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(54) Fuel cell vehicle and DC/DC converter apparatus

(57) Provided is a DC/DC converter apparatus com-
prising a plurality of switching devices and suitable for
directly coupling two electric power devices. In direct cou-
ple control that directly couples a fuel cell (22) and motor
(26) with a battery (24) without executing voltage-de-
creasing chopper control or voltage-increasing chopper
control, rotation switching is performed, i.e. the converter

controller (54) outputs drive signals (UH, VH, WH) of
100% duty ratio to each of upper arm devices (81u, 81v,
81w) in rotation. Thus, heat generation is prevented from
concentrating on a particular upper arm device (81), com-
pared to the case where the drive signals (UH, VH, WH)
are continuously output to all upper arm devices (UH,
VH, WH).



EP 2 080 662 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The present invention relates to a fuel cell ve-
hicle and a DC/DC converter apparatus, including a
DC/DC converter having a plurality of switching devices
connected in parallel between two electric power devices
(e.g. a fuel cell and a power storage device), and a con-
troller for controlling voltage conversion performed by the
DC/DC converter. More particularly, the present inven-
tion relates to a fuel cell vehicle and a DC/DC converter
apparatus, in which the controller can execute direct cou-
ple control that directly couples the two electric power
devices without voltage conversion being performed by
the DC/DC converter.

Description of the Related Art:

[0002] There has been known a DC/DC converter ap-
paratus which performs voltage-increasing and voltage-
decreasing processes using a plurality of switching de-
vices (Japanese Laid-Open Patent Publication No.
2004-357388). The DC/DC converter apparatus dis-
closed in Japanese Laid-Open Patent Publication No.
2004-357388 includes a plurality of phase arms. Each
phase arm is a combination of one upper switching device
and one lower switching device, and is operable to per-
form both voltage-increasing and voltage-decreasing
processes. The phase arms are operated in such a man-
ner that their operation cycles are phase-shifted relative
to one another to perform the voltage-increasing and volt-
age-decreasing processes (see the abstract of Japanese
Laid-Open Patent Publication No. 2004-357388).
[0003] U.S. Patent Application Publication No.
2006/0012340 A1 discloses a technique for reducing
electric power loss caused by operating a switching de-
vice when a fuel cell and a power storage device are
directly coupled via a DC/DC converter. In U.S. Patent
Application Publication, No. 2006/0012340 A1, the
DC/DC converter apparatus is incorporated in a fuel cell
vehicle.
[0004] As described above, techniques for increasing/
decreasing voltage using a plurality of switching devices,
and for directly coupling a fuel cell and a power storage
device are known. However, a configuration which is ca-
pable of directly coupling a fuel cell with a power storage
device using a DC/DC converter apparatus having a plu-
rality of switching devices is not yet known, and hence,
a suitable method for controlling such a configuration has
not yet been studied.

SUMMARY OF THE INVENTION

[0005] The present invention has been made in view
of the above-mentioned issue, and the object of the

present invention is to provide a fuel cell vehicle that can
directly couple a fuel cell and a power storage device in
a suitable manner.
[0006] Another object of the present invention is to pro-
vide a DC/DC converter apparatus including a plurality
of switching devices, and suitable for directly coupling
two electric power devices.
[0007] A fuel cell vehicle according to the present in-
vention includes a DC/DC converter having a plurality of
switching devices, the switching devices arranged in par-
allel in an electrical circuit that forms a branch between
a fuel cell and a driving motor and connects to a power
storage device; and a controller for outputting drive sig-
nals to the switching devices and controlling voltage con-
version of the DC/DC converter. The controller is capable
of executing direct couple control that directly couples
the fuel cell or the driving motor with the power storage
device without causing the DC/DC converter to convert
voltage. During the direct couple control, the controller
intermittently outputs a drive signal that causes no volt-
age conversion, to at least one of the switching devices.
[0008] According to the present invention, the drive
signal (of 100% duty ratio, for example) that causes no
voltage conversion can be intermittently outputted to at
least one of the plurality of switching devices. During di-
rect couple control, no current flows through the switching
device to which drive signal causing no voltage conver-
sion is not inputted. Hence, compared to the case that
such drive signals are continuously inputted to all of the
switching devices, and thus, heat generation in the
switching device to which such a drive signal is not in-
putted can be reduced. Generally, the switching devices
have different on-resistances (the resistance in conduc-
tive state). If the drive signals causing no voltage con-
version are continuously inputted to all switching devices,
larger current flows in the switching device having a lower
on-resistance, resulting in concentration of heat gener-
ation in such a switching device. According to the present
invention, such concentration of heat generation can be
avoided by inputting the drive signal intermittently to a
switching device having a lower on-resistance or a rela-
tively high temperature. Further, even if no current flows
through the switching device regardless of input of the
drive signal, the ability of the controller to intermittently
output the drive signal enhances the degree of freedom
of the direct couple control by the controller.
[0009] During the direct couple control by the control-
ler, the power storage device may be charged with elec-
tric power generated by the fuel cell.
[0010] The controller may maximize current generated
by the fuel cell by executing the direct couple control.
[0011] The controller may execute the direct couple
control when the fuel cell is in idle-stop mode.
[0012] In the idle-stop mode, gas supply from an air
compressor to the fuel cell or gas supply from a hydrogen
tank to the fuel cell may be stopped.
[0013] The controller may execute the direct couple
control during a regeneration process of the driving mo-

1 2 



EP 2 080 662 A1

3

5

10

15

20

25

30

35

40

45

50

55

tor.
[0014] The controller may execute the direct couple
control when the fuel cell drives the driving motor and
charges the power storage device.
[0015] A DC/DC converter apparatus according to the
invention includes a DC/DC converter having a plurality
of switching devices connected in parallel between a first
electric power device and a second electric power device;
and a controller for outputting drive signals to the switch-
ing devices and controlling voltage conversion of the
DC/DC converter. The controller is capable of executing
direct couple control for directly coupling the first and
second electric power devices without causing the
DC/DC converter to convert voltage. During the direct
couple control, the controller intermittently outputs a drive
signal that causes no voltage conversion, to at least one
of the switching devices.
[0016] According to the present invention, the drive
signal (of 100% duty ratio, for example) that causes no
voltage conversion can be intermittently outputted to at
least one of the plurality of switching devices. During di-
rect couple control, no current flows through the switching
device to which drive signal causing no voltage conver-
sion is not inputted. Hence, compared to the case that
such drive signals are continuously inputted to all of the
switching devices, and thus, heat generation in the
switching device to which such a drive signal is not in-
putted can be reduced. Generally, the switching devices
have different on-resistances (the resistance in conduc-
tive state). If the drive signals causing no voltage con-
version are continuously inputted to all switching devices,
larger current flows in the switching device having a lower
on-resistance, resulting in concentration of heat gener-
ation in such a switching device. According to the present
invention, such concentration of heat generation can be
avoided by inputting the drive signal intermittently to a
switching device having a lower on-resistance or a rela-
tively high temperature. Further, even if no current flows
through the switching device regardless of input of the
drive signal, the ability of the controller to intermittently
output the drive signal enhances the degree of freedom
of the direct couple control by the controller.
[0017] The controller may intermittently output the
drive signal to each of all the switching devices during
the direct couple control. This ensures that each switch-
ing device has a switching cycle during which no drive
signal is inputted and, in such a switching cycle, no cur-
rent flows through a corresponding switching device.
Hence, heat generation due to flowing current can be
reduced, and each switching device can be kept at a low
temperature.
[0018] The controller may, during the direct couple
control, output the drive signal to only one of the switching
devices in each switching cycle. In this case, only one
switching device driven by the drive signal generates
heat due to flowing current, and heat generation in the
other switching devices is suppressed. As a result, the
heat generation period of each switching device can be

decreased, and the heat releasing period increased.
Hence, the heat release effect can be improved.
[0019] The controller may output, during the direct cou-
ple control, the drive signals to the switching devices in
a fixed order. This allows the heat release period of each
switching device to be dispersed, and the concentration
of heat generation can be avoided.
[0020] The DC/DC converter may be capable of per-
forming voltage-increasing and voltage-decreasing op-
erations, and the controller may be capable of executing
voltage-increasing control and voltage-decreasing con-
trol that cause the DC/DC converter to perform the volt-
age-increasing operation and the voltage-decreasing op-
eration, respectively. The controller may output the drive
signals to the switching devices in the same order during
each of the voltage-increasing control, the voltage-de-
creasing control, and the direct couple control. In this
case, the voltage-increasing chopper control, voltage-
decreasing chopper control, and direct couple control
have a commonality, which facilitates transition from the
voltage-increasing or voltage-decreasing chopper con-
trol to the direct couple control, and vice versa.
[0021] During the direct couple control, simultaneously
with stopping output of the drive signal to one switching
device, the controller may start outputting the drive signal
to another switching device. This allows smooth flow of
current when switching between the switching devices.
[0022] Preferably, the plurality of switching devices is
fixed on a common heat sink. This allows a simple design
for heat release.
[0023] Preferably, the DC/DC converter apparatus fur-
ther includes temperature sensors for measuring tem-
peratures of the plurality of switching devices. The con-
troller stops operation of a switching device having a tem-
perature higher than a predetermined threshold and
causes a switching device having a temperature lower
than the predetermined threshold to operate. In this way,
the operation of the switching device having a tempera-
ture above the predetermined threshold can be stopped
while maintaining the direct couple control. Hence, the
reliability of the DC/DC converter apparatus can be im-
proved.
[0024] The first electric power device may be a power
storage device and the second electric power device may
be a power generating device, and, when the direct cou-
ple control is executed by the controller, the power stor-
age device may be charged with power generated by the
power generating device. In this configuration, since, in
the direct control, the drive signals are inputted to the
switching devices intermittently on a one switching cycle
basis, the heat generation of the switching device can be
reduced. Hence, heat generated by the current flowing
from the power generating device to the power storage
device for charging the power storage device can be pre-
vented from damaging the switching devices. Therefore,
interruption of charging the power storage device by the
power generating device due to the damage of the switch-
ing device can be prevented, and the power storage de-
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vice can be charged satisfactorily.
[0025] The above and other objects features and ad-
vantages of the present invention will become more ap-
parent from the following description when taken in con-
junction with the accompanying drawings in which pre-
ferred embodiments of the present invention is shown by
way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

FIG. 1 is a circuit diagram of a fuel cell vehicle
equipped with a DC/DC converter apparatus accord-
ing to an embodiment of the present invention;
FIG. 2A is a plan view illustrating an arrangement of
upper and lower arm devices on a heat sink;
FIG. 2B is a side view illustrating an arrangement of
upper and lower arm devices on a heat sink;
FIG. 3 is a flow chart illustrating the basic control of
a DC/DC converter incorporated in the fuel cell ve-
hicle;
FIG. 4 is a diagram illustrating a current-voltage char-
acteristic curve of a fuel cell;
FIG. 5 is a timing chart illustrating a voltage-decreas-
ing operation of the DC/DC converter;
FIG. 6 is a timing chart illustrating a voltage-increas-
ing operation of the DC/DC converter;
FIG. 7 is a timing chart illustrating a first direct couple
process of the DC/DC converter;
FIG. 8 is a timing chart illustrating a second direct
couple process of the DC/DC converter;
FIG. 9 is a schematic diagram illustrating the heat
release of three phase arms when rotationally turned
on in the order of U-phase → V-phase → W-phase
→ U-phase, and so on;
FIG. 10 is a diagram illustrating the heat transfer of
switching devices when turned on simultaneously;
FIG. 11 is a diagram illustrating output waveforms
of a drive signal in a first variation;
FIG. 12 is a diagram illustrating output waveforms
of the drive signal in a second variation;
FIG. 13 is a diagram illustrating output waveforms
of the drive signal in a third variation;
FIG. 14 is a diagram illustrating output waveforms
of the drive signal in a fourth variation;
FIG. 15 is a diagram illustrating output waveforms
of the drive signal in a fifth variation; and
FIG. 16 is a diagram illustrating output waveforms
of the drive signal in a sixth variation.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A. Embodiment

[0027] Hereinafter, a fuel cell vehicle equipped with an
embodiment of a DC/DC converter apparatus according
to the present invention will be described, with reference

to the accompanying drawings.

1. Configuration of Fuel Cell Vehicle 20

(1) General Configuration

[0028] FIG. 1 is a circuit diagram of the fuel cell vehicle
20 equipped with a DC/DC converter apparatus 23 ac-
cording to the present embodiment. The fuel cell vehicle
20 basically includes a hybrid electric power device, a
travel motor 26, and a DC/DC converter apparatus (also
referred to as a "VCU (Voltage Control Unit)") 23. The
hybrid electric power supply device is made up of a fuel
cell 22 and a power storage device 24 (referred to as a
"battery"). The power storage device 24 serves as an
energy storage. The travel motor 26 is supplied with cur-
rent (electrical power) from the hybrid electric power sup-
ply device via an inverter 34. The DC/DC converter ap-
paratus 23 has a primary side 1S connected to the battery
24 and a secondary side 2S connected to the fuel cell 22
and the motor 26 (inverter 34). The VCU 23 converts
voltage between the primary side 1S and secondary side
2S. The rotation of the motor 26 is transmitted to wheels
16 through reduction gearing 12 and a shaft 14.

(2) Fuel Cell 22

[0029] The fuel cell 22 has a stack structure formed by
stacking a plurality of cells. Each cell includes an anode,
a cathode, and a solid polymer electrolyte membrane
interposed between the anode and the cathode. The fuel
cell 22 is connected to a hydrogen tank 28 and an air
compressor 30 via pipes. Pressurized hydrogen is sup-
plied from the hydrogen tank 28 to the anode of the fuel
cell 22, and air is supplied by the air compressor 30 to
the cathode of the fuel cell 22. In the fuel cell 22, gener-
ated current If is generated by electrochemical reaction
between a reactant gas, i.e. hydrogen (fuel gas) and air
(oxygen-containing gas). The generated current If is sup-
plied through a current sensor 32 and a diode (also called
disconnecting diode) 33 to the inverter 34 and/or the
DC/DC converter 36 of the VCU 23.

(3) Battery 24

[0030] The battery 24 connected to the primary side
1S may comprise a lithium ion secondary battery or a
nickel-metal hydride secondary battery, a capacitor, or
the like. In the present embodiment, a lithium ion sec-
ondary battery is employed.
[0031] The battery 24 supplies auxiliary devices 44
with auxiliary device current Iau via a downverter 42. The
auxiliary devices 44 include lights, power windows, mo-
tors for wipers, and the like. The battery 24 also supplies
the inverter 34 with motor current Im via the DC/DC con-
verter 36 of the VCU 23.
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(4) Inverter 34 and Downverter 42

[0032] The inverter 34 converts the motor current Im
from direct current to alternating current and supplies the
motor current Im to the motor 26. The inverter 34 also
converts the motor current Im from alternating current to
direct current during a regenerative operation to supply
the motor current Im from the secondary side 2S to the
primary side 1S through the DC/DC converter 36.
[0033] In this case, the secondary voltage V2 is the
regenerative voltage or power generation voltage Vf of
the fuel cell 22, and is converted into low primary voltage
V1 by the DC/DC converter 36. The primary voltage V1
produces battery current Ibat, with which the battery 24
is charged. The primary voltage V1 is further converted
into a lower voltage by the downverter 42 and then sup-
plied to the auxiliary devices 44 as the auxiliary device
current Iau. (5) VCU 23
[0034] The VCU 23 is made up of the DC/DC converter
36 and a converter controller 54 for controlling the DC/DC
converter 36.
[0035] The DC/DC converter 36 includes three phase
arms that are connected in parallel between the battery
24 (first electric power device) and a second electric pow-
er device (the fuel cell 22 or the regenerative power sup-
ply (the inverter 34 and the motor 26)). The three phase
arms include a U-phase arm UA (81u, 82u), a V-phase
arm VA (81v, 82v), and a W-phase arm WA (81w, 82w),
each including an upper arm device 81 (81u, 81v, 81w)
and a lower arm device 82 (82u, 82v, 82w). Each arm
device is a switching device such as an IGBT.
[0036] Diodes 83u, 83v, 83w, 84u, 84v, 84w are con-
nected inversely across the respective arm devices 81u,
81v, 81w, 82u, 82v, 82w.
[0037] For ease of understanding, the upper arm de-
vices 81 and lower arm devices 82 in the present inven-
tion do not comprise any antiparallel diodes 83, 84.
[0038] A single reactor 90 is disposed between the bat-
tery 24 and a common line connecting the midpoint of
each phase arm of the three phase arms (U-phase arm
UA, V-phase arm VA, W-phase arm WA). This reactor
90 stores and releases energy during the voltage con-
version between the primary voltage V1 and the second-
ary voltage V2 by the DC/DC converter 36.
[0039] The upper arm devices 81 (81u to 81w) are driv-
en by (the high level of) gate drive signals (drive voltages)
UH, VH, WH, respectively, output from the converter con-
troller 54, and the lower arm devices 82 (82u to 82w) are
driven by (high-level) gate drive signals (drive voltages)
UL, VL, WL, respectively, also output from the converter
controller 54.
[0040] Each arm device 81u to 81w, 82u to 82w is pro-
vided with a temperature sensor 69. Each temperature
sensor 69 and the gate terminal of each arm device 81u
to 81w, 82u to 82w are connected to the converter con-
troller 54. Note that the connection between each tem-
perature sensor 69 and the converter controller 54 is
omitted from FIG. 1.

[0041] As shown in FIGS. 2A and 2B, the arm devices
81u to 81w, 82u to 82w are attached on a metallic heat
sink (heat spreader) 11, forming a so-called 6-in-1 mod-
ule 13. Each arm device 81u to 81w, 82u to 82w is pro-
vided with a temperature sensor 69. Each temperature
sensor 69 and the gate terminal of each arm device 81u
to 81w, 82u to 82w are connected to the converter con-
troller 54. Note that each of the diodes 83u to 83w, 84u
to 84w connected to the arm devices 81u to 81w, 82u to
82w is omitted from FIGS. 2A and 2B.
[0042] The converter controller 54 controls the opera-
tion of the DC/DC converter 36. The method of controlling
the DC/DC converter 36 will be described later.

(6) Capacitor 38, 39 and Resistor 40

[0043] The primary side 1S and the secondary side 2S
are provided with smoothing capacitors 38, 39, respec-
tively. The capacitor 39 on the secondary side 2S is con-
nected in parallel with a resistor 40.

(7) Controllers (FC Controller 50, Motor Controller 52, 
Converter Controller 54, General Controller 56)

[0044] A system including the fuel cell 22, the hydrogen
tank 28, and the air compressor 30 is controlled by the
FC controller 50. A system including the inverter 34 and
the motor 26 is controlled by the motor controller 52 that
includes an inverter driver (not shown). As mentioned
above, the system including the DC/DC converter 36 is
controlled by the converter controller 54.
[0045] The FC controller 50, the motor controller 52,
and the converter controller 54 are controlled by the gen-
eral controller 56, which serves as a higher level control-
ler that determines the value of a total load requirement
Lt of the fuel cell 22, and the like.
[0046] The general controller 56 adjusts and deter-
mines the total load requirement Lt on the fuel cell vehicle
20 based on the states of the fuel cell 22, battery 24,
motor 26, and auxiliary devices 44, as well as inputs from
various switches and sensors (load requirements), and
determines the allocation of the total load requirement Lt
among the fuel cell allocated load (required output) Lf to
be borne by fuel cell 22, a battery allocated load (required
output) Lb to be borne by the battery 24, and a regener-
ative power supply allocated load Lr to be borne by the
regenerative power supply. The general controller 56 al-
so sends commands to the FC controller 50, motor con-
troller 52, and converter controller 54.
[0047] Each of the general controller 56, the FC con-
troller 50, the motor controller 52, and the converter con-
troller 54 includes a CPU, a ROM, a RAM, and a timer,
input-output interfaces such as an analog-to-digital (A/D)
converter and a digital-to-analog (D/A) converter, and
also, if necessary, a digital signal processor (DSP) or the
like.
[0048] The general controller 56, the FC controller 50,
the motor controller 52, and the converter controller 54
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are connected to each other by communication lines 70,
which serve to define a CAN (Controller Area Network)
as an intravehicular LAN, and perform various functions
by sharing input and output information from various
switches and various sensors, and by executing pro-
grams stored in ROMs under the control of CPUs based
on the input and output information from the various
switches and various sensors.

(8) Switches and Sensors

[0049] Switches and sensors for detecting vehicle
states include, in addition to the current sensor 32 for
detecting the generated current If, a voltage sensor 61
for detecting the primary voltage V1 (basically the same
as the battery voltage Vbat), a current sensor 62 for de-
tecting the primary current I1, a voltage sensor 63 for
detecting the secondary voltage V2 (substantially the
same as the generated voltage Vf of the fuel cell 22 when
the disconnecting diode 33 is in a conduction state), a
current sensor 64 for detecting the secondary current I2,
an ignition switch 65, an accelerator sensor 66, a brake
sensor 67, a vehicle speed sensor 68, a temperature
sensor 69 connected to the converter controller 54, an
operation unit 55 of the auxiliary devices 44, and the like,
each of which are connected to the communication lines
70.

2. Control/Processes

(1) Basic Voltage Control in VCU 23

[0050] FIG. 3 is a flow chart illustrating basic operation
of the DC/DC converter 36 that is controlled by the con-
verter controller 54.
[0051] As described above, the general controller 56
determines the total load requirement Lt of the fuel cell
vehicle 20 based on the states of the fuel cell 22, battery
24, motor 26, and auxiliary devices 44, as well as the
inputs from various switches and sensors (load require-
ments), and then adjusts and determines the allocation
of the total load requirement Lt of the fuel cell vehicle 20
among the fuel cell allocated load (required output) Lf to
be borne by the fuel cell 22, a battery allocated load (re-
quired output) Lb to be borne by the battery 24, and a
regenerative power supply allocated load Lr to be borne
by the regenerative power supply, and sends commands
to the FC controller 50, motor controller 52, and converter
controller 54.
[0052] In step S1, the general controller 56 determines
(calculates) the total load requirement Lt from the power
requirement of the motor 26, the power requirement of
the auxiliary devices 44, and the power requirement of
the air compressor 30, all of which represent load re-
quirements. In step S2, the general controller 56 deter-
mines the allocation of the total load requirement Lt
among the fuel cell allocated load Lf, the battery allocated
load Lb, and the regenerative power supply allocated

load Lr. When the fuel cell allocated load Lf is determined,
the efficiency η (FIG. 4) of the fuel cell 22 is taken into
account.
[0053] Then, in step S3, the converter controller 54
determines the generated voltage Vf of the fuel cell 22,
which is the secondary voltage V2 in the present case,
in accordance with the fuel cell allocated load Lf.
[0054] Once the secondary voltage V2 has been de-
termined, the converter controller 54 operates, in step
S4, the DC/DC converter 36 so as to obtain the deter-
mined secondary voltage V2. As a result, the DC/DC con-
verter 36 performs a voltage-increasing, voltage-de-
creasing operation and the like (the detail of which will
be described later).
[0055] The secondary voltage V2 and the primary volt-
age V1 are controlled by the converter controller 54,
which operates the DC/DC converter 36 based on PID
control that is a combination of feedforward control and
feedback control.

(2) Output Control of Fuel Cell 22

[0056] Next, the output control of the fuel cell 22 by the
VCU 23 will be described.
[0057] Fuel gas and compressed air are supplied from
the hydrogen tank 28 and the air compressor 30, respec-
tively, to the fuel cell 22 to generate power. During power
generation, the generated current If of the fuel cell 22 is
determined by the converter controller 54 that sets the
secondary voltage V2, i.e. the power generating voltage
Vf, on the characteristic curve 91 (also called function F
(Vf)) shown in FIG. 4 through the DC/DC converter 36.
In other words, the generated current If value is deter-
mined as the function F(Vf) of the generated voltage Vf.
Since If = F(Vf), if the power generation voltage Vf is set
to Vf = Vfa = V2, the generated current Ifa is given by Ifa
= F(Vfa) = F(V2).
[0058] Since the generated current If of the fuel cell 22
can be controlled by determining the secondary voltage
V2 (generated voltage Vf), the operation of the fuel cell
vehicle 20 can be controlled by setting the secondary
voltage V2 (generated voltage Vf) to a target voltage (tar-
get value).
[0059] In a system including the fuel cell 22, such as
the fuel cell vehicle 20, the VCU 23 is controlled so that
the secondary voltage V2 at the secondary side 2S of
the DC/DC converter 36 becomes the target voltage, and
consequently the VCU 23 controls the output of the fuel
cell 22 (the generated current If).

(3) Switching Control of DC/DC converter 36

(a) Overview

[0060] The switching control of the DC/DC converter
according to the present embodiment includes (i) volt-
age-decreasing chopper control that turns on one of the
upper arm devices 81u, 81v, 81w during a part of each
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switching cycle TSW [Ps], (ii) voltage-increasing chopper
control that turns on one of the lower arm devices 82u,
82v, 82w during a part of each switching cycle TSW, (iii)
direct couple control that allows current to flow through
the DC/DC converter 36 without performing the voltage-
increasing chopper control or voltage-decreasing chop-
per control, and (iv) halt control that prevents any current
from flowing through the DC/DC converter 36.

(b) Synchronous Switching Process

[0061] As shown in FIGS. 5 and 6, the above-men-
tioned voltage-decreasing chopper control and voltage-
increasing chopper control are used in combination in
each switching cycle TSW. Specifically, each switching
cycle TSW includes both a driving period of the upper arm
device 81u to 81w (hereinafter referred to as "upper arm
device driving period T1") and a driving period of the lower
arm device 82u to 82w (hereinafter referred to as "lower
arm device driving period T2"), so that the upper arm
device 81u to 81w and the lower arm device 82u to 82w
are driven alternately. The process in which the upper
arm device 81u to 81w and the lower arm device 82u to
82w are driven alternately in each switching cycle TSW
is called a "synchronous switching process".
[0062] A dead time dt is provided between the upper
and lower arm device driving periods T1 and T2 to pre-
vent short circuits which can occur in the VCU 23 if the
upper arm device 81u to 81w and the lower arm device
82u to 82w are driven simultaneously.
[0063] In the synchronous switching process, the up-
per arm device 81u to 81w and the lower arm device 82u
to 82w are alternately driven in each cycle. However, in
any given cycle, only one of the upper arm device and
the lower arm device is turned on (becomes conductive)
due to the potential difference between the primary side
1S and the secondary side 2S.
[0064] It should be noted that, in the present embodi-
ment, the converter controller 54 can selectively utilize
PWM (Pulse Width Modulation) and PFM (Pulse Fre-
quency Modulation) for generating and outputting the
drive signals UH, UL, VH, VL, WH, WL.
[0065] In the PWM technique, the switching frequency
FSW [Hz], which has substantially the same meaning as
the switching cycle TSW [Ps], is fixed, and the upper arm
device driving period T1, the lower arm device driving
period T2, and also the two dead times dt, if required,
are varied to control the operation of the upper arm de-
vices 81u to 81w and the lower arm devices 82u to 82w,
and thus the voltage-increasing and voltage-decreasing
operations of the DC/DC converter 36 are controlled.
[0066] In the PFM technique, one of the upper and
lower arm device driving periods T1 and T2 is fixed, and
the ON/OFF operation of the upper arm devices 81u to
81w and lower arm devices 82u to 82w is controlled by
varying the switching cycle TSW, and hence the voltage-
increasing and voltage-decreasing operations of the
DC/DC converter 36, are controlled.

(c) Voltage-decreasing Chopper Control

[0067] FIG. 5 is a diagram illustrating the voltage-de-
creasing chopper control, where the upper arm devices
81u to 81w are in conductive state while the lower arm
devices 82u to 82w are not. In FIG. 5, the hatched areas
in the drive signals UH, UL, VH, VL, WH, WL indicate
periods for which the arm devices provided with the drive
signals are conductive, i.e. the periods for which current
actually flows in the corresponding arm devices (where
the arm device corresponding to the drive signal UH is
the upper arm device 81u and so on).
[0068] When the upper arm device 81u to 81w is con-
ductive, the secondary current I2 is supplied from the
secondary side 2S to the primary side 1S (i.e. the sec-
ondary current is sunk), and voltage-decreasing opera-
tion is performed by so-called voltage-decreasing chop-
per control. For example, when the upper arm device 81u
is turned on from time t1 to t2 in FIG. 5, the reactor 90 is
charged with the secondary current I2 from the capacitor
39, and the capacitor 38 supplies the primary current I1
to the battery 24 and the auxiliary devices 44. Then, the
diodes 84u to 84w become conductive and serve as free-
wheel diodes, allowing the reactor 90 to discharge ener-
gy, and the capacitor is charged and the primary current
I1 is supplied to the battery 24 and the auxiliary devices
44. From time t5 to t6, the upper arm device 81v is turned
on, to sink (i.e., supply) the secondary current, to the
battery 24 and the auxiliary devices 44 in the same man-
ner as described above. Thus, in the present embodi-
ment, the three upper arm devices 81u to 81w are turned
on in rotation (also called "rotational switching").
[0069] If there is regenerative power, the regenerative
power supply allocated load Lr is added to the sinking
secondary current during the voltage-reducing operation.
Further, the driving periods of the upper arm devices 81u
to 81w and the lower arm devices 82u to 82w are deter-
mined to keep the output voltage at V2.
[0070] The lower side of FIG. 5 shows a timing chart
of the primary current I1 during the voltage-decreasing
operation of the VCU 23.
[0071] In FIG. 5, the primary current I1 flowing through
the reactor 90 has a positive (+) sign when the primary
current I1 flows from the primary side 1S to the secondary
side 2S in the voltage increasing operation (wherein
source current flows from the secondary side 2S of the
DC/DC converter 36 to the inverter 34). The primary cur-
rent I1 has a negative sign (-) when the primary current
I1 flows from the secondary side 2S to the primary side
1S in the voltage reducing operation (wherein sink cur-
rent flows from the fuel cell 22 or the inverter 34 to the
secondary side 2S of the DC/DC converter 36). This also
applies to FIGS. 6 through 8 similarly.

(d) Voltage-increasing Chopper Control

[0072] FIG. 6 is a diagram illustrating the voltage-in-
creasing chopper control, where the lower arm devices
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82u to 82w are in conductive state while the upper arm
devices 81u to 81w are not. Like in FIG. 5, the hatched
areas in FIG. 6 indicate the periods during which the arm
devices are conductive.
[0073] When the lower arm device 82u to 82w is con-
ductive, current flows from the primary side 1S to the
secondary side 2S, and voltage-increasing operation is
performed under so-called voltage-increasing chopper
control. For example, when the lower arm device 82u is
turned on from time t13 to t14 in FIG. 6, the reactor 90
is stored with the primary current I1 produced by sub-
tracting the auxiliary current Iau from the battery current
Ibat, while the capacitor 39 supplies the secondary cur-
rent I2 to the inverter 34 side (i.e. current is sourced).
Then, the diodes 83u to 83w, serving as rectifier diodes,
become conductive, allowing the reactor 90 to discharge
energy, and the capacitor 39 is stored with and the sec-
ondary current I2 is sourced to the inverter 34. Then, from
time t17 to t18, the lower arm device 82v is turned on,
and the secondary current I2 is sourced to the inverter
34 side in the same manner as described above. As with
the three upper arm devices 81u to 81w, the three lower
arm devices 82u to 82w are switched in rotation.
[0074] Note that the upper arm device driving period
T1 (the period of time for driving the upper arm device
81u to 81w) and the lower arm device driving period T2
(the period of time for driving the lower arm device 82u
to 82w) are determined so as to keep the output voltage
at the level V2.

(e) Direct Couple Control

[0075] As described above, the present embodiment
may employ a direct couple control for flowing current
through the DC/DC converter 36 without performing the
voltage-decreasing or voltage-increasing chopper con-
trol, i.e. without performing voltage conversion. In the di-
rect couple control, the upper arm device driving period
T1 occupies the entire part of each switching cycle TSW,
and the lower arm device driving period T2 and the two
dead times dt are zero, for example. In other words, the
drive signals UH, VH, WH for the upper arm devices 81u
to 81w have a duty ratio of 100%.
[0076] The direct couple control includes first direct
couple control and second direct couple control. In the
first direct couple control, the diodes 83u to 83w are ON,
and current flows from the primary side 1S (battery 24)
to the secondary side 2S (motor 26). In the second direct
couple control, the upper arm devices 81u to 81w are
turned on, and current flows from the secondary side 2S
(motor 26, fuel cell 22) to the primary side 1S (battery
24). FIG. 7 shows a timing chart of the first direct couple
control, and FIG. 8 shows a timing chart of the second
direct couple control.
[0077] The first direct couple control is used for sup-
plying high power to the motor 26, for example, and the
secondary current I2 from the secondary side 2S of the
DC/DC converter 36 is sourced to the inverter 34. As can

be seen from the fuel cell output characteristic curve (cur-
rent-voltage characteristic curve) 91 shown in FIG. 4, the
fuel cell 22 can supply larger current as the generated
voltage Vf of the fuel cell 22 approaches the minimum
voltage Vfmin. The primary voltage V1 is set at a value
higher than the minimum generated voltage Vfmin of the
fuel cell 22. Hence, direct couple of the primary side IS
and the secondary side 2S maximizes the generated cur-
rent If of the fuel cell 22, and allows high power to be
supplied to the motor 26.
[0078] The second direct couple control is employed,
for example, when the regeneration process is performed
by the motor 26, when the motor 26 is driven and the
battery 24 is charged by the fuel cell 22, and when the
idle-stop process of the fuel cell 22 is performed. When
the regeneration process is performed by the motor 26,
the regenerative electric power produced by the motor
26 is supplied to the battery 24 via the DC/DC converter
36 to charge the battery 24. When the motor 26 is driven
and the battery 24 is charged by the fuel cell 22, the motor
26 is driven and the battery 24 is charged with the electric
power from the fuel cell 22. The idle-stop process is a
process that charges the battery 24 with the generated
voltage Vf (generated current If) of the fuel cell 22 during
idle stop and thereby discharges the fuel cell 22. Note
that idle stop refers to stopping the air supply from the
air compressor 30 and the fuel gas supply from the hy-
drogen tank 28 with the ignition switch 65 (see FIG. 1)
ON. It should be also noted that the second direct couple
control allows the battery 24 to be charged and electric
power to be supplied to the auxiliary devices 44.
[0079] As shown in FIGS. 7 and 8, the present embod-
iment performs the rotational switching also in both of
the first and second direct couple controls. Specifically,
the drive signals UH, VH, WH are outputted in the order
of U-phase → V-phase → W-phase → U-phase, and so
on.
[0080] FIG. 9 is a schematic diagram illustrating heat
release of the upper arm devices 81u to 81w when the
three phase arms are turned on in rotation in the order
of U-phase → V-phase → W-phase according to the sec-
ond direct couple control. FIG. 10 is a schematic diagram
of a comparative example, illustrating heat release of the
upper arm devices 81u to 81w when all of the three phase
arms are continuously turned on.
[0081] When the upper arm devices 81u to 81w are
switched on rotationally, the paths of the heat released
from the upper arm devices 81u to 81w have no overlap-
ping portion as shown in FIG. 9, since only one upper
arm device 81 is turned on in each switching cycle TSW.
In FIG. 10, however, the paths of the released heat have
overlapping portions as shown by the double-hatched
areas (where the surface of the heat sink 11 is utilized in
a overlapping way). Therefore, the rotational switching
of the upper arm devices 81u to 81w improves the heat
release efficiency and allows a smaller and lighter 6-in-
1 module 13 to be employed.
[0082] Further, the upper arm devices 81u to 81w typ-
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ically have different on-resistances (the resistance in
conductive state). Hence, if all of the upper arm devices
81u to 81w are continuously supplied with drive signals
UH, VH, WH having a duty ratio of 100%, as shown in
FIG. 10, larger current flows through an upper arm device
having a lower on-resistance, causing concentration of
heat generation on the upper arm device. The present
embodiment, however, prevents heat generation from
being concentrated on an upper arm device 81 having a
lower on-resistance or a relatively high temperature, by
supplying the drive signals UH, VH, WH intermittently to
such an upper arm device 81.

3. Advantageous Effects of the Embodiment

[0083] As described above, in the embodiment of the
present invention, drive signals UH, VH, WH of 100%
duty ratio are intermittently outputted to the upper arm
devices 81, during the second direct couple control.
Therefore, during the second direct couple control, no
current flows through the upper arm device 81 to which
the drive signal UH, VH, WH of 100% duty ratio is not
inputted. Thus, in comparison to a case where drive sig-
nals of 100% duty ratio are continuously input to all upper
arm devices 81, the heat generation of the upper arm
device 81 to which the drive signal of the 100% duty ratio
is not input can be prevented. Generally, the upper arm
devices 81 have different on-resistances (the resistance
in conductive state). If the drive signals having duty ratio
of 100% are continuously inputted to all of the upper arm
devices 81, larger current flows through an upper arm
device 81 having a lower on-resistance, resulting in con-
centration of heat generation in such an upper arm device
81. According to the present embodiment, such concen-
tration of heat generation can be avoided, for example,
by inputting the drive signal UH, VH, WH intermittently
to an upper arm device 81 having a lower on-resistance
or relatively high temperature. Further, even in the case
in which no current flows through the upper arm device
81 regardless of the inputted drive signal UH, VH, WH,
as in the first direct couple control, the ability of the con-
verter controller 54 to intermittently output the drive signal
UH, VH, WH enhances the degree of freedom of the di-
rect couple control by the converter controller 54.
[0084] In the direct couple control, the converter con-
troller 54 intermittently outputs the drive signals UH, VH,
WH to the plurality of upper arm devices 81. This ensures
that each upper arm device 81 has a switching cycle TSW
during which no drive signal UH, VH, WH is inputted, and
no current flows in such a switching cycle TSW. Hence,
heat generation due to flowing current can be suppressed
in each upper arm device 81, and each upper arm device
81 can be kept at a low temperature.
[0085] In the direct couple control, the converter con-
troller 54 outputs the drive signal UH, VH, WH to only
one upper arm device 81 in each switching cycle TSW.
Hence, only one upper arm device 81 is driven and gen-
erates heat due to flowing current, and heat generation

can be suppressed in other arm devices 81. As a result,
the heat generation period of each upper arm device 81
can be decreased, and the heat release period in-
creased, and hence, the heat release effect can be im-
proved.
[0086] In the direct couple control, the converter con-
troller 54 outputs the drive signals UH, VH, WH to the
plurality of upper arm devices 81 in a fixed order. This
allows the heat release period of each upper arm device
81 to be dispersed, and the concentration of heat gen-
eration can be avoided.
[0087] The DC/DC converter 36 can perform the volt-
age-increasing chopper operation and the voltage-de-
creasing chopper operation. The converter controller 54
can perform the voltage-increasing chopper control and
the voltage-decreasing chopper control to cause the con-
verter controller 54 to perform the voltage-increasing
chopper operation and the voltage-decreasing chopper
operation, respectively. The converter controller 54 out-
puts the drive signals UH, VH, WH to the plurality of upper
arm devices 81 in the same order during each of the
voltage-increasing chopper control, voltage-decreasing
chopper control, and direct couple control. Hence, the
voltage-increasing chopper control, voltage-decreasing
chopper control, and direct couple control have a com-
monality, allowing smooth transition from the voltage-in-
creasing or voltage-decreasing chopper control to the
direct couple control, and vice versa.
[0088] In the direct couple control, the converter con-
troller 54 immediately starts outputting the drive signal
UH, VH, WH to one upper arm device 81 on stopping the
output of the drive signal UH, VH, WH to another upper
arm device 81 (see FIGS. 7 and 8). This allows smooth
flow of current when switching between the upper arm
devices 81.
[0089] The plurality of upper arm devices 81 are fixed
on the same heat sink 11, allowing a simple design for
heat release.
[0090] When the converter controller 54 is executing
the second direct couple control, the battery 24 is charged
with the electric power generated by the fuel cell 22 or
the motor 26. Since, in the second direct control, the drive
signals UH, VH, WH are inputted to the upper arm de-
vices 81 intermittently on a one switching cycle TSW ba-
sis, the heat generation of each upper arm device 81 can
be reduced. Accordingly, damage to each upper arm de-
vice 81 caused by the heat generated due to the current
flowing from the fuel cell 22 or motor 26 to the battery 24
for charging the battery 24 can be avoided. Therefore,
interruption of charging of the battery 24 by the fuel cell
22 or the motor 26 due to the damage to the upper arm
device 81 can be prevented, and the battery 24 can be
charged satisfactorily.

B. Variations

[0091] The present invention is not limited to the em-
bodiments described above, but can have various other
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configurations based on the description of the present
specification. For example, the following configurations
(1) through (5) may be employed.

(1) Object to be Equipped with DC/DC Converter Appa-
ratus 23

[0092] While the VCU 23 is incorporated in the fuel cell
vehicle 20 in the embodiment described above, the
present invention is not limited thereto, and the VCU 23
may also be incorporated in battery driven vehicles (elec-
tric cars). The VCU 23 can also be applied to a so-called
parallel or series parallel hybrid car that is equipped with
an engine, a battery, and a motor.

(2) Phase Arms UA, VA, WA

[0093] While the embodiment described above em-
ployed phase arms UA, VA, WA of a three-phase type,
single-phase, two-phase, or more than three-phase ar-
rangements may be used.

(3) Switching Control

[0094] Although the embodiment described above em-
ploys a synchronous switching that switches on and off
both of the upper arm devices 81u to 81w (voltage-de-
creasing chopper control) and the lower arm devices 82u
to 82w (voltage-increasing chopper control) in each
switching cycle TSW, the present invention is not limited
thereto, and the present invention may be applied to only
one of the voltage-decreasing chopper control and the
voltage-increasing chopper control.

(4) Switching Process in Direct Couple Control

(a) Number of Upper Arm Devices 81u to 81w to be 
Switched

[0095] In the embodiment described above, the con-
verter controller 54 outputs the drive signal UH, VH, WH
of 100% duty ratio intermittently to each of the upper arm
devices 81u to 81w. The intermittent drive signal, how-
ever, may be outputted to only one or two of the upper
arm devices 81 as shown in FIGS. 11 and 12. In FIG. 11,
the drive signal VH, WH of 100% duty ratio is outputted
intermittently (alternately) to the V-phase and W-phase
upper arm devices 81v, 81w. The upper arm device 81u
of the U-phase, however, is continuously supplied with
the drive signal UH of 100% duty ratio throughout the
direct couple process. In FIG. 12, the drive signal WH of
100% duty ratio is intermittently outputted (every two
switching cycles TSW) to the upper arm device 81w of
the W-phase. The U-phase and V-phase upper arm de-
vices 81u, 81v, however, are continuously provided with
the drive signals UH, VH of 100% duty ratio throughout
the direct couple process.

(b) Upper Arm Device 81 Not Provided with Drive Signal

[0096] Although the drive signal UH, VH, WH of 100%
duty ratio is outputted, during the direct couple control of
the embodiment described above, to all of the U-phase,
V-phase, and W-phase upper arm devices 81u-81w, the
present invention is not limited thereto. As shown in FIG.
13, for example, the upper arm device 81u may be not
provided with the drive signal UH of 100% duty ratio,
while the other upper arm devices 81v, 81w are alter-
nately supplied with the drive signals VH, WH of 100%
duty ratio. Such control may be employed when the tem-
perature of the upper arm device 81u detected by the
temperature sensor 69 (see FIGS. 1 and 2A) is above a
predetermined threshold TH [°C]. In other words, the con-
verter controller 54 may stop the operation of any upper
arm device 81 having a temperature higher than the pre-
determined threshold TH (i.e. the upper arm device 81u
in FIG. 13), and operate the upper arm devices 81 having
a temperature lower than predetermined threshold TH
(i.e. the upper arm devices 81v, 81w in FIG. 13). In this
way, the operation of the upper arm device 81 having a
temperature above the predetermined threshold TH can
be stopped while maintaining the direct couple control.
This improves the reliability of the VCU 23.
[0097] The drive signal of 100% duty ratio may be se-
lectively outputted to the upper arm device 81 having the
lowest temperature of temperatures detected by the tem-
perature sensor 69.
[0098] Further, as shown in FIG. 14, the converter con-
troller 54 may output no drive signal UH to the upper arm
device 81u, while continuously outputting the drive signal
VH of 100% duty ratio to the upper arm device 81v
throughout the direct couple process, and the converter
controller 54 may output the drive signal WH of 100%
duty ratio to the upper arm device 81w every two switch-
ing cycle TSW.

(c) Length and Intervals of Drive Signals

[0099] In the embodiment described above, each drive
signal UH, VH, WH of 100% duty ratio is generated at a
length of one switching cycle TSW and at intervals of three
switching cycles TSW. However, the present invention is
not limited this. As shown in FIG. 15, the length and in-
tervals of the drive signals UH, VH, WH of 100% duty
ratio may differ from each other. Further, the drive signal
UH, VH, WH for one particular upper arm device 81 may
be generated with a length that varies for each output
like the drive signal WH shown in FIG. 15.

(d) Order of Outputting Drive Signals

[0100] In the direct couple process of the embodiment
described above, the drive signals UH, VH, WH of 100%
duty ratio are repeatedly outputted in the fixed order of
U-phase → V-phase → W-phase → U-phase. However,
the order is not limited thereto, and the order of generat-
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ing the drive signals UH, VH, WH may be changed to,
for instance, U-phase → V-phase → W-phase → V-
phase → U-phase → W-phase or the like.

(5) Others

[0101] In the direct couple process of the embodiment
described above, the drive signals UH, VH, WH having
a duty ratio of 100% is outputted to the upper arm devices
81u to 81w. However, the duty ratio of the drive signals
UH, VH, WH is not necessarily 100%. The duty ratio may
vary as long as the generated drive signals UH, UL, VH,
VL, WH, WL do not cause the upper arm devices 81u to
81w and lower arm devices 82u to 82w to convert voltage.
In a case where current is to be passed from the primary
side 1S to the secondary side 2S, if the duty ratios are
set to 0% for the drive signals UH, VH, WH and 100%
for the drive signals UL, VL, WL, current flows through
the diodes 83u to 83w of the converter 36 without the
voltage-decreasing or voltage-increasing chopper proc-
ess. Further, in a case where current is to be passed from
the primary side 1S to the secondary side 2S, if the duty
ratios are set such that the lower arm device driving pe-
riod T2 is less than a minimum ON time of the lower arm
devices 82u to 82w (the minimum driving period required
to turn on the lower arm devices 82u to 82w), also the
direct couple through the lower arm devices 82u to 82w
can be achieved without the voltage-increasing chopper
process.
[0102] While the embodiment described above per-
forms the rotational switching not only in the direct couple
control but also in the voltage-decreasing chopper control
and voltage-increasing chopper control, the rotational
switching may be applied only to the direct couple control,
as shown in FIG. 16.
[0103] Provided is a DC/DC converter apparatus com-
prising a plurality of switching devices and suitable for
directly coupling two electric power devices. In direct cou-
ple control that directly couples a fuel cell 22 and motor
26 with a battery 24 without executing voltage-decreas-
ing chopper control or voltage-increasing chopper con-
trol, rotation switching is performed, i.e. the converter
controller 54 outputs drive signals UH, VH, WH of 100%
duty ratio to each of upper arm devices 81u, 81v, 81w in
rotation. Thus, heat generation is prevented from con-
centrating on a particular upper arm device 81, compared
to the case where the drive signals UH, VH, WH are con-
tinuously output to all upper arm devices UH, VH, WH.

Claims

1. A fuel cell vehicle (20) comprising:

a DC/DC converter (36) including a plurality of
switching devices (81u to 81w, 82u to 82w), the
switching devices (81u to 81w, 82u to 82w) ar-
ranged in parallel in an electrical circuit that

forms a branch between a fuel cell (22) and a
driving motor (26) and connects to a power stor-
age device (24); and
a controller (54) for outputting drive signals (UH,
UL, VH, VL, WH, WL) to the switching devices
(81u to 81w, 82u to 82w) and controlling voltage
conversion of the DC/DC converter (36),

wherein the controller (54) is capable of executing
direct couple control that directly couples the fuel cell
(22) or the driving motor (26) with the power storage
device (24) without causing the DC/DC converter
(36) to convert voltage, and
wherein during the direct couple control, the control-
ler (54) intermittently outputs a drive signal (UH, UL,
VH, VL, WH, WL) that causes no voltage conversion,
to at least one of the switching devices (81u to 81w,
82u to 82w).

2. The fuel cell vehicle (20) according to claim 1, where-
in during the direct couple control by the controller
(54), the power storage device (24) is charged with
electric power generated by the fuel cell (22).

3. The fuel cell vehicle (20) according to claim 1, where-
in the controller (54) maximizes current generated
by the fuel cell (22) by executing the direct couple
control.

4. The fuel cell vehicle (20) according to claim 1, where-
in the controller (54) executes the direct couple con-
trol when the fuel cell (22) is in idle-stop mode.

5. The fuel cell vehicle (20) according to claim 4, where-
in in the idle-stop mode, gas supply from an air com-
pressor (30) to the fuel cell (22) is stopped.

6. The fuel cell vehicle (20) according to claim 4, where-
in in the idle-stop mode, gas supply from a hydrogen
tank (28) to the fuel cell (22) is stopped.

7. The fuel cell vehicle (20) according to claim 1, where-
in the controller (54) executes the direct couple con-
trol during a regeneration process of the driving mo-
tor (26).

8. The fuel cell vehicle (20) according to claim 1, where-
in the controller (54) executes the direct couple con-
trol when the fuel cell (22) drives the driving motor
(26) and charges the power storage device (24).

9. A DC/DC converter apparatus (23), comprising:

a DC/DC converter (36) including a plurality of
switching devices (81u to 81w, 82u to 82w) con-
nected in parallel between a first electric power
device (24) and a second electric power device
(22, 26); and
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a controller (54) for outputting drive signals (UH,
UL, VH, VL, WH, WL) to the switching devices
(81u to 81w, 82u to 82w) and controlling voltage
conversion of the DC/DC converter (36),

wherein the controller (54) is capable of executing
direct couple control for directly coupling the first and
second electric power devices (24, 22, 26) without
causing the DC/DC converter (36) to convert voltage,
and
wherein during the direct couple control, the control-
ler (54) intermittently outputs a drive signal (UH, UL,
VH, VL, WH, WL) that causes no voltage conversion,
to at least one of the switching devices (81u to 81w,
82u to 82w).

10. The DC/DC converter apparatus (23) according to
claim 9, wherein the controller (54) intermittently out-
puts the drive signal (UH, UL, VH, VL, WH, WL) to
each of all the switching devices (81u to 81w, 82u
to 82w) during the direct couple control.

11. The DC/DC converter apparatus (23) according to
claim 9 or 10, wherein the controller (54) outputs,
during the direct couple control, the drive signal (UH,
UL, VH, VL, WH, WL) to only one of the switching
devices (81u to 81w, 82u to 82w) in each switching
cycle.

12. The DC/DC converter apparatus (23) according to
any one of claims 9 to 11, wherein the controller (54)
outputs, during the direct couple control, the drive
signals (UH, UL, VH, VL, WH, WL) to the switching
devices (81u to 81w, 82u to 82w) in a fixed order.

13. The DC/DC converter apparatus (23) according to
claim 12, wherein the DC/DC converter (36) is ca-
pable of performing voltage-increasing and voltage-
decreasing operations, and
wherein the controller (54) is capable of executing
voltage-increasing control and voltage-decreasing
control that cause the DC/DC converter (36) to per-
form the voltage-increasing operation and the volt-
age-decreasing operation, respectively, and the
controller (54) outputs the drive signals (UH, UL, VH,
VL, WH, WL) to the switching devices (81u to 81w,
82u to 82w) in the same order during each of the
voltage-increasing control, the voltage-decreasing
control, and the direct couple control.

14. The DC/DC converter apparatus (23) according to
any one of claims 9 to 13, wherein during the direct
couple control, simultaneously with stopping output
of the drive signal (UH, UL, VH, VL, WH, WL) to one
switching device (81u to 81w, 82u to 82w), the con-
troller (54) starts outputting the drive signal (UH, UL,
VH, VL, WH, WL) to another switching device (81u
to 81w, 82u to 82w).

15. The DC/DC converter apparatus (23) according to
any one of claims 9 to 14, wherein the plurality of
switching devices (81u to 81w, 82u to 82w) are fixed
on a common heat sink (11).

16. The DC/DC converter apparatus (23) according to
any one of claims 9 to 15, further comprising:

temperature sensors (69) for measuring temper-
atures of the plurality of switching devices (81u
to 81w, 82u to 82w),

wherein the controller (54) stops operation of a
switching device (81u to 81w, 82u to 82w) having a
temperature higher than a predetermined threshold
and causes a switching device (81u to 81w, 82u to
82w) having a temperature lower than the predeter-
mined threshold to operate.

17. The DC/DC converter apparatus (23) according to
any one of claims 9 to 16, wherein the first electric
power device is a power storage device (24), the
second electric power device is a power generating
device (22, 26), and, when the direct couple control
is executed by the controller (54), the power storage
device (24) is charged with power generated by the
power generating device (22, 26).
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