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FUEL CELL SYSTEM AND FUEL CELL STATUS DETECT ION METHOD
BACKGROUND OF THE INVENTION""

1. Field of the Invention
[0001] The invention relates toa fuel cell system and a method for detecting the

status of a fuel cell.

2. Description of the Related Art

[0002]  Fuel cells are devices for bbtaining electrical energy typically by using

- hydrogen and oxygen as fuel. Since these fuel cells are superior in terms of the

environment and are able to realize high ene;rgy efficiency, their development is
proceeding in a wide range of fields for use as an energy supply system of the future. In
particular, since polymer electrolyte fuel cells operate at a comparatively low temperature
among the various types of fuel cells, they have good startability. Consequently,
research on these fuel cells is proceeding actively for applications in numerous fields.
[0003) In a polymer electrolyte fuel cell, a membrane electrode assembly
(MEA) is interposed between separators. In the MEA, an anode is provided on one side
of an electrolyte membrane composed of a solid polymer electrolyte having proton
conductivity, and a cathode is provided on the other side of the electrolyte membrane.
[0004] The status of a fuel cell changes accofding to operating conditions and
the like, Therefore, technologies have been developed for monitoring decreases in cell

voltage measured for each cell group in filel cell stacks consisting of a plurality of

 laminated fuel cells. (see, for example, Japanese Patent Application Publication No.

2006-179338 (JP-A-2006-179338)).
[0005]  However, it is difficult to accurately detect the status of a cell by simply

monitoring decreases in voltage, In addition, although decreases in cell voltage can also

. be monitored for cell groups, it is difficult to accurately detect the status of a cell .

| ~c.ontained in the cell group, On the other hand, providing means for detecting cell

1
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voltage for each cell ends up increasing costs.

-~ ‘SUMMARY OF THE INVENTION

[0006]  An object of the invention is to provide a fuel cell system and fuel cell
status detection method enabling the status of a fuel cell to bé detected accurately while
suppressing increases in costs. |

[0007) In a first aspect thereof, the invention rclates to a fuel cell system
provided with voltage deteciion means for detecting a cell voltage of a cell group
containing one or more ceélls, current densitjr detection means for detecting a generated
current density of the celi group, and determination means for determining the presence
or absence of an inflection point of a change in the cell voltage relative to the generated
current density béscd on the detection results of the voltage detection means and the
current density detection means. In this fuel cell system, the inflection point can be
detected for a target cell group. Consequently, the status of a fuel cell can be detected
with high accuracy. In addition, since the inflection point can be detected even if a
plurality of cells are contained in the cell group, it is not necessary to provide voltage

detection means for each cell. As a result, costs can be reduced. Furthermore, as a

- result of analyzes by the inventors, it was found that in the state in which a voltage drop

is constant, the electromotive force of a concentration cell is based onthe difference in
hydrogen concentration between the anode and cathode caused by leakage of hydrogen
from the anode to the cathode or by an oxygen deficiency at the cathode.

[0008]  The determination means may also determine the presence or absence of

- the inflection point based on the difference between a primary regression voltage of the

cell voltage of the cell group and the voltage detected by the voltage detection means
under prescribed conditions. The determination meaﬁs-may also determine the presence
or absence of the inflection point in the cell group using the relationship between the

cell voltage of the cell group and a standard voltage of a standard cell group containing

- one or more cells, The determination means may also determine the inflection point to

be present in the case the slope of the cell voltage of the cell group relative to the current
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density has become larger than the slope of the standard voltage of the standard cell

- group relative to the current density by a prescribed amount.

[0009]  The determinatiotiieans may also determine the presence or absence of **

the inflection point in a rate of divergence between the cell voltage of the cell group and
the standard voltage of the standard cell group at the same current density. In this case,
the presence or absence of the inflection point can be determined with greater accuracy.

[0010] The determination means may also determine the infection point to be
present in the case the slope of the rate of divergence relative to the current density is
negative. ‘The determination means may also determine the inflection point to be
present in the case an intercept of a linear regression line relative to the current density of
the rate of divergence is equal to or greater than a prescribed value, |

[0011] The standard cell group may have higher power generation performance
than the average péwer generation performance in the fuel cell stack. The sfandard cell
group may also havc. higher power generation durability than the average poWer
generation durability in the fuel cell stack. In these cases, an inflection point can be
detected with greater accuracy,

[0012] Inasecond aspect thereof, the invention relates to a method for detecting

 the status of a fuel cell having a voltage detection step of detecting a cell voltage of a cell

group containing one or more cells, a current density detection step of detecting a

generated current density of the cell group, and a determination step of determining the

presence or absence of an inflection point of a change in the cell voltage relative to the

-generated current density based on the detection results in the voltage detection step and

the current density detection step. In this method for detecting the status of a fuel cell,

the inflection point can be detected for a target celllgroup. Consequently, the status of a

‘fuel cell can be detected with high accuracy. . In addition, since the inflection point can

be detected even if a plurality of cells are contained in the cell group, it is not necessary

to provide voltage detection means for each cell.  As a result, costs can be reduced.

[0013]  In the determination step, the presence or absence of the inflection point

may also be determined based on the difference between a primary regression voltage of
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the cell voltégc of the cell group and the voltage detected in the voltage detection step
under prescribed conditions. In the determination step, the presence or absence of the
inflection point may also be determined in the €&l group using the relationship between
the cell voltage of the cell group and a standard voltage of a standard cell group
containing one or more cells. In the determination step, the inflection point may also be
determined to be present in the case the slope of the cell voltage of the cell group relative
to the current density has become larger than the slope of the standard voltage of the
standard cell group relative to the current density by a prescribed amount,

[0014]  In the determination step, the presence or absence of the inflection point

may also be determined in a rate of divergence between the cell voltage of the cell group

“and the standard voltage of the standard cell group at the same current density. In this

case, -the presence or absence of the inflection point can be determined with greater

accuracy.

[0015]  In the determination step, the infection point may also be determined to

~ be present in the case the slope of the rate of divergence relative to the current density is

negative. In the determination step, thc inflection point may also be determined to be
present in the case the intercept of a linear regression line relative to the current density
of the rate of divergence is equal to or greater than a prescribed value.

[0016]  The standard cell group may have higher power generation performance
than the average poWer generation performance in the fuel cell stack. The standard cell
group may also have higher power generation durainility than the average power
generation durability in the fuel cell stack. In these cases, an inflection point can be
detected with greater accuoracy.

[0017] A third aspect of the invention relates to a fuel cell system including a
voltage detection device that detects a cell voltage of a cell group contajning one or more

cells; a current density detection device that detects a generated current density of the cell

group; and a determination portion that determines the presence or absence of an

inflection point of a change in the cell voltage relative to the generated current density

based on the detection results of the voltage detection means and the current density
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detection means.
[0018]  According to the invention, the status of a fuel cell can be detected with

high sccuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

-[0019]  The features, advantages, and technical and industrial significance of this

. invention will be described in the following detailed description of example embodiments

of the invention with reference to the accompanying drawings, in which like numerals

* denote like elements, and wherein:

FIGS. 1A and 1B are drawings for explaining. the fuel cell éystem of a first
embodiment of the invention;

FIG. 2 is a schematic diagram for explaining a power generation reaction in a cell;

FIG. 3 is a schematic diagram for explaining an oxygen depletion reaction in a cell;

FIG. 4is a scilematic diagram for explaining a hydrogen depletiou reaction in a cell;

FIG. 5 is a graph showing the relationship between current density and cell voltage:

FIGS. 6A and 6B ére graphs for explaining detection of an inflection point using a
sténdard voltage; |

| FIG. 7 is a drawing showing an examplé of a flow chart for calculating a standard

voltage;

FIG. 8 is a drawing showing an example of a determination routine of Step S1 of
FIG. 7, |

FIG. 9'is a drawing showing an example of a flow chart for detecting an inflection
point; .

FIG. 10 is a graph for explaining detection of an . inflection point using the
relationship between current density and a standard voltage of a standard cell gro,ﬁp;

FIG 11 is a drawing showing an example of a flow chart for detecting an inflection

point;

FIG. 12 is a graph showing the case in which 10 cells are contained in each cell

group;
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FIG. 13 is a graph showing the relationship between current density and rate of
divergence; R

FIGS. 144 and 14B are drawings showing examples of flow charts for detecting an
inflection point;

FIG. 15 is a drawing showing an example of a flow chart for detecting an inflection
point;

FIG. 16 is a drawing for explaining primary regression of a rate of divergence; and

FIG 17 is a drawing showing an example of a flow chart for detecting an inflection

point.

DETAILED DESCRIPTION OF EMBODIMENTS
[First Embodiment)

[0020] FIG. 1 is a drawing for explaining a fuel cell system 100 of a first
embodiment of the invention. FIG. 1A is a schematic diagram showing the overail
configuration of the fuel cell system 100. FIG. 1B is a schematic cross-sectional view of
a cell 11 to be subsequently described. As shown in FIG. 14, the fuel cell system 100 is
provided with a fuel cell stack 10, fuel gas supply means 20, oxidant gas supply means 30,
voltage detection means 41, current detection means 42 and a processing unit 50,

[0021]  The fuel cell stack 10 has a structure in which one or a plurality of cell
groups are laminated, and one or a pluralﬁy of cells 11 are laminated in each cell group.
As shown in FIG. 1B, the cells 11 have a structure in which a membrane electrode

assembly 110 is interposed between a separator 120 and a separator 130. In the

~membrane electrode assembly 110, an anode catalyst layer 112 and a gas diffusion layer

113 are bonded to an 'clectmlyte membrane 111 in that order on the side of the separator
120, while a cathode catalyst layer 114 and a gas diffusion layer 115 are bonded to the

electrolyte membrane 111 in that order on the side of the separator 130. The electrolyte

- membrane 111 is composed of a solid polymer electrolyte such as a perfluorosulfonic

acid polymer having proton conductivity. ‘
[0022]  The anode catalyst layer 112 is composed of a conductive materjal that
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suppérts a catalyst and. a. proton-conducting electrolyte. The catalyst in the anode
éatalyst layer 112 is a catalyst for promoting protonation of hydrogen. For example, the
anode catalyst layer 112 contdins platinum-supported carbon or perﬂuorosulfonic"ai:id
polymer. The gas diffusion layer 113 is composed of a conductive material having gas
permeability such as carbon paper or carbon cloth.

[0023]  The cathode catalyst layer 114 is composed of a conductive material that

supports a catalyst and a proton-conducting electrolyte. The cathode catalyst layer 114

is catalyst for promoting the reaction between protons and hydrogen, For example, the

cathode catalyst layer 114 contains platinum-supported carbon or perfluorosulfonic acid

polymer. The gas diffusion layer 115 is composed of a conductive material having gas

| permeability such as carbon paper or carbon cloth.

[0024]  The separators 120 and 130 are composed of a conductive material such
as stainless steel.  Fuel gas flow paths 121 for allowing the flow of fuel gas are provided
in the separator 120 on the side of the membrane electrode assembly 110. Oxidant gas
flow paths 131 for allowing the flow of oxi(iant gas are provided in the separator 130 on
the side of the membrane electrode assembly 110, For example, the fuel gas flow paths
121 and the oxidant gas flow paths 131 are composed of indeﬁtations formed in the
surface of the separators. |

[0025]  The fuel gas supply means 20 is a device for supplying fuel gas

‘ ‘containing hydrogen to the fuel gas flow paths 121 via a fuel gas inlet of the fuel cell

stack 10. The fuel gas supply means 20 is composed of, for example, a hydrogen gas
dylinder or reformer.  The oxidant gas supply means 30 is a device for supplying oxidant
gas containing oxygen to the oxidant gas flow paths 131 via an oxidant gas inlet. of thé
fuel cell stack ‘10. The oxidant gas supply means 30 is composed of, for example, an air
pump.

| [0026]  The voltage detection means 41 detects the cell voltage of each cell
group and outputs the detection results to control means 51 to be subsequently described,
The current detection means 42 detects the generated current of the fuel cell stack 10 and

outputs the detection results to the control means 51. A generated current density is

7
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obtained by dividing a detection result of the current detection means 42 by the surface
area of the power generation region of each cell 11, Thus, the current detection means
42 also fgnctions as generated current density ‘detection means.

[0027] The processing unit 50 contains control means 51 and determination
means 52. The processing unit 50 is composed of a central processing unit (CPU), read

only memory (ROM), random access memory (RAM) and the like. The CPU of the

. processing unit 50 executes a prescribed‘program to realize the control means 51 and the

determination means 52. The control means 51 controls' each component of the fuel cell
system 100. The determination means 52 determines the status of the ‘fuel‘cell stack 10
based on detection results of the voltage detection means 41 and the current detection
means 42.

[0028]  Continuing, an explanation is provided of the operation of the fuel cell
system 100 during ordinary power generation with reference to FIGS. 1A, 1B and 2.

FIG. 2 is a schematic diagrém for explaining a power generation reaction in the cells 11.

. First, the control means 51 controls the fuel gas supply means 20 so that fuel gas is

supplied to the fuel gas flow paths 1ﬁ1. This fuel gas reaches the anode catalyst layer
112 by permeating through the gas diffusion layer 113. Hydrogen contained in the fuel
gas dissociates into protons and electrons by means of the catalyst of the anode catalyst
layer 112. Protons then reach the cathode catalyst'layer 114 by being conducted by the
electrolyte membrane 111. '

[0029]  In addition, the control means 51 controls the oxidant gas supply means
30 so that oxidant gas is supplied to the oxidant gas flow paths 131, This oxidant gas
reaches the cathode catalyst layer 114 by permeating through the gas diffusion layer 115.

Protons and oxygen react in the cathode catalyst layer 114 by means of a catalyst. As a

Tesult, electrical power is generated and water is formed. The formed water is

discharged through the oxidant gas flow paths 131.

[0030]  If oxygen is depleted on the cathode side, the water formation reaction in
the cathode catalyst layer 114 is inhibited. In this case, as shown in FIG. 3, hydrogen is

protonated in the anode catalyst layer 112 and two protons bond to form hydrogen in the
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cathode catalyst layer 114. Thus, a hydrogen concentration cell is formed. In this case,,,
cell voltage fluctuates as compared with the case of FIG. 2,

oo {0031]  If hydrogen is depleted on the anode~side, protonation of hydrogen is
inhibited. In this case, as shown in FIG. 4, an electrolytic re.action‘ of water and the like .
occurs in the anode catalyst layer 112, In this case, cell voltage fluctuates as compared
with the case of FIG. 2. Cell abnormalities attributable to oxygen depletion or hydrogen
depletion can be detected by detecting these fluctuations in cell voltage.

[0032] 1In this embod.iment, cell abnormalities attributable to oxygen depletion
or hydrogen depletion are detected according to whether or not an inflection point
appears in the change in cell voltage relative to an increase or decrease in generated
current density. FIG, 5 is a graph showing the relationship between current density and
cell voltage. In FIG. 5, current density is plotted on the horizontal axis and cell voltage
is plotted on the vertical axis. As shown in FIG. 5, in a normal cell, cell voltage tends to

decrease linearly relative to an increase in current density. In contrast, in a cell in which

‘a problem such as hydrogen dépletion has occurred, the amount of the decrease in cell

voltage relative to an increase in current density is larger, and the amount of the decrease
in cell voltage then becomes smaller once the current density has exceeded a prescribed
current density,

[0033]  The point at which the slope of cell voltage relative to the current density
changes in this manner is an inflection point. If this inflection point was detected, it
would be possible to determine. the occurrence of a problem such as oxygen depletion or

hydrogen depletion in any of the cells of a cell group. The following provides a detailed

‘explanation of the detection of an inflection point.

[0034]  FIGS..6A and 6B are graphs for explaining detection of an inflection

point using a standard voltage, In FIGS. 6A and 6B, current density is plotted on the

‘horizontal axis, while the voltage per cell of each cell group is plotted on the vertical axis.

In FIG. 6A, an inflection point is detected based on the difference between a standard

voltage Vg and a measured voltage V.

[0035]  The standard voltage Viq refers to a standard voltage obtained on the
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premise that thg cell voltage in each cell group does not fluctuate. For example, the
standard voltage Vgaq is a value calculated by primary regression. This value may be
calculated during the course of the rise in current density when the fuel cell stack 10 is
started, for example, or may be measured in advance. However, a cell .voltage may not
changing linearly relative to the current density near the upper limit and lower limit of
current density. Thus, this value may be calculated by primary regression while
éxcluding a prescribed amount each of the upper and lower ends (for example, about 5%
each) of the ranée of current density able to be output by the cells 11. As a result, the
accuracy of the primary regression can be improved. |

[0036)  The following provides an explanation of an example of calculating the

standard voltage Vg,  First, the sum of squared deviation (Z(J; - Iave)z) of current dcnsity

" is determined within a current density range equal to or less than a prescribed value.

Here, I indicates a current density while I,y indicates the average current density within
the above-mentioned current dcnsity.range. Next, the sum of products of the difference
of the current density and the average current density and the difference of voltage per'
cell and average voltégc per cell (Z(I; - Le)(Vi - Vi) is determined. Here, Vi indicates
a voltage per cell, while Vg, indicates the average voltage within the above-mentioned
current density range. Next, a regréssion coefficient b is determined using the following
formula (1), and a regression equation intercept a is determined using the following

formula (2). As a result, the standard voltage Vi is calculated as shown in the

following formula (3).
b = (20 - T}V - Vere)) / Gl - Tn) | o
3= Vage - b % Tove ' @
Vag=a+bxl ‘ (3)

[0037}  As shown in FIG 6A, on the side of high current density beyond the
infection point, the measured voltage V per cell of a target cell group - standard voltage
Vad > 0. Thus, the point at which the difference of measured voltage V - standard
voltage Vgqg becomes positive can be detected as the inflection point, An offset may be

set to avoid measurement error, unexpected environmental changes and the like. For
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example, as shown in FIG. 6B, the point at which measured voltage.V - standard voltage

offset value) can be detectéd as the inflection point.

| [0038]  The following provides an explanation of the flow for detection of an
inflection point, FIG. 7 is a drawing showing an example of a flow chart for calculating

the standard voltage Vg, The flow chart of FIG. 7 is executed by the control means 51

at a prescribed cycle. As shown in FIG, 7, the control means 51 first determines whether

or not data can be used (Step S1). The flow chart shown in FIG. 8 to be subsequently
described can be used as a judgment criterion in this case.

[0039]  In the case data has not been determined ta be able to be used in Step S1,
the control means 51 ends execution of the flow chart. In the case the data has been
determined to be able to Be used in Step S1, the control means 51 acquires a generated
voltage of each cell group from the voltage detection means 41 while also acquiring a

generated current from the current detection means 42 (Step S2). Next, the control

- means 51 updates the generated current data and generated voltage data to the values

‘acquired in Step S2 (Step S3).

[0040]  Next, the control means 51 carries out regression analysis (single
regression) on each cell group using the updated data (Step S4). Next, the control
means 51 calculates the intercept a and the regression coefficient b (Step S5).  Next, the
control means 51 updates the intercept a and the regression coefficient b to the values

calculated in Step S5 (Step SG}. Subsequently, the control means 51 ends execution of

the flow chart. A standard voltage Vg4 can be calculated for each cell group by

executing this flow chart.

[0041] FIG. 8 is a drawing showing an example of a determination routine of
Step S1in FIG. 7. The flow chart of FIG, 8 is executed as a result of executing Step S1.
of FIG. 7. First, the control means 51 determines whether or not abnormality avoidance
measures are in progress (Step S11). Abnormality avoidance measures refer to specific
measures for avoiding abnormalities in the fuel cell stack 10. In the case abnbrmality

avoidance measures are determined to be in progress in Step S11, the control means 51
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determines that the data cannot be used (Step S12). Subsequently, the control means 51
ends execution of the flow chart.

[0042] " In the case erfor avoidance measures have not been determined to be in

. progress in Step 511, the control means 51 determines the temperature of cooling water

flowing through the fuel cell stack 10 is within a specified range (Step S13). In the case

the temperature of the cooling water has not been determined to be within the specified

- range in Step S13, the control means 51 determines that the data cannot be used (Step

812). Subsequently the control means. 51 ends execution of the flow chart.

[0043] In the case the temperature of the cooling water has been determined to
be within tﬁe specified range in Step S13, the control means 51 determines whether or not
acceleration or deceleration of cell voltage or generated current is excessive (within a
specified range) (Step S14). In the case acceleration or deceleration has been
determined to be excessive in Step S14, the control means 51 determines that the data
cannot be used (Step S12). Subsequently, the control means 51 ends execution of the
flow chart,

[0044]  In the case acceleration or deceleration has not been determined to be
excessive in Step S14, the control means 51 determines whether or not the pressure of
reaction gas (in the fuel cell stack) is equal to or greater than a specified value (Step S15).
In the case the pressure of the reaction gas has not been determined to be equal to or
greater than a specified value in Step S15, the control means 51 determines that the data

cannot be used (Step $12). In the case the pressure of the reaction gas has been

- determined to be equal to or greater than a specified pressure in Step S15, the control

means 51 determines that the data can be used (Step $16). In other words, the control
means 51 determines that an abnormality in the fuel cell stack 10 should be avoided,
Subsequently, the control means 51 énds execution of the flow chart,

[0045]  When the data is determined to be able to be used in the flow chart of
FIG. 8, the flow chart of FIG. 9 is executed. FIG, 9 is a drawing showing an example of

a flow chart for detecting an infection point. The flow chart of FIG. 9 is executed by the

~ determination means 52 at a pfeSCribed cycle. More specifically, the flow chart of FIG,
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9 is executed, for example, in the case current dessity:has changed by a prescribed

amount after a prescribed amount of time hasselapsed‘ As shown in FIG. 9, the

*determination means 52 first determines whether-the measured voltage V - standard

voltage Vya > O for a target cell group under the same current density conditions (Step
$21). If measured voltage V - standard voltage Vg has not been determined to be
greater than O in Step S21, the determination means 52 ends execution of the flow chart.

[0046] In the case measured voltage V - standard voltage Vag has been
determined to be greater than O in Step SZl, the determination means 52 determines
whether or not measured voltage V - standard voltage Vi > offset valve C (Step S23).
In the case measured voltage V - standard voltage Vyq has not been determined to be
greater than offset value C in Step $23, the determination means 52 ends execution of the
flow chart. In the case measured voltage V - standard voltage Vga has been determined
o be gréater than offset value C in Step S23, the determination means 52 determines.
there to be an abnormality in the target cell group. Subsequently, the determination
means 52 ends execufion of the flow chart.

[0047)  According to the flow chart of FIG. 9, an inflection point can be detected

for a target cell group. Consequently, whether or not an abnormality has occuired in any

cell of the target cell group can be accurately determined. In this case, decreases in

power generation performance of the fuel cell stack 10 can be inhibited by switching
operating conditions and the like. In addition, decreases in power generation
performance of the fuel cell stack 10 can élso be inhibited by replacing components of
the target cell group. Moreover, since an inflection point can also be detected even if a
plurality of cells are contained in a cell group, it is not necessary to provide voltage
detection means for each cell.  As a result, costs can be reduced.

[0048]' Furthermore, although an infection point of a cell group was detected in

the above-mentioned embodiment in the case measured voltage V - standard voltage Vg

~ > 0 or measured voltage V - standard voltage Vya > 0 and measured voltage V. - standard

_voltage Vgq > C, inflection point detection is not limited thereto, For example, an

inflection point may also be detected o be present for a cell group in the case the
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variance of measured voltage V from the standard voltage Vg is equal to or greater than
a prescribed value. ,

10049}  [First Variation] Furthermore, an inflection point‘may also be detected by
using the cell voltage of a standard cell group as a standard voltage, and using the

relationship with this standard voltage to detect an infection point. FIG. 10 is a graph

- for explaining detection of an inflection point using the relationship with a standard

voltage. In FIG. 10, current density is plotted on the horizontal axis and voltage per cell

of each cell group is plotted on the vertical axis.

{0050}  The cell voltage of a cell group having comparatively high power
generation performance is prefefably used for the standard voltage. For example, the
value of a cell group having the maximum cell voltage may be used for the standard
voltage, or the value of a cell group having a cell voltage equal to or greater than the
average cell voltage of each cell group may be used for the standard voltage. In
addition, the value of a cell group having a number of cells fewer than that of the other
cell groups (such as the cell group having the fewest number of cells) may be used for the
standard voltage. Moreover, the value of the cell group having the high durability may
be used for the standard voltage. Here, a cell group having the high durability refers to
the cell group that is resistant to deterioration. For example, a cell group provided with
a catalyst layer containing highly crystalline carbon, or a cell group provided with a
catalyst layer supporting platinum having a large particle diameter can be used as a cell
group having high durability. In addition, tﬁe cell voltage of a cell group that has been
measured in advance may also be used. Furthermore, the voltage value resulting from

excluding a prescribed amount each of the upper and lower ends (for example, about 5%

- each) of the range of current density capable of being output by the cells 11 may also be .

used as a standard voltage. In this modified example, the cell voltage Viax of the cell
group demonstrating the highest cell voltage is used for the standard voltage as an
example thereof. In addition, the cell group demonstrating the lowest cell voltage Vi,
is used for the target cell group.

(0051]  As shown in FIG 10, the voltage V.. used for the standard 'voltage
14
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decreases linearly as current density: increases. In addition, cell groups demonstrating
fluctuations in reaction gas within the normal ‘range indicate a voltage close to the
standard voltage. ~Ti-¢omparison therewith, in cell groups in which the reaction gas has
been depleted, cell voltage decreases in comparison with the standard voltage and an
inflection point appears.

{0052]  In this modified example, the slope of the standard voltage relative to the

current density is sued to detect an inflection point. When the current density is lower

than the current density at the inflection point, dVys/dl - dVma/dl < 0. In contrast, on
the side of high current density beyond the inflection point, dVyn/dl - dVia/dl >0.
Thus, the presence or absence of an .inflection point can be determined by determining

whether or not dVi;p/dI - dV 5./dI changes from a positive value to a negative value, In

.consideration of measurement error and the like, an inflection point may be determined to

~ be present in the case dVin/dl - dVp/dI > B (offset value).

[0053] FIG 11 is a drawing showing an example of a flow chart for detecting an
inflection point. The flow chart of FIG. 11 is executed by the determination means 52 at

a prescribed cycle. More specifically, the flow chart of FIG. 11 is executed in the case,

* for example, a prescribed amount of time has elapsed or in the case current density has

Qhanged by a prescribed‘ amount. As shown in FIG. 11, the determination means 52
determines whether or not Vi = Vmin > D under the same current density conditions
(Step S31), By providing a prescribcd thfeshold value for the difference between Viyex
and Vi, in this manner, the cell group for WMCh an inflection point is present can be
accurately detected, In the case Vi - Ve has not been determined to be greater than
D in Step S31, the determination means 52 ends execution of the flow chart,

[0054] In the case Vpyy - Vi has been determined to be greater than D in Step

+ 831, the determination means 52 determines whether dVpin/AI - dVipa/dl > offset value E

(Step S32). By providing an offset value in this manner, incorrect determinations

caused by measurement error and the like can be avoided. In the case dVp/dl -

© dVpas/dl has not been determined to be greater than offset value E in Step $32, the

determination means 52 ends execution of the flow chart. In the case dVgy/dl -
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' de;,JdI has been determinéd tozbe greater than the offset value E in Step S32, the

determination means 52 determines that an abnormality has occurred in the target cell

group (Step S33),  Subsequently;the determination means 52 ends execution of the flow

" chart,

(00551  According to the flow chart of FIG. 11, an inflection point can be
detected for a target cell group. Consequently, whether or not an abnormality has
occurred in any cell of the target cell group can be determined with high accuracy.
Moreover, since an inflection point can be detected even if a plurality of cells are
contained in a cell group, it is not necessary to provide voltage detection means for each
cell. Asaresult, costs can be reduced, '

[0056]  [Second Variation] Here, it becomes increasingly difficult to detect an
inflection point the greater the number of the cells 11 contained in each cell group. FIG,
12 indicates an example of 10 of the cells 11 being contained in each cell group, In FIG. ’
12, current density is plotted on the horizontal axis and the value obtained by dividing the
cell voltage of each cell group by the humber of cells contained in each cell group is

plotted on the vertical axis. As shown in FIG. 12, the difference between the standard

'voltage of a standard cell group and the cell voltage of a cell group in which a problem A,

has occurred becomes smatler. Thus, it becomes difficult to detect an inflection point,

[0057]  Therefore, in this modified example, an inflection point is detected using
the rate of divergence of the generated voltage of a target cell group from the standard
voltage. Here, rate of divergence can be defined as shown in the following formula (4).
Furthermore, in the following formula (4), voltage values are used under the same current
density conditions. |

Rate of divergence = (standard voltage - generated voltage of target

cell group) / standard voltage x 100% ™

f0058]  FIG 13 is a graph showing the relationship between current density and
rate of divergence. In FIG, 13, current density is plotted on the horizontal axis and rate
of divergence is plotied on the vertical axis. As shown in FIG. 13, in the case reaction

gas fluctuates within the normal range, rate of divergence increases with increases in
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current density. In:compatison therewith, in a cell group in which reaction gas has been
depleted, rate of divergence increases with increases in current density and then begins to
decrease starting at a prescribed value. That'value is detected as an inflection point.
[0059] FIGS. 14A, 14B and 15 are drawings showing examples of flow charts
for detecting an inflection point. The flow charts of FIGS. 14A, 14B and 15 are

executed by the determination means 52 at a prescribed cycle. More s'paciﬁca}}y, the

. flow charts of FIGS. 14A, 14B and 15 are executed in the case, for example, a preScribed

amount of time has elapsed or in the case current density has changed by a prescribed
amount, As shown in FIG 14A, the determination means 52 determines whether

measured voltage V - standard voltage Vg > O under the same current density conditions

(Step S41) in the same manner as Step S21 of FIG. 9. In the case measured voltage V —~

standard voltage Vguq has not been determined to be greater than 0 in Step S41, the
determination means 52 ends execution of the flow chart. |

[0060] In the case measured voltage V - standard voltage Ve has been
determined to be‘greate-r than O in Step S41, the determination means 52 determines
whether the rate of divergence (d(Vimax - V)/dI) has a negative slope relative to an increase
in current density (Step $42). In the case the rate of divergence has not been determined
to have a negative sl'qpe m Step S42, the determination unit 52 ends execution of the flow
chart. In the case the rate of divergence has been determined to have a ﬁegative slope in
Step S42, the determination means 52 determines that an abnormality has occurred in any
of the cells 11 of the target cell group (Step S43). Subsequently, the determination
means 52 ends execution of the flow chart. ‘

[0061] In addition, as shown in FIG: 14B, the determination means 52 fnay also
determine whether Ve - V > D in the same manner as Step S31 of FIG. 11 instead of
Step S41 in FIG, 14A (Step S51).

[0662] In addition, as shown in FIG 15, 'the determination means 52 may
execute Step S62 instead of Step S42 of FIG. 14A, In Step S62, the determination
means 52 determines whether or not the product of a slope by, of the rate of diveigence

relative to the current density in a low current density region of the target cell group and a
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slope by 'of the:rate of divergence relative to the current density in a high current

_density region of the target cell group is negative, In this case, in the case an inflection

“point appears, either or slope bygw or slope bggy IS a ;S‘o"sitive value and the other is a

negative value. Thus, in the case of the appearance of an inflection point, brow X buigs <
0. Furthermore, the above-mentioned low current density region and high current
density region can be reset as necessary.

[0063] According to the flow charts of FIGS. 144, 14B and 15, an inflection

‘point can be detected using the rate of divergence of a target cell group. Consequently,

‘whether or not an abnormality has occurred in the target cell group can be determined

with high accuracy. Moreover, since an inflection point can be detected even if a
plurality of cells are contained in the cell group, it is not necessary to provide voltage
detection m'egns for egch cell.  As aresult, costs can be reduced.

[0064]  [Third Variation] The presence or absence of an inflection point may also
be determined based on an intercept of a primary regression line of the rate of divergence
of a target cell group. As explained in FIG. 13, when an inflection point is present, the
slope of the rate of divergence relative to the current dcnsify changes from positive 10

negative. 'Thus, when an inflection point is present, the intercept of the primary

~ regression line of the rate of divergence becomes larger as shown in FIG 16. The

inflection point can then be determined to be present in the case this intercept is equal to
or greater than a prescribed value,

[0065]  FIG. 17 is a drawing showing an example of a flow chart for detecting an -

inflection point. The flow chart of FIG. 17 is executed by the determination means 52 at

a prescribed cycle. More specifically, thé flow chart of FIG. 17 is executed in the case,
for example, a prescribed amount of time has elapsed or current density has changed by a
prescribed amount. As shown in FIG. 17, the determination ‘ﬁxeans 52 first determines
whether or not measured voltage V - standard voltage Vg > 0 in the same manner as Step

S21 of FIG 9 (Step S71), In the case measured voltage V - standard voltage Vg has not

" been determined to be greater than 0 in Step S71, the determination means 52 ends

execution of the flow chart.
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[0066}: In the case measured voltage V - standard voltage Vg has been .
determined to be greater than 0 in Step S71, the determination unit 52 determines whether
or not an intefcept am, of a primary regression ecjuation of the rate"of divergence of a

target cell group is equal to or greater than a threshold value B (Step S$72). In the case .

- the intercept a, has not been determined to be equal to or greater than the threshold

value E in Step S$72, the determination means 52 ends execution of the flow chart. In
the case the intercept an;, has been determined to be equal to or greater than the threshold
value E in Step S72, the determination means 52 determines that an abnormality has
occurred in any of the cells 11 of the target celll group (Step §73). Subsequently, the
determination means 52 ends execution of the flow chart.

[0067]  According to the flow chart of FIG 17, an inflection point can be.

detected using the rate of divergence of a target cell group. Consequently, whether or

not an abnormality has occurred in the target cell group can be detected with high
accuracy. Moreover, since an inflection ﬁdim can be detected even if a plurality of cells
are contained in {he cell group, it is not necessary to provide voltage detection means for
each cell. As a result, costs can be reduced.

[0068]  In the above-embodiment and the modified examples, the fuel cell stack

includes at Jeast one of cell group that includes a plurality of cells.
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CLAIMS

1. Afuel cell system comprising:

voltage detection mesns for detecting a cell voltage of a cell group containitig ene
or more cells; |

current density detection means for detecting a generated current density of the cell

_group; and

determination means for determining the presence or absence of an inflection point
of a change in the cell voltage relative to the generated current density based on the
cietection results of the voltage detection means and the current density detection means.
2. | The fuel cell system according to claim 1, wherein

| the determination means determines the presence or absence of the inflection point

based on the difference between a primary regression voltage of the cell voltage of the
cell group and the voltage detected by the voltage detection means under prescribed
conditions. |
3. The fuel cell system according to claim 1, wherein

the inflection point is determined to be present when the voltage detected by the
voltage detection means has become larger than the primary regression voltage of the cell
voltage of the cell group. .
4,  The fuel cell system according to claim 2 or 3, wherein

the inflection point is determined to be present in the case the difference between
the primary regression voltage of the cell voltage of the cell group and ‘the voltage
detected by the voltage detection means is equal to or greater than a prescribed value,
5. The fuel cell system according to claim 1, wherein

the determination means determines the presen@ or absence of the inflection point
in the cell group using the relationship between thé cell voltage of the cell group and a
standard voltage of a standard cell group containing one or more cells.
6.  The fuel cell system according to claim 5, wherein

the determination means determines the inflection point to be present in the case the

slope of the cell voltage of the cell group relative to the current density has become larger
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than the slope of the standard voltage of the standard cell group relative to the current
density by a prescribed amount. |
7. The fuel cell system according to-claim 5, wherein

the determination means determines the presenée or absence of the inflection point
in the a rate of divergence between the cell voltage of the cell group and the standard
voltage of the standard cell group at the same (;urrent density.
8. The fuel cell system according to claim 7, wherein ‘

the determination means determines the inflection point to be.present in the case the
slope of the rate of divergence relative to the current density has become negative,
9.  The fuel cell system according to claim 7, wherein

the determination means determines the inflection point to be present in the case an
intercept of a regression line of the rate of divc}gcnce relative to the current density is
equal to or greater than a prescribed value.
10. The fuel cell system according to any one of claims 3 to 9, wherein

the standard cell group has higher power generation performance than the average
power generatioﬁ performance in a fuel cell stack,
11.  The fuel cell system according to claim 10, wherein
| the standard cell group is a cell group having the highest voltage among the cell
groups in the fuel cell.
12.  The fuel cell system according to claim 10, wherein

the standard cell group is a cell group having the fewest number of cells among the
cell groups in the fuel cell. '
13. The fuel cell system according to any one of claims 3 to 12, wherein

the standard cell group has higher power generation dur‘ability than the average

. power generation durability in a fuel cell stack.

14, The fuel cell system accqrding to any one of claims 3 to 13, wherein |

a cell group which is compared with the standard cell group is a cell group having
the lowest voltage in a fuel cell stack.

15. The fuel cell system according to any one of claims 1 to 14, wherein
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the determination means determines that an abnormality. in the fuel cell is to be
avoided when a prescribéd condition is satisfied and determines the presence or absence
"of the inflection point.
16. The fuel cell System according to claim 15, wherein -
the prescribed condition includes at least one of whether a temperature of a coolant
flowing through the fuel cell is within a prescribed range, whether acceleration or
. deceleration of the cell voltage or generated current is within a prescribed range, and
whether a reaction gas pressure within the fuel cell is less than a prescribed value.
17. A method for detecting the status of a fuel cell, comprising:
a voltage detection step of detecting a cell voltage of a cell group containing one or
~ more cells;
a current density detection step of detecting a generated current density of the cell
group; and
a determination step of determining the presence or absence of an inflection point of
a change in the cell voltage relative to the generated current density based on the
detection results in the voltage detection step and the current density detection step.
18. | The status detectjon method accordiﬁg to claim 17, wherein
in the determination step, the presence or absence of the inflection point is
~ determined based on the difference between a primary regression voltage of the cell
voltage of the cell group énd the voltage detected in the voltage detection step under
prescribed conditions,
19. The status detection method according to claim 17, wherein
in the determination step, the presence or absence of the inflection poiut in the cell
group is determined using the relationship between the cell voltage of the cell group and
a standard voltage of a standard cell group containing one or more cells.
20, The status detection method according to claim 19, wherein
in the determination step, the inflection point is determined to be present in the case
the slape-of the cell voltage of the cell group relative to the current density has become

larger than the slope of the standard voltage of the standard cell group relative to the
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current density by a prescribed amount.
21. The status detection method according to claim 19, wherein
in th¢" determination step, the presence or absence of*the inflection point is
determined in a rate of divergence between the cell voltage of the cell group and the
standard voltage of the standard cell group at the same current density.
22. The status detection inethod according to claim 21, wherein
in the determination step, the inflection point is determined to be present in the case
the slope of the rate of divergence relative to the current density has become negative.
23, The status detection method according to claim 21, wherein
in the determination step, the inflection point is determined to be present in the case
an intercept of a regression line of the rate of divergence relative to the current density is
equal to or greater than a prescribed value.
24. The status detection method according to any one of claims 19 to 23, wherein
the standard cell group has higher power generation performance than the average
| power generation performance in a fuel cell stack.
25. - The status detection method according to any one of claims 19 to 23, wherein
the standard cell group has higher power generation durability ‘than the average .
power generation durability in a fuel cell stack. |
26. A fuel cell system comprising; |
a voltage detection device that detects a cell voltage of a cell group containing one
or more cells;
a current density detection device that detects a generated current density of the cell
group; and
a determination portion that determines thé presence or absence of an inflection
point of a change in the cell voltage relative to the generated current density based on the

detection results of the voltage detection means and the current density detection means.
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