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(54) Throttle device and motorcycle including the same

(57) A throttle device (60) includes a throttle valve
(66) to be provided in an air-intake passage of an engine
(3), a drive means (70) for driving the throttle valve (66),
a throttle opening degree detecting means (90), an ac-
celerator opening degree detecting means (12) for de-
tecting an accelerator opening degree indicating an op-
eration amount of an accelerator operation member (11),
and a control means (30) for controlling the drive means
(70) so that a throttle opening degree corresponds to an
accelerator opening degree. The control means (30), at

occurrence of an abnormality, operates as follows. If a
throttle opening degree corresponding to an accelerator
opening degree is smaller than a detected throttle open-
ing degree, the control means (30) drives the drive means
(70) so that a throttle opening degree corresponds to the
accelerator opening degree. If a throttle opening degree
corresponding to an accelerator opening degree is equal
to or more than a detected throttle opening degree, the
control means (30) drives the drive means (70) at a pre-
determined speed so that a throttle opening degree be-
comes a predetermined value.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a throttle device
that adjusts the throttle opening degree by driving a throt-
tle valve and a motorcycle including the same.

2. Description of Related Art

[0002] It has been proposed to mount an electronically-
controlled throttle device on a motorcycle. For example,
a device according to a related art disclosed in Japanese
Unexamined Patent Publication No. 2002-256903 in-
cludes a throttle grip sensor that detects the operation
amount of a throttle grip, a drive motor that drives to open
and close a throttle valve, and a controller. This device
further includes a throttle sensor that detects the rotation
angle of a valve shaft of the throttle valve (throttle shaft).
The controller feedback-controls the drive motor based
on a detection value of the throttle grip sensor and a
detection value of the throttle sensor.

SUMMARY OF THE INVENTION

[0003] When a sensor for detecting the throttle opening
degree has failed, it is preferable to lead the throttle valve
to a full-close position. In a typical technique for this pur-
pose, a return spring is used. More specifically, a return
spring for urging in a full-close direction is fitted to the
throttle shaft. When a failure of the throttle opening de-
gree sensor is detected, power supply to the motor is
shut down. The return spring then returns the throttle
valve to the full-close position at a stroke.
[0004] Although this technique is effective for a four-
wheeled vehicle where deceleration due to a fully closed
throttle relatively slowly occurs, it is not preferable to ap-
ply the technique as it is to a motorcycle. This is because
a rapid deceleration occurs as a result of fully closing the
throttle valve at a stroke, and thus the rider may feel a
great sense of discomfort.
[0005] It is therefore considered to drive the throttle
shaft by the motor slowly at a constant speed to the full-
close position in the case of a failure of the throttle open-
ing degree sensor.
[0006] However, if such a motor control is uniformly
applied to all cases of a failure of the throttle opening
degree sensor, a response can no longer be made for a
rapid deceleration by a rider’s will.
[0007] On the other hand, it is considered to connect
the throttle grip and the throttle device via a wire cable
to prepare a configuration for mechanically transmitting
an operation of the throttle grip to the throttle valve in
case of a failure of the throttle opening degree sensor.
However, with such a configuration, not only is the mech-
anism increased in size, but it is also necessary to secure

a space for routing the wire cable. Further, exposure of
the wire cable may spoil the design of the motorcycle.
[0008] A throttle device of the present invention in-
cludes:

a throttle valve to be provided in an air-intake pas-
sage of an engine; a drive means for driving the throt-
tle valve to change a throttle opening degree; a throt-
tle opening degree detecting means for detecting the
throttle opening degree; an accelerator opening de-
gree detecting means for detecting an accelerator
opening degree indicating an operation amount of
an accelerator operation member; and a control
means for controlling the drive means so that a throt-
tle opening degree which the throttle opening degree
detecting means detects corresponds to an acceler-
ator opening degree to be detected by the acceler-
ator opening degree detecting means. The control
means, at occurrence of an abnormality where there
is an abnormality in any of the drive means, the throt-
tle opening degree detecting means, the accelerator
opening degree detecting means, and the control
means, operates as follows. More specifically, the
control means, at the occurrence of an abnormality,
if a throttle opening degree corresponding to an ac-
celerator opening degree detected by the accelera-
tor opening degree detecting means is smaller than
a throttle opening degree detected by the throttle
opening degree detecting means, drives the drive
means so that a throttle opening degree to be de-
tected by the throttle opening degree detecting
means corresponds to the accelerator opening de-
gree. Moreover, the control means, at the occur-
rence of an abnormality, if a throttle opening degree
corresponding to an accelerator opening degree de-
tected by the accelerator opening degree detecting
means is equal to or more than a throttle opening
degree detected by the throttle opening degree de-
tecting means, drives the drive means at a predeter-
mined speed so that a throttle opening degree be-
comes a predetermined value.

[0009] According to this configuration, when the accel-
erator operation member is operated, the operation
amount thereof is detected by the accelerator opening
degree detecting means. The drive means is controlled,
according to the detected operation amount, by the con-
trol means, and the throttle valve is accordingly displaced
within the air intake passage. This changes the opening
degree of the throttle valve (throttle opening degree). The
throttle opening degree is detected by the throttle open-
ing degree detecting means. A control of the drive means
by the control means is performed so that the throttle
opening degree to be detected corresponds to the oper-
ation amount of the accelerator operation member.
[0010] When an abnormality occurs in any of the drive
means, the throttle opening degree detecting means, the
accelerator opening degree detecting means, and the
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control means, the control means controls the drive
means so as to lead the throttle opening degree to a
predetermined value (for example, a full-close value). At
this time, when the throttle opening degree correspond-
ing to the accelerator opening degree is smaller than the
actual throttle opening degree, the control means con-
trols the drive means so that the throttle opening degree
corresponds to the accelerator opening degree. There-
fore, when an operator quickly decreases the accelerator
opening degree with the intention of rapidly decelerating
the engine, the throttle opening degree quickly decreases
in accordance therewith. More specifically, an operator’s
will is reflected, while the throttle opening degree can be
led to a predetermined value. On the other hand, when
the throttle opening degree corresponding to the accel-
erator opening degree is equal to or more than the actual
throttle opening degree, the operator has no intention of
a rapid deceleration. Therefore, in this case, the control
means drives the drive means at a predetermined speed
to thereby lead the throttle opening degree to a prede-
termined value. Accordingly, determining the predeter-
mined speed appropriately allows leading the throttle
opening degree to a predetermined value without making
the operator feel an excessively great sense of discom-
fort.
[0011] The "predetermined speed" means a drive
speed of the drive means such that the vehicle speed
decreases at a predetermined ratio (for example,
-2.0m/s2).
[0012] Preferably, at the occurrence of an abnormality,
if a throttle opening degree corresponding to an acceler-
ator opening degree detected by the accelerator opening
degree detecting means is equal to or more than a throttle
opening degree detected by the throttle opening degree
detecting means, the control means accelerates the drive
means at a predetermined acceleration until it reaches
the predetermined speed. The "accelerates" means that
the absolute value of the drive speed of the drive means
increases, and the rate of change of the absolute value
is "acceleration."
[0013] As described above, unless the operator per-
forms an accelerator operation with the intention of rap-
idly decelerating the engine, the drive means is driven at
a predetermined speed to decrease the throttle opening
degree. At this time, in a period before reaching the pre-
determined speed, the drive means is driven at a prede-
termined acceleration. Accordingly, setting the predeter-
mined acceleration appropriately allows reducing a
sense of discomfort when the throttle valve begins to
move and it accelerates up to the predetermined speed.
[0014] It suffices that the predetermined speed and the
predetermined acceleration are determined in consider-
ation of the influence of a decrease in the engine rotation
speed due to a decrease in the throttle opening degree.
For example, if the engine is to be mounted on a vehicle
(for example, a motorcycle), it is preferable to determine
the predetermined speed and the predetermined accel-
eration so that a deceleration of the vehicle due to a de-

crease in the engine rotation speed becomes as high as
not to make a rider who is not willing to decelerate feel
an excessively great sense of discomfort. For example,
the predetermined speed may have a value equivalent
to 8.5 deg/sec in terms of a rotation speed of the throttle
valve. Moreover, the predetermined acceleration may
be, for example, a rate of speed change such that a time
required to be a predetermined speed from a current
speed is 500 milliseconds.
[0015] Preferably, at the occurrence of an abnormality,
if a throttle opening degree corresponding to an acceler-
ator opening degree detected by the accelerator opening
degree detecting means is equal to or more than a throttle
opening degree detected by the throttle opening degree
detecting means, the control means decelerates the drive
means at a predetermined deceleration from the prede-
termined speed until a throttle opening degree reaches
the predetermined value. The "decelerates" means that
the absolute value of the drive speed of the drive means
decreases, and the rate of change of the absolute value
is "deceleration."
[0016] Accordingtothisconfiguration, immediatelybe-
fore the throttle opening degree reaches the predeter-
mined value, the drive means is driven at a predeter-
mined deceleration to lead to operation stoppage. Ac-
cordingly, setting the predetermined deceleration appro-
priately allows reducing a sense of discomfort in a period
before the throttle valve decelerates from the predeter-
mined speed to stop. The predetermined deceleration
may be, for example, a rate of speed change such that
the speed equals zero in 500 milliseconds.
[0017] Preferably, at least one of the drive means, the
throttle opening degree detecting means, the accelerator
opening degree detecting means, and the control means
is provided as a multiple system of a double or higher
order system, and the control means, when an abnor-
mality has occurred in any system component of the mul-
tiple system, specifies a normally operable system com-
ponent of the multiple system, and controls the drive
means by use of the normally operable system compo-
nent.
[0018] According to this configuration, even if an ab-
normality occurs in any system component of the multiple
system, by using a remaining normal system component,
the multiple-system configuration is capable of continu-
ing operation. Accordingly, using a normal system com-
ponent allows driving the drive means at a predetermined
speed until the throttle opening degree reaches a prede-
termined value.
[0019] For example, the control means may be ar-
ranged to compare outputs of the multiple system, and
if there is a predetermined output difference or more, to
judge that an abnormality has occurred.
[0020] For example, the drive means includes at least
two motors, and preferably, the control means, when an
abnormality has occurred in either of the motors, speci-
fies a normally drivable motor, and drives the drive means
by means of the normally drivable motor.
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[0021] According to this configuration, because the
drive means includes at least two motors, when an ab-
normality has occurred in either motor, operating a re-
maining normal motor at the predetermined speed allows
leading the throttle opening degree to the predetermined
value.
[0022] For example, the throttle opening degree de-
tecting means includes at least two throttle opening de-
gree sensors, and preferably, the control means, when
an abnormality has occurred in either of the throttle open-
ing degree sensors, specifies a normally operable throttle
opening degree sensor, and drives the drive means
based on a detection result of the normally operable throt-
tle opening degree sensor.
[0023] According to this configuration, because the
throttle opening degree detecting means includes at least
two throttle opening degree sensors, when an abnormal-
ity has occurred in either throttle opening degree sensor,
the drive means can be controlled by use of a remaining
normal throttle opening degree sensor.
[0024] For example, the accelerator opening degree
detecting means includes at least two accelerator open-
ing degree sensors, and preferably, the control means,
when an abnormality has occurred in either of the accel-
erator opening degree sensors, specifies a normally op-
erable accelerator opening degree sensor, and drives
the drive means based on a detection result of the nor-
mally operable accelerator opening degree sensor.
[0025] According to this configuration, because the ac-
celerator opening degree detecting means includes at
least two accelerator opening degree sensors, when an
abnormality has occurred in either accelerator opening
degree sensor, the drive means can be controlled by use
of a remaining normal accelerator opening degree sen-
sor.
[0026] Preferably, the control means includes at least
two motor drive circuits to be connected to the at least
two motors, respectively, and the control means, when
an abnormality has occurred in either of the motor drive
circuits, specifies a normally operable motor drive circuit,
and drives the drive means by means of the normally
operable motor drive circuit.
[0027] According to this configuration, because at
least two motor drive circuits are provided corresponding
to at least two motors, even when an abnormality has
occurred in either motor drive circuit, a corresponding
motor can be driven by means of a remaining normal
motor drive circuit. Accordingly, the throttle opening de-
gree can be led to the predetermined value.
[0028] Preferably, the control means includes at least
three arithmetic units to which detection results of the
throttle opening degree detection means are input, re-
spectively, and the control means, when an abnormality
has occurred in any of the arithmetic units, specifies a
normally operable arithmetic unit, and drives the drive
means by means of the normally operable arithmetic unit.
[0029] According to this configuration, the control
means includes at least three arithmetic units, and thus,

when an abnormality has occurred in any arithmetic unit,
arithmetic unit in which the abnormality has occurred can
be specified. In addition, by a normal remaining arithme-
tic unit, the control means can perform a control of the
drive means according to a detection result of the throttle
opening degree detecting means.
[0030] The plurality of arithmetic units may be, for ex-
ample, arithmetic units that execute the same arithmetic
processing, and each one monitors calculation results
by other arithmetic units. In this case, normal and abnor-
mal arithmetic units may be specifiedbased on amaj or-
itydecision of calculation results.
[0031] A motorcycle according to the present invention
includes: an engine; a wheel to which a driving force of
the engine is transmitted; and the throttle device having
the above-described characteristics that adjusts an
amount of intake air to the engine.
[0032] According to this configuration, at occurrence
of an abnormality, the control means controls the drive
means so as to lead the throttle opening degree to a
predetermined value (for example, a full-close value). At
this time, when the throttle opening degree correspond-
ing to the accelerator opening degree is smaller than the
actual throttle opening degree, the control means con-
trols the drive means so that the throttle opening degree
corresponds to the accelerator opening degree. There-
fore, when a rider quickly decreases the accelerator
opening degree with the intention of rapidly decelerating
the engine, the throttle opening degree quickly decreases
in accordance therewith. More specifically, a rider’s will
is reflected, while the throttle opening degree can be led
to a predetermined value. On the other hand, when the
throttle opening degree corresponding to the accelerator
opening degree is equal to or more than the actual throttle
opening degree, the rider has no intention of a rapid de-
celeration. Therefore, in this case, the control means
drives the drive means at a predetermined speed to
thereby lead the throttle opening degree to a predeter-
mined value. Accordingly, determining the predeter-
mined speed appropriately allows leading the throttle
opening degree to a predetermined value without making
the rider feel an excessively great sense of discomfort.
[0033] Other elements, features, steps, characteristics
and advantages of the present invention will become
more apparent from the following detailed description of
the preferred embodiments with reference to the at-
tached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Fig. 1 is an illustrated side view showing a con-
figuration of a motorcycle according to an embodiment
of the present invention.
[0035] Fig. 2 is a view for explaining a configuration
related to an engine of the above motorcycle.
[0036] Fig. 3 is an illustrated configuration view of a
throttle device.
[0037] Fig. 4 is a perspective view for explaining a
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structure of a drive mechanism for throttle valves and an
arrangement of a sensor assembly.
[0038] Fig. 5 is an exploded perspective view of a con-
figuration shown in Fig. 4.
[0039] Fig. 6 is an enlargedperspective view for ex-
plaining an arrangement of a rotation angle detecting
magnet and a full-close detecting magnet.
[0040] Fig. 7 is a plan view for explaining a configura-
tion of a sensor assembly.
[0041] Fig. 8 is a block diagram for explaining an elec-
trical configuration related to control of a throttle device.
[0042] Fig. 9 is a flowchart for explaining a processing
by a control unit.
[0043] Figs. 10A and 10B are diagrams showing time
changes of the accelerator opening degree and the throt-
tle opening degree at the occurrence of a failure.
[0044] Fig. 11 is a flowchart for explaining an abnor-
mality determination processing.
[0045] Fig. 12 is a perspective view for explaining a
configuration of a throttle device according to a second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0046] Fig. 1 is an illustrated side view showing a con-
figuration of a motorcycle according to an embodiment
of the present invention. The motorcycle 1 includes a
vehicle body frame 2, an engine 3, a front wheel 4, and
a rear wheel 5. The engine 3 is mounted on the vehicle
body frame 2. In a front portion of the vehicle body frame
2, a head pipe 6 is provided. On the head pipe 6, a front
fork 7 is supported so as to be pivotal laterally. The front
wheel 4 is axially supported at a lower end of the front
fork 7. In a rear portion of the vehicle body frame 2, a
rear arm 8 is supported. The rear wheel 5 is supported
at a rear end portion of the rear arm 8.
[0047] At an upper end of the front fork 7, a handlebar
10 for steering the motorcycle 1 is fixed. At both ends of
the handlebar 10, a pair of grips that a rider holds with
his/her left and right hands are provided. One of these
(normally, the right grip) is an accelerator grip 11 (accel-
erator operation member) to be operated to turn about a
steering shaft by the rider. The accelerator grip 11 is fitted
with an accelerator opening degree detecting unit 12 (ac-
celerator opening degree detecting means) for detecting
the operation amount thereof. The operation amount of
the accelerator grip 11 will be hereinafter referred to as
an "accelerator opening degree." More specifically, the
accelerator opening degree detecting unit 12 detects the
accelerator opening degree. A throttle opening degree
of the engine 3 is adjusted according to output of the
accelerator opening degree detecting unit 12, that is, the
accelerator opening degree. Accordingly, the rider can
adjust the rotation speed of the engine 3 by an operation
of the accelerator grip 11.
[0048] The engine 3 is, for example, a water-cooled
four-cylinder four-stroke engine. The engine 3 has in a

lower portion thereof a crank case 15 in which a crank-
shaft is accommodated. A cylinder block 16 is connected
to a front portion on the crank case 15. A cylinder head
17 is fixed on the cylinder block 16.
[0049] In the crank case 15, a transmission gear mech-
anism (not shown) is incorporated. Between an output
shaft of the transmission gear mechanism and a sprocket
18 fixed to the rear wheel 5, a chain 19 is wound there-
around. The transmission gear mechanism and the chain
19 transmit a driving force of the engine 3 to the rear
wheel 5.
[0050] Disposed above the engine 3 is a fuel tank 20,
which is supported on the vehicle body frame 2. A seat
21 is disposed rearward of the fuel tank 20. An ECU (Elec-
tronic Control Unit) 22 serving as a control unit is provided
in a lower portion of the seat 21.
[0051] In a front wall of the cylinder head 17 of the
engine 3, an exhaust port is opened. This exhaust port
is connected with an exhaust pipe 23. The exhaust pipe
23 is curved rearward, and connected to a muffler 24
disposed lateral to the rear wheel 5.
[0052] In a rear wall of the cylinder head 17, an air
intake port is opened. The air intake port is connected
with a throttle device 60.
[0053] Fig. 2 is a view for explaining a configuration
related to the engine 3. The engine 3 includes a crank
case 15, a cylinder block 16 communicating with the
crank case 15, a cylinder head 17 connected to a head
portion of the cylinder block 16, and a piston 26 accom-
modated in the cylinder block 16. In the crank case 15,
a crankshaft 27 is rotatably axially supported. The crank-
shaft 27 is connected with a rotor of a generator (ACM)
41.
[0054] The cylinder head 17 is connected with an air
intake pipe 42 and an exhaust pipe 23, and these pipes
communicate with a combustion chamber 43 above the
piston 26. The cylinder head 17 is attached with an igni-
tion plug 44, and a discharge portion of the ignition plug
44 is located within the combustion chamber 43. A dis-
charging voltage is applied from an ignition coil 45 to the
ignition plug 44.
[0055] An injector 40 is attached to an intermediate
portion of the air intake pipe 42. The injector 40 is supplied
with a fuel retained in the fuel tank 20 by a fuel pump 47.
The air intake pipe 42 is intervened with a throttle device
60. The throttle device 60 includes a throttle valve 66.
The air intake pipe 42 is further attached with an intake
air temperature sensor 52 and an intake air pressure sen-
sor 53. The throttle device 60 is a device for adjusting
the amount of intake air to the engine 3 by changing the
opening degree (throttle opening degree) of an air intake
passage according to an accelerator operation of the rid-
er. The throttle device 60 is disposed further at an up-
stream side in an intake air inflow direction than the in-
jector 40. The intake air temperature sensor 52 detects
the temperature of air introduced in the air intake pipe
42. The intake air pressure sensor 53 is disposed be-
tween the throttle device 60 and the injector 40, and de-
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tects the pressure of intake air within the air intake pipe
42.
[0056] Further, the cylinder block 16 is attached with
a coolant temperature sensor 54, and the crank case 15
is attached with a crank angle sensor 55. The coolant
temperature sensor 54 detects the temperature of cool-
ant that cools the engine 3. The crank angle sensor 55
detects a rotation angle of the crank shaft 27.
[0057] Output signals of the aforementioned sensors
are given to the ECU 22 (see Fig. 1). The ECU 22 exe-
cutes a control (ignition control) of an ignition coil 45, a
control (fuel injection control) of the injector 40, a control
(fuel supply control) of the fuel pump 47, and a control
(intake air amount control) of the throttle device 60.
[0058] Fig. 3 is an illustrated configuration view of the
throttle device 60. The throttle device 60 is designed for
a four-cylinder engine in the present embodiment. The
throttle device 60 includes four throttle bodies 62 that
define four air intake passages 61 to be connected to
four air intake ports, respectively. The four throttle bodies
62 are supported while being connected to the frame 63
in a linearly arranged state. The air intake passages 61
are thereby linearly arranged. Between two pairs of throt-
tle bodies 62 of both sides, spacers 64 are intervened,
respectively, to coordinate the interval between the throt-
tle bodies 62 with the interval between the air intake ports.
In a manner penetrating through the four throttle bodies
62 and the two spacers, a throttle shaft (throttle valve
shaft) 65 is disposed. The throttle shaft 65 is supported,
by, for example, bearings (not shown) provided on the
throttle bodies 62, so as to be freely turnable about an
axis thereof.
[0059] To an intermediate portion of the throttle shaft
65, four throttle valves 66 are connected spaced from
each other. The four throttle valves 66 are located in the
four air intake passages 61, respectively. The throttle
valve 66, by turning the throttle shaft 65 about its axis,
can take an arbitrary angular position between a full-
close position and a full-open position. The full-close po-
sition is a position where the throttle valve 66 takes a
position almost orthogonal to a gas circulation direction
(axial direction of the air intake passage 61) of the air
intake passage 61. The full-open position is a position
where the throttle valve 66 takes a position almost parallel
to a gas circulation direction of the air intake passage 61.
If, for example, the angular position of the throttle valve
66 is expressed on the basis of a direction perpendicular
to a gas circulation path of the air intake passage 61, the
full-close position can be expressed as 0 degrees, and
the full-open position can be expressed as, for example,
90 degrees. The angular position of the throttle valve 66
indicates the throttle opening degree, that is, the degree
of opening of the air intake passage 61 that is adjusted
by the throttle valve 66. The four throttle valves 66 are
fixed to the throttle shaft 65 in postures parallel to each
other. Accordingly, by a turn of the throttle shaft 65, the
throttle opening degrees of the four air intake passages
61 can be simultaneously adjusted to the same value.

[0060] Between two throttle bodies 62 arranged near
the center, that is, between two air intake passages 61
arranged near the center, a drive mechanism 70 is dis-
posed. The drive mechanism 70 is arranged to turn the
throttle shaft 65 to cause the throttle opening degree to
change. The drive mechanism 70 includes a pair of mo-
tors M1 and M2, a reduction mechanism 72, a return
spring 73, and a bracket 74 holding these components.
A sensor assembly 75 is further supported on the bracket.
The sensor assembly 75 is arranged to detect the throttle
opening degree and a fully closed throttle.
[0061] Fig. 4 is a perspective view for explaining a
structure of the drive mechanism 70 and an arrangement
of the sensor assembly 75, and Fig. 5 is an exploded
perspective view thereof.
[0062] The first and second motors M1 and M2 share
a drive shaft 71 disposed parallel to the throttle shaft 65.
Although shown in a manner divided into left and right
halves for the sake of convenience in Fig. 5, the drive
shaft 71 is a single shaft. The first and second motors
M1 and M2 are coaxially disposed, and a motor pinion
gear 76 is fixed to the common drive shaft 71. In this
manner, there is provided a double system of driving
sources that generate driving forces to drive the throttle
valves 66. The reduction mechanism 72 includes an in-
termediate gear 77 and a throttle gear 78.
[0063] The intermediate gear 77 has a large-diametri-
cal wheel gear portion 77A engaging with the motor pin-
ion gear 76 and a small-diametrical pinion gear portion
77B provided integrally with the large-diametrical wheel
gear portion 77A. The intermediate gear 77 is fixed to an
intermediate gear shaft 80 disposed parallel to the throttle
shaft 65. The intermediate gear shaft 80 is supported on
the bracket 74 (see Fig. 3) so as to be able to turn about
its axis with the intermediate gear 77.
[0064] The throttle gear 78 is fixed to the throttle shaft
65 between the two throttle bodies 62 (see Fig. 3) near
the center. The throttle gear 78 has at aperipheral portion
thereof a wheel gear portion 78A engaging with the pinion
gear portion 77B of the intermediate gear 77. The wheel
gear portion 78A is composed of a row of teeth over an
angular range of almost 90 degrees corresponding to
from a full-close position to a full-open position of the
throttle valve 66.
[0065] Due to this configuration, when the motor pinion
gear 76 fixed to the drive shaft 71 rotates as a result of
driving of the motor M1, M2, this rotation is transmitted
to the wheel gear portion 77A of the intermediate gear
77. Accordingly, the intermediate gear shaft 80 rotates
with the intermediate gear 77. The rotation of the inter-
mediate gear 77 is transmitted from the pinion gear por-
tion 77B to the wheel gear portion 78A of the throttle gear
78 to cause a rotation of the throttle gear 78. Accordingly,
the throttle shaft 65 fixed to the throttle gear 78 is turned
about its axis. As a result, the throttle valve 66 rotates
within the air intake passage 61 to change the throttle
opening degree.
[0066] The number of teeth of the motor pinion gear
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76 is smaller than that of the wheel gear portion 77A of
the intermediate gear 77. Accordingly, rotation of the mo-
tor M1, M2 is reduced and transmitted to the intermediate
gear 77. Further, the number of teeth of the pinion gear
portion 77B of the intermediate gear 77 is smaller than
that of the wheel gear portion 78A of the throttle gear 78.
Accordingly, rotation of the intermediate gear 77 is re-
duced and transmitted to the throttle gear 78. Thus, the
rotation of the motor M1, M2 is reduced by the reduction
mechanism 72 and transmitted to the throttle shaft 65. It
should be noted that the number of teeth of the wheel
gear portion 78A is an equivalent value when it is as-
sumed that the wheel gear portion 78A is formed across
the entire circumference of the throttle gear 78.
[0067] As shown in an enlarged manner in Fig. 6, a
magnet fixing portion 78B is formed on the throttle gear
78, and a full-close detecting magnet 81 (permanent
magnet piece) is embedded in the magnet fixing portion
78B. The magnet fixing portion 78B is disposed in the
vicinity of one end portion of the wheel gear portion 78A,
and formed in a pillar shape projecting toward one side
in a direction parallel to the throttle shaft 65. A front end
portion of the magnet fixing portion 78B is embedded
with the full-close detecting magnet 81. The full-close
detecting magnet 81 is fixed to the magnet fixing portion
78B in a posture with its magnetic pole direction (direction
passing through an N-pole and an S-pole) parallel to the
throttle shaft 65.
[0068] On the other hand, to a pinion gear portion 77B-
side front end portion of the intermediate gear shaft 80,
a magnet fixing member 83 is fixed so as to rotate inte-
grally with the intermediate gear shaft 80. The magnet
fixing member 83 is embedded with a rotation angle de-
tecting magnet 82 (permanent magnet piece). The rota-
tion angle detecting magnet 82 is embedded in the mag-
net fixing member 83 in a posture with its magnetic pole
direction orthogonal to the intermediate gear shaft 80.
[0069] As shown in Fig. 4, the sensor assembly 75 is
disposed so as to face the rotation angle detecting mag-
net 82 provided in the front end portion of the intermediate
gear shaft 80. The sensor assembly 75 is disposed so
as to face the rotation angle detecting magnet 82 at all
times and to be able to face the full-close detecting mag-
net 81 when the throttle valve 66 is at a full-close position.
The sensor assembly 75 is held on the bracket 74 (see
Fig. 3), so that a relative positional relationship of the
sensor assembly 75 with the intermediate gear shaft 80
and the throttle gear 78 is maintained.
[0070] The return spring 73 is formed of a torsion spring
wound around the throttle shaft 65. One end of the return
spring 73 is held on a predetermined portion of the brack-
et 74, and the other end thereof is fixed to the wheel gear
portion 78A of the throttle gear 78. A torsion is imparted
in advance to the return spring 73, and thereby, the return
spring 73 elastically urges the throttle shaft 65 via the
throttle gear 78 in a direction to lead the throttle valve 66
to a full-close position. The return spring 73 functions
mainly for eliminating backlash between gears. That is,

by the function of the return spring 73, the motor pinion
gear 76 and the wheel gear portion 77A, and the pinion
gear portion 77B and the wheel gear portion 78A are
engaged therebetween while being urged in one direction
at all times, respectively. Therefore, a rotation of the in-
termediate gear shaft 80 accurately corresponds to a ro-
tation of the throttle shaft 65. Accordingly, detecting a
rotation angle of the intermediate gear shaft 80 allows
accurately detecting an angular position of the throttle
valve 66 fixed to the throttle shaft 65.
[0071] Fig. 7 is a plan view for explaining a configura-
tion of the sensor assembly 75. The sensor assembly 75
is formed by mounting a rotation angle detecting unit 90
and a full-close detecting unit 87 on a common substrate
88.
[0072] The rotation angle detecting unit 90 is formed
by sealing a pair of rotation angle detecting elements 91
and 92 in a common resin package. A lead terminal of
the rotation angle detecting unit 90 is soldered to a wiring
pattern on the substrate 88. The rotation angle detecting
elements 91 and 92 are each formed of a Hall IC that
detects the magnetic pole direction (direction of a mag-
netic field) of the rotation angle detecting magnet 82. As
such a Hall IC, for example, a magnetic field vector de-
tecting sensor MLX90316 (Rotary Position Sensor IC)
supplied fromMelexis Corp. can be used. The rotation
angle detecting elements 91, 92 each formed of such a
Hall IC are for detecting the direction of a magnetic field,
not the size of a magnetic field, and thus can accurately
detect the rotation angle of the intermediate gear shaft
80, regardless of the size of a gap between the same
and the rotation angle detecting magnet 82.
[0073] On the other hand, the full-close detecting unit
87 is formed by sealing a full-close detecting element 93
formed of a Hall IC that detects the intensity of a magnetic
field in a resin package. A lead terminal of the full-close
detecting unit 87 is soldered to a wiring pattern on the
substrate 88. The full-close detecting unit 87 is disposed
in proximity to a course along which the full-close detect-
ing magnet 81 moves when the throttle shaft 65 is turned,
and designed so as to face the full-close deselecting
magnet 81 when the throttle valve 66 is at a full-close
position. The full-close detecting element 93 is used for
detecting whether the full-close detecting magnet 81 is
facing. More specifically, if the full-close detecting ele-
ment 93 has detected a strong magnetic field (for exam-
ple, a magnetic field of a size equal to or more than a
threshold valve), the full-close detecting magnet 81 is
located at a facing position, and accordingly it can be
recognized that the throttle valve 66 is at a full-close po-
sition. In contrast thereto, when a magnetic field detected
by the full-close detecting element 93 is weak (for exam-
ple, less than the threshold value) or zero, the full-close
detecting magnet 81 is not located at a facing position,
and accordingly it can be recognized that the throttle
valve 66 is not at a full-close position. Thus, unlike the
rotation angle detecting elements 91, 92, the full-close
detecting element 93 is not for detecting the direction of
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a magnetic field, but for detecting the intensity of a mag-
netic field, and can thus be formed of a Hall IC of lower
price than that of the rotation angle detecting elements
91, 92.
[0074] Because the rotation angle detecting elements
91, 92 are for detecting the direction of a magnetic field,
the rotation angle detecting magnet 82 is arranged on a
rotation shaft of the intermediate gear shaft 80. Because
the full-close detecting element 93 is on the other hand
for detecting the intensity of a magnetic field, the full-
close detecting magnet 81 is disposed at a position offset
from a rotation shaft of the throttle gear 78. That is, the
full-close detecting magnet 81 is disposed so as to ap-
proximate and separate from the full-close detecting el-
ement 93. More specifically, the full-close detecting mag-
net 81 is fixed to the throttle gear 78 so as to be located
at a position in proximity to the rotation angle detecting
magnet 82 when the throttle valve 66 is located at a full-
close position. This allows disposing the rotation angle
detecting unit 90 and the full-close detecting unit 87 in
proximity, and thus the substrate 88 on which these are
commonly mounted can be downsized.
[0075] Fig. 8 is a block diagram for explaining an elec-
trical configuration related to control of the throttle device
60. Output signals of the pair of rotation angle detecting
elements 91 and 92 provided in the rotation angle de-
tecting unit 90 are input to the ECU 22. Further, an output
signal of the full-close detecting element 93 provided in
the full-close detecting unit 87 is also input to the ECU
22. Still further, an output signal (accelerator opening de-
gree) of the accelerator opening degree detecting unit
12 for detecting the operation amount of the accelerator
grip 11 is input to the ECU 22. The accelerator opening
degree detecting unit 12 is provided as a double system
including a pair of accelerator opening degree sensors
121 and 122 in the present embodiment.
[0076] The ECU 22 includes a control unit 30, a pair
of motor drive circuits 35 and 36 corresponding to the
first and second motors M1 and M2, respectively, and a
pair of current detection circuits 37 and 38 corresponding
to the first and second motors M1 andM2, respectively.
The motor drive circuits 35 and 36 supply motor currents
to the first and second motors M1 and M2, respectively.
The current detection circuits 37 and 38 detect motor
currents respectively supplied from the motor drive cir-
cuits 35 and 36 to the corresponding first and second
motor M1 and M2. The motor drive circuits 35 and 36
supply currents according to control signals from the con-
trol unit 30 to the first and second motors M1 and M2,
respectively. The current detection circuits 37 and 38
feedback detection signals indicating detected motor cur-
rents to the control unit 30.
[0077] The control unit 30 includes a first arithmetic
unit 31, a second arithmetic unit 32, and a third arithmetic
unit 33. These first to third arithmetic units 31, 32, and
33 each include a microcomputer. The first to third arith-
metic units 31, 32, and 33 are structured to be able to
mutually exchange data via a communication line 34.

[0078] The first arithmetic unit 31 can give control sig-
nals to the motor drive circuits 35 and 36, and can receive
detection signals from the current detection circuits 37
and 38. Further, to the first arithmetic unit 31, output sig-
nals of the accelerator opening degree sensors 121 and
122 are input, and output signals of the rotation angle
detecting elements 91 and 92 are input. An output signal
of the full-close detecting element 93 is also input to the
first arithmetic unit 31.
[0079] Likewise, the second arithmetic unit 32 can give
control signals to the motor drive circuits 35 and 36, and
can receive detection signals from the current detection
circuits 37 and 38. Further, to the second arithmetic unit
32, output signals of the accelerator opening degree sen-
sors 121 and 122 are input, and output signals of the
rotation angle detecting elements 91 and 92 are input.
An output signal of the full-close detecting element 93 is
also input to the second arithmetic unit 32.
[0080] To the third arithmetic unit 33, output signals of
the accelerator opening degree sensors 121 and 122 are
input, and output signals of the rotation angle detecting
elements 91 and 92 are input. An output signal of the full-
close detecting element 93 is also input to the third arith-
metic unit 33. However, the third arithmetic unit 33 does
not give a control signal to the motor drive circuit 35 or
36. Moreover, the third arithmetic unit 33 is also not de-
signed so as to receive a detection signal from the current
detection circuit 37 or 38.
[0081] The first to third arithmetic units 31, 32, and 33
are configured so as to execute an arithmetic processing
in accordance with the same algorithm based on output
signals of the accelerator opening degree sensors 121,
122, the rotation angle detecting elements 91, 92, and
the full-close detecting element 93. In addition, each one
of the arithmetic units 31 to 33 operates so as to monitor
the operation of two other arithmetic units via the com-
munication line 34.
[0082] Fig. 9 is a flowchart for explaining a processing
that the control unit 30 repeatedly executes for every pre-
determined control cycle. The control unit 30 executes
an abnormality determination processing (step S1). In
this abnormality determination processing, it is deter-
mined whether an abnormality has occurred in any of the
accelerator opening degree detecting unit 12, the rotation
angle detecting unit 90, the arithmetic units 31, 32, and
33, the motor drive circuits 35 and 36, and the motors
M1 and M2. Further, if an abnormality has occurred, an
element in which the abnormality has occurred and a
normal element(s) are specified.
[0083] If an abnormality has not occurred (step S2:
NO), an ordinary control is performed (step S3). The or-
dinary control is a feedback-control on the motors M1,
M2 so as to cause a throttle opening degree (actual open-
ing degree) determined from output values of the rotation
angle detecting elements 91, 92 to be coincident with a
target throttle opening degree corresponding to the ac-
celerator opening degree. With this step, the throttle
opening degree is controlled according to an accelerator
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operation of the rider. The feedback-control may be per-
formed by a proportional-integral-derivative (PID) con-
trol.
[0084] If it is determined that an abnormality has oc-
curred (step S2: YES), a fail-safe process is executed.
Concretely, first, it is judged with reference to output sig-
nals of the rotation angle detecting elements 91, 92 (an
output signal of a normal element if the other element is
abnormal) whether the throttle valve 66 is located at a
full-close position (step S4). If the throttle valve 66 is lo-
catedat a full-closeposition, power supply to the motor
M1 and M2 is stopped (step S5) to end the process.
[0085] If the throttle valve 66 is not at a full-close po-
sition (step S4: NO), the control unit 30 judges whether
an abnormality has occurred in any of the motors M1,
M2 and the motor drive circuits 35, 36 (step S6). If an
abnormality has occurred in any of the motors M1, M2
and the motor drive circuits 35, 36 (step S6: YES), power
supply to a motor of the abnormal side is stopped (step
S7). Accordingly, the subsequent operation is executed
by driving only a motor of the normal side. If all of the
motors M1, M2 and the motor drive circuits 35, 36 are
normal and an abnormality has occurred in other ele-
ments (step S6: NO), a process of step S7 is skipped,
and the subsequent operation is executed by using both
of the two motors M1 and M2. In addition, when power
supply to a motor of the abnormal side is stopped, it is
preferable to bring a power supply line of the motor into
an open state. This allows reducing the power consump-
tion of a normal motor in order to prevent the motor from
serving as a load.
[0086] The control unit 30 next generates a throttle
opening degree command (throttle opening degree com-
mand in case of a failure) for driving the normal motor
M1, M2 (both or either one that is normal) at a predeter-
mined full-close speed to lead the throttle opening degree
to a full-close value (step S8). This throttle opening de-
gree command indicates a target throttle opening degree
to be generated in accordance with a time series so as
to lead a throttle opening degree (detection value of the
normal rotation angle detecting element 91, 92) at the
occurrence of an abnormality to a fully closed throttle at
the full-close speed. The full-close speed is determined
in consideration of a deceleration of the motorcycle 1 due
to a decrease in the throttle opening degree. That is, the
full-close speed is determined according to specifications
of the motorcycle 1 so that the deceleration does not
make the rider who is not willing to decelerate feel an
excessively great sense of discomfort.
[0087] Next, the control unit 30 (either the arithmetic
unit 31, 32 that is normal) compares the throttle opening
degree command and an accelerator opening degree
(step S9). In this case, the accelerator opening degree
means a target throttle opening degree corresponding to
an accelerator opening degree that is detected by the
accelerator opening degree detecting unit 12 (normal ac-
celerator opening degree sensor 121, 122). The accel-
erator opening degree is smaller than the throttle opening

degree command (step S9: YES) when the rider is quickly
closing the throttle valve 66 at his/her will. Therefore, the
control unit 30 controls the normal motor M1, M2 in ac-
cordance with the accelerator opening degree (step
S10). That is, the control of the normal motor M1, M2 is
performed in order to cause the throttle opening degree
to be obtained from an output value of the normal rotation
angle detecting element 91, 92 to be coincident with the
accelerator opening degree. This allows quickly leading
the throttle valve 66 to a full-close position in accordance
with the rider’s will. An example of time changes of the
accelerator opening degree and the throttle opening de-
gree in such a situation is shown in Fig. 10A. The dashed
line corresponds to the case where the throttle valve 66
is fully closed at the full-close speed in accordance with
the throttle opening degree command value.
[0088] On the other hand, the accelerator opening de-
gree is equal to or more than the throttle opening degree
command (step S9: NO) when the rider is not willing to
quickly close the throttle valve 66. Therefore, the control
unit 30 controls the normal motor M1, M2 based on the
throttle opening degree command (throttle opening de-
gree command in case of a failure) (steps S11 to S15).
With these steps, the normal motor M1, M2 is driven at
the full-close speed, and the throttle valve 66 is driven
toward a full-close position. An example of time changes
of the accelerator opening degree and the throttle open-
ing degree in such a situation in shown in Fig. 10B.
[0089] In greater detail, the control unit 30 judges
whether the speed of the motor M1, M2 has reached a
full-close speed (step S11). When the speed of the motor
M1, M2 has not reached a full-close speed (step S11:
NO), the control unit 30 corrects the throttle opening de-
gree command value so that the normal motor M1, M2
accelerates at a predetermined acceleration (step S12).
With this step, the normal motor M1, M2 is accelerated
at the predetermined acceleration until its speed reaches
a full-close speed. After the speed of the motor M1, M2
reaches the full-close speed (step S11: YES), a process
of step S12 is skipped. That is, the normal motor M1, M2
is driven at a constant full-close speed. The predeter-
mined acceleration is preferably determined according
to specifications of the motorcycle 1 and the like so that
the rider of the motorcycle 1 does not feel an excessively
great sense of discomfort as a result of a change in the
engine rotation speed due to a change in the throttle
opening degree.
[0090] Further, the control unit 30 judges whether the
throttle opening degree is equal to or less than a prede-
termined opening degree (step S13). If the throttle open-
ing degree is equal to or less than a predetermined open-
ing degree (step S13: YES), the control unit 30 corrects
the throttle opening degree command so that the motor
M1, M2 decelerates at a predetermined deceleration until
the throttle valve reaches a fully closed throttle and the
speed of the motor M1, M2 reaches zero. This allows
preventing the motor M1, M2 from quickly stopping when
the throttle valve reaches a fully closed throttle, thereby
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to reduce a change in throttle opening degree immedi-
ately before a fully closed throttle. If the throttle opening
degree exceeds the predetermined opening degree (step
S13: NO), a process of step S14 is skipped. That is, the
normal motor M1, M2 is driven in accordance with the
throttle opening degree command set in step S8 and cor-
rected in step S12 according to necessity. The predeter-
mined deceleration is preferably determined according
to specifications of the motorcycle 1 and the like so that
the rider of the motorcycle 1 does not feel an excessively
great sense of discomfort as a result of a change in the
engine rotation speed due to a change in the throttle
opening degree.
[0091] Thus, the normal motor M1, M2 is driven in ac-
cordance with the throttle opening degree command set
in step S8 and corrected in step S12 and/or S14 accord-
ing to necessity (step S15). As a result, the throttle open-
ing degree can be changed as exemplified in Fig. 10B to
lead it to a fully closed throttle state.
[0092] Fig. 11 is a flowchart for explaining the contents
of an abnormality determination processing (step S1 of
Fig. 9). The abnormality determination processing in-
cludes a process (step S101) for determining an abnor-
mality in the accelerator opening degree detecting unit
12, a process (step S102) for determining an abnormality
in the rotation angle detecting unit 90, a process (step
S103) for determining an abnormality in the arithmetic
units 31, 32, 33 provided in the control unit 30, a process
(step S104) for determining an abnormality in the motor
drive circuits 35, 36, and a process (step S105) for de-
termining an abnormality in the motors M1, M2. In the
following, each abnormality determination process will
be explained.

[Abnormality determination for accelerator opening de-
gree detecting unit (step S101)]

[0093] The arithmetic units 31, 32, and 33 each exe-
cute a process for determining whether an abnormality
is present in the accelerator opening degree sensors 121,
122. Concretely, the arithmetic units 31, 32, and 33 each
have an analytical model for an ordinary accelerator
opening degree sensor. This analytical model generates
an accelerator opening degree output signal in accord-
ance with a pre-stored, standard pattern of a rider’s ac-
celerator operation. The arithmetic units 31, 32, and 33
judge whether a deviation between output signals of the
accelerator opening degree sensors 121 and 122 (sen-
sor-to-sensor deviation) is equal to a predetermined
threshold value or more. If the sensor-to-sensor deviation
is equal to or more than the threshold value, a deviation
between the output signal of each sensor 121, 122 and
the output signal of the analytical model is determined.
It is judged that an abnormality has occurred in an accel-
erator opening degree sensor where the deviation is larg-
er, and the other accelerator opening degree sensor is
specified to be a normal side.
[0094] Abnormalities to be determined include a dis-

connection failure and a short-circuit failure in wiring be-
tween the accelerator opening degree detecting unit 12
and the ECU 22, besides a failure of the accelerator open-
ing degree sensor 121, 122 itself.
[0095] It can also be considered to provide three or
more accelerator opening degree sensors to provide the
accelerator opening degree detecting unit as a triple or
higher order system. In this case, by a majority decision
of output signals of the three or more accelerator opening
degree sensors, an abnormality in any of the accelerator
opening degree sensors can be determined, and the re-
maining accelerator opening degree sensors can be
specified to be normal sensors. In this case, the "majority
decision" is a processing for determining a predeter-
mined width of distribution area to which a majority of
sensor outputs belong. If there is any sensor output that
does not belong to such distribution area, it is judged that
an abnormality has occurred in the corresponding accel-
erator opening degree sensor.
[0096] When a plurality of accelerator opening degree
sensors are normal, it suffices to control the throttle open-
ing degree using the accelerator opening degree detect-
ed by one of these accelerator opening degree sensors.
As a matter of course, it also suffices to determine an
average value of the accelerator opening degrees de-
tected by the plurality of normal accelerator opening de-
gree sensors, respectively, and use the average value
for a control of the throttle opening degree.

[Abnormality determination for rotation angle detecting 
unit 90 (step S102)]

[0097] The arithmetic units 31, 32, and 33 each exe-
cute a process for determining whether an abnormality
is present in the rotation angle detecting elements 91,
92. Concretely, the arithmetic units 31, 32, and 33 each
have an analytical model for an ordinary rotation angle
detecting element. This analytical model generates an
estimated output signal of the rotation angle detecting
element for the current calculation cycle based on output
signals of the rotation angle detecting elements 91, 92
and the current detection circuits 37, 38 of the previous
calculation cycle. The arithmetic units 31, 32, and 33
judge whether a deviation between output signals of the
rotation angle detecting elements 91 and 92 (element-
to-element deviation) is equal to a predetermined thresh-
old value or more. If the element-to-element deviation is
equal to or more than the threshold value, a deviation
between the output signal of each rotation angle detect-
ing element 91, 92 and the output signal of the analytical
model is determined. It is judged that an abnormality has
occurred in a rotation angle detecting element where the
deviation is larger, and the other rotation angle detecting
element is specified to be a normal side.
[0098] Abnormalities to be determined include a dis-
connection failure and a short-circuit failure in wiring be-
tween the rotation angle detecting unit 90 and the ECU
22, besides a failure of the rotation angle detecting ele-
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ment 91, 92 itself.
[0099] It can also be considered to provide three or
more rotation angle detecting elements to provide the
rotation angle detecting unit as a triple or higher order
system. In this case, by a majority decision of output sig-
nals of the three or more rotation angle detecting ele-
ments, an abnormality in any of the rotation angle detect-
ing elements can be determined, and the remaining ro-
tation angle detecting elements can be specified to be
normal elements. In this case, the "majority decision" is
a process for determining a predetermined width of dis-
tribution area to which a majority of element outputs be-
long. If there is any element output that does not belong
to such distribution area, it is judged that an abnormality
has occurred in the corresponding rotation angle detect-
ing element.
[0100] When a plurality of rotation angle detecting el-
ements are normal, it suffices to control the throttle open-
ing degree using the rotation angle (throttle opening de-
gree) detected by one of these rotation angle detecting
elements. As a matter of course, it also suffices to deter-
mine an average value of the rotation angles detected
by the plurality of normal rotation angle detecting ele-
ments, respectively, and use the average value for a con-
trol of the throttle opening degree.

[Abnormality determination for arithmetic unit (step 
S103)]

[0101] When an abnormality occurs in any one of the
arithmetic units, calculation results by the remaining two
arithmetic units coincide with each other (have an error
equal to or less than a predetermined threshold value),
whereas a calculation result by the arithmetic unit in
which the abnormality has occurred does not coincide
with the calculation results of the two other arithmetic
units (has an error exceeding the predetermined thresh-
old value). Therefore, a majority of the calculation results
by the three arithmetic units 31, 32, and 33 is decided.
Then, if there is an arithmetic unit that has generated a
calculation result not conforming to the calculation result
in accordance with the majority decision, it is judged that
an abnormality has occurred in the arithmetic unit. Thus,
normal and abnormal arithmetic units can be separately
specified.
[0102] In a normal time where an abnormality is
present in none of the arithmetic units, it suffices to control
the motor drive circuits 35, 36 by the first arithmetic unit
31, for example. When an abnormality has occurred in
the first arithmetic unit 31, it suffices to cancel a control
by the first arithmetic unit 31 and to control the motor
drive circuits 35, 36 by the second arithmetic unit 32.

[Abnormalitydetermination for motor drive circuit (step 
S104)]

[0103] Whether an abnormality is present in the motor
drive circuits 35, 36 is determined by using an output

signal of the current detection circuits 37, 38. When there
is no output from any of the current detection circuits 37,
38, it can be determined that a disconnection has oc-
curred in the motor drive circuit corresponding to the cur-
rent detection circuit with no output. When there is an
output from both of the current detection circuits 37 and
38, the first arithmetic unit 31 determines a deviation of
motor current values (current deviation) detected by the
current detection circuits 37 and 38, respectively. When
the current deviation is over a predetermined threshold
value, the first arithmetic unit 31 judges that an abnor-
mality has occurred in either of the motor drive circuits
35, 36. Further, the first arithmetic unit 31, by use of an
analytical model of a motor drive circuit, determines
which motor drive circuit is abnormal and which motor
drive circuit is normal. The analytical model is input with
a control signal to be given to the motor drive circuit, and
generates an estimated motor current value correspond-
ing to the control signal. The first arithmetic unit 31 com-
pares a detection value of each current detection circuit
37, 38 with the estimated motor current value. If a devi-
ation of the detection value and the estimated motor cur-
rent value is over a predetermined threshold value, the
first arithmetic unit 31 judges that an abnormality has
occurred in the motor drive circuit corresponding to the
detection value. Moreover, the first arithmetic unit 31 de-
termines that the motor drive circuit having a deviation
between the detection value and the estimated motor
current value equal to or less than the threshold value is
normal.
[0104] Although it is sufficient that this operation is per-
formed in either one of the first and second arithmetic
units 31, 32, the operation may be performed in both the
arithmetic units 31 and 32. As a matter of course, when
an abnormality has occurred in either of the first and sec-
ond arithmetic units 31 and 32, the above-described
processing is performed in an arithmetic unit of the nor-
mal side.
[0105] If the three arithmetic units are normal, the first
arithmetic unit 31 compares outputs of the two motor
drive circuits 35 and 36 to make a judgment. The second
arithmetic unit 32 performs a comparison when the first
arithmetic unit 31 is determined to be abnormal.

[Abnormality determination for motor (step S105)]

[0106] Whether an abnormality is present in any of the
motors M1, M2 is determined by using motor-applied volt-
ages to be applied from the motor drive circuits 35, 36 to
the motors M1, M2, motor currents to be detected by the
current detection circuits 37, 38, and a motor rotation
speed. The motor rotation speed is calculated from a
difference between a rotation angle detected by the ro-
tation angle detecting unit 90 in the previous control cycle
and a rotation angle detected by the rotation angle de-
tecting unit 90 in the present control cycle. More specif-
ically, provided in the first arithmetic unit 31 is an analyt-
ical model that is input with a motor-applied voltage and
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a motor rotation speed to estimate a motor current value.
This analytical model determines a motor-induced volt-
age based on the motor rotation speed. The analytical
model further determines a difference between the mo-
tor-applied voltage and the motor-induced voltage, and
estimates the motor current value based on a value of
the difference and a coil resistance of the motor M1, M2.
The first arithmetic unit 31 compares the motor current
estimation value thus determined and a motor current
detection value detected by the current detection circuits
37, 38. If a deviation between the motor current estima-
tion value and the motor current detection value is equal
to or more than a predetermined threshold value, the first
arithmetic unit 31 judges that an abnormality has oc-
curred in the motor corresponding to the deviation. If a
deviation between the motor current estimation value and
the motor current detection value is less than a prede-
termined threshold value, the motor corresponding to the
deviation is judged to be normal. Thus, the first arithmetic
unit 31 has a function to detect that an abnormality has
occurred in either of the motors M1, M2, and specify a
motor where an abnormality has occurred and a normal
motor.
[0107] It shouldbe noted that, as the motor applied volt-
age, a voltage command value that is calculated by the
first arithmetic unit 31 may be used. Alternatively, it may
also be possible to provide voltage detectors for detecting
voltages to be respectively applied from the motor drive
circuits 35, 36 to the motors M1, M2, and to use detection
values of the voltage detectors as a "motor-applied volt-
age."
[0108] Moreover, it is preferable, also in the second
arithmetic unit 32, to perform the same calculation as in
the first arithmetic unit 31 for performing an abnormality
determination processing for the motors M1, M2. How-
ever, an abnormality determination processing for the
motors M1, M2 may not be performed in the second arith-
metic unit 32. If the three arithmetic units are normal, the
first arithmetic unit 31 compares outputs of the two motor
drive circuits 35 and 36 to make a judgment. The second
arithmetic unit 32 performs a comparison when the first
arithmetic unit 31 is determined to be abnormal.
[0109] According to the present embodiment as in the
above, at the occurrence of an abnormality, the throttle
valve 66 is not fully closed at one stroke by a spring force
of the return spring 73, but by driving the motors M1, M2
at a predetermined full-close speed, the throttle valve 66
is led to a full-close position. Because this prevents the
rotation speed of the engine 3 from quickly decreasing,
the motorcycle 1 does not rapidly decelerate, thus allow-
ing to suppress a sense of discomfort to be given to the
rider. On the other hand, when leading the throttle valve
66 to a full-close position as a result of the occurrence
of an abnormality, if it is desired by a rider’s will to quickly
close the throttle valve 66, the motors M1, M2 are con-
trolled so as to accord with the rider’s will. This enables
a quick full-close control in accordance with the rider’s
will.

[0110] Moreover, when driving the motors M1, M2 at
a full-close speed, the motors M1, M2 are accelerated at
a predetermined acceleration until the full-close speed.
Moreover, immediately before the throttle valve 66 reach-
es the full-close position, the motors M1, M2 are decel-
erated at a predetermined deceleration from the full-close
speed. This reduces a sense of discomfort due to a
change in the throttle opening degree.
[0111] Still moreover, the accelerator opening degree
detecting unit 12, the rotation angle detecting unit 90, the
motor drive circuits 35, 36, and the motors M1, M2 are
provided as double systems, and the control unit 30 is
configured as a triple system. This allows, even if an ab-
normallyhas occurred in any system component of the
multiple system, to reliably lead the throttle opening de-
gree to a full-close value by use of a normal remaining
system component. This allows realizing a highly reliable
throttle device 60.
[0112] Fig. 12 is a perspective view for explaining a
configuration of a throttle device according to a second
embodiment of the present invention. In Fig. 12, corre-
sponding portions to the above-described sections
shown in Fig. 4 described above are shown with the same
reference numerals and signs.
[0113] In the present embodiment, a drive shaft 171
of the second motor M2 is disposed offset with respect
to the drive shaft 71 of the first motor M1. In addition, the
drive shaft 171 of the second motor M2 is fixed with a
motor pinion gear 176. The motor pinion gear 176 is en-
gaged, with the wheel gear portion 77A of the interme-
diate gear 77, at a position different from that of the motor
pinion gear 76. Due to this configuration, the first and
second motors M1 and M2 can both give torque to the
intermediate gear 77, and can drive the throttle shaft 65
via the intermediate gear 77.
[0114] While two embodiments of the present inven-
tion have been explained in the above, the present in-
vention may be embodied in other ways. For example,
the accelerator operation member may have a form of
an accelerator lever or an accelerator pedal, without lim-
itation to the accelerator grip.
[0115] Although, in the above-described embodi-
ments, a motorcycle has been mentioned as an example,
the throttle device of the present invention can also be
applied to engines used as driving sources of vehicles
other than motorcycles and other mechanical devices.
As a matter of course, the number of cylinders of the
engine is not limited to four.
[0116] The correspondence between the components
described in the claims and the components in the above-
described embodiments is shown below:

Engine: Engine 3
Throttle device: Throttle device 60
Air intake passage: Air intake passage 61
Throttle valve: Throttle valve 66
Drive means: Drive mechanism 70
Throttle opening degree detecting means: Rotation
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angle detecting unit 90
Accelerator operation member: Accelerator grip 11
Accelerator opening degree detecting means: Ac-
celerator opening degree detecting unit 12
Control means: Control unit 30
Motor: Motor M1, M2
Throttle opening degree sensor: Rotation angle de-
tecting element 91, 92
Accelerator opening degree sensor: Accelerator
opening degree sensor 121, 122
Motor drive circuit: Motor drive circuit 35, 36
Arithmetic unit: Arithmetic unit 31, 32, 33
Wheel : Rear wheel 5

[0117] While preferred embodiments of the present in-
vention have been described above, it is to be understood
that variations and modifications will be apparent to those
skilled in the art without departing the scope and spirit of
the present invention. The scope of the present invention,
therefore, is to be determined solely by the following
claims.
[0118] The present application corresponds to Japa-
nese Patent Application No. 2008-307727 filed in the Ja-
pan Patent Office on December 2, 2008, and the entire
disclosure of the application is incorporated herein by
reference.

Claims

1. A throttle device (60) characterized by comprising:

a throttle valve (66) to be provided in an air-in-
take passage of an engine (3);
a drive means (70) for driving the throttle valve
(66) to change a throttle opening degree;
a throttle opening degree detecting means (90)
for detecting the throttle opening degree;
an accelerator opening degree detecting means
(12) for detecting an accelerator opening degree
indicating an operation amount of an accelerator
operation member (11); and
a control means (30) for controlling the drive
means (70) so that a throttle opening degree
detected by the throttle opening degree detect-
ing means (90) corresponds to an accelerator
opening degree to be detected by the acceler-
ator opening degree detecting means (12),
wherein
the control means (30), at occurrence of an ab-
normality where there is an abnormality in any
of the drive means (70), the throttle opening de-
gree detecting means (90), the accelerator
opening degree detecting means (12), and the
control means (30), if a throttle opening degree
corresponding to an accelerator opening degree
detected by the accelerator opening degree de-
tecting means (12) is smaller than a throttle

opening degree detected by the throttle opening
degree detecting means (90), drives the drive
means (70) so that a throttle opening degree to
be detected by the throttle opening degree de-
tecting means (90) corresponds to the acceler-
ator opening degree, and if a throttle opening
degree corresponding to an accelerator opening
degree detected by the accelerator opening de-
gree detecting means (12) is equal to or more
than a throttle opening degree detected by the
throttle opening degree detecting means (90),
drives the drive means (70) at a predetermined
speed so that a throttle opening degree be-
comes a predetermined value.

2. The throttle device (60) according to claim 1, char-
acterized in that the control means (30), at the oc-
currence of an abnormality, if a throttle opening de-
gree corresponding to an accelerator opening de-
gree detected by the accelerator opening degree de-
tecting means (12) is equal to or more than a throttle
opening degree detected by the throttle opening de-
gree detecting means (90), accelerates the drive
means (70) at a predetermined acceleration until the
speed of the drive means (70) reaches the predeter-
mined speed.

3. The throttle device (60) according to claim 1 or 2,
characterized in that the control means (30), at the
occurrence of an abnormality, if a throttle opening
degree corresponding to an accelerator opening de-
gree detected by the accelerator opening degree de-
tecting means (12) is equal to or more than a throttle
opening degree detected by the throttle opening de-
gree detecting means (90), decelerates the drive
means (70) at a predetermined deceleration from
the predetermined speed until a throttle opening de-
gree reaches the predetermined value.

4. The throttle device (60) according to any one of
claims 1 to 3, characterized in that at least one of
the drive means (70), the throttle opening degree
detecting means (90), the accelerator opening de-
gree detecting means (12), and the control means
(30) is provided as a multiple system of a double or
higher order system, and
the control means (30), when an abnormality has
occurred in any system component of the multiple
system, specifies a normally operable system com-
ponent of the multiple system, and drives the drive
means (70) by use of the normally operable system
component.

5. The throttle device (60) according to claim 4, char-
acterized in that the control means (30) compares
outputs of the multiple system, and if there is a pre-
determined output difference or more, judges that
an abnormality has occurred.
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6. The throttle device (60) according to any one of
claims 1 to 5, characterized in that the drive means
(70) includes at least two motors (M1, M2), and
the control means (30), when an abnormality has
occurred in either of the motors (M1, M2), specifies
a normally drivable motor (M1, M2), and drives the
drive means (70) by means of the normally drivable
motor (M1, M2).

7. The throttle device (60) according to any one of
claims 1 to 6, characterized in that the throttle
opening degree detecting means (90) includes at
least two throttle opening degree sensors (91, 92),
and
the control means (30), when an abnormality has
occurred in either of the throttle opening degree sen-
sors (91, 92), specifies a normally operable throttle
opening degree sensor (91, 92), and drives the drive
means (70) based on a detection result of the nor-
mally operable throttle opening degree sensor (91,
92).

8. The throttle device (60) according to any one of
claims 1 to 7, characterized in that the accelerator
opening degree detecting means (12) includes at
least two accelerator opening degree sensors (121,
122), and
the control means (30), when an abnormality has
occurred in either of the accelerator opening degree
sensors (121, 122), specifies a normally operable
accelerator opening degree sensor (121, 122), and
drives the drive means (70) based on a detection
result of the normally operable accelerator opening
degree sensor (121, 122).

9. The throttle device (60) according to claim 6, char-
acterized in that the control means (30) includes at
least two motor drive circuits (35, 36) to be connected
to the at least two motors (M1, M2), respectively, and
the control means (30), when an abnormality has
occurred in either of the motor drive circuits (35, 36),
specifies a normally operable motor drive circuit (35,
36), and drives the drive means (70) by means of
the normally operable motor drive circuit (35, 36).

10. The throttle device (60) according to any one of
claims 1 to 9, characterized in that the control
means (30) includes at least three arithmetic units
(31, 32, 33) to which detection results of the throttle
opening degree detection means (90) are input, re-
spectively, and
the control means (30), when an abnormality has
occurred in any of the arithmetic units (31, 32, 33),
specifies a normally operable arithmetic unit (31, 32,
33), and drives the drive means (70) by means of
the normally operable arithmetic unit (31, 32, 33).

11. A motorcycle characterized by comprising:

an engine (3);
a wheel (5) to which a driving force of the engine
(3) is transmitted; and
the throttle device (60) according to any one of
claims 1 to 10 that adjusts an amount of intake
air to the engine (3).
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