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FUEL CELL SYSTEM
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001]  The invention relates to a fuel cell system that includes a fuel cell that
generates electricity using a fuel gas and an oxidizing gas, a vehicle-driving motor
inverter, an accessory motor inverter, and a converter that supplies output voltage of the
fuel cell to the vehicle-driving motor inverter and the accessory motor inverter after

raising the voltage.

2. Description of the Related Art

[0002] A fuel cell system that is mounted in a fuel cell vehicle or the like, and
that drives a vehicle-driving motor provided as a drive source of the vehicle by supplying
the motor with electric power from a fuel cell stack is known. The fuel cell stack
generates electricity using a fuel gas and an oxidizing gas.

[0003]  Besides, Japanese Patent Application Publication No. 2004-146118
(JP-A-2004-146118) discloses a fuel cell system that includes a fuel cell stack that
supplies electric power to a vehicle-driving motor and an air compressor for supplying an
oxidant to the fuel cell stack, a secondary battery, voltage conversion means that is
connected to the fuel cell stack and that performs an operation of extracting electric
power from the secondary battery and boosting the voltage or that performs an operation
of supplying electric power to the secondary battery after lowering the voltage of the
electric power, and control means. The control means, when activating the fuel cell
stack, controls the voltage conversion means so that the voltage conversion means
performs a voltage-boosting operation of boosting the electric potential at a connection
point between the air compressor side of the fuel cell stack and the voltage conversion
means to a voltage that is higher than the open-circuit voltage of the fuel cell stack, and

therefore electric power of the secondary battery is supplied to the air compressor, and,
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after operating the air compressor for a certain time, performs a voltage-lowering
operation of lowering the voltage from the level that is higher than the open-circuit
voltage, so that electric power from the fuel cell stack is supplied to the air compressor.

[0004]  Besides, a fuel cell system capable of supplying a vehicle-driving motor
and an accessory, such as an air compressor for supplying an oxidizing gas to a fuel cell
stack, with electric power from the fuel cell stack, via a shared converter that performs a
voltage-converting operation, is also conceivable. In this case, the converter is provided
between the fuel cell stack and both the vehicle-driving motor and accessories.
According to this construction, the voltage of the fuel cell stack can be raised by a
converter, and then can be supplied to the vehicle-driving motor and the air compressor.

[0005] In the fuel cell system in which the converter is provided between the
fuel cell stack and both the vehicle-driving motor and accessories, the input voltages to
the vehicle-driving motor and the input voltage to the accessories, such as the air
compressor and the like, are the same. The input voltage to the accessories herein is
actually the input voltage to the accessory motors for driving accessories. In some other
cases, the service voltage range of the vehicle-driving motor is designed as being a
certain range, and the voltage of the accessory motors is designed as being the lowermost
limit of the service voltage range of the vehicle-driving motor. Since the service voltage
of the accessory motors changes according to the actual service voltage of the
vehicle-driving motor, accessory motors in actual use are sometimes operated at a voltage
that is higher than the designed voltage, which becomes a factor of deterioration of
efficiency. Therefore, it is desired that the designed values of the service voltages of the
accessory motors be close to their actual service voltages.

[0006] On another hand, if the service voltage of the accessory motor is
designed as being a voltage that is higher than the foregoing lowermost limit of the
service voltage of the vehicle-driving motor, the input voltage to the vehicle-driving
motor is boosted in response to a demand from an accessory motor every time there is a
transition response during the operation of the fuel cell stack, for example, every time the

fuel cell vehicle undergoes acceleration or the like. Due to such frequent performance
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of the voltage boost operation by the converter, the loss may possibly become large, and

the efficiency of the system as a whole may possibly deteriorate.

SUMMARY OF THE INVENTION

[0007]  The inventors of this application considered that a cause of the foregoing
inconvenience is that a fransition response for which the converter needs to greatly boost
the voltage, and a transition response for which thc converter needs only to boost the
voltage by small amount are not clearly distinguishgd. Then, the inventors have reached
an idea that in order to sﬁbstantially eliminate the inconvenience, it is important to vary
the required voltages of the accessory motors according to the degrees of the acceleration
demands of the accessory motors.

[0008] In the fuel cell system having a construction in which a converter is

provided between a fuel cell and a vehicle-driving motor, the invention realizes a

structure that heightens the transition responsiveness and also improves efficiency and

reduces fuel consumption.

[0009] A fuel cell system in accordance with the invention includes: a fuel cell
that generates electricity using a fuel gas and an oxidizing gas; a vehicle-driving motor
inverter that is supplied with direct-current electric power and supplies alternating-current
electric power to a vehicle-driving motor; an accessory motor inverter that is supplied
with direct-current electric power and supplies alternating-current electric power to an
accessory motor; a converter that is provided between the fuel cell and both the
vehicle-driving motor and accessory motor, and that boosts output voltage of the fuel cell
and supplies the output voltage boosted to the vehicle-driving motor inverter and the
accessory motor inverter; voltage acquisition means for acquiring a required voltage of
the vehicle-driving motor, and for acquiring a required voltage of the accessory motor
according to a target accessory motor torque based on an acceleration demand of the
accessory motor; and converter control means for setting a voltage boost ratio of the
converter and contrelling the converter by comparing the acquired required voltage of the

accessory motor and the required voltage of the vehicle-driving motor.
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[0010]  The voltage acquisition means may acquire the required voltage of the
vehicle-driving motor according to target drive motor torque.

[0011] In the fuel cell system in accordance with the invention, the converter
control means may set the voltage boost ratio of the converter and may control the
converter so that, of the required voltage of the vehicle-driving motor and the required
voltaée of the accessory motor acquired, a higher required voltage is output from the
converter.

[0012]  The fuel cell system may further include‘command means capable of
commanding either one of an economy mode in which fuel economy of the vehicle is
given priority and a power mode iﬂ which acceleration performance of the vehicle is
given priority, and if the economy mode is commanded, the converter control means may
set the voltage boost ratio of the converter and may control the’ converter so that, of the
required voltage of the vehicle-driving motor and the required voltage of the accessory
motor, the required voltage of the vehicle-driving motor is output from the converter, and
if the power mode is commanded, the converter control means may set the voltage boost
ratio of the converter and may control the converter so that, of the required voltage of the
vehicle-driving motor and the required voltage of the accessory motor, a higher required
voltage is output from the converter.

[0013]  Besides, the fuel cell system may further include cpmrhand means
capable of commanding either one of an economy mode in which fuel economy of the
vehicle is given priority and a power mode in which acceleration performance of the
vehicle is given priority, and if the economy mode is commanded and an amount of rise
of the target accessory motor torque from a steady state is greater than a predetermined
amount of rise that is set beforehand, the converter control means may set the voltage
boost ratio of the converter and may control the converter so that, of the required voltage
of the vehicle-driving motor and the required voltage of the accessory motor, the required
voltage of the vehicle-driving motor is output from the converter. Furthermore, if the
power mode is commanded, or if the economy mode is commanded and the amount of

rise of the target accessory motor torque from the steady state is less than or equal to a
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predetermined amount of rise that is set beforehand, the converter control means may set
the voltage boost ratio of the converter and may control the converter so that, of the
required voltage of the vehicle-driving motor and the required voltage of the accessory
motor, a higher required voltage is output from the converter.

[0014]  The voltage acquisition means may calculate the required voltage of the
accessory motor from the target accessory motor torque based on the acceleration
demand of the accessory ‘motor and an expected-to-be-reached rotation speed of the
accessory motor that is expected to be reached at a start of a next computation step
according to the acceleration demand.

[0015]  The fuel cell system may further include map storage means for storing a
map that represents a relation between the target accessory motor torque based on the
acceleration demand of the accessory motor and change in the required voltage of the -
accessory motor, and ‘;he voltage acquisition means may acquire the required voltage of
the accessory motor from the target accessory motor torque based on the acceleration
demand of the accessory motor, with reference to the map.

[0016] The fuel cell system may further include determination means for
determining which of slow acceleration and fast acceleration is demanded, and a set value
of torque that corresponds to rotation speed for accelerating the accessory motor may be
switched according to a result of the determination by the determination means.

[0017]  The fuel cell system may further include command means capable of
commanding an economy mode in which fuel economy of a vehicle is given priority and
a power mode in which acceleration performance of the vehicle is given priority, and the
determination means may determine which of slow acceleration and fast acceleration is
demanded, based on the economy mode and the power mode‘ that is commanded by the
command means, and the voltage acquisition means may switch the set value of torque
that corresponds to the rotation speed for accelerating the accessory motor according to a
result of determination by the determination means.

[0018]  The fuel cell system may further include operation amount detection

means for detecting an amount of operation of an acceleration command portion for
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commanding acceleration of a vehicle, and the determination means may determine
which of slow acceleration and fast acceleration is demanded, based on the value detected
by the operation amount detection means, and the voltage acquisition means may switch
the set value of torque that corresponds to the rotation speed for accelerating the
accessory motor according to a result of determination by the determination means.

[0019]  The fuel cell system may further include operation amount change rate
detection means for detecting rate of change in amount of operation of an acceleration
command portion for commanding acceleration of a vehicle, and the determination means
may determine which of slow acceleration and fast acceleration is demanded, based on
the value detected by the operation amount change rate detection means, and the voltage
acquisition means may switch the set value of torque that corresponds to the rotation
speed for accelerating the accessory motor according to a result of determination by the
determination means.

[0020]  The fuel cell system may further include vehicle speed detection means
for detecting speed of a vehicle, and the determination means may détermine which of
slow acceleration and fast acceleration is demanded, based on the detected value of
vehicle speed, and the voltage acquisition means may switch the set value of torque that
corresponds to the rotation speed for accelerating the accessory motor according to a
result of determination by the determination means.

[0021]  The fuel cell system may further include temperature detection means for
detecting temperature of the accessory motor, and the ‘voltage acquisition means may
correct the required voltage of the accessory motor according to the value detected by the
temperature detection means.

[0022]  The accessory motor may be an air compressor motor that drives the fuel
cell air compressor.

[0023]  According to the fuel cell system in accordance with the invention, in the
construction in which the converter is provided between the fuel cell and both the
vehicle-driving motor and the accessory motor, the required voltage of the accessory

motor is acquired according to the target accessory motor torque based on the
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acceleration demand of the accessory motor, and the voltage boost ratio of the converter
is set by comparing the acquired required voltage of the acces'sory motor with the
required voltage of the vehicle-driving motor. Therefore, acéording to the set condition,
the required voltage of the accessory motor can be set high at the time of transition
response with high acceleration demand, and the required voltage of the accessory motor
can be set low at the time of transition résponse with low acceleration demand.
Therefore, it is possible to realize a structure capable of heightening the transition
responsiveness and also restraining the unnecessarily great voltage boost operation of the

converter, and thus improving efficiency and achieving good fuel economy.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]  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:
FIG. 1 is a diagram showing a basic construction of a fuel cell system in accordance
with an embodiment of the invention;

FIG. 2 is a diagram showing a construction of a portion of the system shown in FIG.

FIG. 3 is a flowchart showing a method of calculating a required voltage of an air
compressor métor in the system shown in FIG. 1;

FIG. 4 is a’ diagram showing an example of a relation between the acceleration
demand and the target torque of the air compressor motor;

FIG. 5 is a diagram illustrating a range of operation in two examples of a transition
response in the case where the required voltage of the air compressor motor is calculated
in the system shown in FIG. 1, in the illustration of a relation beétween the rotation speed
and the torque of the air compressor motor;

FIG. 6 is a flowchart showing a method of calculating the required voltage of the air

compressor motor in another example embodiment of the invention; and
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FIG. 7 is a diagram showing an example of a relation between the detected
temperature of the air compressor motor and the correction amount of the required

voltage of the air compressor in still another embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
[0025]  Embodiments of the invention will be described in detail hereinafter with
reference to the drawings. FIGS. 1 to 5 show an embodiment of the invention. As
shown in FIG. 1, a fuel cell system 10 is, for example, mounted in a fuel cell vehicle, and
has a fuel cell stack 12 that is a fuel cell battery. The fuel cell stack 12 generates
electricity through an electrochemical reaction between a hydrogen gas as a fuel gas and
air as an oxidizing gas. From the fuel cell stack 12, electric power can be supplied to
both a vehicle-driving motor 14 (Ma) (hereinafter, referred to simply as “drive motor 14”)
that is a drive source for driving a vehicle, and an air compressor 16 as an accessory of
the vehicle. Therefore, the fuel cell system 10 includes the fuel cell stack 12, the drive
motor 14, a first inverter 18 (described below with reference to FIG 2) that is a
vehicle-driving motor inverter, an air compressor motor 20 (Mb) for driving the air
compressor 16, a second inverter 22 (described below with reference to FIG. 2) that is an

air compressor motor inverter, a convertér 24, and a control portion 26.
[0026]  The fuel cell stack 12 is formed, for example, by staking a plurality of
fuel unit cells and disposing current collecting plates and end plates on two opposite sides
of the fuel cell stack 12 in the stacking direction. Then, the fuel unit cells, the current

collecting plates and the end plates are fastened together with tie rods, nuts, etc.

~ Incidentally, insulating plates may also be provided between the current collecting plates

and the end plates. Each fuel unit cell is, for example, a cell that includes a membrane
assembly formed by sandwiching an electrolyte membrane between an anode-side
electrode and a cathode-side electrode, and separafors disposed on both sides of the
assembly. Each fuel unit cell is constructed so that the anode-side electrode can be
supplied with a hydrogen gas and the cathode-side electrode can be supplied with air.

Hydrogen ions produced at the anode-side electrode are caused to move to the cathode
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through the electrolyte membrane, and are allowed to undergo an electrochemical
reaction with oxygen at the cathode-side electrode, so that along with the production of
water, electrons are allowed to move from the anode-side electrode to the cathode-side
electrode through an external electrical circuit, thus generating electromotive force.

[0027]  The hydrogen gas is supplied from a hydrogen gas source (not shown)
into a hydrogen gas supply channel 28, and then from the hydrogen gas supply channel
28 to the fuel cell stack 12. After that, the hydrogen gas is subjected to the
electrochemical reaction in internal channels of the fuel cell stack 12, and then is
discharged through a hydrogen gas discharge channel 30. A return path 32 is provided
between the hydrogen gas supply channel 28 and the hydrogen gas discharge channe] 30.
The return path 32 is provided with a hydrogen pump 34 as a hydrogen circulation pump.
The return path 32 is used in order to lead a hydrogen off-gas that is a gas containing
unreacted hydrogen that is discharged into the hydrogen gas discharge channel 30, back
to the hydrogen gas supply channel 28. Besides, a purge valve 36 as an exhaust drain
valve is provided in a downstream side of the hydrogen gas discharge channe] 30. A
gas-liquid separator (not shown) is provided between the hydrogen gas discharge channel
30 and the return path 32. !

[0028]  Besides, air is pressurized by the air compressor 16 that is provided on
an upstream side of the oxidizing gas supply channel 38, and then is supplied to internal
channels of the fuel cell stack 12 after passing through a humidifier 40. The air supplied
to the internal channels is subjected to the electrochemical reaction, and is discharged
through an oxidizing gas discharge channel 42, and then is discharged into the
atmospherek after passing through the humidifier 40. . The humidifier 40 performs. the
function of humidifying the air that is about to be supplied to the fuel cell stack 12, by
providing the air with moisture obtained from an air-off gas that is a gas containing
unreacted air that is discharged from the fuel cell stack 12.

| [0029]  The output voltage of the fuel cell stack 12, after being converted into a
raised voltage by a converter 24 that is a voltage conversion device and is a DC/DC

-converter, can be supplied to the drive motor 14, and the air compressor motor 20 for
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driving the air compressor 16, both of which are loads. As shown in FIG 2, the
converter 24 is actually connected to the first inverter 18 that drives the drive motor 14,
and to the secohd inverter 22 that drives the air compressor motor 20. The first inverter
18 is supplied with direct-current electric power, and supplies alternating-current electric
power to the drive motor 14, thereby driving the drive motor 14. The second inverter 22
is supplied with direct-current electric power, and supplies alternating-current electric
power to the air compressor motor 20, thereby driving the air compressor motor 20.

[0030] The converter 24 boosts the output voltage of the fuel cell stack 12
before supplying the voltage to the first inverter 18 and the second inverter 22. That is,
the converter 24 supplies the first inverter 18 and the second inverter 22 with currents at
equal voltages. The voltage boosting operation of the converter 24 is controlled by the
control portion 26 shown in FIG. 1. The control portion 26 acquires, for example, a
signal that represents a load demand, such as the vehicle accelerator pedal operation
amount or the like, and signals that represent information detected by various sensors,
such as a pressure 'sensor, a temperature sensor, etc., that detect states of the fuel cell
stack 12 or the interior of a channel, and'accordingly controls the converter 24 and the
various inverters 18 and 22 (FIG. 2) so as to control the states of operation of the drive
motor 14 and the air compressor motor 20. For example, the control portion 26 controls
the amount of air supplied to the fuel cell stack 12 by controlling the amount of the
driving of the air compressor motor 20. Besides, the control portion 26 also controls the
hydrogen pump 34 (FIG. 1), and the opening and closing of a gas supply valve 44
provided in the hydrogen gas supply channel 28, the purge valve 36, etc. The control
portion 26 includes a microcomputer that has a CPU, a memory, etc.

[0031]  As shown in FIG. 2, the voltage Vfc of the fuel cell stack 12'is boosted
by the converter 24, and, for example, can be boosted to the range from 300 V through
650 V. In this case, the voltage boost ratio of the converter 24 is set, for example, in
such a manner that, of the required voltage of the drive motor 14 and the required voltage
of the air compressor motor 20, the higher required voltage is output from the converter

24. However, if the voltage boost ratio of the converter 24 is high, the efficiency of the
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converter 24 declines to, for example, 90% or the like. Therefore, it is not preferable
that the voltage boost ratio is increased very often. This embodiment is intended to
improve this point, which needs to be improved.

[0032]  Besides, the fuel cell system 10, as shown in FIG. 1, includes a mode
command portion 46 that is mode command means, a pedal operation amount sensor. 48
that detects the amount of operation of the accelerator pedal and that is an acceleration
command portion for commanding acceleration of the vehicle, and a vehicle speed sensor
50 that detects the speed of the vehicle. The mode.command portion 46 is a switch, a
button, etc., that is operable by an operating person, and makes it possible to selectively
command one of the “economy mode” in which the fuel economy of the vehicle is given
priority and the “power mode” in which the accelerating performance of the vehicle is
given. priority. Incidentally, it is also possible to adopt a construction in which the
economy mode and the power mode are' selectively displayed in a display that is provided
in an instrument panel or its surrounding area, and the mode can be selectively command
through the use of a touch panel, or through operation of a button or the like.

[0033]  Besides, the control portion 26 includes determination means 52, voltage
acquisition means 54, and converter control means 56. The determination means 52
determines which one of slow acceleration and fast acceleration is to be required taking
the present state into account, through the use of at least one of the signal that represents
the mode commanded by the mode command portion 46 and the detection signal from the
pedal operation amount sensor 48.

[0034] The voltage acquisition means 54 calculates, that is, acquires, the
required voltage of the air compressor motor 20 according to a target air compressor
motor torque based on the acceleration demand of the air compressor motor 20, and
calculates, that is, acquires, a required voltage of the drive motor 14 according to the
target drive motor torque. The target drive motor torque is calculated by the voltage
acquisition means 54, or an external control portion (not shown), through the use of, for
example, detected values from the pedal operation amount sensor 48 and the vehicle

speed sensor 50, and the like. The target drive motor torque that is a calculated value
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from an external control portion is input to the control portion 26.

[0035] Besides, in the case where the required voltage of the air compressor
motor 20 is calculated, the voltage acquisition means 54 calculates the required voltage of
the air compressor motor 20 from the target air compressor motor torque based on the
acceleration demand of the air compressor niotof 20, and frorh an expected-to-be-reached
rotation speed of the air compressor motor 20 that is expected to be reached at the start of
the next computation process according to the acceleration demand. That is, the voltage
acquisition means 54 calculates a required voltage of the air cdrnpressor motor 20 which
allows the achievement of the target air compressor motor torque based on the
acceleration demand of the air compressor motor 20 and ‘the expected-to-be-reached
rotation speed of the air compressor motor 20 which is expected to be reached at the start
of the next computation process according to the acceleration demand of the air
compressor motor 20.

[0036]  For example, the determination means 52 determines whether or not the
acceleration demand of the air compressor motor 20 from the selected mode that is
represented by the input signal from the mode command portion 46, the acceleration of
the vehicle, etc. In the case where the selected mode is the economy mode, the
determination means 52 determines that the present state is a state in which slow
acceleration is required. On the other hand, in the case where the selected mode is the
power mode, the determination means 52 determines that the present state is a state in
which fast acceleration is required. The voltage acquisition means 54 switches the set
value of torque corresponding to the rotation speed for the acceleration of the air
compressdr motor 20 according to a result of the determination.

[0037]  The converter control means 56 compares the calculated required voltage
of the air compressor motor 20 and the required voltage of the drive motor 14, and sets
the voltage boost ratio of the converter 24 according to the comparison, and then
accordingly controls the converter 24. More concretely, the converter control means 56
sets the voltage boost ratio of the converter 24 and accordingly controls the converter 24

so that converter 24 outputs the higher voltage of the required voltage of the air
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compressor motor 20 and the required voltage of the drive motor 14. However, in this
embodiment, in the case where the economy mode is set, the voltage boost ratio of the
converter 24 is set as described below. It is to be noted herein that the invention is also
applicable to a vehicle that does not have a function of setting the economy mode or the
power mode. In that case, the voltage boost ratio of the converter 24 is set so that the
converter 24 outputs the higher one of the required voltage of the air compressor motor
20 and the required voltage of the drive motor 14. Besides, in the case of a vehicle
capable of setting a mode other than the economy mode and the power mode, the voltage
boost ratio of the converter 24 is set so that the converter 24 outputs the higher one of the
required voltage of the air compressor motor 20 and the required voltage of the drive
motor 14 in that mode.

[0038] Next,‘an example of the method of calculating the required voltage of the
air compressor motor 20 (FIG. 1) after the acceleration demand is determined by the
determination means 52 (FIG. 1) will be described with reference to FIGS. 3 to 5. FIG
3 is a flowchart showing an example of the method of calculating the required voltage of
the air compressor motor in the systen.shown in FIG. 1. FIG. 4 is a diagram showing an
example of a relation between the acceleration demand and the target torque of the air
compressor motor. FIG. 5 is a diagram illustrating a range of operation at the time of
transition response between the power mode and the economy mode in the case where the
required voltage of the air compressor motor is calculated in the system shown in FIG. 1,
in the illustration of a relation between the rotation speed and the torque of the air
compressor motor. In the description below, the same elements as those shown in FIGS.
1 and 2 are represented by the same reference characters.

[0039]  Firstly, in the case where the required voltage of the air compressor
motor 20 is calculated, a target air compressor torque is calculated in step S1 in FIG. 3
according to the acceleration demand of the air compressor motor 20 which has been
determined by the determination means 52. That is, as is apparent from the relation
shown in FIG. 4, the higher the acceleration demand of the air compresskor motor 20, the

higher the target torque of the air compressor motor 20 becomes. Besides, the
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acceleration demand of the air’compressor motor 20 is made so that, for example, in the
case where the electricity generation load of the fuel cell stack 12 increases according to
the acceleration of the vehicle or the like, the torque of the air compressor motor 20 is
increased along with the rise of the need to increase the amount of supply of air to the
fuel cell stack 12 by heightening the rotation speed of the air compressor 16.  Besides, in
a transition state of the air compressor motor 20 from a steady operation state to a high
rotation speed state, the target torque is determined according to the acceleration demand
for fast acceleration or slow acceleration.

[0040] In FIG 5 a curve Lc represents a load torque curve, and a dashed
one-dotted line ECO represents a curved line that shows a transition state that occurs at
the time of acceleration during the economy mode, and an interrupted line PWR
'represents a curve that shows a transition state that occurs in the case of acceleration in
the power mode. Besides, V1, V2 and V3 represent isobaric curves of the input voltage
VH (see FIG. 2) of the second inverter 22 that is the input side of the air compressor
motor 20. In the order of V1, V2 and V3, the voltage becomes larger (VI1<V2<V3).
As shown in FIG. 5, in this embodiment, for example, in the case where the air
compressor motor 20 is accelerated from a steady state P1 that has certain values of the
rotation speed and the torque to a steady state P2 that has other values of the rotation
speed and the torque thereof, the acceleration of the air compressor motor 20 is
determined according to the extent by which the target torque in the transition state is
increased relative to the torque of the load torque curve.

[0041]  For example, as shown in FIG. 5, it is possible to adopt a construction in
which the foregoing transition follows different paths when the economy mode has been
commanded and when the power mode has been commanded, because of different
relations between the torque and the rotation speed. That is, when the power mode has
been commanded, it is determined by the determination means 52 that the present state is
a state in which fast acceleration is required. Therefore, as for the voltage VH, the
voltage requirement increases from the voltage V1 to the voltage V2 and then to the

voltage V3, and then declines to the voltage V2. That is, when the power mode has
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been commanded, it is determined by the determination means 52 that the present state is
a state in which fast acceleration is required. Therefore, regarding the voltage VH, the
voltage requirement increases from the voltage of P1 to a point on the curve of the
voltage V1 at which the torque is high, and then further increases to the voltages V2 and
V3. After that, the voltage reqilirement declines again to V2, and thus the state shifts to
the steady state P2. In this case, the amount of voltage boost is large, so that the
acceleration of the air compressor motor 20 is great.

[0042] In the case where the economy mode has been commanded, it is
determined by the determination means 52 that the present state is a state that demiands
slow acceleration. Therefore, while the voltage requirement regarding the voltage VH
increases from the voltage V1 to the voltage V2, the torque lowers from the point of a
high torque on the curve of the voltage V2, so that the state shifts to the steady state P2.
In this case, the amount of voltage boost is smaller than in the case where the power
mode has been comm'anded, and therefore the acceleration of the air compressor motor
20 is also lower. That is, in this embodiment, the voltage acquisition means 54 switches
the set value of the torque that corresponds to the rotation speed at the time of
accelerating the air compressor motor 20, according to the result of the determination by
the determination means 52.

[0043] In this case, the target torque of the air compressor motor 20 is output in
the following manner. That is, the control portion 26 calculates an electric current
command that corresponds to the target torque while the input voltage has been set.
Then, the control portion 26 outputs a drive control signal commensurate with the electric
current command to the second inverter 22. In this manner, the target torque can be
output. The acceleration of the air compressor motor 40 is determined according to the
difference between the torque of the air compressor motor 20 and the torque on the
load-torque curve Lc. Therefore, during the power mode in which the target torque is
high, the air compressor motor 20 can be accelerated at sufficiently high acceleration, so
that the responses at the time of transition response can be heightened.

[0044]  On the other hand, during the economy mode in which the target torque
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is low, the responsiveness at the time of transition response becomes low. However,
during the economy mdde, the driver’s demand regarding acceleration is relatively low,
no practical problem occurs. Besides, since the transition can be accomplished without
the converter 24 unnecessarily boosting the voltage to a great extent, the efficiency of the
converter 24 can be heightened, and low fuel consumption can be achieved.

[0045]  This embodiment is based on the foregeoing principle. In step St in FIG.
3, according to the acceleration demand of the air compressor motor 20 determined by
the determination means 52, the target torque of the air compressor motor 20 is calculated.
Then in step S2, an expected-to-be-reached rotation speed and an expected-to-be-reached
torque of the air compressor motor 20 which are expected to be reached at the start of the
next computation process according to the acceleration demand are calculated. Next, in
step S3, a required voltage of the air compressor that will achieve the
expected-to-be-reached rotation speed and the expected-to-be-reached torque is
calculated. For example, in the case where the power mode is commanded, a torque
near at or near To in FIG 5 1is calculated as a target torque, and the
expected-to-be-reached rotation speed and torque in each computation process are
calculated as the rotation speed n and the torque T that correspond to the point A, B or C.
Therefore, for example, in each of the computation processes corresponding to the points
P1, A and B, the expected rotation speed and the expected torque that are expected to be
reached at the start of the next computation process that corresponds to the point A, B or
C. For example, in the case where while a torque of 10 Nm is being output at 6000
min! and 290 V in the present computation process, it is expected that 6200 min! will be
reached and a torque of 20 Nm will need to be output, a voltage (e.g., 300 V) that will
achieve the torque of 20 Nm at 6200 min™ is calculated as the required voltage of the air
compressor motor 20 in the present computation process.

[0046]  On the other hand, in the case where the economy mode is commanded,
the torque To’ in FIG. 5 is calculated as a target torque, and the expected-to-be-reached
rotation speed n and the expected-to-be-reached rotation torque T in each computation

process are accordingly calculated. Then, in each computation process, the voltage that
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will achieve the expected-to-be-reached rotation sineed and torque at the start of the next
computation process can be calculated as a required voltage of the air compressor motor
20. In the case where the economy mode is commanded, the torque and the rotation
speed are set on the path that passes along the left and right-side edges of a region that is
shown by hatching in FIG. 5.

[0047]  According to the foregoing fuel cell system 10, in the construction in
which the converter 24 is provided between the fuel cell stack 12 and both the drive
motor 14 and the air compressor motor 20, the required voltage of the air compressor
motor 20 is calculated according to the target air compressor motor torque based on the
acceleration demand of the air compressor motor 20, and the voltage boost ratio of the
converter 24 is set by comparing the required voltage of the air compressor motor 20 and
the required voltage of the drive motor 14. Therefore, at the time of a transition
response with a high acceleration demand, the required voltage of the air compressor
motor 20 can be set high. On the other hand, at the time of a transition response with a
low acceleration demand, the required voltage of the air compressor motor 20 can be set
low. In consequence, it is possible to realize a structure capable of heightening the
transition responsiveness and also restraining the unnecessarily great voltage boost
operation of the converter 24, and thus improving efficiency and achieving good fuel
economy. That is, in the case where the economy mode is commanded, the voltage
boost ratio of the converter 24 is set and the converter 24 is controlled so that, of the
required voltage of the drivé motor 14 and the required voltage of the air compressor
motor 20,_fhe required voltage of the drive motor 14 is output from the converter 24. In
the case where the power mode is commanded, the voltage boost ratio of the converter 24

is set and the converter 24 is controlled so that, of the required voltage of the drive motor

14 and the required voltage of the air compressor motor 20, the higher required voltage is

output from the converter 24.
[0048]  Incidentally, when the target torque of the air compressor motor 20 is to
be found, it is also possible to calculate an appropriate target torque for every acceleration

demand according to the relation between the present rotation speed of the air compressor
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motor 20 and the post-transition rotation speed thereof. For example, the determination
means 52, instead of determining one of the state that demands fast acceleration and the
state that demands slow acceleration as the present acceleration demand, may calculate
the acceleration demand of the air compressor motor 20 or find the acceleration demand
of the air compressor motor 20 through the reference to a map or the like on the basis of
the rotation speed and the torque of the air compressor motor 20 in the present steady
state, the rotation speed and the torque of the air compressor motor 20 in a post-transition
steady state, and the fast-acceleration or slow-acceleration demand mode based on the
input from the mode command portion 46 or the like, and may acquire by calculation or
the like the target air compressor motor torque according to the acceleration demand.

[0049] FIG. 6 is a flowchart showing a method of calculating the required
voltage of the air compressor motor in another example embodiment of the invention.
In this embodiment, a fuel cell system 10 includes map storage means 58 (see FIG. 1) that
stores a map that represents the relation between the target air compressor triotor torque
based on the acceleration demand of the air compressor motor 20 and the change in the
required voltage of the air compressor motor 20. Then, the voltage acquisition means
54 acquires the required voltage of the air compressor motor 20 from the target air
compressor motor torque based on the acceleration demand of the air compressor motor
20, with reference to the map.

[0050]  That is, in step S10 in FIG 6, the target air compressor torque is
calculated from the acceleration demand of the air compressor motor 20, as in step S1 in
FIG. 3. Next, in step S11, the voltage acquisition means 54 acquires the required
voltage of the air compressor motor 20 from the target air compressor motor torque based -
on the acceleration demand of the air compressor motor 20, with reference to the map
stored by the map storage means 58. According to this construction of thel second
embodiment, the calculation process in step S2 in FIG. 3 can be omitted, unlike the first
embodiment.

[0051]  Besides, in the foregoing embodiments, the determination means 52 may

also determine whether, regarding the air compressor motor 20, the present state is a state
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that demands fast acceleration or a state that demands slow acceleration, from the value
detected by the pedal operation alﬁount sensor 48, and, according to a result of the
determination, .the voltage acquisition means 54 may switch the set value of the torque of
the air compressor motor 20 that corresponds to the rotation speed thereof for
accelerating the air compressor motor 20. In this case, the determination means 52
determines the acceleration demand, for example, in the following manner. That is, the
determination means 52 determines that the present state is a state that demands slow
acceleration if the amount of depression of the accelerator pedal that is a value detected
by the pedal operation amount sensor 48 is less than or equal to a threshold value. On
the other hand, if the amount of depression of the accelerator pedal is greater than the
threshold value, the determination means 52 determines that the present state is a state
that demands fast acceleration.

[0052]  Besides, in the foregoing embodiments, the determination means 52 may
determine whether, regarding the air compressor motor 20, the present state is a state that
demands slow acceleration or a state that demands fast acceleration, from the value
detected by pedal operation amount change rate detection means (not shown) for
detecting the rate of change in the amount of pedal operation detected by the pedal
operation amount sensor 48, and, according to a result of the determination, the voltage
acquisition means 54 may switch the set value of the torque of the air compressor motor
20 that corresponds to the rotation speed thereof at the time of accelerating the air
compressor motor 20. In this case, the determination means 52 determines the
acceleration demand, for example, in the following manner. That is, the determination
means 52 determines that the present state is a state that demands slow acceleration if the
rate of change in the amount of depression of the accelerator pedal which is the value
detected by the pedal operation amount change rate detection means, that is, the pedal
depression speed, is less than or equal to a threshold value. If the rate of change in the
amount of depression of the accelerator pedal is greater than the threshold value, the
determination means 52 determines that the present state is a state that demands fast

acceleration.

19



10

15

25

WO 2010/146421 PCT/1B2010/001021

[0053]  Besides, in the foregoing embodiments, the determination means 52 may
determine whether, regarding the air compressor motor 20, the present state is a state that
demands slow acceleration or a state that demands fast acceleration from the value
detected by the vehicle speed sensor 50 (FIG. 1), and, according to a result of the
determination, the voltage acquisition means 54 may switch the set value of the torque of
the air compfessor motor 20 that corresponds to the rotation speed thereof for
accelerating the air compressor motor 20. In this case, the determination means 52
determines the acceleration demand, for example, in the following manner. That is, the
determination means 52 determines that the present state is a state that demands slow
acceleration if the vehicle speed, which is the value detected by the vehicle speed sensor
50, is less than or equal to a threshold value, and determines that the present state is a
state that demands fast acéeleration if the vehicle speed is greater than the threshold value.
Besides, the determination means 52 is not limited to means for determining one of slow
acceleration and fast acceleration as an acceleration demand, but may also be means for
determining one of three or more acceleration demands.

[0054]  Besides, in the foregoing embodiments, the determination means 52 may
also determine whether, regarding the air compressor motor 20, the present state is a state
that demands slow acceleration or a state that demands fast acceleration, using at least
two of the mode commanded by the mode command portion 46, the value detected by the
pedal operation amount sensor 48, the value detected by the pedal operation amount
change rate detection means, and the value detected by the vehicle speed sensor 50, that
is, by a plurality of conditions that employ the foregoing mode or any of the foregoing
detected values. For ekample, the determination means 52 may determine that the
presént state is a state that demands fast acceleration if a specific condition in which the
power mode has been commanded by the mode command portion 46 and the pedal
operation amount that is the value detected by the pedal operation amount sensor 48 is
greater than or equal to a threshold value is established. In the case where the specific
condition is not established and where the pedal operation amount is greater than a

second threshold value that is less than the foregoing threshold value, the determination
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means 52 may determine that the present state is a state that demands slow acceleration.

[0055]  Besides, in the foregoing embodiments, the converter control means 56
sets the voltage boost ratio of the converter 24 and controls the converter 24 so that, of
the required voltage of the air compressor motor 20 and the required voltage of the drive
motor 14, the higher required voltage is output from the converter 24. However, the
converter control means 56 is also able to operate as follows. That is, in the case where
the economy mode is commanded by the mode command portion 46, the converter
control means 56 may set the voltage boost ratio of the converter 24 and control the
converter 24 so that, of the required voltage of the drive motor 14 and the required
voltage of the air compressor motor 20, the required voltage of the drive motor 14 is
output from the converter 24, that is, may set the voltage boost ratio of the converter 24
and control the converter 24 on the basis of the demand from the driver motor 14 side.
On the other hand, in the case where the power mode is commanded, the converter
control means 56 may set the voltage boost ratio of the converter 24 and control the
converter 24 so that, of the required voltage of the drive motor 14 and the required
voltage of the air compressor motor 20, the higher required voltage is output from the
converter 24. In this construction, in the case where the economy mode is commanded,
the voltage of the air compressor motor 20, that is, the input voltage of the second
inverter 22, is set appropriately according to the required voltage of the drive motor 14.
However, during the economy mode, the driver’s demand for the acceleration of the air
compressor motor 20 is low, there is not a big practical problem, but further reduction in
the fuel consumption can be pursued.

[0056] In the case where the economy mode is commanded by the mode
command portion 46 and where the amount of rise of the target air compressor motor
torque from the steady state is greater than a predetermined amount of rise (e.g., +1 Nm)
that is set beforehand, the converter control means 56 sets the voltage boost ratio of the
converter 24 so that, of the required voltage of the drive motor 14 and the required
voltage of the air compressor motor 20, the required voltage of the drive motor 14 is

output from the converter 24. Besides, in the case where the power mode is
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commanded or in thé case where the economy mode is commanded and where the
amount of rise of the target air compressor motor torque from the steady state is less than
or equal to a predetermined amount of rise (e.g., +1 Nm) that is set beforehand, the
converter control means 56 may also set the voltage boost ratio of the converter 24 and
control the converter 24 so that the higher one of the required voltage of the drive motor
14 and the required voltage of the air compressor motor 20 is output from the converter
24. In this case, the width of the alloWable amount that allows determination of the
voltage boost ratio of the converter 24 upon the demand from the air compressor motor
20 can be made larger.

[0057]  Besides, in the foregoing embodiments, the fuel cell system 10 may
further include a motor temperature sensor 60 (see FIG. 1), such as a thermister that
detects the temperature of the air compressor motor 20, or the like. In this case, the
voltage acquisition means 54 corrects the required voltage of the air compressor motor 20
according to the value detected by the motor temperature sensor 60. For example, a
map that represents a relation between the motor temperature and the voltage correction
amount as shown in FIG. 7 is stored in the map storage means 58 (see FIG. 1) beforehand.
Then, in the case where the motor temperature is equal to a standard service temperature
tl that is set beforehand, the voltage acquisition means 54 sets “0” as the correction
amount for the required voltage of the air compressor motor 20 that is determined from
the detected motor temperature with reference to the map. However, for example, if the
motor temperature is lower than the standard service temperature tl, the voltage
acquisition means 54 sets the voltage correction amount to be low with reference to the
map, that is, corrects the required voltage of the air compressor motor 20 to a lower
voltage, and compares the post-correction required voltage of the air compressor motor
20 with the required voltage of the drive motor 14. On the other hand, if thel motor
temperature is higher thén the standard service temperature tl, the voltage acquisition
means 54 sets the voltage correction amount to be high with reference to the map, that is,
corrects the required voltage of the air compressor motor 20 to a higher voltage, and

compares the post-correction required voltage of the air compressor motor 20 with the
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required voltage of the drive motor 14.

[0058] The foregoing construction facilitates the appropriate setting of the
required voltage according to the motor temperature. That is, if the motor temperature
is low, the motor can output a desired torque even when the voltage is relatively low. If
the motor temperature is high, there is possibility of failing to output a desired torque if
the voltage is not made high. Therefore, according to the state of use of the air
compressor motor 20, the efficiency of the system as a whole can be improved.
Incidentally, in a certain range of the motor temperature whose center is a standard
service temperature, a range thereof in which the voltage correction amount is “0” can be
set.

[0059] Incidentally, in the foregoing embodiments, the air compressor 16 is an
accessory and the air compressor motor 20 is an accessory motor, the invention is not
limited to this construction. For example, the hydrogen pump 34 (see FIG. 1) may be
adopted as an accessory (see FIG. 1), and the hydrogen pump motor for driving the

hydrogen pump 34 may be an accessory motor.
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CLAIMS
1. A fuel cell system comprising:

a fuel cell that geﬁerates electricity using a fuel gas and an oxidizing gas;

a vehicle-driving motor inverter that is supplied with direct-current electric power
and supplies alternating-current electric power to a vehicle-driving motor;

an accessory motor inverter that is supplied with direct-current electric power and
supplies alternating-current electric power to an accessory motor;

a converter that is provided between the fuel cell and both the vehicle-driving motor
and accessory motor, and that boosts output voltage of the fuel cell and supplies the
output voltage boosted to the vehicle-driving motor inverter and the accessory motor
inverter;

voltage acquisition means for acquiring a required voltage of the accessory motor
according to a target accessory motor torque based on.an acceleration demand of the
accessory motor; and

converter control means for setting a voltage boost ratio of the converter and
controlling the converter by comparing the acquired required voltage of the accessory

motor and a required voltage of the vehicle-driving motor.

2. The fuel cell system according to claim 1, wherein
the voltage acquisition means acquires the required voltage of the vehicle-driving

motor according to a target drive motor torque.

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

the converter control means sets the voltage boost ratio of the converter and controls
the converter so that, of the required voltage of the vehicle-driving motor and the
required voltage'of the accessory motor acquired, a higher required voltage is output from

the converter.

4. The fuel cell system according to claim 1 or 2, further comprising
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command means capable of commanding either one of an economy mode in which
fuel economy of a vehicle is given priority and a power mode in which acceleration’
performance of ﬂle vehicle is given priority,

wherein:

if the economy mode is commanded, the converter control means sets the voltage
boost ratio of the converter and controls the converter so ’lthat, of the required voltage of
the vehicle-driving motor and the required voltage of the accessory motor, the required
voltage of the vehicle-driving motor is output from the converter; and

if the power mode is commanded, the converter control means sets the voltage
boost ratio of the converter and controls the converter so that, of the required voltage of

the vehicle-driving motor and the required voltage of the accessory motor, a higher

required voltage is output from the converter.

5. The fuel cell system according to claim 1 or 2, further comprising

command means capable of éommanding either one of an economy mode in which
fuel economy of a vehicle is given priority and a power mode in which acceleration
performance of the vehicle is given priority,

wherein:

if the economy mode is commanded and an amount of rise of the target accessory
motor torque from a steady state is greater than a predetermined amount of rise that is set
beforehand, the converter control means sets the voltage boost ratio of the converter and
controls the converter so that, of the required voltage of the vehicle-driving motor and the
reqﬁired voltage of the accessory motor, the required voltage of the vehicle-driving motor
is output from the converter; and

if the power mode is commanded, or if the economy mode is commanded and the
amount of rise of the target accessory motor torque from the steady state is less than or
equal to a predetermined amount of rise that is set beforehand, the converter control
means sets the voltage boost ratio of the converter and controls the converter so that, of

the required voltage of the vehicle-driving motor and the required voltage of the
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accessory motor, a higher required voltage is output from the converter.

6. The fuel cell system according to any one of claims 1 to 5, wherein

. the voltage acquisition means calculates the required voltage of the accessory motor
from the target accessory motor torque based on the acceleration demand of the accessory
motor and an expected-to-be-reached rotation speed of the accessory motor that is
expected to be reached at a start of a next computation step according to the acceleration

demand.

7. The fuel cell system according to any one of claims 1 to 5, further comprising

map storage means for storing a map that represents a relation between the target
accessory motor torque based on the acceleration demand of the accessory motor and
change in the required voltage of the accessory motor,

wherein the voltage acquisition means acquires the required voltage of the
accessory motor from the target accessory motor torque based on the acceleration

demand of the accessory motor, with reference to the map.

8. The fuel cell system according to any one of claims 1 to 7, further comprising
determination means for determining which of slow acceleration and fast
acceleration a present state demands,
wherein a set value of torque that corresponds to rotation speed for accelerating the
accessory motor is “switched according to a result of the determination by the

determination means.

9. The fuel cell system according to claim 8, further comprising

command means capable of commanding an economy mode in which fuel economy
of a vehicle is given priority and a power mode in which acceleration performance of the
vehicle is given priority,

wherein the determination means determines which of slow acceleration and fast
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acceleration is demanded, based on one of the economy mode and the power mode that is
commanded by the command means, and

wherein the voltage acquisition means switches the set value of torque that
corresponds to the rotation speed for accelerating the accessory motor according to a

result of determination by the determination means.

10. The fuel cell system according to claim 8, further comprising

operation amount detection means for detecting an amount of operation of an
acceleration command portion for commanding acceleration of a vehicle,

wherein the determination means determines which of slow acceleration and fast
acceleration is demanded, based on the detected amount of operation, and

wherein the voltage acquisition means switches the set value of torque that
corresponds to the rotation speed for accelerating the accessory motor according to a

result of determination by the determination means.

11. The fuel cell system according to claim 8§, further comprising

operation amount change rate detection means for detecting rate of change in
amount of operation of an acceleration command portion for commanding acceleration of
a vehicle,

wherein the determination means determines wlﬁch of slow acceleration and fast
acceleration is demanded, based on the detected rate of change, and

wherein the voltage acquisition means switches the set value of torque that
corresponds to the rotation speed for accelerating the accessory motor according to a

result of determination by the determination means.

12. The fuel cell system according to claim 8§, further comprising
vehicle speed detection means for detecting speed of a vehicle,
wherein the determination means determines which of slow acceleration and fast

acceleration is demanded, based on the detected vehicle speed, and
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wherein the voltage acquisition means switches the set. value of torque that
corresponds to the rotation speed for accelerating the accessory motor according to a

result of determination by the determination means.

13. The fuel cell system according to any one of claims 1 to 12, further comprising
temperature detection means for detecting temperature of the accessory motor,
wherein the voltage acquisition means corrects the required voltage of the accessory

motor according to the detected temperature.

14. The fuel cell system according to claim 13, wherein
the voltage acquisition means corrects the required voltage of the accessory motor
so that the required voltage of the accessory motor is higher as the detected temperature

is higher.

15. The fuel cell system according to any one of claims 1 to 14, wherein
the accessory motor is an air compressor motor that drives a fuel cell air

compressor.
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