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(54) ELECTRIC VEHICLE, AND METHOD FOR OPERATING CONTROL DEVICE FOR SAME

(57) An electric vehicle 1 comprises an electric motor
5 for generating driving power for moving a vehicle body
of the electric vehicle; a battery unit 60 for supplying elec-
tric power to the electric motor 5; a charging connector
49 connected to an outside electric power supply for sup-
plying the electric power to be charged; a main controller
100 for controlling switching between a first connection
state in which the battery unit 60 is connected to the elec-
tric motor 5 and a second connection state in which the

battery unit 60 is connected to the charging connector
49; and a relay 101 for opening and closing a power sup-
ply path from the low-voltage battery 43 to the main con-
troller 100; wherein a relay 101 opens the power supply
path to cut -off electric power supply to the main controller
100 for a specified time, when the relay 101 switches one
of the first connection state and the second connection
state to the other connection state.
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Description

Technical Field

[0001] The present invention relates to a vehicle which
uses electric energy as a driving power source.

Background Art

[0002] In recent years, for the purpose of environmen-
tal conservation or the like, an electric vehicle which uses
as a driving power source a motor activated by electric
energy stored in a battery has been developed. Such an
electric vehicle incorporates a charging connector to
which an outside charging connector connected to an
outside electric power supply is detachably attached, in
order to charge the battery mounted in the vehicle with
electric power supplied from the outside electric power
supply.
[0003] In a conventional electric vehicle, an internal
system controls switching between a discharging state
in which the battery is connected to the motor and a
charging state in which the battery is connected to the
charging connector (see, e.g., Patent Literature 1).

Citation List

Patent Literature

[0004] Patent Literature 1: Japanese Laid-Open Pat-
ent Application Publication No. 2011-193715

Summary of Invention

Technical Problem

[0005] However, according to this configuration, when
switching from the discharging state to the charging state
takes place, the system is likely to become unstable due
to an unexpected event such as a software bug.
[0006] Accordingly, an object of the present invention
is to provide an electric vehicle which is capable of stably
controlling switching between a charging mode and a
discharging mode, and an operation method of a control
device in the electric vehicle.

Solution to Problem

[0007] To solve the above described problem, accord-
ing to an aspect of the present invention, there is provided
an electric vehicle comprising: an electric motor for gen-
erating driving power for moving a vehicle body of the
electric vehicle; a battery for supplying electric power to
the electric motor; an outside electric power supply con-
nection unit connected to an outside electric power sup-
ply for supplying the electric power to be charged; a con-
trol device for controlling switching between a first con-
nection state in which the battery is connected to the

electric motor and a second connection state in which
the battery is connected to the outside electric power
supply connection unit; and a switch for opening and clos-
ing a power supply path connected to the control device;
wherein the switch opens the power supply path to cut
-off electric power supply to the control device for a spec-
ified time, when the control device switches one of the
first connection state and the second connection state to
the other connection state.
[0008] In accordance with this configuration, when the
control device performs switching between the discharg-
ing mode and the charging mode, the electric power sup-
ply to the control device is cut -off once and then the
control device is reset. This makes it possible to prevent
the control mode from being switched in a state in which
the electric power supply to the control device is main-
tained, and therefore improve control stability.
[0009] The electric vehicle may comprise an input de-
vice which is operated by a user to command the control
device to perform switching between the first connection
state and the second connection state.
[0010] In accordance with this configuration, for exam-
ple, even if the user performs the switching operation
many times within a short time by using the input device,
the discharging mode or the charging mode is initiated
in a state in which the control device is reset. As a result,
control stability can be enhanced in a simple and inex-
pensive manner.
[0011] The electric vehicle may comprise a state de-
tector for detecting a state of the electric vehicle; and the
control device may perform an activation process based
on information detected by the state detector after the
electric power supply to the control device is initiated.
[0012] In accordance with this configuration, the de-
tected information before the electric power supply is in-
itiated, which was stored in the volatile memory, is
erased, and then an activation process is newly per-
formed. Therefore, it becomes possible to switch the con-
nection state to one of the connection states without be-
ing affected by the detected information before the elec-
tric power supply is initiated.
[0013] The input device may have a first operation po-
sition at which the battery is placed in the first connection
state and the switch is closed, a second operation posi-
tion at which the battery is placed in the second connec-
tion state and the switch is closed, and a third operation
position at which the switch is opened; and the third op-
eration position may be placed in the middle of a course
of an operation for switching one of the first operation
position and the second operation position to the other
operation position.
[0014] In accordance with this configuration, the third
operation position at which the switch is opened is placed
between the first operation position and the second op-
eration position, in an operation route of the input device
operated by a user. This allows the control device to be
reset stably in a physical sense, when switching between
the discharging mode and the charging mode is per-
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formed.
[0015] The control device may include a switch control
section for performing control such that the switch is
opened, when the control device switches one of the first
connection state and the second connection state to the
other connection state.
[0016] In accordance with this configuration, when the
control device performs switching between the discharg-
ing mode and the charging mode, the switch control sec-
tion opens the switch. This eliminate a need for the man-
ual operation for commanding the switch to open. The
switch control section may be placed inside or outside
the control device.
[0017] In a state in which the switch control section
opens the switch, electric power supply to a volatile mem-
ory within the control device may be cut -off and the switch
may be controlled with the electric power.
[0018] In accordance with this configuration, when the
control device performs switching between the discharg-
ing mode and the charging mode, it can open the switch
for itself in order to reset the volatile memory in the control
device, and thereafter, electrically close the switch.
[0019] The control device may include an inverter
which supplies the electric power to the electric motor to
generate the driving power and controls an operation of
the electric motor, and a main controller which outputs a
control signal to the inverter based on a signal received
from an accelerator sensor; and the switch may be placed
on the power supply path connected to the main control-
ler.
[0020] In accordance with this configuration, when the
control device performs switching between the discharg-
ing mode and the charging mode, the main controller is
reset. Therefore, control stability can be improved easily.
[0021] To solve the above descried problem, accord-
ing to another aspect of the present invention, there is
provided a method of operating a control device in an
electric vehicle, including a discharging control mode in
which electric power is supplied from a battery incorpo-
rated in the electric vehicle to an electric motor for driving
the electric vehicle, to generate driving power for moving
a vehicle body, and a charging control mode in which the
electric power supplied from an outside electric power
supply is charged into the battery, the method compris-
ing: when one of the discharging control mode and the
charging control mode is switched to the other control
mode, performing a reset operation of the control device,
in the middle of shifting one of the discharging control
mode and the charging control mode to the other control
mode.
[0022] In accordance with this method, when switching
between the discharging mode and the charging mode
takes place, the reset operation of the control device is
performed. Therefore, the control device can be reset
(reactivated) in the middle of switching of the mode, and
control stability can be improved.
[0023] The reset operation may be such that electric
power supply to the control device is resumed to reacti-

vate the control device after the electric power supply to
the control device is cut -off; and the control device may
be caused to perform the other of the discharging control
mode and the charging control mode after the reset op-
eration is performed.
[0024] In accordance with this method, after the elec-
tric power supply to the control device is cut -off, the reset
operation is performed by resuming the electric power
supply. This makes it possible to more surely perform
the reset operation than the reset operation performed
by a trigger of a program.
[0025] The control device itself may automatically per-
form the reset operation. In other words, the control de-
vice itself may command the switch to open and close
the power supply path connected to the control device.
[0026] The reset operation may be performed manu-
ally by a rider. In other words, the reset operation may
be implemented by the rider’s manual operation for dis-
connecting (cutting- off) the power supply path connected
to the control device for a specified time.

Advantageous Effects of Invention

[0027] In accordance with the present invention, it is
possible to provide an electric vehicle which is able to
stably control switching between a discharging mode and
a charging mode, and an operation method of a control
device in the electric vehicle.

Brief Description of Drawings

[0028]

[Fig. 1] Fig. 1 is a left side view of an electric motor-
cycle as an exemplary electric vehicle according to
Embodiment 1 of the present invention.
[Fig. 2] Fig. 2 is a block diagram showing electric
wiring in the vicinity of a battery unit as an exemplary
configuration of an electric system in the electric mo-
torcycle of Fig. 1.
[Fig. 3] Fig. 3 is a block diagram showing a schematic
configuration of components of a system in the vi-
cinity of a main controller in the electric motorcycle
of Fig. 1.
[Fig. 4] Fig. 4 is a plan view of a key hole of a cylinder
lock of Fig. 1.
[Fig. 5] Fig. 5 is a flowchart showing an exemplary
operation of a control device which is performed
when a main system is activated.
[Fig. 6] Fig. 6 is a flowchart showing an exemplary
operation of the control device which is performed
when switching between a discharging control mode
and a charging control mode takes place.

Description of Embodiments

[0029] Hereinafter, embodiments of the present inven-
tion will be described with reference to the accompanying
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drawings. Throughout the drawings, the same or corre-
sponding components are designated by the same ref-
erence symbols and will not be described in repetition in
detail, unless otherwise noted.

(Embodiment 1)

[0030] Fig. 1 is a left side view of an electric motorcycle
as an exemplary electric vehicle according to an embod-
iment of the present invention. Although an electric mo-
torcycle is exemplarily shown as the electric vehicle in
Fig. 1, the electric vehicle is not limited to the electric
motorcycle, but may be another straddle electric vehicle
(electric three-wheeled vehicle or the like), an electric
four-wheeled vehicle having a living space such as a mul-
ti-purpose vehicle, or an electric vehicle other than the
vehicle, such as personal watercraft Or, the electric ve-
hicle may be a hybrid electric vehicle, incorporating an
internal combustion engine in addition to an electric mo-
tor.
[0031] As shown in Fig. 1, an electric motorcycle 1 in-
cludes a front wheel 2 which is a driven wheel, a rear
wheel 3 which is a drive wheel, a vehicle body frame 4
which is disposed between the front wheel 2 and the rear
wheel 3, and an electric motor 5 mounted to the vehicle
body frame 4. The electric motorcycle 1 is not equipped
with an internal combustion engine and is configured to
rotate the rear wheel 3 by driving power generated by
the electric motor 5.
[0032] The front wheel 2 is rotatably mounted to the
lower portion of a front fork 6 extending substantially ver-
tically such that it is inclined at a certain caster angle. A
steering shaft 7 is coupled to the upper portion of the
front fork 6, and a bar-type handle 8 is attached to the
upper portion of the steering shaft 7. A right grip of the
handle 8 is a throttle grip which is operated by the rider
to adjust the driving power generated by the electric mo-
tor 5. A cylinder lock 805 is placed in the vicinity of the
handle 8.
[0033] The vehicle body frame 4 includes a head pipe
11, a pair of right and left and a pair of upper and lower
main frames 12, a pair of right and left down frames 13,
a pair of right and left pivot frames 14, a pair of right and
left swing arms 15, and a seat frame 16. The head pipe
11 supports the steering shaft 7 such that the steering
shaft 7 is rotatable.
[0034] The seat frame 16 supports a seat (not shown)
on which the rider and a passenger are seated in a for-
ward or rearward direction.
[0035] The electric motor 5 is placed in a region which
is below the down frame 13 and in front of the pivot frame
14. The driving power generated by the electric motor 5
is transmitted to the rear wheel 3 via a driving power
transmission mechanism 17. The electric motor 5 is ac-
commodated in a motor case 18. The motor case 18 ac-
commodates a transmission (not shown) constituting the
driving power transmission mechanism 17 together with
the electric motor 5, and is suspended from the down

frame 13 and the pivot frame 14.
[0036] The electric motorcycle 1 incorporates an in-
verter case 19 and a battery case 80 in addition to the
motor case 18 accommodating the electric motor 5. The
inverter case 19 accommodates electric components in-
cluding an inverter 20. The battery case 80 accommo-
dates electric components including the battery unit 60.
The inverter case 19 is placed in a space of a substan-
tially-inverted triangular space when viewed from a side,
which is surrounded by the main frame 12, the pivot frame
14 and the seat frame 16, and positioned just behind the
lower rear end portion of the battery case 80. The battery
case 80 is placed between the pair of right and left main
frames 12, above the lower end portions of the pair of
right and left down frames 13, and forward relative to the
pivot frames 14.
[0037] The battery case 80 is provided with a charging
connector 49 used for charging the battery unit 60 from
an outside electric power supply 90 outside the electric
motorcycle. For example, a fitting section of the charging
connector 49 may be exposed to the outer surface of the
battery case 80, or placed in an opening (charging port)
of the battery case 80 and this opening may be covered
with a specified cover.
[0038] Fig. 2 is a block diagram showing electric wiring
in the vicinity of the battery unit 60 as an exemplary con-
figuration of an electric system in the electric motorcycle
1 of Fig. 1. In the block diagram of Fig. 2, the flow of a
driving current is shown. As shown in Fig. 2, the battery
unit 60 includes a plurality of battery modules 61 and a
battery frame 64, and is a unit which serves as a high-
voltage DC single secondary battery. Each of the battery
modules 61 includes a plurality of battery cells 62 and a
module casing 63 in a rectangular parallelepiped shape,
for accommodating the plurality of battery cells 62. Each
of the battery cells 62 is a secondary battery which is
capable of storing DC power, and is, for example, a lith-
ium ion battery or nickel metal hydride battery. The plu-
rality of battery cells 62 are aligned and electrically con-
nected to each other in the interior of the module casing
63. The plurality of battery modules 61 are densely ar-
ranged in the interior of the battery case 80 and electri-
cally connected in series, in a state in which they are
connected to and fastened to the battery frame 64.
[0039] As should be understood from the above, the
battery unit 60 is configured such that many battery cells
62 are connected in series in an electric sense, and as
a result serves as the secondary battery of a high-voltage
current (e.g., 200 to 300V). The battery unit 60 is electri-
cally connected to the charging connector 49 via a charg-
ing wire 491 composed of a P-side (positive-side) charg-
ing wire 491p and an N-side (negative-side) charging
wire 491n and electrically and mechanically connected
to the inverter 20 via a high-voltage electric wire 31 com-
posed of a P-side power supply wire 31p and an N-side
power supply wire 31n. The inverter 20 converts the high-
voltage DC power sent from the battery unit 60 into three-
phase AC power in accordance with a torque command
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or the like from a main controller 100, and supplies the
three-phase AC power to the electric motor 5 via a three-
phase AC wire 32. The electric motor 5 is activated by
the AC power supplied from the inverter 20 to generate
driving power corresponding to electric characteristics
such as a current.
[0040] A P-side inverter relay 36 is provided on the P-
side power supply wire 31p of the high-voltage electric
wire 31. A bypass wire 33 which branches from the P-
side power supply wire 31p is provided in parallel with
the P-side inverter relay 36. A current steering resistor
34 and an anti-rush-current relay 35 are provided in se-
ries on the bypass wire 33. An N-side inverter relay 37
is provided on the N-side power supply wire 31n of the
high-voltage electric wire 31.
[0041] The inverter case 19 contains a smoothing ca-
pacitor 38, the electrodes of which are connected be-
tween the P-side power supply wire 31 p and the N-side
power supply wire 31n. At activation of systems in the
electric motorcycle 1, it becomes possible to prevent a
rush current with an excessively great magnitude from
flowing through the inverter 20 by the main controller
100’s operation for suitably selecting OPEN or CLOSE
for relays (35 to 37), even under a state in which charges
are not accumulated in the smoothing capacitor 38. Here-
inafter, the relays 35 to 37 will be referred to as driving
relays 35 to 37. Current meter(s) 53 is/are attached onto
the P-side power supply wire 31p, the N-side power sup-
ply wire 31n, and/or the bypass wire 33. In Fig. 2, a case
where the current meter 53 is attached only on the P-
side power supply wire 31p is exemplarily shown.
[0042] A service plug 40 is provided on a connection
wire 39 connecting the battery modules 61 placed adja-
cently to each other. The service plug 40 includes a plug
41 for performing switching between continuity (conduc-
tion) and cutting-off (disconnection) of the connection
wire 39 and a fuse 42 for cutting -off (disconnecting) the
connection wire 39 if a current with an excessively great
magnitude flows therethrough. A maintenance operator
operates the plug 41 manually to enable switching be-
tween a power supply state in which the connection wire
39 is placed in a conductive state and the electric power
can be supplied from the battery unit 60 to the electric
motor 5 and a cut-off state in which the connection wire
39 is placed in a cut-off state and the electric power supply
from the battery unit 60 to the electric motor 5 is cut -off.
[0043] The electric motorcycle 1 includes a low-voltage
battery 43 which is a secondary battery of low-voltage
DC power (e.g., 12V), separately from the battery unit 60
which is an electric power supply for the electric motor
5. The low-voltage battery 43 is connected to a power
load other than the electric motor 5, via a low-voltage
electric wire 44. The power load which uses the low-volt-
age battery 43 as the electric power supply includes, for
example, a battery controller 70 for monitoring the SOC
(state of charge) of the battery unit 60, the inverter 20,
the sensors, and the main controller 100 as a control
device for controlling the overall electric motorcycle 1,

including control for activating the inverter 20. In addition,
the power load which uses the low-voltage battery 43 as
the electric power supply includes a lighting device such
as a head light, a tail lamp and a direction indicator, in-
struments (gauges) such as a speed indicator, and a dis-
play unit (auxiliary unit 110 in Fig. 2). A low-voltage relay
101 is provided on the low-voltage electric wire 44 ex-
tending from the low-voltage battery 43 to the main con-
troller 100, the auxiliary unit 110, and the battery control-
ler 70. When the electric power is not supplied from the
battery unit 60 to the inverter 20 (e.g., charging mode),
the main controller 100 can activate the driving relays 35
to 37 to cut -off (disconnect) the high-voltage electric wire
31 between the battery unit 60 and the inverter 20. On
the other hand, when the electric power is supplied from
the battery unit 60 to the inverter 20 (e.g., discharging
mode), the main controller 100 can activate the driving
relays 35 to 37 to connect the high-voltage electric wire
31 between the battery unit 60 and the inverter 20.
[0044] The low-voltage battery 43 is connected to a
DC/DC converter 45 via a low-voltage converter wire 46
composed of a P-side power supply wire 46p and an N-
side power supply wire 46n. The DC/DC converter 45 is
connected to the P-side power supply wire 31p and the
N-side power supply wire 31n of the high-voltage electric
wire 31 via a high-voltage converter wire 47 composed
of a P-side power supply wire 47p and a N-side power
supply wire 47n. A DC/DC converter relay 48 is provided
on a P-side power supply wire 47p and an N-side power
supply wire 47n of the high-voltage converter wire 47. In
Fig. 2, a case where the DC/DC converter relay 48 is
provided on the high-voltage power supply wire 47p is
exemplarily shown. The main controller 100 provides an
opening/closing command to the converter relay 48.
[0045] The high-voltage electric wire 31 is connected
to the charging connector 49 via the charging wire 491
composed of the P-side charging wire 491 p and the N-
side charging wire 491 n. A P-side charging relay 51 is
provided on the P-side charging wire 491p, while an N-
side charging relay 52 is provided on the N-side charging
wire 491n. The charging connector 49 is electrically con-
nectable to the outside electric power supply 90 for charg-
ing the battery unit 60.
[0046] The main controller 100 provides commands to
the driving relays 35 to 37 and the charging relays 51
and 52 to control switching between a first connection
state in the discharging mode in which the battery unit
60 is connected to the electric motor 5 and a second
connection state in the charging mode in which the bat-
tery unit 60 is connected to the charging connector 49.
[0047] In the first connection state, the electric motor
5 is activated by the electric power supplied from the
battery unit 60, and thereby the electric motorcycle 2 can
drive. During deceleration of the electric motorcycle 1,
the electric motor 5 operates as an electric generator. In
this case, the inverter 20 converts the AC power (regen-
erative power) generated by the electric motor 5 into DC
power which is charged into the battery unit 60.
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[0048] When the outside electric power supply 90 is
electrically connected to the charging connector 49, in
the second connection state, the electric power is sup-
plied from the outside electric power supply 90 to the
battery unit 60 via the charging wire 491 and the high-
voltage electric wire 31 and charged into the battery unit
60. In addition, the electric power supplied from the out-
side electric power supply 90 can be charged into the
low-voltage battery 43. Or, the DC/DC converter 45 can
convert the DC power stored in the battery unit 60 into
DC power for the low-voltage battery 43 which is charged
into the low-voltage battery 43.
[0049] Fig. 3 is a block diagram showing a schematic
configuration of components in the vicinity of the main
controller 100 of a system in the electric motorcycle 1 of
Fig. 1. In Fig. 3, arrows between the blocks indicate a
signal flow. As shown in Fig. 3, the electric motorcycle 1
includes as major components the inverter 20, the main
controller 100, a main switch 102, the battery controller
70, the low-voltage relay 101 for opening and closing a
power supply path connected to the main controller 100,
a cylinder lock 805 as an input device, an output device
900 such as a display unit, a monitor, and a speaker, and
a state sensor 104 for detecting the states of the vehicle.
The state sensor 104 is configured to detect the vehicle
state(s) required for driving. The state sensor 104 may
include, for example, one or a plurality of sensors select-
ed from a vehicle speed sensor, a motor rotational speed
sensor, a battery temperature sensor, a current sensor,
a voltage sensor, a stand switch sensor, a gear position
sensor, a driving mode switching command sensor, an
accelerator sensor, a brake sensor, a connection deter-
mination sensor for the charging connector, and a sensor
which determines whether or not the electric power is
supplied from the charging connector.
[0050] The cylinder lock 805 is used as the input device
which selectively performs switching between a charging
permission state and a driving permission state. The cyl-
inder lock 805 is used to perform switching between ON
and OFF for the main switch 102 and lock the vehicle
body. The cylinder lock 805 is configured such that a key
hole is movable among a plurality of predetermined po-
sitions. The sensor attached to the cylinder lock 805 pro-
vides to the main controller 100 a signal indicative of a
key hole position. By rotating a mechanical key inserted
into the key hole in the cylinder lock 805, the key hole
position can be changed. The main controller 100 switch-
es the control mode based on the signal indicative of the
key hole position provided by the cylinder lock 805. The
main switch 102 performs switching between ON and
OFF based on the signal indicative of the key hole posi-
tion provided by the cylinder lock 805. In a state in which
the mechanical key is disengaged from the key hole, the
rotation of the key hole is inhibited. As the key hole po-
sitions, a driving position, a movement inhibiting position,
a power supply stop position, and a charging position are
set. The cylinder lock 805 is configured to output signals
indicative of these positions.

[0051] The main controller 100 determines whether a
present state is the driving permission state or the charg-
ing permission state based on the signal provided by the
cylinder lock 805. When the main controller 100 deter-
mines that the present state is the driving permission
state, it disconnects the charging relays 51, 52, and con-
trols the driving relays 35 to 37 to initiate supplying of a
driving current to the motor 5. On the other hand, when
the main controller 100 determines that the present state
is the charging permission state, it controls the driving
relays 35 to 37 to stop the supplying of the driving current
to the motor 5 and connects the charging relays 51, 52
to allow the electric power to be supplied via the charging
connector 49. Or, when the main controller 100 deter-
mines that the low-voltage battery 43 is in a fully charged
state, it commands the converter relay 48 to be discon-
nected, thereby preventing an excessive current. Or,
when the main controller 100 determines that the SOC
of the low-voltage battery 43 is equal to or less than a
predetermined value, it connects the converter relay 48,
thereby preventing excessive discharging.
[0052] When the main switch 102 receives a power
supply stop signal (power supply stop position signal)
from the cylinder lock 805, it disconnects the low-voltage
relay 101. Or, when the main switch 102 receives the
power supply signal (any position signal other than power
supply stop position signal) from the cylinder lock 805, it
connects the low-voltage relay 101. The operation of the
main switch 102 in association with the key hole operation
may be performed physically or electrically.
[0053] The low-voltage relay 101 opens the power sup-
ply path to cut -off the electric power supply to the main
controller 100 for a specified time when one of the first
and second connection states is switched to the other
connection state. In this configuration, when switching
between the first connection state and the second con-
nection state takes place, the electric power supply to
the main controller 100 is cut -off once, and then the main
controller 100 is reset. This makes it possible to prevent
switching between the first connection state and the sec-
ond connection state in a state in which the electric power
continues to be supplied to the main controller 100. As
a result, control stability can be improved.
[0054] When the switching between the first connec-
tion state and the second connection state takes place,
a program used for executing the corresponding mode
is also selected, in addition to the connection state. Since
a previous control mode is switched to a new control
mode after the information stored in a RAM in the previ-
ous control mode has been erased, it becomes possible
to prevent a situation in which the previous information
stored in the RAM will negatively affect the new control
mode.
[0055] The battery controller 70 determines whether
the present state is the charging permission state or the
driving permission state in accordance with the command
provided by the main controller 100. This makes it pos-
sible to carry out different control processes which are
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battery control in the charging permission state and bat-
tery control in the driving permission state. For example,
in the charging permission state, only charging is per-
formed in a state where there is relatively much time.
However, in the driving permission state, regenerative
charging and discharging are repeated. Therefore, by
selecting a battery control program, charging and dis-
charging can be performed more efficiently. Since the
battery controller is reset when the mode is also switched,
control stability can be improved.
[0056] When the main controller 100 receives a driving
permission signal (driving position signal) from the cylin-
der lock 805, it inhibits the operation for charging the
electric power from outside and executes a driving prep-
aration program. When the driving preparation program
is terminated, the main controller 100 shifts to a driving
stand-by state. The driving preparation program includes
an operation check, a relay operation, a command to the
battery controller 70, etc.. When the main controller 100
receives a driving start signal from the rider under the
driving stand-by state, it computes a torque command
according to a driving program, and provides the torque
command to the inverter. The main controller 100 oper-
ates the battery controller 70 according to the driving pro-
gram.
[0057] On the other hand, when the main controller
100 receives a charging permission signal (charging po-
sition signal) from the cylinder lock 805, it inhibits the
operation for driving and executes a charging preparation
program. When the driving preparation program is termi-
nated, the main controller 100 shifts to a charging stand-
by state. The charging preparation program includes an
operation check, a relay operation, a command to the
battery controller 70, etc.. When the charging connector
is connected in the charging stand-by state and thereby
the electric power is supplied, the main controller 100
operates the battery controller 70 according to a charging
program.
[0058] The cylinder lock 805 as the input device is con-
figured to be operated by a user to command the main
controller 100 to perform switching between the first con-
nection state and the second connection state. In the
present embodiment, the switching between ON and
OFF of the main switch 102 is performed by the rider’s
operation of the cylinder lock 805. In response to the
rider’s operation, the low-voltage relay 101 is opened or
closed via the main switch 102. In accordance with this
configuration, for example, even if the user performs the
switching operation many times within a short time by
using the input device, the discharging mode or the
charging mode is initiated in a state in which the main
controller 100 is reset. As a result, control stability can
be enhanced in a simple and inexpensive manner.
[0059] The output device 900 allows the rider to be
notified of the vehicle states based on the information
provided by the main controller 100 so that the rider can
confirm the states. For example, the output device 900
displays the driving speed and the motor rotational

speed. In addition, the output device 900 displays a driv-
ing mode, a gear ratio, a distance, a time, the SOC, etc..
The output device 900 is implemented as an instrument
panel and placed in front of the handle bar in a middle
position in a vehicle width direction. In the present em-
bodiment, the cylinder lock 805 is positioned in the vicinity
of the instrument panel and in the vicinity of the handle.
Alternatively, for example, the cylinder lock 805 may be
placed within the instrument panel. By confirming the key
hole and the position of the mechanical key inserted into
the key hole, the permission state can be confirmed. This
means that the cylinder lock also serves as a display unit
for displaying the permission state. Or, the key hole po-
sition may be displayed on the instrument panel. For ex-
ample, "D" is displayed on a monitor when the key hole
position is the driving position, while "CHG" is displayed
on the monitor when the key hole position is the charging
position. By displaying the driving permission state and
the charging permission state separately from the key
hole, the rider can easily confirm the present state. Next,
the cylinder lock 805 as the input device will be descried
specifically with referent to Fig. 4. The cylinder lock 805
as the input device is placed in the vicinity of the handle
8 of the electric motorcycle 1. Fig. 4 is a plan view of the
key hole of the cylinder lock 805. As shown in Fig. 4, the
cylinder lock 805 is configured to allow the rider to select
the operation position set in the key hole by rotating the
mechanical key inserted into the key hole. The electric
motorcycle 1 further includes a motion inhibiting device
for inhibiting the motion of the vehicle body. In the present
embodiment, as the motion inhibiting device, the electric
motorcycle 1 includes a lock bar (not shown) for locking
the handle 8 in response to the operation of the cylinder
lock 805. The lock bar may lock the handle by a force
applied by the mechanical key itself, or may be actuated
by an actuator to lock the handle.
[0060] The cylinder lock 805 has four operation (ma-
nipulation) positions, which are the driving position (ON
in Fig. 4), the power supply stop position (OFF in Fig. 4),
the motion inhibiting position (LOCK in Fig. 4), and the
charging position (CHG in Fig. 4), among which the key
hole is movable. The power supply stop position is
present in the middle of a course of shifting from one of
the driving position and the charging position to the other.
The rider can select any one of the four operation posi-
tions by rotating the mechanical key. In accordance with
this configuration, the power supply stop position at which
the low-voltage relay 101 is opened is placed between
the driving position and the charging position, in an op-
eration route of the input device operated by the rider.
This allows the main controller 100 to be reset stably in
a physical sense when switching between the first con-
nection state and the second connection state is per-
formed.
[0061] The mechanical key can be inserted into and
disengaged from the key hole corresponding to any one
of the power supply stop position, the motion inhibiting
position, and the charging position. The mechanical key
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inserted into the key hole corresponding to the driving
position is inhibited from being disengaged therefrom.
When the mechanical key is in the motion inhibiting po-
sition or the charging position, the lock bar operates to
lock the handle. Or, the mechanical key may be inhibited
from being moved to the motion inhibiting position or the
charging position unless the handle is rotated to the po-
sition at which the handle is locked. Likewise, since the
charging position is placed separately from the power
supply stop position, the charging control is carried out
in the power supply stop state. This can eliminate a need
to stand- by because of a possibility of charging at the
power supply stop position and the motion inhibiting po-
sition, and hence a need for a stand-by or determination
program or a sensor used for stand-by or determination.
Furthermore, since the cylinder lock is placed in the vi-
cinity of the meters so that the rider riding in the electric
motorcycle 1 can see the cylinder lock, the rider can know
the state without displaying the driving permission state
or the charging permission state on the monitor. Since
the rider must perform the key operation to select the
mode, the rider is easily aware of the mode selection.
[0062] In the power supply stop position (OFF), the mo-
tion inhibiting position (LOCK), and the charging position
(CHG), the driving relays 35 to 37 are maintained at an
open state, and therefore frequent activation of the relays
is prevented. In the same manner, in the power supply
stop position (OFF) and the motion inhibiting position
(LOCK), the relay 101 is maintained at an open state,
and therefore frequent activation of the relay is prevent-
ed. In the same manner, in the driving position (ON), the
power supply stop position (OFF), and the motion inhib-
iting position (LOCK), the charging relays 51, 52 are
maintained at an open state. Since the states of the relays
continue, a degradation of the relays due to frequent
switching can be suppressed. In the LOCK position and
the CHG position, the handle lock state is maintained.
Therefore, the operation for rotating the handle is omitted
when the mechanical key is rotated from the LOCK po-
sition to the CHG position. The mechanical key is inserted
into the key hole in the LOCK position and is easily rotated
to the CHG position. Since the rider provides a mode
selection command by rotating an operation member,
specifically, the key hole, a size of a mode selecting op-
eration means does not increase even when there are
three or more operation positions. Since the mode se-
lecting operation means is implemented by the cylinder
lock, manufacturing cost can be reduced as compared
to a case where an extra component is added.
[0063] In the power supply stop position, the mechan-
ical key can be disengaged from the key hole of the cyl-
inder lock 805. In the motion inhibiting position, the lock
bar operates in response to the operation of the cylinder
lock 805 to inhibit the motion of the vehicle body, and the
mechanical key can be disengaged from the key hole of
the cylinder lock 805. In this case, the cylinder lock 805
inhibits the rotation of the key hole in a state in which the
mechanical key is disengaged from the key hole.

[0064] In the charging position, like the motion inhibit-
ing position, the lock bar operates to inhibit the motion
of the vehicle body and the mechanical key can be dis-
engaged from the key hole of the cylinder lock 805. This
allows the user to lock the handle 8 of the electric motor-
cycle 1 and possession of the mechanical key in the
charging mode. Therefore, a theft of the electric motor-
cycle 1 can be prevented during a charging work.
[0065] Next, the circuit state corresponding to each op-
eration position of the cylinder lock 805 will be described
with reference to Figs. 3 and 4. In the driving position
(ON), the relay 101 is closed via the main switch 102.
Thereby, the electric power is supplied from the low-volt-
age battery 43 to the main controller 100, and a main
system is activated. In the main system, the discharging
control mode is executed. The main controller 100 enters
the first connection state in which the battery unit 60 is
connected to the electric motor 5. In this way, the electric
motorcycle 1 is controlled to be able to drive. At this time,
the charging relays 51, 52 are disconnected to disenable
the electric motorcycle 1 to be charged with the electric
power from the outside electric power supply.
[0066] In the power supply stop position (OFF), the re-
lay 101 is opened via the main switch 102. Thereby, the
electric power supply to the main controller 100 is
stopped and the main system is shut-down. In this state,
the electric motorcycle 1 is disenabled to drive and be
charged with the electric power.
[0067] In the motion inhibiting position (LOCK), the re-
lay 101 is in an open state via the main switch 102. The
electric power supply to the main controller 100 is cut-off
and the main system is shut-down. In this state, the driv-
ing relays 35 to 37 are disconnected, and the electric
motorcycle 1 is disenabled to drive and be charged with
the electric power.
[0068] In the charging position (P), the relay 101 is
closed via the main switch 102. Thereby, the electric pow-
er is supplied from the low-voltage battery 43 to the main
controller 100, and the main system is activated. In the
main system, the charging control mode is executed. The
main controller 100 enters the second connection state
in which the battery unit 60 is connected to the charging
connector 49. In this way, the electric motorcycle 1 is
enabled to be charged with electric power. At this time,
the electric motorcycle 1 is disenabled to drive.
[0069] In the above described configuration, when the
mechanical key is in the driving position (ON), the electric
motorcycle 1 is permitted to drive but is disenabled to be
charged with the electric power, while when the mechan-
ical key is in the charging position (P), the electric mo-
torcycle 1 is permitted to be charged with the electric
power but is disenabled to drive. Therefore, the rider can-
not switch the control mode between the driving opera-
tion mode and the charging operation mode unless the
rider moves the mechanical key intentionally. This allows
the user to know the present permission mode. In addi-
tion, it becomes possible to prevent a situation in which
the electric motorcycle 1 drives under the charging state
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and charging is carried out under the driving state without
the rider’s operation.
[0070] Next, the operation of the main controller 100
which is performed when the main system is activated
will be described with reference to the flowchart of Fig.
5. Initially, in the initial state, the main system is in a shut-
down state. Then, the rider inserts the mechanical key
in the key hole and rotates the key hole to the ON position
or to the CHG position, and thereby the power supply of
the system is turned ON (S1). Then, the main system is
activated (S2). The main controller 100 determines which
of the operation positions the mechanical key is in (S3).
When the main controller 100 determines that the key
hole is in the ON position and the mechanical key is in
the driving position, it reads the discharging control pro-
gram from the memory within the main controller 100 and
shifts to the discharging control mode.
[0071] In the discharging control mode, the main con-
troller 100 initiates the initial operation such as a self-
diagnostic sequence and enters the first connection state
(S5). Specifically, the main controller 100 causes the bat-
tery unit 60 and the electric motor 5 to be electrically
connected to each other. In other words, the main con-
troller 100 causes the driving relays 35 to 37 to be closed.
On other hand, the main controller 100 causes the battery
unit 60 and the charging connector to be electrically dis-
connected from each other. In other words, the main con-
troller 100 causes the driving relays 35 to 37 to be
opened.
[0072] On the other hand, when the main controller
100 determines that the key hole is in the CHG position
and the mechanical key is in the charging position, it
reads the charging control program from the memory
within the main controller 100 and shifts to the charging
control mode (S6). In the charging control mode, the main
controller 100 executes the program stored in the mem-
ory of the main controller 100, performs the reset oper-
ation, and enters the second connection state. That is,
the main controller 100 causes the battery unit 60 and
the electric motor 5 to be electrically disconnected from
each other. Specifically, the main controller 100 causes
the driving relays 35 to 37 to be opened. In contrast, the
main controller 100 causes the battery unit 60 and the
charging connector to be electrically connected to each
other. Specifically, the main controller 100 causes the
charging relays 51 and 52 to be closed. Thus, in the state
in which the charging connector 49 is electrically con-
nected to the outside electric power supply 90 as a result
of the rider’s operation, the electric power can be supplied
from the outside electric power supply 90 to the battery
unit 60 via the charging connector 49. In this way, the
battery unit 60 can be charged.
[0073] In the charging control mode, the main control-
ler 100 determines whether or not the user’s specified
charging initiation operation has completed. Specifically,
if the main controller 100 determines that the user’s spec-
ified charging initiation operation has failed, it provides
an alarm. Preferably, the alarm is provided by using an

output device (head light, direction indicator, brake lamp,
gauge display, horn, etc.) for use in driving of the electric
motorcycle. This can reduce the number of components.
Preferably, by using the device other than the gauge dis-
play, the rider can know that the user’s specified charging
initiation operation has failed even when the rider is away
from the vehicle body. The instance of such a charging
failure refers to a case where the rider intends to carry
out charging but forgets to do some operation, for exam-
ple, a case where the electric power is not supplied from
outside even though the charging connector is connect-
ed, a case where the key is in the driving position even
though the charging connector is connected, or a case
where the charging connector is not connected even
though the key is rotated to the charging position. In these
cases, the alarm is provided. The alarm is preferably
ceased after a passage of a predetermined time. Fur-
thermore, the content of the operation mistake may be
displayed on the monitor so that the rider can easily re-
solve the mistake. Or, information indicating that the
charging is initiated correctly may be output to notify the
rider of this information.
[0074] In many cases, after the charging is initiated,
the rider moves away from the vehicle body. In the case
of occurrence of the operation mistake, the rider does
not easily realize that the operation mistake has oc-
curred. If the rider does not realize that the operation
mistake has occurred, time is wasted due to the charging
failure. Since the information indicating whether the user’
charging initiation operation has been performed correct-
ly or failed is output to notify the rider as described above,
the rider can know whether the user’s charging initiation
operation has been performed correctly or failed when
the charging is initiated. This can prevent a situation in
which the rider is away from the vehicle body even though
the user’s charging initiation operation has failed.
[0075] Next, the operation of the main controller 100,
which is performed when the discharging control mode
is switched to the charging control mode, will be de-
scribed with reference to the flowchart of Fig. 6. In this
case, the rider’s key operation is performed such that the
key hole is moved from the driving position to the charging
position by way of the power supply stop position.
[0076] When the mechanical key is in the driving po-
sition, the main system is in the above stated discharging
control mode (S5), and the relay 101 connected to the
main controller 100 is closed. The electric power is sup-
plied from the low-voltage battery 43 to the main control-
ler 100. The main system is operating.
[0077] When the mechanical key is moved to the power
supply stop position, the main switch 102 is turned OFF.
The relay 101 connected to the main controller 100 is
opened. The electric power supply from the low-voltage
battery 43 to the main controller 100 is cut -off. The main
system is shut-down.
[0078] When the mechanical key is moved to the
charging position, the main switch 102 is turned ON, and
the relay 101 connected to the main controller 100 is
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closed. The electric power supply from the low-voltage
battery 43 to the main controller 100 is initiated. The sys-
tem is reactivated. Thereafter, the discharging control
mode shifts to the charging control mode (S6).
[0079] Next, the operation of the main controller 100,
which is performed when the charging control mode is
switched to the discharging control mode, will be de-
scribed with reference to the flowchart of Fig. 6. In this
case, the rider’s key operation is performed such that the
key hole is moved from the charging position to the driving
position by way of the power supply stop position.
[0080] When the mechanical key is in the charging po-
sition, the main system is in the above stated discharging
control mode (S6), and the relay 101 connected to the
main controller 100 is closed. The electric power is sup-
plied from the low-voltage battery 43 to the main control-
ler 100. The main system is operating.
[0081] When the mechanical key is moved to the power
supply stop position, the main switch 102 is turned OFF.
The relay 101 connected to the main controller 100 is
opened. The electric power supply from the low-voltage
battery 43 to the main controller 100 is cut -off. The main
system is shut-down.
[0082] When the mechanical key is moved to the driv-
ing position, the main switch 102 is turned ON, and the
relay 101 connected to the main controller 100 is closed.
The electric power supply from the low-voltage battery
43 to the main controller 100 is initiated. The system is
reactivated. Thereafter, the charging control mode shifts
to the discharging control mode (S5).
[0083] As should be appreciated from the above, in a
case where one of the discharging control mode and the
charging control mode is switched to the other, the reset
operation of the main controller 100 is performed before
the control mode is shifted to the other control mode. This
makes it possible to reset (reactivate) the main controller
100 in the middle of the switching of the control mode,
and improve control stability.
[0084] In addition, since the electric power supply is
resumed after the electric power supply to the main con-
troller 100 is cut -off, the main controller 100 is reactivated
to perform the reset operation, and performs the other
control mode after the reset operation takes place. This
makes it possible to perform the reset operation more
surely than in a case where the reset operation takes
place in software in the main system.

(Embodiment 2)

[0085] In Embodiment 1 of the present invention, the
reset operation of the main controller 100 which is per-
formed by resuming supplying of the electric power after
the electric power supply to the main controller 100 is cut
-off, is carried out by the rider’s manual operation. In con-
trast, in Embodiment 2 of the present invention, the main
controller 100 automatically performs the above stated
reset operation. Hereinafter, differences from Embodi-
ment 1 will be mainly described.

[0086] The present embodiment has basically the
same configuration as that of Embodiment 1 of Fig. 3.
As shown in Fig. 3, the main controller 100 includes there-
in a control section for performing control such that the
relay 101 for opening and closing the power supply path
connected to the main controller 100 is opened when the
main controller 100 switches one of the first connection
state and the second connection state to the other con-
nection state. This eliminates a need for the rider’s man-
ual operation for commanding the relay 101 to open. In
the present embodiment, it is supposed that, for example,
the state sensor 104 has a function of detecting whether
the charging connector 49 is connected or disconnected
(fitted or disengaged), and the main controller 100 per-
forms an activation process regarding one of the connec-
tion states based on the information detected by the state
sensor 104. Specifically, when the main controller 100
determines that the charging connector 49 is connected,
it determines that the connection state is shifted to the
second connection state, and performs charging control
after the reset operation of the electric power supply takes
place. On the other hand, when the main controller 100
determines that the charging connector 49 is disconnect-
ed, it determines that the connection state is shifted to
the first connection state, and performs charging control
after the reset operation of the electric power supply takes
place. Although in the present embodiment, the control
section is placed within the main controller 100, it may
be placed outside the main controller 100.
[0087] Or, when the main controller 100 determines
that the position of the mechanical key is switched be-
tween the driving position and the charging position in
the cylinder lock, it may perform the reset operation of
the electric power supply irrespective of the operation of
the main switch. In this case, the reset operation of the
electric power supply may be performed even when the
CHG position and the ON position are not placed at both
sides of the OFF position. When a predetermined time
passes after one of the driving position and the charging
position is switched to the other, the electric power supply
is cut-off for a specified time by opening the relay. Since
the main controller 100 determines that a predetermined
time passes and cuts-off the electric power supply for a
specified time, it becomes possible to prevent the relay
from being activated frequently due to an incorrect oper-
ation.
[0088] Regarding the reset operation, the electric pow-
er supply to a motor ECU and to a battery ECU may be
cut -off as well as the main controller 100. This allows
the motor ECU and to the battery ECU to stably operate.
[0089] Or, a reset switch (corresponding to a kill switch
in a gasoline-powered vehicle) which is operated to reset
the electric power supply to the main controller may be
provided at a position at which the rider riding in the elec-
tric motorcycle can operate the reset switch, for example,
in the vicinity of the handle. When there is an abnormality
in the system, the kill switch may be operated to restore
the operation. Or, even when the rider performs the reset
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operation of the electric power supply in the middle of
the rider’s manual switching between the driving mode
and the charging mode, the same advantages can be
achieved. The reset switch may be configured to disen-
able the reset operation of the electric power supply dur-
ing driving of the electric motorcycle and enable the reset
operation of the electric power supply during stop of the
electric motorcycle.
[0090] The switch operated to provide a driving per-
mission command is placed at a position at which the
rider riding the electric motorcycle in a steering position
can operate the switch. Thereby, in a state in which the
rider is in the steering position, the electric motorcycle is
permitted to drive. Or, the switch operated to provide a
charging permission command is placed at a position at
which the rider in the steering position cannot reach.
Thereby, shifting to the charging permission state can
take place in a state in which the rider gets off the electric
motorcycle. Thus, the switch operated to provide the driv-
ing permission command and the switch operated to pro-
vide the charging permission command may be distant
from each other.
[0091] Although in the present embodiment, in the
state in which the control section opens the relay 101,
the electric power supply to the volatile memory within
the main controller 100 is cut -off, the electric power used
to control the relay 101 is stored in a capacitor within the
main controller 100. In this configuration, when the main
controller 100 performs switching between the discharg-
ing control mode and the charging control mode, it opens
the relay 101 for itself such that the volatile memory within
the main controller 100 is reset, and can close the relay
101 with the electric power thereafter (e.g., after a pas-
sage of a short time (to be precise, after passage of 50
msec)).
[0092] Although in the above described embodiments,
the main controller 100 as the control device is configured
to perform both of the charging control and the discharg-
ing control, the present invention is not limited to this.
The main controller 100 may be composed of a plurality
of controllers which cooperate with each other to perform
distributed control.
[0093] Although in the above described embodiments,
the reset operation of the electric power supply is per-
formed in both of the switching from the discharging mode
to the charging mode and the switching from the charging
mode to the discharging mode, the present invention is
not limited to this. Alternatively, the reset operation of the
electric power supply may be performed in either one of
the switching from the discharging mode to the charging
mode and the switching from the charging mode to the
discharging mode. Since the reset operation of the elec-
tric power supply is performed in either one of the switch-
ing from the discharging mode to the charging mode and
the switching from the charging mode to the discharging
mode, a memory capacity of the RAM in the system can
be reduced by utilizing a common storage area during
the discharging and the charging.

[0094] Although in the above described embodiments,
the relay 101 is opened manually by the rider or auto-
matically by the main controller, the present invention is
not limited to this. For example, the switch may be me-
chanically biased to be closed and may be opened by
the electric power supplied from the main controller. In
this configuration, when the main controller performs
switching between the discharging mode and the charg-
ing mode, it opens the switch on the power supply path
connected to the main controller, and thereafter the
switch can be closed by a mechanical biasing force in a
state in which the electric power supply to the switch is
cut -off.
[0095] Although in the above described embodiments,
the main controller 100 determines that the charging in-
itiation operation is completed correctly when the user’s
specified operation is completed, and causes the output
device 900 to notify or display a result of the determina-
tion, it may determine that the charging initiation opera-
tion is not completed correctly when a state in which some
of plural operations are not completed yet continues for
a predetermined time or longer. In this configuration, it
becomes possible to accurately detect the state in which
the charging initiation operation has actually failed even
though the user believes that the charging initiation op-
eration has been completed, and notify or display this.
[0096] Although in the above described embodiments,
the command of the open operation of the switch for
opening and closing the power supply path connected to
the main controller is input by using the cylinder lock as
the input device, the present invention is not limited to
this. For example, switching between the discharging
mode and the charging mode may be performed by using
a switch button, or a toggle switch, and a system electric
power supply may be turned OFF within the system.
[0097] The operation positions of the key hole are not
limited to those of Fig. 4 so long as the charging position
is set different from the driving position. Preferably, the
charging permission command is provided by using the
same operation member as that for providing the driving
permission command so that the rider is easily aware of
switching of the mode.
[0098] Or, a common position may be used as the
LOCK position and the CHG position. This can simplify
the structure. The LOCK position and the CHG position
may be reversed. The LOCK position or the CHG posi-
tion, which is used more frequently, may be placed in the
end portion of the cylinder lock in a rotational direction.
This is more convenient because the key can be inserted
and disengaged in a state in which the key hole is rotated
to a rotation stop position in the mode frequently used.
[0099] The LOCK position and the CHG position may
be placed at both sides of the ON position. Since the
LOCK position and the CHG position are away from each
other, the operation for moving to the LOCK position and
the operation for moving to the CHG position can be
made different from each other, and the rider easily re-
alizes the difference. Likewise, the LOCK position and
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the CHG position may be placed at both sides of the OFF
position. The motion may not be inhibited when the me-
chanical key is in the CHG position. In this case, the ve-
hicle body can easily approach a charging area. Other
key hole position such as ACC (accessory power supply)
position or a hazard blinking position may be set. Or, a
common position may be used as the ACC position and
the CHG position. This can reduce the key hole positions.
Or, the motion of the vehicle body may be inhibited by
means other than the handle lock, for example, by inhib-
iting the rotation of the wheel.
[0100] Although the display unit displays the image of
the driving permission or the charging permission, the
present invention is not limited to this. For example, since
it is determined whether the present state is the driving
permission state or the charging permission state accord-
ing to the motion of the mechanical key (operation mem-
ber), the mechanical key itself may be the display unit.
[0101] Or, an operation member which is different from
the cylinder lock may provide a command for switching
the mode. In this case, also, the operation for switching
between the driving permission state and the charging
permission state is required. This may be performed us-
ing a seesaw switch, a switch that linearly moves a tab,
or a switch that axially inserts and disengages a tab. In
this way, as the operation member for switching between
the driving permission state and the charging permission
state, two switches, which are a charging permission
switch used for permitting charging and inhibiting driving
and a driving permission switch for permitting driving and
inhibiting charging may be provided.
[0102] Or, one switch may be used for switching of the
mode. In the case of using one switch, every time the
switch is operated, the charging permission mode or the
driving permission mode may be alternately selected. In
this case, preferably, a display unit which displays the
charging permission mode or the driving permission
mode which is selected, is provided separately from the
switch. This allows the rider to easily realize the present
mode.
[0103] In the case of switching of the mode using the
input device in which the driving position and the charging
position are different, the reset operation of the electric
power supply performed by operating the relay 101 may
not be performed in switching of the mode. Or, in a case
where the reset operation of the electric power supply is
performed by operating the relay 101 in switching of the
mode, an input device in which the driving position and
the charging position are the same operation position
may be used.
[0104] Numerous modifications and alternative em-
bodiments of the present invention will be apparent to
those skilled in the art in view of the foregoing description.
Accordingly, the description is to be construed as illus-
trative only, and is provided for the purpose of teaching
those skilled in the art the best mode of carrying out the
invention. The details of the structure and/or function may
be varied substantially without departing from the spirit

of the invention.

Industrial Applicability

[0105] The present invention is useful in stably control-
ling switching between a charging mode and a discharg-
ing mode in an electric vehicle.

Reference Character List

[0106]

1 electric motorcycle
2 front wheel
3 rear wheel
4 vehicle body frame
5 electric motor
6 front fork
7 steering shaft
8 handle
11 head pipe
12 main frame
13 down frame
14 pivot frame
15 swing arm
16 seat frame
17 driving power transmission mechanism
18 motor case
19 inverter case
20 inverter
43 low-voltage battery
44 low-voltage electric wire
45 DC/DC converter
48 DC/DC converter relay
49 charging connector
491 charging wire
492 communication wire
51 P-side charging relay
52 N-side charging relay
60 battery unit
61 battery module
62 battery cell
63 module casing
64 battery frame
70 battery controller
80 battery case
90 outside electric power supply
100 main controller
101 low-voltage relay (opening and closing power

supply path)
102 main switch
103 throttle grip
110 auxiliary unit
800 input device
801 meter panel
802 speed meter
803 speed indicator (tachometer)
804 mechanical key
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805 cylinder lock
900 output device
901 display light
902 monitor
903 speaker

Claims

1. An electric vehicle comprising:

an electric motor for generating driving power
for moving a vehicle body of the electric vehicle;
a battery for supplying electric power to the elec-
tric motor;
an outside electric power supply connection unit
connected to an outside electric power supply
for supplying the electric power to be charged;
a control device for controlling switching be-
tween a first connection state in which the bat-
tery is connected to the electric motor and a sec-
ond connection state in which the battery is con-
nected to the outside electric power supply con-
nection unit; and
a switch for opening and closing a power supply
path connected to the control device;
wherein the switch opens the power supply path
to cut -off electric power supply to the control
device for a specified time, when the control de-
vice switches one of the first connection state
and the second connection state to the other
connection state.

2. The electric vehicle according to claim 1, comprising:

an input device which is operated by a user to
command the control device to perform switch-
ing between the first connection state and the
second connection state.

3. The electric vehicle according to claim 1 or 2, com-
prising:

a state detector for detecting a state of the elec-
tric vehicle;
wherein the control device performs an activa-
tion process based on information detected by
the state detector after the electric power supply
to the control device is initiated.

4. The electric vehicle according to claim 2,
wherein the input device has a first operation position
at which the battery is placed in the first connection
state and the switch is closed, a second operation
position at which the battery is placed in the second
connection state and the switch is closed, and a third
operation position at which the switch is opened; and
wherein the third operation position is placed in the

middle of a course of an operation for switching one
of the first operation position and the second oper-
ation position to the other operation position.

5. The electric vehicle according to any one of claims
1 to 3,
wherein the control device includes a switch control
section for performing control such that the switch is
opened, when the control device switches one of the
first connection state and the second connection
state to the other connection state.

6. The electric vehicle according to claim 5,
wherein in a state in which the switch control section
opens the switch, electric power supply to a volatile
memory within the control device is cut- off, and the
switch is controlled with the electric power.

7. The electric vehicle according to any one of claims
1 to 5, wherein
wherein the control device includes an inverter which
supplies the electric power to the electric motor to
generate the driving power and controls an operation
of the electric motor, and a main controller which
outputs a control signal to the inverter based on a
signal received from an accelerator sensor; and
wherein the switch is placed on the power supply
path connected to the main controller.

8. A method of operating a control device in an electric
vehicle, including a discharging control mode in
which electric power is supplied from a battery incor-
porated in the electric vehicle to an electric motor for
driving the electric vehicle, to generate driving power
for moving a vehicle body, and a charging control
mode in which the electric power supplied from an
outside electric power supply is charged into the bat-
tery, the method comprising:

when one of the discharging control mode and
the charging control mode is switched to the oth-
er control mode,
performing a reset operation of the control de-
vice, in the middle of shifting one of the discharg-
ing control mode and the charging control mode
to the other control mode.

9. The method of operating the control device in the
electric vehicle, according to claim 8,
wherein the reset operation is such that electric pow-
er supply to the control device is resumed to reacti-
vate the control device after the electric power supply
to the control device is cut -off; and
wherein the control device is caused to perform the
other of the discharging control mode and the charg-
ing control mode, after the reset operation is per-
formed.
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