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(57) ABSTRACT 

A control apparatus 20 is provided in order to improve the 
energy efficiency of a vehicle during regeneration by a 
propulsion motor. At the time of regenerative operation of a 
propulsion motor 15, calculates the regenerative electric 
power which can be generated based on the speed of the 
vehicle or the like, and calculates the chargeable power 
which can be charged to a capacitor 13 based on the detected 
value of the terminal voltage of the capacitor 13 or the like. 
Then, the control apparatus 20, in the case where the 
chargeable power is greater than the regenerative electric 
power, sets the fuel cell 11 and the capacitor 13 to a directly 
connected condition, and outputs to an S/C output controller 
17 a power generation command corresponding to the 
detection value of the terminal voltage of the capacitor 13 
which has become the same value as the output voltage of 
the fuel cell 11, to perform Supply of reactant gas in 
accordance with the power generation command, so that the 
capacitor 13 is charged by the power generation power of the 
fuel cell 11 and the regenerative electric power of the 
propulsion motor 15. In the case where the chargeable power 
is less than the regenerative electric power, the control 
apparatus 20 electrically disconnects the fuel cell 11 and the 
capacitor 13, and prohibits charging of the capacitor 13 by 
the power generation power of the fuel cell 11. 
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CONTROL APPARATUS FOR FUEL CELL 
VEHICLE 

0001. This invention is a continuation of U.S. Ser. No. 
10/723,942 filed Nov. 26, 2003 (allowed Jul. 11, 2006) and 
claims priority to Japanese Application No. 2002-347 148, 
filed Nov. 29, 2002, which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a control apparatus 
for a fuel cell vehicle. 

0004 2. Description of the Related Art 
0005. A solid polymer membrane fuel cell conventionally 
comprises, for example, cells formed by Sandwiching a solid 
polymer electrolyte membrane between a fuel electrode 
(anode) and an oxygen electrode (cathode), with a plurality 
of Such cells arranged in a stack. Hydrogen is Supplied to the 
fuel electrode as fuel, and air is Supplied to the oxygen 
electrode as oxidant, and hydrogen ions generated by a 
catalytic reaction at the fuel electrode pass through the Solid 
polymer electrolyte membrane and migrate to the oxygen 
electrode, causing an electrochemical reaction with the 
oxygen at the oxygen electrode, and generating electricity. 

0006. As a fuel cell vehicle provided with such a fuel cell 
as a source of motive power, heretofore there is known a fuel 
cell vehicle, fitted with a capacitor comprising for example 
an electric double layer capacitor or an electrolytic capacitor 
or the like, and constructed so as to store the electrical 
energy generated by the fuel cell, and transfer electrical 
energy to the propulsion motor (see for example, Patent 
document 1). 
0007. In such a fuel cell vehicle, the capacitor is con 
nected in parallel to the fuel cell via an output controller 
which controls the output current and output Voltage of the 
fuel cell, and output control action Such as chopping action 
or the like of the output controller which comprises, for 
example, a chopper type power conversion circuit, is con 
trolled corresponding to the state of for example, the fuel 
cell vehicle, the fuel cell, or the capacitor. 

Patent document 1 Japanese Unexamined Patent Applica 
tion, First Publication No. 2001-357865. 

0008. In practice, at the time of travelling and the like of 
the fuel cell vehicle according to the example of the afore 
mentioned technology, in the case of a condition where the 
output current extracted from the fuel cell is not restricted by 
the output controller, that is the fuel cell and the capacitor 
are in a directly connected condition, the terminal Voltage of 
the capacitor and the output voltage of the fuel cell become 
the same value. 

0009. Therefore, if for example the capacitor is charged 
by the regeneration of the propulsion motor, then both the 
terminal voltage of the capacitor and the output voltage of 
the fuel cell increase. At this time the setting is such that a 
command value for the output current corresponding to the 
increased output Voltage based on predetermined power 
generation characteristics for the output current and output 
voltage, is input to the fuel cell, so that the relative rela 
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tionship for the output current and the output Voltage does 
not deviate from a predetermined power generation charac 
teristic. 

0010. However, in the case where during regeneration of 
the propulsion motor, the power generation of the fuel cell 
continues, and for example the regenerative electric power 
of the propulsion motor is greater than the chargeable power 
which can be charged to the capacitor, there is the possibility 
that unnecessary power generation continues, so that the 
energy efficiency of the fuel cell vehicle drops. 

SUMMARY OF THE INVENTION 

0011. The present invention takes into consideration the 
above situation with the object of providing a control 
apparatus for a fuel cell vehicle which can improve the 
energy efficiency of a fuel cell vehicle during regeneration 
by the propulsion motor. 

0012 To solve the aforementioned problems and achieve 
the related object, a control apparatus for a fuel cell vehicle 
according to a first aspect of the present invention is a 
control apparatus for a fuel cell vehicle provided with: a 
propulsion motor capable of driving a vehicle; a fuel cell 
furnished with a plurality of fuel cell units made by clamp 
ing an electrolyte from both side with a fuel electrode and an 
oxygen electrode, and which generates electricity by Sup 
plying a reactant gas to give an electrochemical reaction; a 
capacitor which is charged by a generated output of the fuel 
cell and regenerated electric power of the propulsion motor; 
a reactant gas Supply device (for example the S/C output 
controller 17, the air compressor 18, the hydrogen tank 19a, 
the hydrogen supply valve 19b, and the control apparatus 20 
in the embodiment) which Supplies the reactant gas to the 
fuel cell; and an output control device (for example the 
current and voltage controller 12 in the embodiment) which 
controls an output current and an output Voltage of the fuel 
cell, characterized in comprising: a regenerative electric 
power calculating device (for example, step S04 in the 
embodiment) which calculates the regenerative electric 
power which can be generated by regenerative operation of 
the propulsion motor; and a chargeable power calculating 
device (for example, step S05 in the embodiment) which 
calculates the chargeable power which can be charged to the 
capacitor, and when the chargeable power is less than the 
regenerative electric power, the output control device 
restricts the value of the output current from the fuel cell to 
Zero, and when the chargeable power is greater than the 
regenerative electric power, the output control device can 
cels the restriction on the output current of the fuel cell. 

0013. According to the control apparatus for a fuel cell 
vehicle of the above configuration, in the case where the 
chargeable power which can be charged to the capacitor is 
greater than the regenerative electric power which can be 
generated by the regenerative operation of the propulsion 
motor, the restriction on the output current of the fuel cell is 
cancelled, so that the capacitor can be promptly charged by 
the power generation of the fuel cell and by the regenerative 
operation of the propulsion motor. 

0014. On the other hand, when the chargeable power is 
less than the regenerative electric power, the output current 
of the fuel cell is restricted to zero, to thereby prevent the 
capacitor being over charged by the power generation of the 
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fuel cell, and thus enable the energy efficiency of the fuel 
cell vehicle during regenerative operation of the propulsion 
motor to be improved. 
0.015 Furthermore, a control apparatus for a fuel cell 
vehicle according to a second aspect of the present invention 
is a control apparatus for a fuel cell vehicle provided with: 
a propulsion motor capable of driving a vehicle; a fuel cell 
furnished with a plurality of fuel cell units made by clamp 
ing an electrolyte from both side with a fuel electrode and an 
oxygen electrode, and which generates electricity by Sup 
plying a reactant gas to give an electrochemical reaction; a 
capacitor which accumulates generated energy of the fuel 
cell and performs transfer of electrical energy with the 
propulsion motor; a reactant gas Supply device (for example 
the S/C output controller 17, the air compressor 18, the 
hydrogen tank 19a, the hydrogen supply valve 19b, and the 
control apparatus 20 in the embodiment) which supplies the 
reactant gas to the fuel cell; an output control device (for 
example the current and voltage controller 12 in the embodi 
ment) which controls an output current and an output 
voltage of the fuel cell, and an output control device (for 
example the current and voltage controller 12 in the embodi 
ment) which controls an output current and an output 
Voltage of the fuel cell, characterized in comprising: a 
regenerative electric power calculating device (for example, 
step S04 in the embodiment) which calculates the regenera 
tive electric power which can be generated by regenerative 
operation of the propulsion motor; a chargeable power 
calculating device (for example, step S05 in the embodi 
ment) which calculates the chargeable power which can be 
charged to capacitor, and a Voltage detection device (for 
example the anode Voltage sensor 22 in the embodiment) 
which detects the Voltage of the reactant gas Supplied to the 
fuel electrode of the fuel cell, and in the case where the 
chargeable power is less than the regenerative electric power 
and the pressure of the reactant gas at the fuel electrode of 
the fuel cell is less than a predetermined pressure, the 
reactant gas Supply device stops Supply of the reactant gas 
to the oxygen electrode of the fuel cell, and the output 
control device restricts the value of the output current of the 
fuel cell to Zero, and in the case where the chargeable power 
is greater than the regenerative electric power, and the 
chargeable power is less than the regenerative electric power 
and the pressure of the reactant gas at the fuel electrode of 
the fuel cell is greater than a predetermined pressure, the 
output control device cancels the restriction on the output 
current of the fuel cell. 

0016. According to the control apparatus for a fuel cell 
vehicle of the above configuration, in the case where the 
chargeable power which can be charged to the capacitor is 
greater than the regenerative electric power which can be 
generated by the regenerative operation of the propulsion 
motor, the restriction on the output current of the fuel cell is 
cancelled, so that the capacitor can be promptly charged by 
the power generation of the fuel cell and by the regenerative 
operation of the propulsion motor. Furthermore, in the case 
where the pressure of the reactant gas at the fuel electrode 
of the fuel cell is greater than the predetermined pressure, 
even though the chargeable output power is less than the 
regenerative output power, the restriction on the output 
current of the fuel cell is cancelled, and reactant gas is 
Supplied to the oxygen electrode by means of a power 
generation command corresponding to the pressure of the 
reactant gas at the fuel electrode. Moreover, by continuing 
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the power generation, the electrode gap differential pressure 
due to the reactant gas between the fuel electrode and the 
oxygen electrode of the fuel cell can be prevented from 
increasing excessively. 

0017. On the other hand, when the chargeable power is 
less than the regenerative electric power and the pressure of 
the reactant gas at the fuel electrode of the fuel cell is less 
than a predetermined pressure, Supply of the reactant gas to 
the oxygen electrode of the fuel cell is stopped, and the 
output current of the fuel cell is restricted to zero. As a result, 
excessive charging of the capacitor due to the power gen 
eration of the fuel cell can be prevented, and the energy 
efficiency of the fuel cell vehicle at the time of regenerative 
operation of the propulsion motor can be improved. Fur 
thermore, by restricting the output current to Zero by means 
of the output control device, a situation where power gen 
eration stops due to the pressure of the reactant gas at the 
fuel electrode becoming less than the predetermined pres 
Sure, or an excessive current is extracted from the restricted 
fuel cell, can be prevented, so that the fuel cell can be 
maintained in an appropriate condition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 is a block diagram of a control apparatus for 
a fuel cell vehicle according to an embodiment of the present 
invention. 

0019 FIG. 2 is a flow chart showing an operation of the 
control apparatus for a fuel cell vehicle shown in FIG. 1. 
0020 FIG. 3 is a flow chart showing an operation of the 
control apparatus for a fuel cell vehicle according to a 
modified example of the present embodiment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0021. The following describes a control apparatus for a 
fuel cell vehicle according to an embodiment of the present 
invention, with reference to the appended drawings. 
0022. A control apparatus 10 for a fuel cell vehicle 
according to the present embodiment comprises for example 
as shown in FIG. 1; a fuel cell 1, a current and voltage 
controller 12, a capacitor 13, an output controller 14, a 
propulsion motor 15, a load 16, an S/C output controller 17, 
an air compressor (S/C) 18, a hydrogen tank 19a and 
hydrogen supply valve 19b, a control apparatus 20, a fuel 
cell unit voltage sensor 21, an anode Voltage sensor 22, a 
capacitor Voltage sensor 23, a capacitor current sensor 24, an 
degree of opening of the accelerator sensor 31, an IG Switch 
32, and a speed sensor 33. 
0023 The fuel cell 11 comprises a stack of fuel cell units 
made up with an electrolyte electrode structure holding a 
solid polymer electrolyte membrane formed from a positive 
ion exchange membrane or the like Sandwiched between a 
fuel electrode (anode) formed from an anode catalyst and 
gas diffusion layer, and an oxygen electrode (cathode) 
formed from a cathode catalyst and gas diffusion layer, 
which is further sandwiched between a pair of separators. 
0024. The anode of the fuel cell 11 is supplied with fuel 
gas (reactant gas) comprising hydrogen, from the high 
pressure hydrogen tank 19a via the hydrogen Supply valve 
19b. Hydrogen ionized by the catalytic reaction on the anode 
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catalyst of the anode migrates to the cathode via an appro 
priately humidified solid polymer electrolyte membrane, and 
electrons released in association with this migration are 
extracted to an external circuit and used as DC electrical 
energy. The cathode is Supplied with, for example, air as an 
oxidizing gas (reactant gas) containing oxygen, by the air 
compressor (S/C) 18, and the hydrogen ions, electrons, and 
oxygen react at the cathode to form water. 
0.025 The generated current (output current) extracted 
from the fuel cell 11 is input to the current and voltage 
controller 12. The current and voltage controller 12 is 
connected to a capacitor 13 comprising, for example, mul 
tiple capacitor cells formed from electric double layer 
capacitors or electrolytic capacitors or the like connected 
mutually in series. 

0026. The fuel cell 11, the current and voltage controller 
12, and the capacitor 13 are connected in parallel to the 
propulsion motor 15 via the output controller 14, the load 16 
comprising various auxiliary equipment, for example, a 
cooling device for the fuel cell 11 and the capacitor 13 (not 
shown in drawings) and an air conditioner (not shown in 
drawings), and the air compressor (S/C) 18 via the S/C 
output controller 17. 
0027. The current and voltage controller 12 comprises, 
for example, a chopper type power conversion circuit 
wherein the value of the output current extracted from the 
fuel cell 11 is controlled by the chopping action of the 
chopper type power conversion circuit, in other words, by 
the on/off action of a switching device provided in the 
chopper type power conversion circuit. This chopping action 
is controlled in accordance with a duty ratio, in other words, 
on/off ratio, of the control pulse input from the control 
apparatus 20. 

0028. For example, when the extraction of output current 
from the fuel cell 11 is prevented, setting the duty ratio of the 
control pulse input from the control apparatus 20 to 0% 
results in the Switching device provided in the chopper type 
power conversion circuit being held in the off condition, and 
the fuel cell 11 and the capacitor 13 are electrically discon 
nected. On the other hand, setting the duty ratio of the 
control pulse to 100% results in the switching device being 
held in the on condition, in effect directly connecting the fuel 
cell 11 and the capacitor 13. Thus the output voltage of the 
fuel cell 11 and the capacitor 13 terminal voltage assume the 
same value. 

0029 Furthermore, when the duty ratio of the control 
pulse is set appropriately between 0% and 100%, the current 
and voltage controller 12 restricts the output current of the 
fuel cell 11, in other words, the primary current, as appro 
priate in accordance the duty ratio of the control pulse, and 
the restricted current thus obtained is output as the second 
ary current. 

0030) The output controller 14 is provided with, for 
example, a PWM inverter which uses pulse width modula 
tion (PWM), and controls the drive and regenerative action 
of the propulsion motor 15 corresponding to control com 
mands output from the control apparatus 20. For example, 
when the propulsion motor 15 is driven, DC power output 
from the current and Voltage controller 12 and the capacitor 
13 is converted to three-phase AC power based on a torque 
command input from the control apparatus 20, and Supplied 

Jun. 7, 2007 

to the propulsion motor 15. On the other hand, during 
regeneration with the propulsion motor 15, the three-phase 
AC power output from the propulsion motor 15 is converted 
to DC power and supplied to the capacitor 13 to charge the 
capacitor 13. 
0031. The propulsion motor 15 is, for example, a perma 
nent magnet type three-phase AC synchronous motor using 
a permanent magnet as a field magnet, and is driven and 
controlled with three-phase AC power supplied from the 
output controller 14. Additionally, when drive power is 
transmitted to the propulsion motor 15 from the drive wheels 
during deceleration of the vehicle, the propulsion motor 15 
functions as a generator, producing so called regenerative 
braking power, recovering the kinetic energy of the vehicle 
in the form of electrical energy. 
0032 Moreover, the air compressor 18 takes, for 
example, air from outside the vehicle, compresses it, and 
supplies this air to the cathode of the fuel cell 11 as reactant 
gaS. 

0033. The speed of rotation of the motor (not shown in 
drawings) driving this air compressor 18 is controlled by the 
S/C output controller 17, provided with, for example, a 
PWM inverter which uses pulse width modulation (PWM), 
based on control commands output from the control appa 
ratus 20. 

0034. The control apparatus 20 outputs a command value 
for the flow of the reactant gas supplied from the air 
compressor 18 to the fuel cell 11, and a command value for 
the opening of the hydrogen supply valve 19b, based on, for 
example, the operating state of the vehicle, the concentration 
of hydrogen in the reactant gas Supplied to the anode of the 
fuel cell 11, the concentration of hydrogen in the gas 
discharged from the anode of the fuel cell 11, and the state 
of power generation of the fuel cell 11, for example, the 
terminal voltage of each of the multiple fuel cell units, the 
output current extracted from the fuel cell 11, the pressure of 
reactant gas Supplied to the anode, and the like, to thereby 
control the state of power generation of the fuel cell 11. 
0035) Furthermore, the control apparatus 20 outputs con 

trol pulses to control the power conversion operation of the 
current and Voltage controller 12, based on a power genera 
tion command for the fuel cell 11, to thereby control the 
value of the current output from the fuel cell 11. 
0036 Moreover, the control apparatus 20 controls the 
power conversion operation of the PWM inverter provided 
in the output controller 14, and when, for example, the 
propulsion motor 15 is driven, computes a torque command 
based on a signal for the degree of opening of the accelerator 
associated with the amount of pressing of the accelerator 
pedal by the driver. The control apparatus 20 then inputs this 
torque command to the output controller 14. As a result, a 
pulse width modulation signal corresponding to the torque 
command is input to the PWM inverter, and various phase 
currents required to produce the requested torque are output 
to each phase of the propulsion motor 15. 
0037. Furthermore, the control apparatus 20 controls the 
regenerative operation of the propulsion motor 15 based on 
the travelling state of the vehicle, for example the speed of 
the vehicle (speed), or the state of the capacitor 13, for 
example, the temperature of the capacitor 13, the total 
Voltage being the Sum of the capacitor unit voltages of the 



US 2007/0129859 A1 

multiple capacitor units, in other words, the detected value 
of the terminal voltage of the capacitor 13, the detected 
value of the current charged to the capacitor 13, or the like. 
0038. Therefore to the control apparatus 20 is input for 
example: a detection signal output from the fuel cell unit 
voltage sensor 21 which detects the terminal voltage (fuel 
cell unit voltage) of the multiple fuel cell units comprising 
the fuel cell 11; a detection signal output from the output 
current sensor (not shown in drawings) which detects the 
value of the output current extracted from the fuel cell 11; a 
detection signal output from the output voltage sensor (not 
shown in drawings) which detects the output voltage of the 
fuel cell 11; a detection signal output from the capacitor 
voltage sensor 23 which detects the terminal voltage of the 
capacitor 13; a detection signal output from the capacitor 
current sensor 24 which detects the capacitor current 
charged to the capacitor 13; a detection signal output from 
the capacitor temperature sensor (not shown in drawings) 
which detects the temperature of the capacitor 13; a detec 
tion signal output from the degree of opening of the accel 
erator sensor 31; a signal output from the IG switch 32 
which instructs commencement of operation of the vehicle, 
and a detection signal output from the speed sensor 33. 
0.039 Moreover, as described below, the control appara 
tus 20, at the time of regenerative operation of the propul 
sion motor 15 such as during deceleration of the fuel cell 
vehicle, calculates the regenerative electric power which can 
be generated based on the vehicle condition, for example on 
the speed of the vehicle or the like. Furthermore, the control 
apparatus 20 calculates the chargeable power which can be 
charged to the capacitor 13 based for example on the 
detected value of the terminal voltage of the capacitor 13 or 
the like. 

0040. Then, the control apparatus 20, in the case where 
the chargeable power which can be charged to the capacitor 
13 is greater than the regenerative electric power which can 
be generated by the propulsion motor 15, makes the duty 
ratio of the control pulse output to the current and Voltage 
controller 12, 100%, and sets the fuel cell 11 and the 
capacitor 13 to a directly connected condition. Moreover, the 
control apparatus 20 outputs to the S/C output controller 17 
a power generation command corresponding to the detection 
value of the terminal voltage of the capacitor 13 which has 
become the same value as the output voltage of the fuel cell 
11, to perform Supply of reactant gas in accordance with the 
power generation command, so that the capacitor 13 is 
charged by the power generation power of the fuel cell 11 
and the regenerative electric power of the propulsion motor 
15. 

0041. On the other hand, in the case where the chargeable 
power which can be charged to the capacitor 13 is less than 
the regenerative electric power which can be generated by 
the propulsion motor 15, the control apparatus 20 makes the 
duty ratio of the control pulse input to current and Voltage 
controller 12, 0%, to electrically disconnect the fuel cell 11 
and the capacitor 13, and prohibit charging of the capacitor 
13 by the power generation power of the fuel cell 11. 
0042. The control apparatus 10 for a fuel cell vehicle 
according to the present embodiment has the aforemen 
tioned configuration. Next is a description of the operation 
of the control apparatus 10 for a fuel cell vehicle, in 
particular the operation during travelling of the fuel cell 
vehicle, with reference to the appended drawings. 
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0043. At first, in step S01 of FIG. 2, it is determined 
whether or not the fuel cell vehicle is decelerating, according 
to for example a time change of the opening of the accel 
erator related to the accelerator operation amount of the 
driver, or for example the direction of the current being 
charged to the capacitor 15, that is whether this is a charging 
current or a discharge current, or the like. 
0044) If the determination result is YES, the flow pro 
ceeds to the next step S04. 
0045. On the other hand if the determination result is NO, 
the flow proceeds to step S02. 
0046. In step S02, the duty ratio of the control pulse input 
to current and voltage controller 12 is set to 100%, and the 
fuel cell 11 and the capacitor 13 are set to a directly 
connected condition. 

0047 Then, in step S03, a power generation command 
corresponding for example to the degree of opening of the 
accelerator related to the accelerator operation amount of the 
driver or the like, is output to the S/C output controller 17, 
and also a torque command corresponding to the degree of 
opening of the accelerator or the like is output to the output 
controller 14, so that the propulsion motor 15 is driven by 
the power supply from the fuel cell 11, and this series of 
processing then ends. 
0048. Furthermore, in step S04, based on the vehicle 
travelling conditions, for example the speed of the vehicle or 
the like, the regenerative electric power which can be 
generated by the regenerative operation of the propulsion 
motor 15 is calculated. 

0049) Next, in step S05, based for example on the detec 
tion value of the terminal voltage of the capacitor 13 or the 
like, the chargeable power which can be charged to the 
capacitor 13 is calculated. 
0050. Then, in step S06, it is determined whether or not 
the chargeable power which can be charged to the capacitor 
13 is greater than the regenerative electric power which can 
be generated by the propulsion motor 15. 
0051. In the case where the determination result is NO. 
the flow proceeds to the next step S09. 
0052 On the other hand, in the case where the determi 
nation result is YES, the flow proceeds to step S07. 
0053. In step S07, the duty ratio of the control pulse 
output to the current and voltage controller 12 is set to 100%, 
and the fuel cell 11 and the capacitor 13 are set to the directly 
connected condition, and also a power generation command 
corresponding to the detection value of the terminal Voltage 
of the capacitor 13 which has become the same value as the 
output voltage of the fuel cell 11, is output to the S/C output 
controller 17, and Supply of reactant gas is performed 
corresponding to the power generation command for the fuel 
cell 11, so that the capacitor 13 is charged by the power 
generation power of the fuel cell 11. 
0054 Then, in step S08, a regeneration command is 
output to the output controller 14, and the three phase AC 
power output from the propulsion motor 15 due to the 
regeneration operation, is converted to DC regenerative 
electric power by the output controller 14, and the capacitor 
13 is charged by this regenerative electric power, and the 
series of processing ends. 
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0055) Furthermore, in step S09, the duty ratio of the 
control pulse input to current and Voltage controller 12 is set 
to 0%, and the fuel cell 11 and the capacitor 13 are 
electrically disconnected, so that charging of the capacitor 
13 by means of the power generation power of the fuel cell 
11 is prohibited. 
0056. Then, in step S10, a regeneration command is 
output to the output controller 14, and the three phase AC 
power output from the propulsion motor 15 due to the 
regenerative operation is converted to DC regenerative 
power by the output controller 14, and the capacitor 13 is 
charged by this regenerative electric power, and the series of 
processing ends. 
0057. As described above, according to the control appa 
ratus 10 for a fuel cell vehicle of this embodiment, in the 
case where the chargeable power which can be charged to 
the capacitor 13 is greater than the regenerative electric 
power which can be generated by the regeneration operation 
of the propulsion motor, the restriction on the output current 
of the fuel cell 11 is cancelled, so that the capacitor 13 can 
be quickly charged by the power generation power of the 
fuel cell 11 and the regenerative electric power of the 
propulsion motor 15. 
0.058. On the other hand, when the chargeable power is 
less than the regenerative electric power, the output current 
of the fuel cell 11 is restricted to zero. As a result the 
capacitor being over charged by the power generation of the 
fuel cell can be prevented, and the energy efficiency of the 
fuel cell vehicle during regenerative operation of the pro 
pulsion motor 15 can be improved. 
0059. In the above described embodiment, in the case 
where the chargeable power which can be charged to the 
capacitor 13 is less than the regenerative electric power 
which can be generated by the propulsion motor 15, charg 
ing of the capacitor 13 by the power generation power of the 
fuel cell 11 is simply prohibited. However, this is not 
limiting, and for example as in the flow chart shown in FIG. 
3 showing the operation of the control apparatus 10 for a fuel 
cell vehicle according to a modified example of the embodi 
ment, the operation of current and Voltage controller 12 may 
further be controlled corresponding to the electrode gap 
differential pressure of the anode and cathode of the fuel cell 
11. 

0060. In this modified example of the embodiment, the 
point different from the above mentioned embodiment is that 
in the case where the determination result in step S06 is NO. 
the flow proceeds to step S21. 
0061 Hereunder, parts the same as for the above men 
tioned embodiment are denoted by the same reference 
symbols, and description is omitted. 
0062) That is to say, in step S21 in FIG.3, it is determined 
whether or not the detection result of the pressure (anode 
pressure) of the reactant gas at the anode of the fuel cell 11 
is less than a predetermined pressure. 
0063. In the case where the determination result is YES, 
the flow proceeds to the aforementioned step S09. 
0064 On the other hand, in the case where the determi 
nation result is NO, the flow proceeds to step S22. 
0065. In step S22, the duty ratio of the control pulse input 
to current and voltage controller 12 is made 100% so that the 
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fuel cell 11 and the capacitor 13 are set to the directly 
connected condition. Also the power generation command 
corresponding to the detection value of the anode pressure is 
output to the S/C output controller 17, and supply of reactant 
gas (air) is performed corresponding to the power generation 
command for the cathode of the fuel cell 11, so that power 
generation is performed in a condition where the differential 
pressure of the electrode gap of the anode and the cathode 
of the fuel cell 11 is maintained at a predetermined differ 
ential pressure condition, and the capacitor 13 is charged by 
the power generation power of the fuel cell 11. 
0066. Then, in step S23, a regeneration command is 
output to the output controller 14, and the three phase AC 
power output from the propulsion motor 15 is converted to 
DC regenerative power by means of the output controller 14, 
and the capacitor 13 is then charged by this regenerative 
electric power, and the series of processing ends. 
0067. That is, in the case where the pressure of the 
hydrogen at the anode of the fuel cell 11 is greater than a 
predetermined pressure, even though the chargeable power 
is less than the regenerative electric power, the restriction on 
the output current of the fuel cell 11 is cancelled so that 
power generation continues. As a result, an excessive 
increase in the differential pressure of the electrode gap 
between the anode and the cathode of the fuel cell 11 can be 
prevented. 
0068. As described above, according to the control appa 
ratus for a fuel cell vehicle of the first aspect of the present 
invention, the capacitor can be promptly charged by the 
power generation of the fuel cell and by the regenerative 
operation of the propulsion motor. Also overcharging of the 
capacitor by the power generation of the fuel cell can be 
prevented, thus enabling the energy efficiency of the fuel cell 
vehicle during regenerative operation of the propulsion 
motor to be improved. 
0069 Moreover according to the control apparatus for a 
fuel cell vehicle of the second aspect of the present inven 
tion, the capacitor can be promptly charged by the power 
generation of the fuel cell and by the regenerative operation 
of the propulsion motor. Also, while maintaining protection 
of the fuel cell, excessive charging of the capacitor due to the 
power generation of the fuel cell can be prevented, and the 
energy efficiency of the fuel cell vehicle at the time of 
regenerative operation of the propulsion motor can be 
improved. 

0070 While preferred embodiments of the invention 
have been described and illustrated above, it should be 
understood that these are exemplary of the invention and are 
not to be considered as limiting. Additions, omissions, 
Substitutions, and other modifications can be made without 
departing from the spirit or scope of the present invention. 
Accordingly, the invention is not to be considered as limited 
by the foregoing description but is only limited by the scope 
of the appended claims. 

What is claimed: 
1. A control device for a fuel cell vehicle comprising: 
a propulsion motor capable of driving a vehicle: 

a fuel cell which generates electric power by Supplying a 
reactant gas to give an electrochemical reaction; 
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a capacitor which is charged by a generated output of said 
fuel cell and regenerated electric power of said propul 
sion motor, 

a reactant gas Supply device which Supplies said reactant 
gases to said fuel cell; and 

the control device comprising: 
an output control device which controls an output current 

of said fuel cell, and 
a regenerative electric power calculating device which 

calculates the regenerative electric power which can be 
generated by regenerative operation of said propulsion 
motor, and 
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a chargeable power calculating device which calculates 
the chargeable power which can be charged to said 
capacitor, 

wherein when said chargeable power is less than said 
regenerative electric power, said output control device 
restricts the value of the output current from said fuel 
cell to Zero, and 

when said chargeable power is greater than said regen 
erative electric power, said output control device can 
cels the restriction on the output current of said fuel 
cell. 


