sensor 41 for detecting the gas flow rate of the fuel cell 40, a
temperature sensor 43 for detecting the internai temperature (FC temperature) of the fuel
cell 40, and a vehicle speed sensor 62 for detecting the speed of the vehicle input various
sensor signals to the control unit 10.  The control unit 10 measures an impedance value of
the fuel cell 40 as described below using each sensor signal and performs scavenging

control based on the measurement result.

Explanation of Scavenaing Control Function

Fig. 2 is a diagram for explaining a scavenging control function of the control unit

10.

As shown in Fig. 2, the control unit 10 includes a status detector 105, a target
voltage determiner 110, a superimposed signal generator 120, a voltage command signal

generator 130, an impedance operation unit 140, an impedance comparator 150, and a

scavenging controller 160.

The status detector 105 detects whether the fuel cell 40 is in an
electric-power-generating state or in a non-electric-power-generating state, based on, for
example, the voltage (FC voltage) Vf of the fuel cell detected by a voltage sensor 141 and a
current (FC current) If of the fuel cell 40 detected by a current sensor 142. The status

v
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detector 105 outputs the detection result to the target voltage determiner 110 and the
superimposed signal generator 120.

The target voltage determiner 110 determines an output target voltage (for example,
300 V) based on the respective sensor signals input from, for example, the accelerator
pedal sensor 11 and the SOC sensor 21 and then outputs the output target voitage to the
voltage command signal generator 130.

The superimposed signal generator 120 generates an impedance measurement
signai (such as a sine curve in a low frequency range with an amplitude value being 2 V) to
be superimposed on the output target voltage and then . outputs the mpedance
measurement signal to the voltage command signal generator 130. The respective
parameters (the wave type, frequency, and amplitude value) for the output target voltage
and the impedance measurement signal may be set as appropriate according to the
system design.

The voltage command signal generator 130 superimposes the impedance
measurement signal on the output target voltage and then outputs the obtained voltage
command signal Vfcr to the DC/DC converter 30. The DC/DC converter 30 controls the
voltage of, for example, the fuel cell 40 based on the sup_plied voitage command signal
Vifcr.

The impedance operation unit (measurement means) 140 samples the voltage (FC
voltage) VF of the fuel cell 40 detected by the voltage sensor 141 and the current (FC
current) /f of the fuel cell 40 detected by the current sensor 142 at a specified sampling rate
and executes, for exampie, Fourier transformation processing (FFT processing and DFT
processing). The impedance operation unit 140 obtains an impedance value of the fuel
cell 40 by, for example, dividing an FC voltage signal after the Fourier transformation

processing by an FC current signal after the Fourier transformation processing, and then
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outputs the obtained impedance value to the impedance comparator 150.

After receiving the impedance value of the fuel cell 40 (hereinafter referred to as
the “measured impedance value”) from the impedance operation unit 140, the impedance
comparator (Judgment means) 150 refers to an impedance reference value (scavenging
completion target impedance) stored in the memory (memory means) 151. The
impedance reference value is a reference value that is set to avoid excessive decrease of
the water content in the fuel cell 40 (that is, excessive drying of an electrolyte membrane)
and is determined in advance by, for example, experiments. This impedance.reference
vaiue may be an always-constant value regardless of the FC temperature, or different
Impedance reference values may be set for different FC temperatures T.

After receiving the measured impedance value from the impedance operation unit
140, the impedance comparator 150 determines the impedance reference value at the FC
temperature T detected by the temperature sensor 43. The impedance comparator 150
compares the determined impedance reference value with the measured impedance value
and judges whether the measured impedance value is lower than the impedance reference
value or not. If the measured impedance value is lower than the impedance reference
value, the impedance comparator 150 stores, for example, the measured impedance value
In the measurement memory (storage means) 152 and also notifies the scavenging
controller 160 that the scavenging processing should continue (or should be started). On
the other hand, If the measured impedance value is higher than the impedance reference
value, the impedance comparator 150 notifies the scavenging controller 160 that the
scavenging processing should be terminated (or should not be executed to start with),

without storing, for example, the measured impedance value in the measurement memory

152.
The scavenging controller (execution means) 160 performs scavenging control in
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accordance with the content of the notice from the iImpedance comparator 150.
Specifically speaking, if the scavenging contro'ller 160 1s notified by the impedance
Cofnparator 150 that the measured impedance value is lower than the impedance
reference'value, the scavenging controller 160 executes the scavenging processing. On
the other hand, if the scavenging controller 160 is notified by the impedance comparator
150 that the measured impedance value is higher than the impedance reference value, the
scavenging controller 160 stops the scavenging prdcessing. This scavenging processing
IS realized by adjusting, for example, the supply amount of the oxidant gas to be supplied to
the fuel cell 40 and the valve opening of a bypass valve (not shown in the drawing). The

scavenging control processing according to this embodiment will be explained below.

Explanation of Operation

Fig. 3 Is a flowchart illustrating the scavenging control processing executed
iIntermittently by the control unit 10.

The status detector 105 detects, based on, for example, the FC voltage Vf and the
FC current /f, whether the fuel cell 40 is in an electric-power-generating state or in a
non-electric-power-generating state (step S100). |f the status detector 105 detects that
the fuel cell 40 is in an electric-power-generating state, it terminates the scavenging control
processing without executing the following steps. On the other hand, if the status detector
105 detects that the fuel cell 40 is in a non-electric-power-generating state because. for
example, an ignition key is turned off, the status detector 105 notifies the target voltage
determiner 110 and the superimposed signal generator 120 that the impedance
measﬁrement should be started.

After being notified by the status detector 105 that impedance measurement

should be started, the target voltage determiner 110 determines an output target voltage
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pased on sensor signals input from, for example, the aécelerator pedal 11 and the SOC
sensor 21, and then outputs the output target voltage to the voltage command signal
generator 130. On the other hand, after the superimposed signal generator 120 is notiﬁed
by the status detector 105 that the impedance measurement should be started., the
superimposed signal generator 120 generates an impedance measurement signal to be
superimposed on the output target voltage and then outputs the impedance measurement
signal to the voltage command signal generator 130. The voltage command signal
generator 130 superimposes the impedance measurement signal on the output target
voltage and then outputs the obtained voltage command signal Vfor to the DC/DC
converter 30. The DC/DC converter 30 controls the voltage of, for example, the fuel cell
40 based on the supplied voltage command signal Vfcr.

The Impedance operation unit 140 measures an impedance value in a
non-electric-power-generating state based on the FC voltage Vf detected by the voltage
sensor 141 and the FC current /f detected by the current sensor 142 and then supplies the
measured impedance value to the impedance comparator 150 (step S110).

After receiving the measured impedance value from the impedance operation unit
140, the impedance comparator 150 obtains an impedance reference value corresponding

to the FC temperature T from among a plurality of impedance reference values stored in

the memory 151 (step $120). Subsequently, the impedance comparator 150 compares
the measured impedance value received from the impedahoe operation unit 140 with the

impedance reference value corresponding to the FC temperature T (step S130).

If the impedance comparator 150 determines that the measured impedance value
is higher than the impedance reference value, it notifies the scavenging controller 160 that
the scavenging processing should be terminated (or should not be executed from the

beginning). On the other hand, if the impedance comparator 150 determines that the
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measured impedance value is lower than the impedance reference value, the impedance
comparator 150 registers the measured impedance value and elapsed time after the start
of the scavenging processing (scavenging time) in the measurement memory 152 (step
S140) and then notifies the scavenging controller 160 that the scavenging processing
should continue (or should be started).

Fig. 4 is a diagram showing the relationship between the scavenging time and the
measured impedance value.

As shown in Fig. 4, the longer the scavenging time becomes, the drier the
electrolyte membrane becomes and the higher the measured impedance value becomes.
While the measured impedance value is lower than the impedance reference value ins, the
impedance comparator 150 registers pairs of the measured impedance value and the
scavenging time ((in, t) = (in0, t0), (in1, t1), and so on until (in4, t4)) in the measurement
memory 152. - Incidentally, the expression (in0, t0) shown in Fig. 4 represents the
measured impedance value immediately before the start of the scavenging processing and
the scavenging time.

Subsequently, if the measured impedance value becomes higher than the
impedance reference value ins, the impedance comparator 150 terminates the scavenging
control processing without registering the pairs of the measured impedance value and the
scavenging time ((in, t) = (in5, t5), (in6, 16), etc.) in the measurement memory 152.
Incidentally, the measured impedance value may be already higher than the impedance

reference value ins before the start of the scavenging processing (for example, as shown
with (in0’, t0’) in Fig. 4). In this case, the processing will be terminated without starting the
scavenging processing. As a result, it is possible to prevent the adverse effect caused by
unnecessary execution of the scavenging processing, that is, the problem of excessive

drying of the electrolyte membrane making it more difficult to activate the fuel cell system

12
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due to the unnecessary execution of the scavenging processing.

After being notified by the impedance comparator 150 that the scavenging
processing should be terminated (or should not be executed to start with), the scavenging
controller 160 terminates the scavenging control processing described above. On the
other hand. after the scavenging controller 160 is notified by the impedance comparator
150 that the scavenging processing should continue (or should be started), the scavenging
controller 160 executes the scavenging processing by adjusting, for example, the supply
amount of the oxidant gas to be supplied to the fuel cell 40 and the valve opening of the
bypass vélve (step S150), and then returns to step S100. Incidentally, operations after
returning to step S100 can be explained In the same manner as described above, soO
accordingly, any further explanation has been omitted.

According to this embodiment described above, the scavenging processing 1S
executed only when the measured impedance value is lower than the impedance reference
value. As a result it is possible to prevent the adverse effect caused by unnecessary
execution of the scavenging processing, that is, the problem of, for example, excessive
drying of the electrolyte membrane making it more difficult to activate the fuel cell system
due to the unnecessary execution of the scavenging processing.

Regarding the first embodiment described above, no particular reference has been

made to the scavenging amount per unit time in the above explanation, but the scavenging
amount may be either constant or variable. In order to keep the scavenging amount per

unit time constant, for example, it is only necessary to keep the supply amount of the
oxidant gas and the valve opening of the bypass valve constant while executing the
scavenging processing. On the other hand, the scavenging amount per unit time may be
made variable by finding a difference between the measured impedance value and the

impedance reference value and determining, for example, the supply amount for the
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oxidant gas and the valve opening of the bypass valve from the above-obtained difference.
If the obtained difference is larger than a set threshold value, the fuel cell system is
controlled to increase the impedance value much sooner by setting, for example, a large
supply amount of the oxidant gas. In this way, the scavenging processing can be
terminated more quickly by making the scavenging amount per unit time variable.

The first embodiment used the oxidant gas as an example of gas to be supplied to
the fuel cell during the scavenging processing. However, this embodiment can use any
type of gas for which the impedance value can be measured, such as fuel gas (for example,

hydrogen) or nitrogen gas.

B. Second Embodiment

According to the aforementioned first embodiment, the impedance value of the fuel
cell is measured intermittently and the scavenging processing is executed until the
measured impedance value becomes higher than the impedance reference value.
However, time required for the measured impedance value to reach the impedance
reference value may be estimated and the scavenging processing may be controlled based
on the estimated time (hereinafter referred to as the “estimated arrival time”).

Fig. 5 1s a diagram fdr explaining a scavenging control function of a control unit 10’
according to the second embodiment and corresponds to Fig. 2. Elements corresponding

to those In Fig. 2 are given the same reference numerals as those in Fig. 2, so any detailed

explanation thereof has been omitted.

An estimated arrival time calculator (calculation means) 170 calculates the
estimated arrival time based on the pairs of the measured impedance value and the
scavenging time (for exampile, (in, t) = (In0, t0), (In1, t1), and so on until (in4, t4) as shown
In Fi1g. 4) registered in the measurement memory 152. If (in0O, t0) and (in1, t1) shown in

14
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Fig. 4 are registered in the measurement memory 152, the time required to reach the
impedance reference value ins (i.e., the estimated arrival time) fs is calculated by executing
secondary interpolation processing based on (in0, t0), (in1, 1), and the iImpedance
reference value ins. As a result, adequate scavenging control can be realized while
decreasing the number of times the impedance value Is measured. Incidentally, the

number of times n the impedance value is measured (n=2) can be set as appropriate.

C. Third Embodiment

According to the aforementioned second embodiment, the estimated arrival time £s
Is calculated without particularly limiting the number of times the impedance value Is
measured. However, once a command to stop the system iIs input, the supply of the fuel
gas to the fuel cell 40 will be stopped and the use of the fuel gas necessary for the
Impedance measurement will be limited. Therefore, the third embodiment makes it
possible to obtain the estimated arrival time s with high accuracy so that the water content
In the fuel cell 40 will be controlled, with the limited number of times the impedance value is
measured (twice or less), to be a target water content.

Fig. 6 is a diagram for explaining a scavenging control function of a control unit 10”
according to the third embodiment and corresponds to Fig. 5. Fig. 7 shows the
relationship between the scavenging time and the measured impedance value and
corresponds to Fig. 4. Incidentally, regarding the configuration shown in Fig. 6, elements
corresponding to those in Fig. 5 are given the same reference numerals as those in Fig. 5

and any detailed explanation thereof has been omitted.
After a command to stop the system is input, the impedance operation unit
(measurement means) 140 performs the first impedance measurement and a pair of an

impedance value immediately before the start of the scavenging processing (the first
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measured impedance value) and the scavenging time ((in, t) = (in0, t0) shown In Fig. 7) Is
stored in the measurement memory (storage means) 152. MeanWhile, when triggered by
the input of the command to stop the system, the scavenging controller 160 starts the
scavenging processing. Subsequently, the impedance operation unit 140 judges if a
specified time (for example, 30 seconds) has elapsed since the start of the scavenging
processing, using a timer 141 or the like. If the impedance operation unit 140 determines
that a specified time has elapsed, it performs the second impedance measurement and
stores a pair of an impedance value during the scavenging processing (the second
measured impedance value) and the scavenging time ( (in, t) = (in1, t1) shown in Fig. 7) in
the measurement memory 152.

From the viewpoint of improving the estimation accuracy of the scavenging
completion time, it is desirable that the second impedance measurement should be
performed when the water content in the fuel cell 40 decreases as much as possible.
Based on this point of view, the second impedance measurement may be performed when
a temperature change speed of the fuel cell 40 is detected and the detected temperature
change speed exceeds a set threshold value. Incidentally, the threshold value may be set
in consideration of the progress of vaporization of residual water in the fuel cell 40.

The estimated arrival time calculator (estimation means) 170 is a means for
calculating the estimated arrival time (scavenging completion time) based on the pairs of
the measured impedance value and the scavenging time registered in the measurement
memory 152. The memory (memory means) 151 stores the impedance reference value
(scavenging Cohpletion target impedance value) ins. The estimated arrival time
calculator 170 calculates the estimated arrival time s by inputting the first measured

impedance value iIn0, the second measured impedance value in1, the impedance

reference value ins, and the scavenging time t1 for the first measured impedance value to
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the following formula (1), and then outputs the calculation result to the scavenging

controller 160.

ins—1nO
Vinl—1inO

t 1 ...(1)

f s =

The scavenging controller 160 executes the scavenging processing according fo
the estimated arrival time output from the estimated arrival time calculator 170. As a
result, adequate scavenging control can be realized while decreasing the number of times
the iImpedance value I1s measured.

According to the above-described embodiment, the first impedance measurement
Is performed immediately before the start of the scavenging processing (around the time of
the start of the scavenging processing) after the c'ommand to stop the system was input.
However, the first impedance measurement may be performed immediately after the start
of the scavenging processing (around the time of the start of the scavenging processing).
Furthermore, the impedance value measured immediately before the input of the command
to stop the system may be used as the first measured impedance value.

Regarding the above-described embodiment, no particular reference is made to

the impedance reference value set In the memory 151. However, for example, the
estimated arrival time calculator (change means) 170 may change the impedance
reference value as necessary based on the FC temperature T detected by the temperature
sensor 43 and date and time information specified by a calendar mechanism (not shown in

the drawing) contained in the system.
Furthermore, the impedance reference value may be changed as necessary
depending on new information obtained as described below. If the impedance value is

measured after the estimated arrival time has actually elapsed, the measured impedance
17
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value may sometimes deviate from the target range for the impedance reference value (for
example, ins = a). Therefore, an impedance value measured when the system is
started may be stored in, for example, the memory, the latest start-up impedance value
measured at that time is compared with another start-up impedance value measured In the
past, and the impedance reference value may be changed according to the result of that
comparison. Specifically speaking, if the difference between the start-up impedance
value measured in the past and the latest start-up impedance value measured at that time
is within the specified range, the impedance referencg value will not be changed; and If the
difference is beyénd the specified range, the impedance reference vaiue wm' be changed.
As a matter of course, the comparison target is not limited to the start-up impedance value,
and any parameter such as current-voltage characteristic at the time of start-up may be
used as the comparison target.

Furthermore, a time change in the measured impedance value is assumed as a

quadratic function (y = at’ + in0) in the above-described embodiment, but any arbitrary

function such as an exponentional function can be used.

18
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What is claimed is:

ey S p— i — e — —

1. A fuel cell system for measuring an impedance value of a fuel cell_and
performing scavenging control based on the measurement result while the system
IS stopped, the fuel cell system comprising:

measurement means for measuring the impedance value of the fuel cell
and elapsed time after the start of scavenging processing more than once;

storage means for storing a plurality of pairs of the measured impedance
value and the elapsed time;

memory means for storing an impedance reference value; and

estimation means for estimating scavenging completion time based on

the impedance reference value and the pairs of the measured impedance value

and the elapsed time.

2. The fuel cell system according to claim 1, wherein the measurement
means performs the measurement twice, the first measurement immediately
before or immediately after the time of the start of the scavenging processing and

the second measurement after specified time has elapsed from the start of the

scavenging processing.

3. The fuel cell system according to claim 1 or 2, further comprising:
a temperature sensor for detecting a temperature relating to the fuel cell;

and

change means for changing the impedance reference value based on the

detected temperature.
19



CA 02673042 2011-08-03

4. The fuel cell system according to claim 1 or 2, further comprising:
a calendar mechanism for detecting a date and time; and
change means for changing the impedance reference value based on the

detected date and time.

20
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