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ABSTRACT OF THE DISCLOSURE

The present invention provides a system for a fuel cell vehicle, capable
of preventing an unnecessary error in calculating high potential avoidance
power {o calculate power for high potential avoidance with high accuracy. A
fuel cell system 100 includes: a fuel cell 20 that receives the supply of reactant
gas to generate power; a secondary battery 50 for storing part of the power
generated by the fuel cell 20; calculation means 60 which, when surplus power
for high potential avoidance is added to the output voltage of the fuel cell 20 to
avoid a high potential, calculates high potential avoidance voltage to avoid the
high potential by feedback control based on a deviation between power
generation voltage of the fuel cell 20 and high potential avoidance target
voltage; determination means 70 for determining whether the operating state of
the fuel cell 20 corresponds to a prohibition condition A to prohibit updating of
an integral term of the feedback control or a permission condition; and feedback
control condition deciding means 80 for stopping the updating of the integral
term when the operating state corresponds to the prohibition condition A or
updating the integral term when the operating state corresponds to the

permission condition.
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FUEL CELL SYSTEM AND OPERATING METHOD OF FUEL CELL SYSTEM
FOR PERFORMING HIGH POTENTIAL AVOIDANCE CONTROL

BACKGROUND OF THE INVENTION
Field of the Invention

[0001]

The present invention relates to a fuel cell system for performing high
potential avoidance control to improve the durability of a fuel cell stack, and an
operating method of the fuel cell system.

Background Art

[0002]

A fuel cell stack is a power generation system which oxidizes fuel by
an electrochemical process to directly convert, into electric energy, energy
discharged with the oxidizing reaction. The fuel cell stack has a membrane
electrode assembly in which both side surfaces of a polymer electrolyte
membrane for selectively transporting hydrogen ions are sandwiched and held
by a pair of electrodes made of a porous material. Each of the pair of
electrodes has a catalyst layer which comes in contact with the polymer
electrolyte membrane, the catalyst layer containing, as a main component,
carbon powder which carries a platinum-based metal catalyst, and a gas
diffusion layer formed on the surface of the catalyst layer and having both air
permeability and electron conductivity.

[0003]

In a fuel cell vehicle in which a fuel cell system is mounted as a power
source, the fuel cell stack is made to generate power in a high power range with
good generating efficiency to supply power to a traction motor from both the fuel

cell stack and a secondary battery or only from the fuel cell stack. On the other
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hand, in a low power range with poor generating efficiency, operation control is
so performed that the power generation of the fuel cell stack will be temporarily
halted to supply power to the traction motor only from the secondary battery.
The temporary halting of the operation of the fuel cell stack in a low load range
where the power generation efficiency of the fuel cell system is low is called an
intermittent operation. In the low load range where the power generation
efficiency of the fuel cell system is lowered, the intermittent operation can be
performed to operate the fuel cell stack in a range with high energy conversion
efficiency, and this can increase the efficiency of the entire fuel cell system.
[0004]
In the fuel cell system, high potential avoidance control is performed to
improve the durability of the fuel cell stack. For example, Patent Document 1
discloses a fuel cell system including a fuel cell that receives the supply of
reactant gas to generate power; and a controller for performing high potential
avoidance control on the output voltage of the fuel cell by setting high potential
avoidance voltage lower than the open end voltage thereof as an upper limit.
When part of power generated by the fuel cell is stored in a secondary battery,
the fuel cell system performs feedback control on the charging/discharging of
the secondary battery in consideration of the amount of power stored in the
secondary battery. In this case, when the high potential avoidance control is
prohibited, the feedback control is allowed, while when high potential control is
allowed, the feedback control is prohibited to avoid error integration of an
integral term of the feedback control due to the storage of power in excess of
the required power of the secondary battery.
Citation List
Patent Document

[0005]
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[Patent Document 1] JP 2009-129639 A

SUMMARY OF THE INVENTION

[00086]

In the feedback control of the fuel cell system in Patent Document 1,
when the present voltage of the fuel cell is lower than high potential avoidance
target voltage, it is determined that high voltage avoidance power is sufficiently
high, and an operation for reducing the high potential avoidance power is
performed to calculate the integral term of the feedback control. Suppose that
the decrease in present voltage is due to a temporary change in power
generation state, rather than the effect of the high potential avoidance power.
In this case, however, if the high potential avoidance power is reduced,
sufficient high potential avoidance power cannot be applied when the power
generation state is restored, resulting in the generation of a high potential.

[0007]

The present invention has been devised in view of the above
circumstances, and it is an object thereof to provide a fuel cell system for
performing high potential avoidance control to improve the durability of a fuel
cell stack, and an operating method of the fuel cell system, where an
unnecessary error in calculating high potential avoidance power in the fuel cell
system can be prevented to calculate power for high potential avoidance with
high accuracy.

(0008}

In order to attain the object, a fuel cell system according to the present
invention includes: a fuel cell that receives the supply of reactant gas to
generate power; a secondary battery for storing part of the power generated by

the fuel cell; and a controller configured to perform high potential avoidance
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control to avoid an output voltage of the fuel cell from reaching a high potential,
wherein the controller is configured to: calculate a high potential avoidance
voltage through a predetermined feedback control calculation based on an
integral term and a deviation between a power generation voltage of the fuel
cell and a high potential avoidance target voltage; determine an operating state
of the fuel cell; stop an updating of the integral term of the feedback control
calculation when the determined operating state of the fuel cell meets a
prohibition condition of the updating of the integral term; and perform the
updating of the integral term of the feedback control calculation when the
determined operating state of the fuel cell meets a permission condition of the
updating of the integral term.

[0009]

The prohibition condition to prohibit the updating of the integral term is
any one of the following conditions that: required power for electric generation in
the fuel cell system is higher than high potential avoidance power; the operating
state is In an air deficiency state immediately after the stop of an intermittent
operation; a vehicle is during regenerative braking or immediately after the stop
of the regenerative braking; and the operating state is in the process of starting
up the vehicle or immediately after the start-up process.

[0010]

The operating method of a fuel cell system according to the present
invention is an operating method for performing high potential avoidance
control to avoid an output voltage of a fuel cell from reaching a high potential,
comprising: calculating a high potential avoidance voltage through a
predetermined feedback control calculation based on an integral term and a
deviation between a power generation voltage of the fuel cell and a high

potential avoidance target voltage; determining an operating state of the fuel
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cell; stopping an updating of the integral term of the feedback control calculation
when the determined operating state of the fuel cell meets a prohibition
condition of the updating of the integral term; and performing the updating of the
integral term of the feedback control calculation when the determined operating
state of the fuel cell meets a permission condition of the updating of the integral
term.

[0011]

When a decrease in cell voltage is due to a temporary operating
condition, rather than the effect of high potential avoidance power, the fuel cell
system according to the present invention does not update the integral term of
the feedback control. Therefore, an unnecessary error in calculating high
potential avoidance power can be prevented to calculate power for high

potential avoidance with high accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]
FIG. 1 is a schematic diagram of a fuel cell vehicle according to an
embodimeht of the present invention.
FIG. 2 is a block diagram of a fuel cell system according to the
embodiment of the present invention.
FIG. 3 is a flowchart of an operating method of the fuel cell system

according to the embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT
[0013]
An embodiment of the present invention will be described below. In

the following description of the drawings, the same or similar parts are denoted
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by the same or similar reference numerals. However, the drawings are
schematic representations. Therefore, specific dimensions and the like should
be determined in the light of the following description. Further, it is needless to
say that respective drawings can contain differences in dimensional relationship
or ratio from one another.

[0014]

Referring first to FIG. 1, a fuel cell system according to the
embodiment of the present invention will be described. FIG. 1 is a schematic
diagram of a fuel cell vehicle according to the embodiment of the present
invention. FIG. 2 is a block diagram of the fuel cell system according to the
embodiment of the present invention.

[0015]

As shown in FIG. 1 and FIG. 2, a fuel cell system 100 functions as an
in-vehicle power system mounted in a fuel cell vehicle 10, including a fuel cell
20, a secondary battery 50, calculation means 60, determination means 70, and
feedback control condition deciding means 80.

[0016]

The fuel cell 20 receives the supply of reactant gas (fuel gas and
oxidizing gas) to generate power. The fuel cell vehicle 10 rﬁns by driving a
traction motor 30 and accessories, not shown, by electricity generated by the
fuel cell 20. Note that the reference numeral 40 in FIG. 1 indicates a high-
pressure hydrogen tank for storing hydrogen as fuel gas.

[0017]

The fuel cell 20 has a stack structure in which multiple cells are
stacked (where both the fuel cell stack and the multiple cells are not shown).
For example, each of the cells of a solid polymer electrolyte fuel cell includes: at

least a membrane electrode assembly (MEA), composed of an ion-permeable
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electrolyte membrane, and an anode-side catalyst layer (electrode fayer) and a
cathode-side catalyst layer (electrode layer) that sandwich the electrolyte
membrane; and a gas diffusion layer for supplying fuel gas or oxidant gas to the
membrane electrode assembly. Each cell of the stack structure of the fuel cell
is sandwiched between a pair of separators.

[0018]

The secondary battery 50 is a rechargeable battery for storing part of
power generated by the fuel cell 20. The secondary battery 50 functions as a
surplus power storage source, a regenerative energy storage source during
regenerative braking, and an energy buffer during load fluctuation accompanied
with acceleration or deceleration of the fuel cell vehicle 10. As the secondary
battery 50, for example, a rechargeable battery, such as a nickel-cadmium
rechargeable battery, a nickel-hydrogen rechargeable battery, or a lithium ion
rechargeable battery, is suitable, but the secondary battery 50 is not limited to
the battery exemplified.

[0019]

The fuel cell 20 is controlled by an electronic control unit (ECU) 90.
For example, the ECU 90 includes a CPU, a ROM, a RAM, and an /O interface
to execute a software program for implementing an operating method of the fuel
cell system according to the present invention to implement the calculation
means 60, the determination means 70, and the feedback control condition
deciding means 80 functionally.

[0020]

The calculation means 60 calculates, by feedback control, high
potential avoidance voltage for avoiding a high potential. Specifically, when
surplus power for high potential avoidance is added to the output of the fuel cell

20 to avoid the high potential, high potential avoidance voltage for avoiding the
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high potential is calculated by feedback control based on a deviation between
the power generation voltage of the fuel cell 20 and high potential avoidance
target voltage.

[0021]

The determination means 70 determines whether the operating state
of the fuel cell 20 corresponds to a prohibition condition A to prohibit updating of
an integral term of the feedback control or a permission condition. Prohibition
conditions A include: condition A1) that the required power for electric
generation in the fuel cell system is higher than high potential avoidance power,
condition A2) that the operating state is in an air deficiency state immediately
after the stop of an intermittent operation (e.g., in two seconds after the stop of
the intermittent operation); condition A3) that the vehicle is during regenerative
braking or immediately after the stop of regenerative braking (e.g., in two
seconds after the stop of the regenerative braking); and condition A4) that the
operating state is in the process of starting up the vehicle or immediately after
the start-up process (e.g., in two seconds after the start-up).

[0022]

When the determination means 70 determines that the operating state
of the fuel cell 20 corresponds to a prohibition condition to prohibit updating of
the integral term of the feedback control, the feedback control condition
deciding means 80 stops updating the integral term. On the other hand, when
the determination means 70 determines that the operating state of the fuel cell
20 corresponds to the permission condition to permit updating of the integral
term of the feedback control, the integral term is updated.

[0023]

Referring next to FIG. 1 to FIG. 3, the operating method of the fuel cell

system will be described together with the action of the fuel cell system
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according to the embodiment of the present invention. FIG. 3 is a flowchart of
the operating method of the fuel cell system according to the embodiment of the
present invention.

[0024)

As shown in 1, when the output power of the fuel cell (fuel cell stack)
20 is higher than power required from the fuel cell 20, the fuel cell system 100
mounted in the fuel cell vehicle 10 stores the surplus power in the secondary
battery 50, while when the output power of the fuel cell 20 is lower than the
power required from the fuel cell 20, the secondary battery 50 supplies the
shortage. In other words, power is supplied to the traction motor 30 and the like
from both the fuel cell 20 and the secondary battery 50 or only from the fuel cell
20, and in a low output range with poor generating efficiency, the power
generation of the fuel cell 20 is temporarily halted to supply power to the traction
motor 30 and the like only from the secondary battery 50.

[0025]

As shown in FIG. 3, when the operation of the fuel cell system 100
according to the embodiment is started (S110), the fuel cell system 100 is
controlled by the ECU 90. The ECU 90 controls the average cell voltage of the
fuel cell 20 to be less than a certain value Vth (e.g., less than 0.8 Vin the
embodiment) in order to improve the durability of the fuel cell 20 (5120/NO).

On the other hand, when the average cell voitage of the fuel cell 20 becomes
higher than or equal to the certain value Vth (e.g., 0.8 V or higher in the
embodiment) (S120/YES), the calculation means 60 calculates high potential
avoidance power (current) (S130).

[0026]

Next, based on a deviation between the power generation voltage of

the fuel cell 20 and high potential avoidance target voltage, the calculation
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means 60 calculates an integral term (I term) by feedback (P1) control of the
high potential avoidance voltage to avoid a high potential (S140). In the
feedback (P!) control, when present voltage is lower than target voltage in
voltage (current) control, the high voltage avoidance power (current) is
determined to be sufficiently high, and a calculation to reduce the high voltage
avoidance power (current) is made in calculating the integral term (I term).

[0027]

Suppose that the decrease in the average cell voltage of the fuel cell
20 is not from the effect of the calculated high potential avoidance power
(current) (i.e., a decrease in voltage due to temporary deterioration of the power
generation state of the fuel cell 20). In this case, however, if the high potential
avoidance power (current) is reduced, sufficient high potential avoidance power
(current) cannot be applied when the power generation state of the fuel cell 20
is restored, resulting in the generation of a high potential (high voltage).
Therefore, when the decrease in the average cell voltage of the fuel cell 20 is
caused by the decrease in voltage due to the temporary deterioration of the
power generation state of the stack, the feedback control (particularly, the
integration/updating of the integral term) is temporarily halted, and the
temporary deterioration of the power generation state of the fuel cell 20 is
determined by prohibition conditions A to be listed later.

[0028]

In other words, the determination means 70 determines whether the
operating state of the fuel cell 20 corresponds to a prohibition condition to
prohibit updating of the integral term of the feedback control or a permission
condition. Specifically, the determination means 70 determines whether the
operating state of the fuel cell 20 matches any one of the following prohibition

conditions A (S150).
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[0029]

The prohibition conditions A include: condition A1) that the required
power for electric generation in the fuel cell system is higher than high potential
avoidance power; condition A2) that the operating state is in an air deficiency
state immediately after the stop of an intermittent operation (e.g., in two
seconds after the stop of the intermittent operation); condition A3) that the
vehicle is during regenerative braking or immediately after the stop of
regenerative braking (e.g., in two seconds after the stop of the regenerative
braking); and condition A4) that the operating state is in the process of starting
up the venhicle or immediately after the start-up process (e.g., in two seconds
after the start-up).

[0030]

First, the condition A1 that the required power for electric generation in
the fuel cell system is higher than the high potential avoidance power is made
because high potential avoidance is realized by the required power for electric
generation in the fuel cell system. The condition A2 that the operating state is
in an air deficiency state immediately after the stop of the intermittent operation
is made because high potential avoidance is realized in the air deficiency state.
The condition A3 that the vehicle is during regenerative braking or immediately
after the stop of regenerative braking is made because high potential avoidance
is realized in an air deficiency state. The condition A4 that the operating state is
in the process of starting up the vehicle or immediately after the start-up
process is made because high potential avoidance is realized in an air
deficiency state.

[0031]

When the operating state of the fuel cell 20 matches any one of the

above prohibition conditions A (S150/YES), the feedback control condition
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deciding means 80 stops updating the integral term (S160). On the other hand,
when the operating state of the fuel cell 20 matches none of the above
prohibition conditions A (i.e., in the case of the permission condition)
(S150/NQO), the feedback control condition deciding means 80 updates the
integral term (S170). Thus, surplus power for high potential avoidance is added
to the output voltage of the fuel cell 20 to avoid a high potential, and then the
feedback control is compieted (S180).

[0032]

As described above, according to the fuel cell system of the
embodiment and the operating method thereof, when a decrease in average
cell voltage is due to a temporary operating condition, rather than the effect of
high potential avoidance power, the operating state is determined to match a
prohibition condition A, and the integral term of the feedback control is not
updated. This can have a beneficial effect of preventing an unnecessary error
in calculating high potential avoidance power so that power for high potential
avoidance can be calculated with high accuracy.

[Other Embodiments]

[0033]

Although the present invention has been described above in
connection with the embodiment, it should not be understood that the
description and the drawings that form part of this disclosure are intended to
limit this invention. Various alternative embodiments, examples, and operating
techniques will be obvious to those skilled in the art from this disclosure. For
example, the above embodiment assumes that the integral term of feedback
control is updated by calculating high potential avoidance power, but the
present invention is not limited thereto. For example, even when the system

control is feed-forward control, the present invention is applicable as long as it is
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adequate. Further, the present invention is not limited to updating of the
integral term. The present invention does not exclude updating of an addition
term or the like instead of the integral term or in addition to the integral term.
This is because it is only necessary to stop or allow updating an operation term
that leads to an unnecessary error in calculating high potential avoidance
power.

[0034]

In addition, the prohibition conditions to prohibit updating of the integral
term are not limited to those in the embodiment. Even any condition other than
those in the embodiment can be used as a prohibition condition of the present
invention as long as the condition is a temporary operating condition that leads
to a decrease in cell voltage due to an effect other than the effect of high
potential avoidance power.

Reference Numerals

[0035]

20 fuel cell

50 secondary battery

60 calculation means

70 determination means

80 feedback control condition deciding means
100 fuel cell system
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WHAT IS CLAIMED IS:

1. A fuel cell system comprising:

a fuel cell that receives supply of reactant gas to generate power;

a secondary battery for storing part of the power generated by the fuel
cell; and

a controller configured to perform high potential avoidance control to
avoid an output voltage of the fuel cell from reaching a high potential, wherein
the controller is configured to:

calculate a high potential avoidance voltage through a predetermined
feedback control calculation based on an integral term and a deviation between
a power generation voltage of the fuel cell and a high potential avoidance target
voltage;

determine an operating state of the fuel cell;

stop an updating of the integral term of the feedback control calculation
when the determined operating state of the fuel cell meets a prohibition
condition of the updating of the integral term; and

perform the updating of the integral term of the feedback control
calculation when the determined operating state of the fuel cell meets a

permission condition of the updating of the integral term.

2. The fuel cell system according to claim 1, wherein
the prohibition condition to prohibit the updating of the integral term is
any one of the following conditions:
a required power for electric generation in the fuel cell system is
higher than a high potential avoidance power,
the operating state is in an air deficiency state immediately after

stop of an intermittent operation;
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a vehicle comprising the fuel cell system is performing
regenerative braking or immediately after stop of the regenerative braking; and
the operating state is in the process of starting up the vehicle or

immediately after the start-up process.

3. A vehicle comprising the fuel cell system according to claim 1.

4. An operating method of a fuel cell system for performing high
potential avoidance control to avoid an output voltage of a fuel cell from
reaching a high potential, comprising:

calculating a high potential avoidance voltage through a predetermined
feedback control calculation based on an integral term and a deviation between
a power generation voltage of the fuel cell and a high potential avoidance target
voltage;

determining an operating state of the fuel cell,

stopping an updating of the integral term of the feedback control
calculation when the determined operating state of the fuel cell meets a
prohibition condition of the updating of the integral term; and

performing the updating of the integral term of the feedback control
calculation when the determined operating state of the fuel cell meets a

permission condition of the updating of the integral term.

5. The operating method according to claim 4, wherein
the prohibition condition to prohibit the updating of the integral term is
any one of the following conditions:
a required power for electric generation in the fuel cell system is

higher than a high potential avoidance power;
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the operating state is in an air deficiency state immediately after
stop of an intermittent operation;

a vehicle comprising the fuel cell system is performing
regenerative braking or immediately after stop of the regenerative braking; and

the operating state is in the process of starting up the vehicle or

immediately after the start-up process.
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FIG. 3
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