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Description

Cross-Reference to Related Application

[0001] The present application claims priority from
Japanese Patent Application No. 2009-230761 filed on
October 2, 2009.

Field of the Invention

[0002] The present invention relates to a motorcycle
including an electric motor braking system configured to
perform an anti-lock operation, etc.

Description of the Related Art

[0003] An electric motor braking system configured to
electrically control a brake and to assist braking in an
automobile is known. Japanese Laid-Open Patent Appli-
cation Publications Nos. 2005-280569 and 2000-62589
disclose electric motor braking systems for ensuring a
braking force even when a voltage of a battery is low. To
be specific, Publication No. 2005-280569 discloses that
a timing at which the electric motor braking system is
activated is set earlier to ensure a braking force under a
low-voltage condition. Publication No. 2000-62589 dis-
closes that a braking force is not changed in a range
where a change in an extent to which the brake is applied
is less, to ensure a braking force under a low-voltage
condition. Recently, motorcycles have been developed
to include an anti-lock braking system configured to per-
form an anti-lock operation.
[0004] Figs. 7A and 7B are views showing a change
in a battery voltage during an anti-lock operation. Fig. 7A
shows that the battery voltage is in a normal state, while
Fig. 7B shows that the battery voltage is in a low-voltage
state. As shown in Figs. 7A and 7B, at time tl, the anti-
lock operation starts. As shown, a more inrush current
flows when the anti-lock operation is starting than when
the anti-lock operation is going on, and therefore, a higher
voltage (minimum braking voltage VB required for the
anti-lock operation) is required, at the start of the anti-
lock operation. That is, as shown in Fig. 7A, a battery
voltage drastically drops for a moment at the start of the
anti-lock operation. Therefore, as can be seen from Fig.
7B, the minimum braking voltage VB required for the anti-
lock operation cannot be sometimes ensured in situa-
tions where a voltage V of the battery is low due to de-
terioration of the battery, electric power consumption by
other electric components, etc.
[0005] This problem remains unsolved in Publication
Nos. 2005-280569 and 2000-62589, because the inven-
tion is made based on assumption that the minimum brak-
ing voltage VB required for the anti-lock operation can
be ensured.
[0006] WO 03/016097 A1 discloses a method for the
stabilization of voltage in a power supply system, espe-
cially in a vehicle electrical distribution system, which is

fed by a battery and a generator. When the battery is
weak or completely empty, the connection of a new user
can lead to a voltage dip in the system. In order to prevent
said voltage dip, a momentarily unused auxiliary con-
sumer is connected. If a new consumer is connected, the
auxiliary connected consumer is automatically discon-
nected and the surplus power is re-directed to the new
consumer.

Summary of the Invention

[0007] The present invention addresses the above
conditions, and an object of the present invention is to
provide a motorcycle which is capable of increasing a
period during which an electric motor braking system is
operative even under a state where a voltage of an elec-
tricity accumulator such as a battery is low.
[0008] According to a first aspect of the present inven-
tion, there is provided a motorcycle comprising: an elec-
tricity accumulator configured to supply electric power to
driving devices required for driving of the motorcycle and
to non-driving devices; a voltage detector configured to
detect a voltage of the electricity accumulator; and a pow-
er supply controller configured to control supply of the
electric power; the non-driving devices including electric
motor devices in an electric motor braking system con-
figured to be electrically driven to assist braking and non-
driving electric motor devices other than the electric mo-
tor devices in the electric motor braking system; and the
power supply controller being configured to inhibit the
electric power from being supplied to at least one spec-
ified non-driving electric motor device of the non-driving
electric motor devices, when the voltage of the electricity
accumulator which is detected by the voltage detector is
not more than a first predetermined voltage.
[0009] In accordance with such a configuration, since
the supply of the electric power to the specified non-driv-
ing electric motor device other than the electric motor
braking system, which is not directly related to driving of
the motorcycle, is inhibited when the voltage of the elec-
tricity accumulator is low, it is possible to increase a pe-
riod during which the electric motor braking system is
operative.
[0010] The electric motor braking system according to
the first aspect of the present invention further includes
an anti-lock operation unit configured to repeatedly
switch between a braking state and a non-braking state;
and a combined braking unit configured to, when a brak-
ing force is applied to one of front and rear wheels, apply
the braking force to the other of the front and rear wheels.
The power supply controller is configured to restrict an
operation of the combined braking unit while maintaining
an operation of the anti-lock operation unit, when the volt-
age of the electricity accumulator which is detected by
the voltage detector is not more than a second predeter-
mined voltage.
[0011] In accordance with such a configuration, since
the operation of the combined braking unit in the electric

1 2 



EP 2 305 525 B1

3

5

10

15

20

25

30

35

40

45

50

55

motor braking system is restricted while maintaining the
operation of the anti-lock operation unit when the voltage
of the electricity accumulator is low, the anti-lock opera-
tion can ensure its operating voltage and operate for a
longer time.
[0012] The first voltage may be not less than the sec-
ond voltage.
[0013] In this case, when the voltage of the electricity
accumulator is not more than the first voltage, supply of
the electric power to at least one specified non-driving
electric motor device is inhibited, and when the voltage
of the electricity accumulator is not more than the second
voltage, which is not more than the first voltage, the op-
eration of the combined braking unit is restricted. That
is, if the electric motor braking system can ensure its
operating voltage merely by inhibiting the supply of the
electric power to the specified non-driving electric motor
device, the operation of the combined braking unit is per-
formed without restriction, thereby effectively assisting
driving of the motorcycle.
[0014] The electric motor braking system may have a
normal-voltage mode and a low-voltage mode in which
the electric motor braking system is operative at a lower
voltage than in the normal-voltage mode; and the power
supply controller may be configured to switch the electric
motor braking system from the normal-voltage mode to
the low-voltage mode when the voltage of the electricity
accumulator, which is detected by the voltage detector,
is not more than a third voltage which is not more than
the first voltage.
[0015] By causing the electric motor braking system to
switch to the low-voltage mode in which the electric motor
braking system is operative at a lower voltage than in the
normal-voltage mode even when the voltage of the elec-
tric accumulator decreases to a lower voltage, the electric
motor braking system can be operative.
[0016] The electric motor braking system may include
an anti-lock operation unit configured to repeatedly
switch between a braking state and a non-braking state;
and a combined braking unit configured to when a braking
force is applied to one of the front and rear wheels, apply
the braking force to the other of the front and rear wheels.
The anti-lock operation unit may have a normal-voltage
mode and a low-voltage mode in which the electric motor
braking system is operative at a lower voltage than in the
normal-voltage mode. The power supply controller may
be configured to restrict an operation of the combined
braking unit when the voltage of the electricity accumu-
lator, which is detected by the voltage detector, is not
more than a second predetermined voltage, and cause
the anti-lock operation unit to switch from the normal-
voltage mode to the low-voltage mode when the voltage
of the electricity accumulator which is detected by the
voltage detector is not more than a third voltage which
is not more than the second voltage.
[0017] In this case, when the voltage of the electricity
accumulator is not more than the second voltage, the
operation of the combined braking unit is restricted, and

when the voltage of the electricity accumulator is not
more than the third voltage, which is not more than the
second voltage, the anti-lock operation unit is switched
from the normal-voltage mode to the low-voltage mode.
Since the operation of the combined braking unit is re-
stricted in a stepwise manner and the mode of the anti-
lock operation unit is changed in a stepwise manner, the
electric motor braking system can assist driving of the
motorcycle more effectively.
[0018] The anti-lock operation unit may be configured
to continue the low-voltage mode from when the anti-lock
operation unit has transitioned to the low-voltage mode
until an ignition switch is turned OFF.
[0019] In accordance with such a configuration, once
the anti-lock operation unit has transitioned to the low-
voltage mode, the low-voltage mode continues until the
ignition switch is turned OFF even if the voltage of the
electricity accumulator is restored to a voltage higher
than the second voltage. If the anti-lock operation unit is
operated in the normal-voltage mode in situations where
the electricity accumulator is possibly deteriorated and
insufficiently charged, a drastic voltage drop of the elec-
tricity accumulator may be induced. Once the voltage of
the electricity accumulator has reached the second volt-
age or less, a drastic voltage drop can be prevented and
the period during which the motorcycle can drive can be
increased by maintaining the low-voltage mode.
[0020] The motorcycle may further comprise a display
device configured to perform a display operation to inform
a driver that the anti-lock operation unit is in the low-
voltage mode.
[0021] In accordance with such a configuration, the dis-
play device performs a display operation to indicate that
the anti-lock operation unit is in the low-voltage mode to
inform the driver that the anti-lock operation unit has tran-
sitioned to the low-voltage mode. In addition, once the
anti-lock operation unit has transitioned to the low-volt-
age mode, the display device continues to perform the
display operation until the ignition switch is turned OFF
even if the voltage of the electricity accumulator is re-
stored to a value which is not less than the second volt-
age. This enables the driver to notice that the electricity
accumulator is possibly deteriorated or insufficiently
charged.
[0022] According to another aspect of the present in-
vention, there is provided a method of controlling a mo-
torcycle including an electric motor braking system con-
figured to be electrically driven to assist driving of the
motorcycle, and an electricity accumulator configured to
supply electric power to the electric motor braking sys-
tem; the electric motor braking system including an anti-
lock operation unit configured to repeatedly switch be-
tween a braking state and a non-braking state; and a
combined braking unit configured to, when a braking
force is applied to one of front and rear wheels, apply the
braking force to the other of the front and rear rear wheels,
the method comprising: detecting a voltage of the elec-
tricity accumulator, and restricting an operation of the
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combined braking unit while maintaining an operation of
the anti-lock operation unit, when the voltage of the elec-
tricity accumulator is not more than a predetermined volt-
age.
[0023] In accordance with such a configuration, since
the operation of the combined braking unit in the electric
motor braking system is inhibited when the voltage of the
electricity accumulator is low, the anti-lock operation unit
can ensure its operating voltage and operate for a longer
time.
[0024] The above and further objects and features of
the invention will more fully be apparent from the following
detailed description with reference to accompanying
drawings.

Brief Description of the Drawings

[0025]

Fig. 1 is a right side view showing a motorcycle ac-
cording to an embodiment of the present invention.
Fig. 2 is a block diagram showing a configuration of
a control system built into the motorcycle of Fig. 1.
Fig. 3 is a view showing a hydraulic system of an
electric motor braking system according to the em-
bodiment.
Fig. 4 is a view showing transition between electric
power supply statues, between modes, and between
operations.
Fig. 5 is a flowchart showing electric power supply
control in an engine ECU according to the embodi-
ment.
Fig. 6 is a flowchart showing electric power supply
control in ECU for electric motor braking according
to the embodiment.
Fig. 7 is a view showing a change in a battery voltage
during an anti-lock operation.

Detailed Description of the Embodiment

[0026] Hereinafter, an embodiment of the present in-
vention will be described with reference to the drawings.
Throughout the drawings, the same or corresponding
constituents are designated by the same reference char-
acters, and will not be described repetitively. The stated
directions are referenced from the perspective of a driver
straddling a motorcycle, unless otherwise explicitly not-
ed.
[0027] Fig. 1 is a right side view showing a motorcycle
according to an embodiment of the present invention.
Referring to Fig. 1, the motorcycle 1 includes a front
wheel 2 and a rear wheel 3 which roll on a road. The rear
wheel 3 is a drive wheel and the front wheel 2 is a driven
wheel. The front wheel 2 is rotatably mounted to the lower
end portion of a front fork 4 extending substantially ver-
tically. The front fork 4 is attached to a steering shaft (not
shown) via an upper bracket (not shown) provided at an
upper end portion thereof and an under bracket (not

shown) provided under the upper bracket. The steering
shaft is rotatably supported by a head pipe 5. A bar-type
steering handle 6 extending rightward and leftward is at-
tached to the upper bracket. Front wheel brake discs 36A
are fastened to the right and left portions of the front wheel
2. A front wheel brake caliper 36B is mounted to the lower
end portion of the front fork 4. The front wheel brake discs
36A and the front wheel brake caliper 36B constitute a
front wheel brake 36 (see Fig. 2). A piston (not shown)
of the front wheel brake caliper 36B is pressed against
the front wheel brake discs 36A by an oil pressure, there-
by generating a braking force.
[0028] A throttle grip 7 is provided at a portion of the
steering handle 6 which is gripped by the driver’s right
hand. The throttle grip 7 is a throttle operation device
which is rotated by twisting the driver’s wrist to operate
a throttle device 16 (see Fig. 2) as described later. A
brake lever 59 is provided in front of the throttle grip 7 to
substantially activate the front wheel brake 36. A clutch
lever 8 (see Fig. 2) is provided in front of a grip provided
at a portion of the steering handle 6 which is gripped by
the driver’s left hand. The driver rotates the steering han-
dle 6 to rotate the front wheel 2 around the steering shaft
which is a rotational shaft, in a desired direction.
[0029] A pair of right and left main frame members 9
extend rearward in a downward direction from the head
pipe 5. A pair of right and left pivot frame members 10
are coupled to the rear portions of the main frame mem-
bers 9, respectively. The front end portions of swing arms
11 extending substantially in the longitudinal direction of
the motorcycle 1 are coupled to the pivot frame members
10, respectively such that each swing arm 11 is pivotable
around the front end portion. The rear wheel 3 is rotatably
mounted to the rear portion of the swing arm 11. A fuel
tank 12 is provided behind the steering handle 6. A seat
13 straddled by the driver is provided behind the fuel tank
12. A rear wheel brake disc 38A is fastened to the right
portion of the rear wheel 3. A rear wheel brake caliper
38B is mounted to the rear end portion of the swing arm
11. The rear brake disc 38A and the rear wheel brake
caliper 38B constitute a rear wheel brake 38 (see Fig. 2).
A piston (not shown) of the rear wheel brake caliper 38B
is pressed against the rear wheel brake disc 38A by an
oil pressure, thereby generating a braking force. Right
and left steps 15 are respectively provided below and at
right and left sides of the seat 13 to allow the driver’s feet
to rest thereon. A brake pedal 60 extending forward is
pivotally mounted to the right step 15. The driver depress-
es the brake pedal 60 to substantially activate the rear
wheel brake 38.
[0030] An engine E is mounted to the main frame mem-
bers 9 and the pivot frame members 10, between the
front wheel 2 and the rear wheel 3. In Fig. 1, as the engine
E, an inline four-cylinder engine is depicted. A transmis-
sion 14 (see Fig. 2) is coupled to the output shaft of the
engine E. A driving power is transmitted from the trans-
mission 14 to the rear wheel 3 via a chain (not shown).
The throttle device 16 (see Fig. 2) is disposed inward
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relative to the main frame members 9 and coupled to
intake ports (not shown) of the engine E. An air cleaner
19 (see Fig. 2) is disposed below the fuel tank 12 and
coupled to the upstream portion of the throttle device 16
in an air flow direction. The air cleaner 19 is configured
to take in outside air by utilizing a wind pressure from
forward. In an inner space below the seat 13, an engine
ECU (Electronic Control Unit) 17 which is an engine con-
troller configured to control the throttle device 16, an ig-
nition device 26 (see Fig. 2), a fuel injection device (in-
jector 31 see Fig. 2), etc, and a battery 51 which is an
electricity accumulator for supplying the electric power
to the ignition device 26, the injector 31, the engine ECU
17, etc are accommodated. The electricity accumulator
is a device for storing the electric power externally sup-
plied. The electricity accumulator is a battery which is a
secondary battery, but not limited to this, and may be,
for example, a capacitor.
[0031] Fig. 2 is a block diagram showing a configura-
tion of a control system built into the motorcycle 1 of Fig.
1. As shown in Fig. 2, the air cleaner 19 is provided at a
portion of an air-intake pipe 20 coupling an air inlet (not
shown) to the engine E. The throttle device 16 is provided
between the air cleaner 19 and the engine E. The throttle
device 16 includes a main throttle valve 21 provided in a
portion of the air-intake pipe 20, and a sub-throttle valve
22 provided in the air-intake pipe 20 in a location up-
stream of the main throttle valve 21 in the air flow direc-
tion. The main throttle valve 21 is coupled to the throttle
grip 7 via a throttle wire 23 and is configured to open and
close in association with the driver’s operation of the
throttle grip 7. The main throttle valve 21 is attached with
a throttle valve position sensor (throttle valve opening
degree sensor) 25 configured to detect the opening de-
gree of the main throttle valve 21. The main throttle valve
21 is mechanically operable in association with the throt-
tle grip 7 via the throttle wire 23. The throttle valve position
sensor 25 also serves as a throttle device operation
amount detector which is indirectly capable of detecting
the degree to which the throttle grip 7 is open.
[0032] The sub-throttle valve 22 is coupled to a valve
actuator 24 constituted by a motor controlled by the en-
gine ECU 17. The sub-throttle valve 22 is actuated by
the valve actuator 24 to open and close. The throttle de-
vice 16 is provided with the injector 31 configured to inject
a fuel to an air-intake passage connected to the air-intake
pipe 20. The engine E is provided with ignition devices
26 each of which ignites an air-fuel mixture in a corre-
sponding one of four cylinders. As described above, the
transmission 14 is coupled to the engine E and configured
to change the speed of the driving power generated in
the engine E and to transmit the resulting driving power
to the rear wheel 3.
[0033] The transmission 14 is attached with a clutch
27 configured to permit and inhibit transmission of the
driving power to the rear wheel 3. The clutch 27 is con-
figured to inhibit the driving power from being transmitted
to the rear wheel 3 when the driver grips the clutch lever

8. The clutch lever 8 is attached with a clutch switch
(clutch operation detector) 28 configured to detect wheth-
er or not the clutch lever 8 has been gripped by the driver.
The transmission 14 is attached with a gear position sen-
sor 29 configured to detect a transmission gear position.
[0034] In this embodiment, the motorcycle 1 includes
an electric motor braking system including an anti-lock
operation unit serving as an anti-lock braking system and
a combined braking unit serving as a combined braking
system. The electric motor braking system includes an
ECU 33 for electric motor braking. A front wheel vehicle
speed sensor 34 configured to detect a front wheel ve-
hicle speed from the rotation number of the front wheel
2 and a rear wheel vehicle speed sensor 35 configured
to detect a rear wheel vehicle speed from the rotation
number of the rear wheel 3 are electrically coupled to the
ECU 33. Front wheel control valves 67 and 68 used to
activate the front wheel brake 36 and rear wheel control
valves 61 and 62 used to activate the rear wheel brake
38 are electrically coupled to the ECU 33.
[0035] The ECU 33 includes an operation controller 44
serving as a controller configured to control supply of
electric power to the anti-lock operation unit and the com-
bined braking unit, and a voltage detector 52b configured
to detect a voltage of the battery 51. The voltage detector
52b is configured to detect a voltage applied to the input
terminal of the ECU 33 to which the electric power is
supplied from the battery 51 to detect the voltage of the
battery 51.
[0036] The operation controller 44 is configured to con-
trol supply of the electric power to the electric motor de-
vices based on a detection signal received from the volt-
age detector 52b and an ON/OFF signal received from
an ignition switch 53 configured to command power ON
and power OFF of the motorcycle 1. In other words, in
this embodiment, the operation controller 44 of the ECU
33 serves as the power supply controller.
[0037] The engine ECU 17 is electrically coupled to
the throttle valve position sensor 25, the clutch switch
28, the gear position sensor 29 and the engine speed
sensor 30. The engine ECU 17 includes an engine con-
troller 41, an ignition controller 42, a fuel controller 48, a
sub-throttle controller 43, a power supply controller 49
and a voltage detector 52a configured to detect the volt-
age of the battery 51. The voltage detector 52a is con-
figured to detect the voltage applied to the input terminal
of the engine ECU 17 to which the electric power is sup-
plied from the battery 51 to detect the voltage of the bat-
tery 51. The engine controller 41 is configured to calculate
values relating to engine control based on the signals
received from the sensors 25, 29, 30 and the switch 28.
The ignition controller 42 is configured to control the ig-
nition device 26 based on the value calculated in the en-
gine controller 41. The fuel controller 48 is configured to
control the injector 31 based on the value calculated in
the engine controller 41. The sub-throttle controller 43 is
configured to drive the valve actuator 24 and control the
opening degree of the sub-throttle valve 22 based on the
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value calculated in the engine controller 41. The motor-
cycle 1 includes a display device 50 positioned to enable
the driver to see the display device 50. The display device
50 is configured to perform a display operation based on
the values calculated in the engine ECU 17. The display
device 50 includes a display unit (ABS alarm light) 501
which lights up to inform the driver of a failure of the anti-
lock operation unit.
[0038] The power supply controller 49 is configured to
control supply of the electric power to the electric motor
devices based on the detection value of the voltage de-
tector 52a configured to detect the voltage of the battery
51 and an ON/OFF signal from the ignition switch 53
configured to command power ON and power OFF of the
motorcycle 1. In other words, in this embodiment, the
power supply controller 49 of the engine ECU 17 serves
as a power supply controller for controlling electric power
supply.
[0039] In this embodiment, as described above, the
voltage detectors 52a and 52b are built into the engine
ECU 17 and the ECU 33, respectively. The voltage de-
tectors 52a and 52b are configured to detect the voltage
applied to the engine ECU 17 and the voltage applied to
the ECU 33, respectively, to detect the voltage of the
battery 51. This makes it possible to detect the actual
voltage applied to the input terminal of the engine ECU
17 and the actual voltage applied to the input terminal of
the ECU 33. Therefore, the voltages used in the deter-
mination steps described later can be detected with high
accuracy. The configuration of the voltage detectors is
not limited to this so long as they are capable of detecting
the voltage of the battery 51. For example, one or a plu-
rality of voltage detectors may be provided outside each
of the engine ECU 17 and the ECU 33, or a terminal-to-
terminal voltage of the battery 51 may be directly detect-
ed.
[0040] The electric motor devices include driving de-
vices and non-driving devices. The driving devices in-
clude the ECU 17, the ECU 33, the sensors 25, 29, 30,
34, and 35 and the actuators 24, 26, and 31. In other
words, the driving devices are electric-drive devices re-
quired to drive the motorcycle 1. The driving devices also
include electric motor devices for driving the engine E
and light-up devices. The electric motor devices for driv-
ing the engine E include, for example, engine starting
devices such as the ignition switch 53, ignition-related
devices such as the ignition device, air-intake devices
such as the fuel injection device and the electric motor
throttle valves, cooling devices such as a cooling fan,
sensors used for controlling driving of the engine, and
the engine ECU 17 which is the engine controller. The
light-up devices include a head lamp for emitting light in
a forward direction, a position lamp, a tail lamp provided
at the rear portion of a vehicle body to inform a position
of the vehicle body, a stop lamp for informing that the
brake is operating, and blinkers for lighting-up to indicate
a right turn or a left turn of the vehicle body. In addition
to these, the driving devices may include meter devices

(display device 50, etc.) for informing the driver of current
states of the vehicle body of the motorcycle 1 as the ve-
hicle speed, the engine speed, the operating states of
the devices, etc.
[0041] The non-driving devices include the front wheel
control valves 67 and 68, the rear wheel control valve 61
and 62 and a braking motor 66 as described later, in the
electric motor braking system, and other non-driving
electric motor devices, such as external accessories ad-
ditionally coupled to the vehicle body via an external ac-
cessory terminal 55, a grip heater 56 for heating the grips
6 and 7, an electric motor wind shield 57 which is capable
of electrically adjusting a shield angle, audio 58, etc. That
is, the motorcycle 1 can drive in a state where the electric
power is not supplied to the non-driving devices. The
battery 51 supplies the electric power to the driving de-
vices and the non-driving devices.
[0042] Now, the electric motor braking system of this
embodiment will be described in more detail. In this em-
bodiment, the electric motor braking system is construct-
ed to include a combination of the anti-lock operation unit
and the combined braking unit. Fig. 3 is a view showing
a hydraulic system of the electric motor braking system
of this embodiment.
[0043] Referring to Fig. 3, the brake pedal 60 is pro-
vided with a rear wheel brake master cylinder 39 to in-
crease or decrease the oil pressure in a rear wheel oil
passage according to the degree to which the brake pedal
60 is depressed. The first rear wheel control valve 61 is
provided in a rear wheel main oil passage 81 connecting
the rear wheel brake master cylinder 39 to the rear wheel
brake caliper 38B of the rear wheel brake 38 and is con-
figured to open and close under control of the ECU 33.
A rear wheel depressurization oil passage 82 branches
from the rear wheel main oil passage 81 in a location
between the first rear wheel control valve 61 and the rear
wheel caliper 38B and leads to a suction port of a rear
wheel oil pump 63. The second rear wheel control valve
62 is provided in the rear wheel depressurization oil pas-
sage 82, and configured to open and close under control
of the ECU 33. A rear wheel oil reservoir 65 is provided
in the rear wheel depressurization oil passage 82 in a
location between the second rear wheel control valve 62
and the rear wheel oil pump 63. A rear wheel pressuri-
zation oil passage 83 is coupled to the rear wheel main
oil passage 81 in a location between the rear wheel brake
master cylinder 39 and the first rear wheel control valve
61 and coupled to a discharge outlet of the rear wheel
oil pump 63. A rear wheel one-way valve 64 is provided
in the rear wheel pressurization oil passage 83. A rear
wheel oil pump 63 is coupled to the braking motor 66
controlled by the ECU 33. The braking motor 66 is rotat-
ed, thereby controlling the oil pressure of the hydraulic
oil discharged from the rear wheel oil pump 63.
[0044] The brake lever 59 is provided with a front wheel
brake master cylinder 37. The oil pressure in front wheel
oil passages is increased or decreased according to the
degree to which the brake lever 59 is gripped. The first
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front wheel control valve 67 is provided in a front wheel
main oil passage 84 connecting the front wheel brake
master cylinder 37 to the front wheel brake caliper 36B
of the front wheel brake 36. The first front wheel control
valve 67 is configured to open and close under control
of the ECU 33, to be precise, the operation controller 44.
A front wheel depressurization oil passage 85 branches
from the front wheel main oil passage 84 in a location
between the first front wheel control valve 67 and the
front wheel brake caliper 36B and leads to a suction port
of the front wheel oil pump 69. The second front wheel
control valve 68 is provided in the front wheel depressu-
rization oil passage 85 and configured to open and close
under control of the ECU 33. A front wheel oil reservoir
71 is provided at the front wheel depressurization oil pas-
sage 85 in a location between the second front wheel
control valve 68 and the front wheel oil pump 69. A front
wheel pressurization oil passage 86 is coupled to the
front wheel main oil passage 84 in a location between
the front wheel brake master cylinder 37 and the first front
wheel control valve 67 and coupled to a discharge outlet
of a front wheel oil pump 69. A front wheel one-way valve
70 is provided in the front wheel pressurization oil pas-
sage 86. The front wheel oil pump 69 is coupled to the
braking motor 66 controlled by the ECU 33, to be precise,
the operation controller 44. The braking motor 66 is ro-
tated, thereby controlling the oil pressure of the hydraulic
oil discharged from the front wheel oil pump 69. Thus, in
this embodiment, the electric motor braking system in-
cludes the combined braking unit including the braking
motor 66, the front wheel oil pump 69 coupled to the
braking motor 66 and the rear wheel oil pump 63 coupled
to the braking motor 66. By controlling the braking motor
66, the braking force applied to the front wheel 2 and the
braking force applied to the rear wheel 3 can be controlled
in parallel.
[0045] In this embodiment, the electric motor braking
system includes a hydraulic circuit capable of a braking
operation even in a state where the oil pumps 63 and 69
are inoperative. To be specific, the electric motor braking
system is configured to transmit the oil pressure accord-
ing to the degree to which the brake pedal 60 is de-
pressed, to the rear wheel brake caliper 38B, and to trans-
mit the oil pressure according to the degree to which the
brake lever 59 is gripped, to the front wheel brake caliper
36B, even under the state where the supply of the electric
power to the braking motor 66 and the control valves 61,
62, 67 and 68 is stopped. Therefore, even under the state
where the anti-lock operation unit and the combined brak-
ing unit are not electrically driven, the braking command
input by the driver can be transmitted to the electric motor
braking system. In other words, the electric motor braking
system is equipped in the motorcycle 1 to assist driving,
and may be regarded as a non-driving system (may be
used as a non-electric-motor braking system), because
the motorcycle 1 can drive even in a state where the
electric motor braking system is not electrically driven.
[0046] Now, the anti-lock operation of the anti-lock op-

eration unit in the electric motor braking system will be
described. Hereinafter, the constituents and mecha-
nisms associated with the rear wheel will be described.
In normal braking, when the brake pedal 60 is depressed
by the driver, the first rear wheel control valve 61 is
opened and the second rear wheel control valve 62 is
closed, and the hydraulic oil pressurized by the rear
wheel brake master cylinder 39 according to the degree
to which the brake pedal 60 is depressed is delivered to
the rear wheel brake caliper 38B, thereby generating a
braking force. The ECU 33 receives the vehicle speed
of the front wheel 2 from the front wheel vehicle speed
sensor 34 and the vehicle speed of the rear wheel 3 from
the rear wheel vehicle speed sensor 35 and determines
that the rear wheel 3 is locked when a difference between
the front wheel vehicle speed and the rear wheel vehicle
speed is a value which is not less than a predetermined
value. Then, the ECU 33 moves the first rear wheel con-
trol valve 61 to a closed position and the second rear
wheel control valve 62 to an open position. Further, the
ECU 33 causes the braking motor 66 serving as the anti-
lock operation unit to activate the rear wheel oil pump
63, so that the hydraulic oil pressurizing the rear wheel
bake caliper 38B moves back to the rear wheel oil res-
ervoir 65 and the oil pressure in the rear wheel brake
caliper 38B decreases, thereby attenuating a braking
force. As a result, the rear wheel 3 is unlocked, i.e., placed
in a non-slip state. After the rear wheel 3 is unlocked, the
first rear wheel control valve 61 is returned to an open
position and the second rear wheel control valve 62 is
returned to a closed position, thereby increasing the brak-
ing force. Thus, the anti-lock operation unit repeats a
braking state and a non-braking state, thereby generating
a proper braking force (applying a proper braking force
to the wheels) while effectively inhibiting the wheel from
being locked.
[0047] The anti-lock operation unit has a normal-volt-
age mode in which the anti-lock operation unit is execut-
ing the above control and a low-voltage mode in which
the anti-lock operation unit is operative at a lower voltage
than in the normal-voltage mode. As described later, the
operation controller 44 switches the control mode of the
ECU 33 according to the voltage of the battery 51 which
is detected by the voltage detector 52b. In other words,
the operation controller 44 in the ECU 33 serves as a
controller (power supply controller) for the anti-lock op-
eration unit.
[0048] Next, the combined braking operation of the
combined braking unit in the electric motor braking sys-
tem will be described. When the combined braking unit
applies a braking force to one of the front wheel 2 and
the rear wheel 3, the combined braking unit also applies
the braking force to the other of the front and rear wheels
2 and 3. To be specific, as described above, when the
brake pedal 60 is depressed by the driver, the first rear
wheel control valve 61 is opened. Concurrently, the first
front wheel control valve 67 is opened. At this time, with
the second front wheel control valve 68 being closed, the
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braking motor 66 serving as the combined braking unit
causes the front wheel oil pump 69 and the rear wheel
oil pump 63 to be activated. Thereupon, the hydraulic oil
reserved in the front wheel oil reservoir 71 is pumped to
an oil passage between the front oil pump 69 and the
front brake caliper 36B, while the hydraulic oil reserved
in the rear wheel oil reservoir 65 is pumped to an oil pas-
sage between the rear wheel oil pump 63 and the rear
wheel brake caliper 38B, to provide a boosted oil pres-
sure, which generates a braking force applied to each of
the front wheel 2 and the rear wheel 3. The ECU 33 caus-
es the first front wheel control valve 67 and/or first rear
wheel control valve 61 to open and close and the second
front wheel control valve 68 and/or second rear wheel
control valve 62 to open and close, and drives the braking
motor 66, based on vehicle speed information received
from the front wheel vehicle speed sensor 34 and the
rear wheel vehicle speed sensor 35, in order to control
the braking force applied to each of the front wheel 2 and
the rear wheel 3. The similar operation occurs when the
brake lever 59 is operated.
[0049] The combined braking unit has an operating
mode in which the above control is executed and an op-
eration restricting mode in which the above control is not
executed and the hydraulic oil is not fed to the other
wheel, as described later. The operation controller 44
switches the control mode of the ECU 33 according to
the voltage detected by the voltage detector 52b as de-
scribed later. In other words, the operation controller 44
in the ECU 33 serves as a controller (power supply con-
troller) for the combined control unit.
[0050] Next, the power supply control of this embodi-
ment will be described in mode detail.
[0051] The power supply controller 49 which serves as
the controller for controlling electric power supply in this
embodiment is configured to control the devices accord-
ing to the status of the battery 51 which is detected by
the voltage detector 52a built into the engine ECU 17.
To be specific, when the voltage of the battery 51 which
is detected by the voltage detector 52a is not more than
a first predetermined voltage V1, the power supply con-
troller 49 inhibits the electric power from being supplied
to at least one non-driving electric motor device other
than the electric motor braking system. When the voltage
detected by the voltage detector 52b in the ECU 33 is
not more than a second predetermined voltage V2, the
operation controller 44 restricts the operation of the com-
bined braking unit in the electric motor braking system
while maintaining the operation of the anti-lock operation
unit. When the voltage detected by the voltage detector
52b is not more than a third voltage V3 (V3 % V1) which
is not more than the first voltage V1, the operation con-
troller 44 switches the anti-lock operation unit from the
normal-voltage mode to the low-voltage mode.
[0052] When the voltage detected by the voltage de-
tector 52b is a predetermined fourth voltage V4 which is
not more than the first voltage V1, the operation controller
44 in the ECU 33 inhibits the electric power from being

supplied to the electric motor braking system. In other
words, under the voltage V4 or less, the combined brak-
ing operation and the anti-lock operation do not occur.
[0053] The above identified first voltage V1 to fourth
voltage V4 may be lower than a rated voltage of the bat-
tery 51 and higher than the minimum braking voltage VB
required for the anti-lock operation. The relationship be-
tween the first voltage V1 and the second voltage V2 may
be V1 > V2, V1 < V2, or V1 = V2. The relationship between
the second voltage V2 and the third voltage V3 may be
V2 > V3, V2 < V3, or V2 = V3. The fourth voltage V4 is
desirably lower than the second voltage V2 and the third
voltage V3 (V4 < V2 and V3).
[0054] Hereinafter, an exemplary flow of detailed pow-
er supply control in the case of (first voltage V1 > second
voltage V2 = third voltage V3 > fourth voltage V4 > min-
imum braking voltage VB) will be described. Fig. 4 is a
view showing transition between electric power supply
statues, between modes and between operations. Figs.
5 and 6 are flowcharts of the electric power supply control
according to this embodiment. Fig. 5 shows a control
process executed by the engine ECU 17 and Fig. 6 shows
a control process executed by the ECU 33. Arrows de-
picted in Fig. 4 indicate transition between statues, be-
tween modes and between operations.
[0055] Firstly, the flow of the electric power supply con-
trol in the engine ECU 17 will be described. Referring to
Fig. 5, in this control, a flag 1 is pre-set. By turning ON
the ignition switch 53, the flag 1 is reset (OFF) (step S11).
[0056] The power supply controller 49 determines
whether or not the voltage V of the battery 51 which is
detected by the voltage detector 52a in the ECU 33 is
not more than the first voltage V1 (e.g., 11 V) (step S12).
To be more specific, the power supply controller 49 de-
termines whether or not the voltage V continues to be
not more than the first voltage V1 for a predetermined
time (e.g., one second). If it is determined that the voltage
V of the battery 51 is not more than the first voltage V1
(Yes in step S 12), the power supply controller 49 inhibits
the electric power from being supplied to at least one of
the non-driving electric motor devices other than the elec-
tric motor braking system (step S13, Fig. 4). To be spe-
cific, the power supply controller 49 inhibits the electric
power from being supplied to one or a plurality of devices
from among specified non-driving electric motor devices
such as the grip heater 56, the external accessory termi-
nal 55, the electric motor wind shield 57, and the audio
58 (switches from the power supply mode to the power
inhibiting mode). It is effective to inhibit the electric power
from being supplied to the non-driving electric motor de-
vice, for example, grip heater 56, which consumes a
greater amount of electric power or operates at a high
voltage.
[0057] Alternatively, the supply of the electric power
may be inhibited in a step-wise manner according to the
voltage. For example, the supply of the electric power to
the devices may be inhibited in an ascending order of
degree of contribution to assistance for driving or in a
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descending order of the amount of electric power supply
consumption. The supply of electric power may be inhib-
ited according to a voltage drop of the battery 51 in the
order of the external accessory terminal 55, the grip heat-
er 56 and the electric motor wind shield 57. In a motor-
cycle including a theft prevention device and driving com-
munication device such as in-vehicle device for ETC, the
power supply controller 49 may be configured to keep
supplying electric power to the theft prevention device
and the driving communication device regardless of the
voltage of the battery 51 and inhibit the electric power
from being supplied to the remaining non-driving electric
motor devices sequentially.
[0058] Although the power supply controller 49 may be
configured to directly stop supplying the electric power
to the other non-driving electric motor devices, when the
supply of the electric power is inhibited, it may be con-
figured to control a switching circuit such as a relay circuit
for connecting and disconnecting the battery 51 to the
other non-driving electric motor devices in order to indi-
rectly control the electric power supply.
[0059] If the supply of the electric power to the specified
non-driving electric motor devices other than the electric
motor braking system is inhibited, the power supply con-
troller 49 determines whether or not the flag 1 is ON (step
S14). If it is determined that the flag 1 is not ON (No in
step S14), the flag 1 is set to ON (step S15).
[0060] In accordance with such a configuration, when
the voltage V of the battery 51 is low, the supply of the
electric power to the specified non-driving electric motor
devices other than the electric motor braking system,
which are not directly related to driving of the motorcycle
1, is inhibited. Therefore, the voltage V of the battery 51
can be kept relatively high (state shown in Fig. 7A). This
makes it possible to ensure an operating voltage for the
electric motor braking system and to increase a period
during which the electric motor braking system is oper-
ative.
[0061] When the voltage V of the battery 51 is not more
than the first voltage V1, the power supply controller 49
causes the display device 50 to perform a display oper-
ation to indicate a low voltage. For example, when the
display device 50 includes a liquid crystal display, the
liquid crystal display may perform a display operation to
indicate a low voltage. Or, when the display device 50
includes an exclusive low-voltage alarm light, the low-
voltage alarm light may light up.
[0062] If it is determined that the voltage of the battery
51 is higher than the first voltage V1 (No in step S12),
the power supply controller 49 determines whether or not
the flag 1 is ON (step S16). If it is determined that the
flag 1 is not ON (No in step S16), the power supply con-
troller 49 maintains an initial state (supply electric power
to the specified non-driving electric motor devices).
[0063] If it is determined that the voltage V of the battery
51 (voltage detected by the voltage detector 52a) con-
tinues to be higher than the first voltage V1 for a prede-
termined time (e.g., 2 seconds) or longer (No in step S12

and Yes in step S16), after entering a power supply in-
hibiting mode in which the power supply controller 49
inhibits the electric power from being supplied to the
specified non-driving electric motor devices other than
the electric motor braking system, the power supply con-
troller 49 switches the power supply inhibiting mode to
the power supply mode and resumes supplying the elec-
tric power to the specified non-driving electric motor de-
vices (step S17, Fig. 4). In this case, the power supply
controller 49 sets the flag 1 to OFF (step S 18). In addition,
the power supply controller 49 causes the display device
50 to stop the display operation representing the low volt-
age.
[0064] The power supply controller 49 may switch the
power supply inhibiting mode to the power supply mode
when the voltage V of the battery 51 reaches a predeter-
mined voltage V0 (e.g., 12V) which is higher than the first
voltage V1 (indicated by broken line in Fig. 4). This makes
it possible to prevent an event that the electric power is
supplied and not supplied to the specified non-driving
electric motor devices, which occurs repeatedly, when
the voltage V1 of the battery 51 is fluctuating around the
first voltage V1.
[0065] Next, the flow of the electric power supply con-
trol in the ECU 33 will be described. Referring to Fig. 6,
in this control, a flag 2 is pre-set. By turning ON the ignition
switch 53, the flag 2 is reset (OFF) (step S21). The op-
eration controller 44 in the ECU 33 places the anti-lock
operation unit (expressed as ABS in Figs. 4 and 6) in the
normal-voltage mode and the combined braking unit (ex-
pressed as CBS in Figs. 4 and 6) in the operating mode
(step S22). The operation controller 44 causes the ABS
alarm light to be OFF (step S23).
[0066] The operation controller 44 monitors the voltage
V of the battery 51 detected by the voltage detector 52b
and determines whether or not the voltage V of the battery
51 is not more than a second voltage V2 (e.g., 9.6V)
lower than the first voltage V1 (step S24). To be more
specific, the operation controller 44 determines whether
or not the voltage V continues to be not more than the
second voltage V2 for a predetermined time (e.g., one
second). If it is determined that the voltage V of the battery
51 is not more than the second voltage V2 (Yes in step
S24), the operation controller 44 serving as the controller
of the combined braking unit causes the combined brak-
ing unit to transition to the operation restricting mode in
which the operation of the combined braking unit is
stopped (step S25, Fig. 4). The operation controller 44
also serves as a controller for the anti-lock operation unit.
When the voltage V of the battery 51 is not more than a
third voltage V3 equal to the second voltage V2, the op-
eration controller 44 causes the anti-lock operation unit
to transition the low-voltage mode (step S25, Fig. 4).
[0067] With the above configuration, the combined
braking unit is configured not to be activated and the anti-
lock operation unit is configured to switch to the low-volt-
age mode in which it is operative at a lower voltage than
in the normal-voltage mode, if the voltage V of the battery
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51 decreases to a lower voltage. This enables the anti-
lock operation unit to ensure its operating voltage and to
perform the anti-lock operation for a longer time. Further-
more, since the electric power supply control is executed
in a stepwise manner according to the voltage V of the
battery 51, the electric motor braking system can effec-
tively assist driving of the motorcycle 1.
[0068] The ECU 33 causes the anti-lock operation to
be performed with less electric power in the low-voltage
mode of the anti-lock operation unit than in the normal-
voltage mode. For example, in the low-voltage mode of
the anti-lock operation unit, the ECU 33 makes the op-
eration cycle (cycle of voltage pulse) of the control valves
61, 62, 67 and 68 longer than in the normal-voltage mode
or makes the operation time (pulse duration of voltage
pulse) of the control valves 61, 62, 67 and 68 shorter
than in the normal-voltage mode. Such control reduces
average electric power per unit time which is supplied
from the battery 51 to the electric motor braking system.
This makes it possible to reduce the amount of electric
power required for the anti-lock operation while continu-
ing the anti-lock operation. In the normal-voltage mode
of the anti-lock operation unit, the electric motor braking
system is operated at a sufficient voltage to allow the
electric motor braking system to effectively perform the
anti-lock operation, whereas in the low-voltage mode of
the anti-lock operation unit, the electric motor braking
system is operated at a lower voltage than in the normal-
voltage mode, with which the electric motor braking sys-
tem can effectively suppress a slip.
[0069] In the low-voltage mode of the anti-lock opera-
tion unit, the operation controller 44 causes the ABS
alarm light 501 to perform a display operation to inform
the driver that the anti-lock operation unit has transitioned
to the low-voltage mode. To be specific, for example, the
operation controller 44 causes the ABS alarm light 501
to blink (step S26). In the low-voltage mode of the anti-
lock operation unit, the ABS alarm light 501 performs a
display operation (blinks) in a different manner from the
light-up operation in a normal state, to enable the driver
to know that the anti-lock operation unit has transitioned
to the low-voltage mode. Although the ABS alarm light
501 is caused to blink to inform the driver that the anti-
lock operation unit is in the low-voltage mode, any other
suitable display device may be used so long as it can
inform the driver that the anti-lock operation unit is in the
low-voltage mode. For example, a display device exclu-
sive for the low-voltage mode may be provided or a liquid
crystal display may perform a display operation to indi-
cate the low-voltage mode. Instead of blinking, other dis-
play methods may be used, for example, a color may be
changed.
[0070] Turning back to Fig. 4, the anti-lock operation
unit is caused to continue the low-voltage mode after it
has transitioned to the low-voltage mode until the ignition
switch 53 is turned OFF. The combined braking unit is
caused to continue the operation restricting mode after
it has transitioned to the operation restricting mode until

the ignition switch 53 is turned OFF. That is, once the
anti-lock operation unit has entered the low-voltage mode
and the combined braking unit has entered the operation
restricting mode, the anti-lock operation and the com-
bined braking unit will not switch to the normal-voltage
mode and the operation mode, respectively, unless the
ignition switch 53 is turned OFF and then the ignition
switch 53 is turned ON again for resetting (step S21),
even if the voltage V of the battery 51 exceeds the second
voltage V2 (= third voltage V3) (No in step S24).
[0071] As described above, once the anti-lock opera-
tion unit has transitioned to the low-voltage mode and
the combined braking unit has transitioned to the oper-
ation restricting mode, they continue the low-voltage
mode and the operation restricting mode, respectively,
until the ignition switch 53 is turned OFF even if the volt-
age V of the battery 51 is restored to a voltage higher
than the second voltage V2 (= third voltage V3). It may
be estimated that a voltage drop amount of a deteriorated
battery is more than a voltage drop amount of an unde-
teriorated battery at the start of the operation of the anti-
lock operation unit and the like, if the voltage V of the
battery is raised. If the anti-lock operation unit is operated
in the normal-voltage mode or the combined braking unit
is operated under situations where the battery is possibly
deteriorated or insufficiently charged, a drastic voltage
drop of the battery may be induced. Therefore, by causing
the operation control unit to maintain the low-voltage
mode and the combined braking unit to maintain the op-
eration restricting mode after the voltage V of the battery
51 is not more than the second voltage V2 (= third voltage
V3), a drastic voltage drop is prevented, thereby enabling
the motorcycle 1 to drive for a longer time.
[0072] Once the anti-lock operation unit has transi-
tioned to the low-voltage mode, the ABS alarm light 501
continues blinking until the ignition switch 53 is turned
OFF, even if the voltage V of the battery 51 is thereafter
restored to the voltage which is not less than the second
voltage V2 (= third voltage V3). This enables the driver
to notice a possibility that the battery 51 is deteriorated
or insufficiently charged.
[0073] As described above, the engine ECU 17 and
the ECU 33 for electric motor braking operate independ-
ently. After the anti-lock operation unit has transitioned
to the low-voltage mode and the combined braking unit
has transitioned to the operation restricting mode, the
operation controller 44 in the engine ECU 17 maintains
the low-voltage mode and the operation restricting mode,
and the power supply controller 49 in the engine ECU 17
terminates the control for inhibiting the electric power
from being supplied to the specified non-driving electric
motor devices other than the electric motor braking sys-
tem, if the voltage V of the battery 51 is restored to a
voltage which is not less than the first voltage V1.
[0074] The operation controller 44 determines whether
or not the voltage V of the battery 51 is not more than
the fourth voltage V4 (e.g., 8.5V) lower than the second
voltage V2 (= third voltage V3) (step S27). To be specific,
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the power supply controller 49 determines whether or not
the voltage V of the battery 51 continues to be not more
than the fourth voltage V4 for a predetermined time (e.g.,
one second). If it is determined that the voltage V of the
battery 51 is not more than the fourth voltage V4 (Yes in
step S27), the operation controller 44 inhibits the electric
power from being supplied to the electric motor braking
system (step S28, Fig. 4). The control for inhibiting the
electric power from being supplied to the electric motor
braking system may include causing the anti-lock oper-
ation unit to transition to the operation restricting mode
to inhibit the anti-lock operation unit from performing the
anti-lock operation while allowing the combined braking
unit to maintain the operation restricting mode.
[0075] The operation controller 44 causes the ABS
alarm light 501 to light up to alarm that the anti-lock op-
eration unit does not perform the anti-lock operation in a
state where the supply of electric power to the electric
motor braking system is inhibited (step S29, Fig. 4), to
inform the driver that the anti-lock operation is not per-
formed.
[0076] If the supply of electric power to the electric mo-
tor braking system is inhibited, the operation controller
44 determines whether or not flag 2 is ON (step S30). If
it is determined that the flag 2 is not ON (No in step S30),
the flag 2 is set to ON (step S31).
[0077] As described above, since the electric motor
braking system is inhibited from being electrically driven
before the voltage V of the battery 51 decreases to a
lower voltage (minimum braking voltage VB) with which
the anti-lock operation unit cannot ensure its operating
voltage, it is possible to increase a period during which
the motorcycle I can drive.
[0078] If it is determined that the voltage V of the battery
51 is higher than the fourth voltage V4, after the anti-lock
operation unit of the electric motor braking system has
entered the operation restricting mode (No in step S27
and Yes in step 32), the operation controller 44 sets the
flag 2 to OFF (step S33), resumes supplying the electric
power to the electric motor braking system, and switches
the anti-lock operation unit to the low-voltage mode to
resume the operation of the anti-lock operation unit while
maintaining the combined braking unit in the operation
restricting mode (step S25, Fig. 4). In addition, the oper-
ation controller 44 causes the ABS alarm light 501 to
blink (step S26, Fig. 4).
[0079] As should be readily appreciated, since the mo-
torcycle 1 is controlled so that the anti-lock operation unit
is operative as long as possible even under a low-voltage
condition, it is possible to increase a period during which
the electric motor braking system of the motorcycle 1 is
operative in situations where the battery 51 is possibly
deteriorated or insufficiently charged.
[0080] Although the embodiment of the present inven-
tion has been described in detail above, the present in-
vention is not limited to the above embodiment but may
be modified as follows.
[0081] For example, one or a plurality of control proc-

ess(es), from among the control for inhibiting the electric
power from being supplied to the specified non-driving
electric motor devices other than the electric motor brak-
ing system under the first voltage V1 or less, the control
for restricting the operation of the combined braking unit
under the second voltage V2 or less, the control for
switching the anti-lock operation unit from the normal-
voltage mode to the low-voltage mode under the third
voltage V3 or less, and the control for inhibiting the elec-
tric power from being supplied to the electric motor brak-
ing system under the fourth voltage V4 or less, may be
performed although all of these are executed in the above
embodiment.
[0082] Although the case where second voltage V2=
third voltage V3 is satisfied has been described above,
a relationship of V2 > V3 or V2 < V3 may be used. With
this setting, since the operation of the combined braking
operation is restricted in a stepwise manner and the mode
of the anti-lock operation unit is switched in a stepwise
manner, the electric motor braking system can effectively
assist driving of the motorcycle 1.
[0083] Although the engine ECU 17 controls the elec-
tric power supply to the non-driving electric motor devices
and the ECU 33 for electric motor braking controls the
operation of the electric motor braking system (anti-lock
operation unit and the combined braking unit) such that
the ECU 17 and the ECU 33 operate independently of
each other, only one of the ECU 17 and the ECU 33 may
be used to execute the above explained control, or oth-
erwise the ECU 17 and the ECU 33 may operate in as-
sociation with each other.
[0084] A motorcycle of the present invention is useful
in increasing a period during which an electric motor brak-
ing system is operative even when a voltage of an elec-
tricity accumulator such as a battery is low, in motorcycles
including electric motor braking systems, in particular,
Tourer-type or cruising-type motorcycles including elec-
tric components which consume a large amount of elec-
tric power, etc. The present invention is applicable to
electric motorcycles and hybrid motorcycles as well as
gasoline-fueled motorcycles.

Claims

1. A motorcycle comprising:

an electricity accumulator (51) configured to
supply an electric power to driving devices re-
quired for driving of the motorcycle and to non-
driving devices;
a voltage detector (52a, 52b) configured to de-
tect a voltage of the electricity accumulator; and
a power supply controller (49) configured to con-
trol supply of the electric power;
the non-driving devices including electric motor
devices (61, 62, 66, 67, 68) in an electric motor
braking system configured to be electrically driv-
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en to assist braking and non-driving electric mo-
tor devices (54, 55, 56, 57, 58) other than the
electric motor devices in the electric motor brak-
ing system; and
the power supply controller (49) being config-
ured to inhibit the electric power from being sup-
plied to at least one specified non-driving electric
motor device of the non-driving electric motor
devices, when the voltage of the electricity ac-
cumulator which is detected by the voltage de-
tector is not more than a first predetermined volt-
age;
wherein the electric motor braking system in-
cludes an anti-lock operation unit configured to
repeatedly switch between a braking state and
a non-braking state; and a combined braking
unit (63, 66, 69) configured to, when a braking
force is applied to one of front and rear wheels,
apply the braking force to the other of the front
and rear wheels; and
wherein the power supply controller (49) is con-
figured to restrict an operation of the combined
braking unit while maintaining an operation of
the anti-lock operation unit, when the voltage of
the electricity accumulator which is detected by
the voltage detector is not more than a second
predetermined voltage.

2. The motorcycle according to Claim 1, wherein the
first voltage is not less than the second voltage.

3. The motorcycle according to Claim 1,
wherein the electric motor braking system has a nor-
mal-voltage mode and a low-voltage mode in which
the electric motor braking system is operative at a
lower voltage than in the normal-voltage mode; and
wherein the power supply controller (49) is config-
ured to switch the electric motor braking system from
the normal-voltage mode to the low-voltage mode
when the voltage of the electricity accumulator which
is detected by the voltage detector is not more than
a third voltage which is not more than the first voltage.

4. The motorcycle according to Claim 1,
wherein the anti-lock operation unit has a normal-
voltage mode and a low-voltage mode in which the
anti-lock operation unit is operative at a lower voltage
than in the normal-voltage mode; and
wherein the power supply controller is configured to
restrict an operation of the combined braking unit
when the voltage of the electricity accumulator which
is detected by the voltage detector is not more than
a second predetermined voltage, and cause the anti-
lock operation unit to switch from the normal-voltage
mode to the low-voltage mode when the voltage of
the electricity accumulator which is detected by the
voltage detector is not more than a third voltage
which is not more than the second voltage.

5. The motorcycle according to Claim 4,
wherein the anti-lock operation unit is configured to
continue the low-voltage mode from when the anti-
lock operation unit has transitioned to the low-volt-
age mode until an ignition switch is turned OFF.

6. The motorcycle according to Claim 5, further com-
prising:

a display device (50) configured to perform a
display operation to inform a driver that the anti-
lock operation is in the low-voltage mode.

7. A method of controlling a motorcycle including an
electric motor braking system configured to be elec-
trically driven to assist driving of the motorcycle, and
an electricity accumulator configured to supply elec-
tric power to the electric motor braking system; the
electric motor braking system including an anti-lock
operation unit configured to repeatedly switch be-
tween a braking state and a non-braking state; and
a combined braking unit configured to, when a brak-
ing force is applied to one of front and rear wheels,
apply the braking force to the other of the front and
rear wheels, the method comprising:

detecting a voltage of the electricity accumula-
tor; and
restricting an operation of the combined braking
unit while maintaining an operation of the anti-
lock operation unit, when the voltage of the elec-
tricity accumulator is not more than a predeter-
mined voltage.

Patentansprüche

1. Motorrad, umfassend:

einen Elektrizitäts-Akkumulator (51) zum Bereit-
stellen einer elektrischen Energie für Antriebs-
geräte, die zum Fahren des Motorrades benötigt
werden, und für Nicht-Antriebsgeräte;
einen Spannungsdetektor (52a, 52b) zum De-
tektieren einer Spannung des Elektrizitäts-Ak-
kumulators; und
eine Energieversorgungs-Steuereinheit (49)
zum Steuern der Bereitstellung der elektrischen
Energie;
wobei die Nicht-Antriebsgeräte Elektromotorge-
räte (61, 62, 66, 67, 68) in einem elektrischen
Motor-Bremssystem, die dazu ausgelegt sind,
elektrisch betrieben zu werden, um das Brem-
sen zu unterstützen, und Nicht-Antriebs-Elek-
tromotorgeräte (54, 55, 56, 57, 58), die von den
Elektromotorgeräten in dem elektrischen Motor-
Bremssystem verschieden sind, umfassen; und
wobei die Energieversorgungs-Steuereinheit
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(49) dazu ausgelegt ist zu verhindern, dass die
elektrische Energie zumindest einem bestimm-
ten Nicht-Antriebs-Elektromotorgerät der Nicht-
Antriebs-Elektromotorgeräte bereitgestellt wird,
wenn die Spannung des Elektrizitäts-Akkumu-
lators, die von dem Spannungsdetektor detek-
tiert wird, nicht größer als eine erste vorbe-
stimmte Spannung ist;
wobei das elektrische Motor-Bremssystem eine
Antiblockier-Betriebseinheit, die dazu ausgelegt
ist, wiederholt zwischen einem Bremszustand
und einem Nicht-Bremszustand umzuschalten,
und eine kombinierte Bremseinheit (63, 66, 69),
die dazu ausgelegt ist, wenn eine Bremskraft an
einem der Vorder- und Hinterräder angelegt
wird, die Bremskraft an dem anderen der Vor-
der- und Hinterräder anzulegen, umfasst; und
wobei die Energieversorgungs-Steuereinheit
(49) dazu ausgelegt ist, einen Betrieb der kom-
binierten Bremseinheit zu beschränken, wäh-
rend sie einen Betrieb der Antiblockier-Betriebs-
einheit aufrechterhält, wenn die Spannung des
Elektrizitäts-Akkumulators, die von dem Span-
nungsdetektor detektiert wird, nicht größer als
eine zweite vorbestimmte Spannung ist.

2. Motorrad nach Anspruch 1, wobei die erste Span-
nung nicht kleiner als die zweite Spannung ist.

3. Motorrad nach Anspruch 1,
wobei das elektrische Motor-Bremssystem einen
Normalspannungsmodus und einen Niederspan-
nungsmodus hat, in dem das elektrische Motor-
Bremssystem bei einer niedrigeren Spannung be-
triebsbereit ist als in dem Normalspannungsmodus;
und
wobei die Energieversorgungs-Steuereinheit (49)
dazu ausgelegt ist, das elektrische Motor-Bremssys-
tem vom Normalspannungsmodus in den Nieder-
spannungsmodus umzuschalten, wenn die Span-
nung des Elektrizitäts-Akkumulators, die von dem
Spannungsdetektor detektiert wird, nicht größer als
eine dritte Spannung ist, welche nicht größer als die
erste Spannung ist.

4. Motorrad nach Anspruch 1,
wobei die Antiblockier-Betriebseinheit einen Nor-
malspannungsmodus und einen Niederspannungs-
modus hat, in dem die Antiblockier-Betriebseinheit
bei einer niedrigeren Spannung betriebsbereit ist als
in dem Normalspannungsmodus; und
wobei die Energieversorgungs-Steuereinheit dazu
ausgelegt ist, einen Betrieb der kombinierten Brems-
einheit zu beschränken, wenn die Spannung des
Elektrizitäts-Akkumulators, die von dem Span-
nungsdetektor detektiert wird, nicht größer als eine
zweite vorbestimmte Spannung ist, und zu veranlas-
sen, dass die Antiblockier-Betriebseinheit von dem

Normalspannungsmodus in den Niederspannungs-
modus umschaltet, wenn die Spannung des Elektri-
zitäts-Akkumulators, die von dem Spannungsdetek-
tor detektiert wird, nicht größer als eine dritte Span-
nung ist, die nicht größer als die zweite Spannung ist.

5. Motorrad nach Anspruch 4,
wobei die Antiblockier-Betriebseinheit dazu ausge-
legt ist, den Niederspannungsmodus von da an bei-
zubehalten, wenn die Antiblockier-Betriebseinheit in
den Niederspannungsmodus übergegangen ist, bis
ein Zündschalter auf OFF geschaltet wird.

6. Motorrad nach Anspruch 5, weiterhin umfassend:

ein Anzeigegerät (50) zum Ausführen einer An-
zeigefunktion zum Informieren eines Fahrers,
dass die Antiblockier-Betriebseinheit im Nieder-
spannungsmodus ist.

7. Verfahren zum Steuern eines Motorrades umfas-
send ein elektrisches Motor-Bremssystem, das dazu
ausgelegt ist, elektrisch betrieben zu werden, um
das Fahren des Motorrades zu unterstützen, und ei-
nen Elektrizitäts-Akkumulator zum Bereitstellen ei-
ner elektrischen Energie für das elektrische Motor-
Bremssystem, wobei das elektrische Motor-Brems-
system eine Antiblockier-Betriebseinheit, die dazu
ausgelegt ist, wiederholt zwischen einem Bremszu-
stand und einem Nicht-Bremszustand umzuschal-
ten, und eine kombinierte Bremseinheit, die dazu
ausgelegt ist, wenn eine Bremskraft an einem der
Vorder- und Hinterräder angelegt wird, die Brems-
kraft an dem anderen der Vorder- und Hinterräder
anzulegen, umfasst, wobei das Verfahren die Schrit-
te umfasst:

Detektieren einer Spannung des Elektrizitäts-
Akkumulators; und
Beschränken eines Betriebs der kombinierten
Bremseinheit, während ein Betrieb der Antiblo-
ckier-Betriebseinheit aufrechterhalten wird,
wenn die Spannung des Elektrizitäts-Akkumu-
lators nicht größer als eine vorbestimmte Span-
nung ist.

Revendications

1. Motocyclette, comprenant:

un accumulateur électrique (51) conçu pour ali-
menter en énergie électrique des dispositifs mo-
teurs nécessaires à la marche de la motocyclet-
te et des dispositifs non moteurs ;
un détecteur de tension (52a, 52b) conçu pour
détecter une tension de l’accumulateur
électrique ; et
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une unité de commande d’alimentation (49) con-
çue pour commander l’alimentation en énergie
électrique ;
les dispositifs non moteurs comportant des dis-
positifs sous moteur électrique (61, 62, 66, 67,
68) dans un système de freinage sous moteur
électrique conçu pour être commandé électri-
quement pour procurer une assistance au frei-
nage et des dispositifs sous moteur électrique
non moteurs (54, 55, 56, 57, 58) autres que les
dispositifs sous moteur électrique dans le sys-
tème de freinage sous moteur électrique ; et
l’unité de commande d’alimentation (49) étant
conçue pour couper l’alimentation en énergie
électrique d’au moins un dispositif sous moteur
électronique non moteur déterminé parmi les
dispositifs sous moteur électrique non moteurs
si la tension de l’accumulateur électrique détec-
tée par le détecteur de tension n’est pas supé-
rieure à une première tension prédéfinie ;
lequel système de freinage sous moteur électri-
que comporte une unité d’action antiblocage
conçue pour basculer de façon répétée entre un
état de freinage et un état de non-freinage ; et
une unité de freinage combiné (63, 66, 69) con-
çue, en cas d’application d’une force de freinage
sur une roue parmi des roues avant et arrière,
pour appliquer la force de freinage sur l’autre
roue parmi les roues avant et arrière ; et
laquelle unité de commande d’alimentation (49)
est conçue pour limiter l’action de l’unité de frei-
nage combiné tout en maintenant l’action de
l’unité d’action antiblocage si la tension de l’ac-
cumulateur électrique détectée par le détecteur
de tension n’est pas supérieure à une deuxième
tension prédéfinie.

2. Motocyclette selon la revendication 1, dans laquelle
la première tension n’est pas inférieure à la deuxiè-
me tension.

3. Motocyclette selon la revendication 1,
dans laquelle le système de freinage sous moteur
électrique comporte un mode à tension normale et
un mode à basse tension où le système de freinage
sous moteur électrique fonctionne à une tension in-
férieure à celle dans le mode à tension normale ; et
dans laquelle l’unité de commande d’alimentation
(49) est conçue pour faire basculer le système de
freinage sous moteur électrique du mode à tension
normale sur le mode à basse tension si la tension
de l’accumulateur électrique détectée par le détec-
teur de tension n’est pas supérieure à une troisième
tension qui n’est pas supérieure à la première ten-
sion.

4. Motocyclette selon la revendication 1,
dans laquelle l’unité d’action antiblocage comporte

un mode à tension normale et un mode à basse ten-
sion où l’unité d’action antiblocage fonctionne à une
tension inférieure à celle dans le mode à tension
normale ; et
dans laquelle l’unité de commande d’alimentation
est conçue pour limiter l’action de l’unité de freinage
combiné si la tension de l’accumulateur électrique
détectée par le détecteur de tension n’est pas supé-
rieure à une deuxième tension prédéfinie, et pour
faire basculer l’unité d’action antiblocage du mode
à tension normale sur le mode à basse tension si la
tension de l’accumulateur électrique détectée par le
détecteur de tension n’est pas supérieure à une troi-
sième tension qui n’est pas supérieure à la deuxième
tension.

5. Motocyclette selon la revendication 4,
dans laquelle l’unité d’action antiblocage est conçue
pour rester dans le mode à basse tension à compter
du moment où l’unité d’action antiblocage a basculé
dans le mode à basse tension jusqu’au moment où
un interrupteur d’allumage est mis en position Arrêt.

6. Motocyclette selon la revendication 5, comprenant
en outre :

un dispositif d’affichage (50) conçu pour produi-
re un affichage afin d’informer un conducteur
que l’unité d’action antiblocage se trouve dans
le mode à basse tension.

7. Procédé de commande d’une motocyclette compor-
tant un système de freinage sous moteur électrique
conçu pour être commandé électriquement pour pro-
curer une assistance à la marche de la motocyclette
et un accumulateur électrique conçu pour alimenter
en énergie électrique le système de freinage sous
moteur électrique ; le système de freinage sous mo-
teur électrique comportant une unité d’action anti-
blocage conçue pour basculer de façon répétée en-
tre un état de freinage et un état de non-freinage ;
et une unité de freinage combiné conçue, en cas
d’application d’une force de freinage sur une roue
parmi des roues avant et arrière, pour appliquer la
force de freinage sur l’autre roue parmi les roues
avant et arrière, le procédé comprenant les étapes
consistant à :

détecter une tension de l’accumulateur
électrique ; et
limiter l’action de l’unité de freinage combiné tout
en maintenant l’action de l’unité d’action antiblo-
cage si la tension de l’accumulateur électrique
n’est pas supérieure à une tension prédéfinie.
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