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FUEL CELL SYSTEM

FIELD OF THE INVENTION

[0001] The invention relates to a fuel cell system that mea-
sures an impedance of a fuel cell using an alternating-current
impedance method.

BACKGROUND OF THE INVENTION

[0002] Itis known that the internal resistance of a fuel cell
influences the humidity coefficient of an electrolyte mem-
brane inside the fuel cell. In the case where the amount of the
moisture contained in the fuel cell is small and the electrolyte
membrane is dry, the internal resistance is high and the output
voltage of the fuel cell is low. In the case where the amount of
the moisture contained in the fuel cell is excessively large,
since an electrode of the fuel cell is covered with the moisture,
the diffusion of oxygen and hydrogen as reactants is ham-
pered, and the output voltage is low.

[0003] Inorderto operate the fuel cell with high efficiency,
it is necessary to optimally manage the amount of the mois-
ture contained in the fuel cell. It is known that the amount of
the moisture contained in the fuel cell is correlated with the
impedance of the fuel cell. In Japanese Patent Application
Publication No. 2004-15992 (JP-A-2004-15992), an imped-
ance of a fuel cell is measured according to an alternating-
current impedance method to indirectly grasp a state of mois-
ture contained in the fuel cell. More specifically, JP-A-2004-
15992 describes superimposing a sinusoidal signal having an
arbitrary frequency on an output signal of the fuel cell and
measuring the impedance of the fuel cell in that case.

[0004] However, the number of times of sampling per-
formed in measuring a voltage and a current for the measure-
ment of the impedance is limited due to factors such as a CPU
load and the like. Therefore, there is a circumstance in which
no sufficient ingenuity is found as to the impedance measure-
ment performance of the fuel cell.

SUMMARY OF THE INVENTION

[0005] The invention improves the impedance measure-
ment performance of a fuel cell in a fuel cell system that is
equipped with a multiphase voltage conversion device.

[0006] A first aspect of the invention relates to a fuel cell
system. This fuel cell system is equipped with a fuel cell, a
multiphase voltage conversion device with N-phases (N
being an integer equal to or larger than two) that is connected
to the fuel cell, a control signal generation portion that gen-
erates control signals to control each phase of the multiphase
voltage conversion device by superimposing a control wave-
form for measuring impedance on a voltage indicating an
output target voltage of the multiphase voltage conversion
device and sequentially outputs the control signals corre-
sponding to N phases with a predetermined phase difference
to the multiphase voltage conversion device, and an imped-
ance calculation portion that measures a current of the fuel
cell and a voltage of the fuel cell on cycles corresponding to
N predetermined sampling frequencies having a phase differ-
ence equal to the predetermined phase difference and calcu-
lates an impedance of the fuel cell based on the measured
current and the measured voltage. In this configuration, when
measuring the current and the voltage for calculating the
impedance, the impedance calculation portion samples the
current of the fuel cell and the voltage of the fuel cell on the
cycles corresponding to the N predetermined sampling fre-
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quencies having the phase difference equal to the phase dif-
ference of the control signals output to control the respective
phases of the multiphase voltage conversion device. As a
result, a detailed sampling result close in shape to the control
waveform can be obtained. Therefore, the performance of
measuring the impedance of the fuel cell in the fuel cell
system equipped with the multiphase voltage conversion
device can be improved.

[0007] The predetermined phase difference may be 360°/
N.

[0008] The aforementioned fuel cell system may further be
equipped with an accumulator, and a voltage conversion
device that is connected to the accumulator. In this configu-
ration, an effect similar to that of the first aspect of the inven-
tion can be obtained even in the case of a configuration
equipped with a voltage conversion device for controlling an
output from an accumulator.

[0009] A second aspect of the invention relates to a method
of' measuring an impedance of a fuel cell system. The fuel cell
system includes a fuel cell, and a multiphase voltage conver-
sion device with N-phases (N being an integer equal to or
larger than two) that is connected to the fuel cell. This method
of measuring the impedance of the fuel cell system includes
generating control signals to control each phase of the mul-
tiphase voltage conversion device by superimposing a control
waveform for measuring impedance on a voltage indicating
an output target voltage of the multiphase voltage conversion
device, sequentially outputting the control signals corre-
sponding to N phases with a predetermined phase difference
to the multiphase voltage conversion device, and measuring a
current of the fuel cell and a voltage of the fuel cell on cycles
corresponding to N predetermined sampling frequencies hav-
ing a phase difference equal to the predetermined phase dif-
ference and calculating an impedance of'the fuel cell based on
the measured current and the measured voltage.

[0010] It should be noted that the invention can be imple-
mented in various forms. For example, the invention can be
implemented in the modes of a fuel cell system, a method of
controlling a fuel cell system, a mobile object such as a
vehicle equipped with a fuel cell system or the like. Further,
the invention is not absolutely required to have all the afore-
mentioned various features, and can also be configured with
some of them omitted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing and further features and advantages
of the invention will become apparent from the following
description of example embodiments of the invention with
reference to the accompanying drawings, wherein like
numerals are used to represent like elements and wherein:
[0012] FIG. 1 is an explanatory view showing an overall
configuration of a vehicle HR mounted with a fuel cell system
according to one embodiment of the invention;

[0013] FIG. 2 is an explanatory view showing an equivalent
circuit of a fuel cell;

[0014] FIG. 3 is an explanatory view for explaining the
measurement of an internal impedance of the fuel cell;
[0015] FIGS. 4A and 4B are explanatory views for explain-
ing control signals generated by a control signal generation
portion;

[0016] FIGS. 5A to 5D are explanatory views for explain-
ing the sampling in an impedance calculation portion; and
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[0017] FIG. 6 is an explanatory view showing an overall
configuration of the vehicle HR mounted with a fuel cell
system according to the second embodiment of the invention.

DETAILED DESCRIPTION OF THE

EMBODIMENTS
[0018] Next, the embodiments of the invention will be
described.
[0019] A. First Embodiment: FIG. 1is an explanatory view

showing an overall configuration of the vehicle HR mounted
with a fuel cell system 100 according to one embodiment of
the invention. It should be noted that the following descrip-
tion will be given citing a fuel cell hybrid vehicle (an FCHV)
as an example of the vehicle. The vehicle HR is mainly
equipped with the fuel cell system 100, an inverter 60, a motor
61, an output shaft 62, a reduction gear 63, and a vehicle drive
shaft 64. .

[0020] The inverter 60 converts a DC current output from
the fuel cell system 100 into a three-phase AC current and
supplies the motor 61 with the three-phase AC current. The
motor 61 is a motive power source of the vehicle HR which is
designed as a synchronous motor, and is equipped with a
phase coil for forming a revolving magnetic field. The motor
61 is connected to the output shaft 62 to transmit a motive
power to the output shaft 62. It should be noted that the motor
61 can also function as a generator at the time of braking. The
motive power output from the motor 61 to the output shaft 62
is transmitted to the vehicle drive shaft 64 via the reduction
gear 63.

[0021] The fuel cell system 100 is mainly equipped with a
controlunit 10, abattery 20, a DC/DC converter 30, a fuel cell
40, vehicle auxiliaries 50, and FC auxiliaries 51. The control
unit 10 is configured as a logical circuit mainly composed of
a microcomputer. More specifically, the control unit 10 is
equipped with a CPU (not shown) that carries out predeter-
mined calculations and the like according to a preset control
program, a ROM (not shown) in which a control program
necessary for performing various calculation processings by
means of the CPU, control data and the like are stored in
advance, a RAM (not shown) from and into which various
data necessary for performing the various calculation pro-
cessings by means of the CPU as described above are tempo-
rarily read and written, an input/output port (not shown) into
and from which various signals are input and output, and the
like. The control unit 10 is connected to an accelerator pedal
sensor 11, a shift position sensor (not shown), a brake sensor
(not shown), and the like via signal lines. The control unit 10
acquires pieces of information on the driving of the vehicle,
such as an accelerator opening degree, a vehicle speed and the
like, from detection signals of these sensors, and generates a
drive signal for the DC/DC converter 30 of the fuel cell
system 100 (as will be described later in detail).

[0022] The battery 20 is a chargeable/dischargeable sec-
ondary battery. For example, various secondary batteries such
as a lead storage battery, a nickel-cadmium storage battery, a
nickel-hydrogen storage battery, a lithium secondary battery
and the like can be employed as the battery 20. The battery 20
is interposed on a discharge route of the fuel cell 40 and
connected to the fuel cell 40 in parallel therewith. It should be
noted that a chargeable/dischargeable accumulator (e.g., a
capacitor) other than a secondary battery may be employed
instead of the battery 20.

[0023] The fuel cell 40 generates an electric power from a
supplied fuel gas and a supplied oxidation gas. The fuel cell
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40 has a stack structure in which a plurality of unit cells
equipped with a membrane electrode assembly (hereinafter
referred to as “the MEA”) and the like are laminated on one
another in series. Various types of fuel cells (e.g., a proton-
exchange membrane fuel cell, a fused carbonate fuel cell, and
the like) can be utilized as the fuel cell 40.

[0024] The battery 20 and the fuel cell 40 are connected to
the inverter 60 in parallel therewith. Further, a circuit extend-
ing from the fuel cell 40 to the inverter 60 is provided with a
diode 42 to restrain a current from the battery 20 or a current
of an electric power generated by the motor 61 from flowing
backward.

[0025] As described above, in order to realize appropriate
output distribution in both power supplies, namely, the bat-
tery 20 and the fuel cell 40 that are connected in parallel with
each other, a multiphase voltage conversion device (a DC/DC
converter 30) is provided in this embodiment of the invention.
The DC/DC converter 30 has a function of boosting (or low-
ering) a DC voltage input from the fuel cell 40 to a given target
voltage and outputting the target voltage. The DC/DC con-
verter 30 has therein a plurality of electric power supply
modules operable in parallel with one another. The respective
electric power supply modules constitute phases of the
DC/DC converter 30.

[0026] In this embodiment of the invention, a two-phase
DC/DC converter that has therein an electric power module
constituting a u-phase and an electric power supply module
constituting a v-phase will be described as an example. It
should be noted that the DC/DC converter 30 also functions as
a switch for controlling a state of connection between the
battery 20 and a line to which the battery 20 is connected.
More specifically, when there is no need to charge or dis-
charge the battery 20, the battery 20 is disconnected from the
line to which the battery 20 is connected.

[0027] The vehicle auxiliaries 50 mean various electric
power components used during the driving of the vehicle, or
the like. The vehicle auxiliaries 50 include, for example, a
lighting component, an air-conditioning component, and a
hydraulic pump.

[0028] The FC auxiliaries 51 mean various electric power
components used to drive the vehicle. The FC auxiliaries 51
include, for example, a pump for supplying a fuel gas and a
reformed material, and a heater for adjusting the temperature
of a reformer. The vehicle auxiliaries 50 and the FC auxilia-
ries 51 are connected between the battery 20 and the DC/DC
converter 30.

[0029] FIG. 2 is an explanatory view showing an equivalent
circuit of the fuel cell 40. The fuel cell 40 is expressed by a
separator resistance R1, an MEA resistance R2, and an elec-
trode capacitance C. These resistances R1 and R2 and the
capacitance C form an internal impedance of the fuel cell 40.
An internal characteristic of the fuel cell 40 can be grasped by
measuring the impedance as will be described below.

[0030] FIG. 3 is an explanatory view for explaining the
measurement of the internal impedance of the fuel cell 40.
The control unit 10 is equipped with a target voltage deter-
mination portion 110, a superimposed signal generation por-
tion 120, a control signal generation portion 130, and an
impedance calculation portion 140. The target voltage deter-
mination portion 110 determines an output target voltage
from the DC/DC converter 30 on the basis of sensor signals
input from the accelerator pedal sensor 11 (FIG. 1) and the
like, and outputs this value to the control signal generation
portion 130. The superimposed signal generation portion 120
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generates a control waveform (e.g., sinusoidal waves with an
amplitude a) for impedance measurement that is to be super-
imposed on the output target voltage, and outputs this control
waveform to the control signal generation portion 130. It
should be noted that the output target voltage and respective
parameters of the control waveform (the type, frequency, and
amplitude value of the waveform) can be appropriately
changed in accordance with the design of the system or the
like.

[0031] The control signal generation portion 130 generates
control signals for controlling the respective phases of the
DC/DC converter 30 by superimposing the output target volt-
age and the control waveform on each other. The control
signal generation portion 130 sequentially outputs the control
signals thus generated with a predetermined phase difference
(more specifically, with a phase of an output pulse from the
DC/DC converter 30 shifted by a timing corresponding to a
desired delay) as control signals (uDuty, vDuty) correspond-
ing to the respective phases of the DC/DC converter 30. The
DC/DC converter 30 controls a DC voltage input from the
fuel cell 40 on the basis of the control signals (uDuty, vDuty)
corresponding to the respective phases, which are given from
the control signal generation portion 130. More specifically,
the DC/DC converter 30 turns ON/OFF a switching element
of the electric power module corresponding to the u-phase
inside the DC/DC converter 30 on the basis of the control
signal uDuty. By the same token, the DC/DC converter 30
turns ON/OFF a switching element of the electric power
module corresponding to the v-phase inside the DC/DC con-
verter 30 on the basis of the control signal vDuty.

[0032] FIG. 4 is composed of explanatory views for
explaining the control signals generated by the control signal
generation portion 130. FIG. 4A schematically shows the
control signals (uDuty, vDuty) output from the control signal
generation portion 130 to the DC/DC converter 30. Thus, one
of the control signals (uDuty, vDuty) corresponding to the
respective phases in the DC/DC converter 30 is output with a
delay corresponding to a predetermined phase difference ps
with respect to the other. It should be noted that this phase
difference ps can be stored in advance in a storage area inside
the control unit 10. The phase difference ps in this embodi-
ment of the invention is 45°. FIG. 4B is an explanatory view
schematically showing a frequency component Ifc of an FC
current output from the DC/DC converter 30. It should be
noted that the FC current means an output current at an actual
operation point of the fuel cell 40.

[0033] FIG. 5 is composed of explanatory views for
explaining the sampling in the impedance calculation portion
140. FIG. 5A is an explanatory view schematically showing
the frequency component Ifc of the FC current output from
the DC/DC converter 30. The impedance calculation portion
140 samples the frequency component Ifc of the FC current
output from the DC/DC converter 30 on cycles (i.e., SFu,
SFv) corresponding to sampling frequencies corresponding
to the respective phases having the same phase difference ps
as the phase difference ps between the control signals uDuty,
vDuty shown in FIG. 4A. That is, in the example of FIG. 5A,
the impedance calculation portion 140 samples the two sam-
pling frequencies corresponding to the number of the phases
respectively at the timings SFu, SFv of a central region of
sinusoidal waves and a region having a maximum deviation
from the center of the sinusoidal waves. It should be noted
that FIG. 5A is nothing but an example, and that the sampling
frequencies can be arbitrarily determined.
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[0034] FIG. 5B shows a result ulf of the sampling per-
formed by the impedance calculation portion 140 on the
sampling cycle SFu. FIG. 5C shows a result vIf of the sam-
pling performed by the impedance calculation portion 140 on
the sampling cycle SFv. Further, FIG. 5D shows a sampling
result ulf+vIf as a sum of the results ulf and vIf obtained as
described above.

[0035] The impedance calculation portion 140 also
samples the frequency component Vfc of the output voltage
(hereinafter referred to also as “an FC voltage”) at the actual
operation point of the fuel cell 40 detected by the voltage
sensor 141, in the same manner as explained in FIG. 5, and
acquires a sampling result of the frequency component Vfc of
the FC voltage. The impedance calculation portion 140 thus
performs sampling processings of the FC current and the FC
voltage, and then calculates an impedance of the fuel cell 40
by, for example, dividing an FC voltage signal subjected to an
Fourier transform processing by an FC current signal sub-
jected to the Fourier transform processing.

[0036] As described above, according to the first embodi-
ment of the invention, when measuring the FC voltage and the
FC current for impedance calculation, the impedance calcu-
lation portion 140 performs sampling on the cycles SFu, SFv
corresponding to the sampling frequencies corresponding to
the respective phases, which have the same phase difference
ps as the phase difference ps between the control signals
uDuty, vDuty output to control the respective phases of the
DC/DC converter 30. Thus, the impedance calculation por-
tion 140 can obtain a detailed sampling result close in shape
to the control waveform as shown in. FIG. 5D, as a result of
the measurement of the FC current and the FC voltage. The
impedance calculation portion 140 carries out impedance
calculation of the fuel cell 40 on the basis of the measured
values of the FC current and FC voltage thus obtained. As a
result, the impedance measurement performance of the fuel
cell in the fuel cell system equipped with the multiphase
voltage conversion device (the DC/DC converter 30) can be
improved.

[0037] Furthermore, according to the first embodiment of
the invention, the impedance calculation portion 140 samples
the FC current and the FC voltage on the cycles SFu, SFv
corresponding to the plurality of the sampling frequencies.
Therefore, the load applied to the CPU in the control unit 10
can be reduced in comparison with a case where the imped-
ance calculation portion 140 performs sampling on a cycle
corresponding to a single sampling frequency that is higher
than the sampling frequency.

[0038] B. Second Embodiment: FIG. 6 is an explanatory
view showing an overall configuration of the vehicle HR
mounted with a fuel cell system 100a according to the second
embodiment of the invention. The difference between the
second embodiment of the invention and the first embodiment
of the invention shown in FIG. 1 consists in that a DC/DC
converter 31 is further provided, and the second embodiment
of the invention is identical to the first embodiment of the
invention in other configurational details and other opera-
tional details. It should be noted in FIG. 6 that configurational
components identical to those of the first embodiment of the
invention are denoted by the same reference symbols as in the
foregoing first embodiment of the invention, and that the
detailed description of such components is omitted. The
DC/DC converter 31 is interposed between the battery 20 and
the inverter 60, and has the function of boosting (or lowering)
a DC voltage input from the battery 20 to a given target
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voltage and outputting the target voltage. It should be noted
that the DC/DC converter 30 of the second embodiment of the
invention is different from that of the first embodiment of the
invention in that it does not function as a switch for control-
ling the state of connection between the battery 20 and the line
to which the battery 20 is connected.

[0039] Inthis configuration as well, as in the case of the first
embodiment of the invention, the impedance measurement
performance of the fuel cell in the fuel cell system equipped
with the multiphase voltage conversion device (the DC/DC
converter 30) can be improved.

[0040] C. Modified Examples: It should be noted that the
invention is not limited to the foregoing embodiments
thereof, and that the invention can be implemented in various
modes without departing from the gist thereof For example,
the invention can also be modified as follows.

[0041] C1. Modified Example 1: The foregoing embodi-
ments of the invention have been described citing the two-
phase (N=2) DC/DC converter 30 as an example of the mul-
tiphase voltage conversion device. However, it is sufficient
that the DC/DC converter of the invention be of a multiphase
type, and the number of phases of the DC/DC converter
adopted in the invention is arbitrary. For example, a three-
phase DC/DC converter can be adopted. In this case, the
impedance calculation portion 140 performs sampling on
cycles SFu, SFv, SFw corresponding to three sampling fre-
quencies delayed by the same phase difference as the phase
difference among control signals (uDuty, vDuty, wDuty) cor-
responding to the respective phases. Therefore, more detailed
sampling results of the FC current and the FC voltage can be
obtained. As a result, the performance of measuring the
impedance of the fuel cell can further be improved.

[0042] C2. Modified Example 2: In the foregoing embodi-
ments of the invention, the various set values in the fuel cell
system 100 are exemplified. However, the various set values
(e.g., the phase difference ps) in the fuel cell system 100 can
be arbitrarily determined. For example, the phase difference
ps may be 360°/N.

[0043] C3. Modified Example 3: The foregoing embodi-
ments of the invention have been described citing the fuel-
cell-powered vehicle as an example of the vehicle. However,
various vehicles can be assumed as the vehicle mounted with
the fuel cell system according to the invention. For example,
the invention is also applicable to electric vehicles and hybrid
vehicles. Furthermore, the fuel cell system according to the
invention can also be applied to mobile objects other than
vehicles (e.g., ships, airplanes, and the like).

[0044] While the invention has been described with refer-
ence to the example embodiments thereof, it is to be under-
stood that the invention is not limited to the described
embodiments or constructions. To the contrary, the invention
is intended to cover various modifications and equivalent
arrangements. In addition, while the various elements of the
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disclosed invention are shown in various example combina-
tions and configurations, other combinations and configura-
tions, including more, less or only a single element, are also
within the scope of the appended claims.

1. A fuel cell system comprising:

a fuel cell;

a multiphase voltage conversion device with N-phases (N
being an integer equal to or larger than two) that is
connected to the fuel cell;

a control signal generation portion that generates control
signals to control each phase of the multiphase voltage
conversion device by superimposing a control waveform
for measuring impedance on a voltage indicating an
output target voltage of the multiphase voltage conver-
sion device, and sequentially outputs the control signals
corresponding to N phases with a predetermined phase
difference to the multiphase voltage conversion device;
and

an impedance calculation portion that measures a current
of the fuel cell and a voltage of the fuel cell on cycles
corresponding to N predetermined sampling frequen-
cies having a phase difference equal to the predeter-
mined phase difference, and calculates an impedance of
the fuel cell based on the measured current and the
measured voltage.

2. The fuel cell system according to claim 1, wherein the

predetermined phase difference is 360°/N.

3. The fuel cell system according to claim 1, further com-
prising an accumulator, and a voltage conversion device that
is connected to the accumulator.

4. A method of measuring an impedance of a fuel cell
system that includes a fuel cell and a multiphase voltage
conversion device with N-phases (N being an integer equal to
or larger than two) that is connected to the fuel cell, the
method comprising:

generating control signals to control each phase of the
multiphase voltage conversion device by superimposing
a control waveform for measuring impedance on a volt-
age indicating an output target voltage of the multiphase
voltage conversion device;

sequentially outputting signals corresponding to N phases
with a predetermined phase difference to the multiphase
voltage conversion device; and

measuring a current of the fuel cell and a voltage of the fuel
cell on cycles corresponding to N predetermined sam-
pling frequencies having a phase difference equal to the
predetermined phase difference, and calculating an
impedance of'the fuel cell based on the measured current
and the measured voltage.

5. The fuel cell system according to claim 1, wherein the

predetermined phase difference is stored in advance in a
storage area inside a control unit of the fuel cell system.
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