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(57) A throttle apparatus (60) includes: a throttle
valve (66) disposed in an intake air passage (61) of an
engine (3), a throttle shaft (65) connected to the throttle
valve (66) and rotatable in a predetermined operational
angle range, a motor (71) for rotating the throttle shaft
(65), and a reduction mechanism (72) for transmitting, to
the throttle shaft (65), the rotation of the motor (71) as

Throttle apparatus and motorcycle having the same

reduced in rotational speed. The reduction mechanism
(72) has a plurality of gears (76,77,78) including a first
gear (77) rotatable in a rotational angle range greater
than the operational angle range of the throttle shaft (65)
and smaller than 360 degrees. The throttle apparatus
(60) further includes a rotational angle sensor (82, 91,
92) for detecting the rotational angle of the first gear (77).
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a throttle ap-
paratus for adj usting the throttle opening by driving, by
a motor, a throttle shaft connected to a throttle valve, and
to a motorcycle having such a throttle apparatus.

2. Description of Related Art

[0002] It is proposed to mount a throttle apparatus of
an electronic control type on a motorcycle. For example,
the apparatus of prior art disclosed in Japanese Laid-
Open Patent Application 2002-256903, has a throttle grip
sensor for detecting the operation amount of a throttle
grip, a driving motor for opening/closing a throttle valve,
and a controller. The controller controls the driving motor
based on the detected value of the throttle grip sensor.
A first throttle sensor is mounted on a valve shaft (throttle
shaft) of the throttle valve, and a second throttle sensor
is mounted on the drive shaft of the driving motor, the
gear shaft of a speed reduction gear mechanism or the
gear shaft of a speed increasing mechanism. The speed
reduction ratio of the speed reduction gear mechanism
is set such that the throttle valve is rotated between the
full closing position (0 degree) and the full open position
(90 degrees) when the drive shaft of the driving motor
has made three revolutions.

[0003] The first throttle sensor detects the rotational
angle of the throttle shaft, and outputs the detected value
which linearly changes in the range from the full closing
position to the full open position of the throttle valve. The
second throttle sensor outputs the detected value which
linearly changes in the range of one revolution of the
drive shaft of the driving motor, the gear shaft of the speed
reduction gear mechanism or the gear shaft of the speed
increasing mechanism. Accordingly, the second throttle
sensor outputs a detected value which changes signifi-
cantly with respect to change in throttle opening in a small
throttle opening range from 0 to 30 degrees. As a result,
it is considered possible to detect, with high precision, a
small movement of the throttle valve in the small throttle
opening range, thereby improving the traveling feeling.

SUMMARY OF THE INVENTION

[0004] According to the apparatus of prior art as men-
tioned above, the second throttle sensor detects the ro-
tational angle of the shaft of which whole angle range
corresponding to the whole operating angle range of the
throttle valve (0 degree to 90 degrees) exceeds 360 de-
grees. Accordingly, the second throttle sensor cannot de-
tect the absolute angle of the throttle valve. More specif-
ically, the first throttle sensor for directly detecting the
rotational angle of the throttle shaft is indispensably re-
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quired for detecting the absolute angle position of the
throttle valve.

[0005] A motorcycle requires a high responsiveness
with respect to the throttle operation. Accordingly, a high
resolution is required for detecting the throttle opening.
In the prior art above-mentioned, the use of two sensors
enables a high resolution. In a motorcycle, however,
there are instances where it is difficult to assure a space
for disposing two sensors in view of severe restrictions
of the vehicle layout. Thus, it is desired to improve the
throttle-opening detecting resolution, yet preventing the
sensors from being increased in size.

[0006] A throttle apparatus according to the present
invention comprises: a throttle valve disposed in an in-
take air passage of an engine; a throttle shaft connected
to the throttle valve and rotatable in a predetermined op-
erational angle range; a motor for rotating the throttle
shaft; a reduction mechanism having a plurality of gears
including a first gear rotatable in a rotational angle range
greater than the operational angle range of the throttle
shaft and smaller than 360 degrees, the rotation of the
motor being transmitted, as reduced in rotational speed,
to the throttle shaft by the plurality of gears; and a rota-
tional angle sensor for detecting the rotational angle of
the first gear.

[0007] According to the arrangement above-men-
tioned, when the motor is rotated, its rotation is transmit-
ted, as reduced in rotational speed by the reduction
mechanism, to the throttle shaft, causing the same to be
rotated. As a result, the throttle valve connected to the
throttle shaft is displaced in the intake air passage and
the throttle opening is accordingly changed. The reduc-
tion mechanism has a plurality of gears. Of these, the
first gear is rotated in an angular range greater than the
operational angle range of the throttle shaft. Accordingly,
when viewed from the throttle shaft side, the rotation of
thefirstgearisincreased inrotational speed as compared
with the throttle shaft. Therefore, when the rotational an-
gle of the first gear is detected, the rotational angle of the
throttle shaft, i.e., the throttle opening can be detected
with high resolution. On the other hand, the rotational
angle range of the first gear is less than 360 degrees for
the whole rotational angle range of the throttle shaft (from
the full closing to the full open). Accordingly, the rotational
angle ofthefirst gear corresponds at the one-to-one basis
to the absolute rotational angle of the throttle shaft. It is
therefore sufficient to detect the rotational angle of the
first gear, and not necessary to detect the rotational angle
of the throttle shaft itself.

[0008] In this connection, according to the present in-
vention, a rotational angle sensor for detecting the rota-
tional angle of the first gear is provided. Since the rota-
tional angle sensor detects the first-gear rotation as in-
creased in rotational speed as compared with the rotation
of the throttle shaft, the rotational angle of the throttle
shaft, i.e., the throttle opening can be detected with high
resolution. Further, since it is sufficient to detect the ro-
tational angle of the first gear, itis not required to dispose
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a plurality of rotational angle sensors. This eliminates the
need to provide a large space for installing a plurality of
sensors. Therefore, the throttle apparatus can be re-
duced in size.

[0009] In a motorcycle for example, since an accurate
response with respect to the throttle operationis required,
a speed reduction ratio as high as possible is required
between the motor drive shaft and the throttle shaft. For
example, there is proposed a reduction mechanism pro-
vided with an intermediate gear having a large-diameter
wheel gear portion and a small-diameter pinion gear por-
tion. Further, it is supposed that a pinion gear connected
to the motor drive shaft meshes with the wheel gear por-
tion and that a throttle gear fixed to the throttle shaft mesh-
es with the pinion gear portion. In this case, in order to
increase the speed reduction ratio and to reduce the in-
stallation space, it is preferable to increase the speed
reduction ratio between the throttle gear and the pinion
gear portion of the intermediate gear. Such an arrange-
ment not only enables the intermediate gear to be re-
duced in diameter (the diameter of the wheel gear por-
tion), but also achieves an accurate response with re-
spect to the throttle operation. However, if the speed re-
duction ratio is increased with only the reduction of the
intermediate gear in diameter taken into consideration,
this causes the intermediate gear tobe rotatedinan angle
range greater than 360 degrees for the operational angle
range of the throttle shaft. Accordingly, even though the
rotation of the intermediate gear is detected, the absolute
angle of the throttle shaft cannot be detected. Therefore,
two sensors are required as done in the prior art men-
tioned earlier, thus requiring a large installation space as
a whole.

[0010] According tothe presentinvention, the rotation-
al angle range of the first gear (which is, for example,
corresponding to the intermediate gear above-men-
tioned) is set less than 360 degrees. For example, when
the operational angle range of the throttle shaft is about
90 degrees and the first gear meshes with the throttle
gear fixed to the throttle shaft, the speed reduction ratio
between the throttle gear and the first gear is preferably
less than 4. In such an arrangement, the absolute angle
of the throttle shaft can be detected with high resolution
by disposing a single rotational angle sensorfor detecting
the rotational angle of the first gear. For example, when
the first gear corresponds to the intermediate gear above-
mentioned, the pinion gear portion is increased in diam-
eter by relatively reducing the speed reduction ratio.
Therefore, even though the wheel gear portion is accord-
ingly increased in diameter, the whole throttle apparatus
is reduced in size as compared with an arrangement hav-
ing two sensors.

[0011] Anembodiment of the present invention further
comprises an elastic member forimparting, to the throttle
shaft, an elastic force in the direction of closing the throttle
valve. Further, an elastic force is imparted to the throttle
shaft in its whole operational angle range in the direction
of closing the throttle valve.
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[0012] When the rotational angle sensor is disposed
at a gear shaft of the reduction mechanism, this causes
trouble of backlash which does not become a problem
with an arrangement of directly detecting the rotation of
the throttle shaft. The backlash prevents the rotational
angle of the throttle shaft from being detected with high
precision. To overcome this problem, it is preferable to
dispose an elastic member for imparting, to the throttle
shaft, an elastic force in the throttle valve closing direc-
tion. Since this eliminates the backlash in the reduction
mechanism, an accurate throttle opening detection can
be achieved by detecting the rotational angle of the first
gear.

[0013] There is a conventional throttle apparatus hav-
ing a return spring mechanism for returning the throttle
valve to the idle position. The return spring mechanism
has a spring for biasing the throttle valve in the closing
direction and another spring for biasing the throttle valve
in the opening direction. Normally, the idle opening is set
to the position where these two spring forces are in bal-
ance with each other.

[0014] According to an embodiment of the present in-
vention, an elastic force is imparted to the throttle shaft
in its whole operational angle range in the throttle valve
closing direction. That is, the throttle shaft is always bi-
ased to the closing direction. In this case, even when the
throttle shaft is to located in the idle opening position, it
is necessary to energize the motor to maintain the throttle
shaft as not to be rotated. Accordingly, the power con-
sumption is inevitably increased. Itis therefore generally
difficult to adopt such an arrangement. However, when
an elastic force is daringly imparted to the throttle shaft
in the whole operational angle range even though the
power consumption is increased, the backlash can se-
curely be eliminated. This enables the rotational angle
of the throttle shaft to be detected with high precision.
[0015] According to an embodiment of the present in-
vention, the first gear has a rotary shaft different from the
throttle shaft, and the first gear is the gear, out of the
plurality of gears, nearest to the throttle shaft in the rota-
tion transmission passage. According to the arrange-
ment above-mentioned, the rotational angle can be de-
tected with the use of the gear of which backlash influ-
ence is minimized, enabling the throttle opening to be
accurately detected with high resolution.

[0016] An embodiment of the present invention further
comprises a full closing switch fixed to the second gear
of the reduction mechanism. The full closing switch is
sufficient if it is possible to detect whether or not the sec-
ond gear is in the rotational position corresponding to the
full closing position, and the full closing switch is not re-
quired to detect a rotational angle. Accordingly, as the
full closing switch, an economical switch having a simple
structure may be used. When this full closing switch is
provided, the throttle valve can smoothly be brought to
the full closing position by driving the motor even when
the rotational angle sensor is in failure at the worst. More
specifically, since the full closing switch can detect that
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the throttle valve is brought to the full closing position,
the driving of the motor in the full closing direction can
be stopped in response to the full closing detection by
the full closing switch. This not only restrains or prevents
the motor from being overloaded, but also restrains the
power consumption from being wasted.

[0017] More specifically, the rotational angle sensor
may include: a rotational-angle detecting magnet fixed
to the first gear of the reduction mechanism; and a rota-
tional-angle detecting element which is disposed oppo-
site to the rotational-angle detecting magnet and which
is arranged to detect the magnetic field thereof, thereby
to detect the rotational angle of the first gear. Further,
the full closing switch may comprise: a full-closing de-
tecting magnet fixed to the second gear of the reduction
mechanism; and a full-closing detecting element for de-
tecting the magnetic field of the full-closing detecting
magnet, thereby to detect whether or notthe throttle valve
is in the full closing position.

[0018] According to the arrangement above-men-
tioned, the rotational-angle detecting magnet is fixed to
the first gear, and the rotational-angle detecting element
is disposed opposite to the rotational-angle detecting
magnet. By this rotational-angle detecting element, the
rotational angle of the first gear is detected in a non-
contact manner. Generally, the detecting resolution of
the non-contact type rotational-angle detecting element
is lower than that of the contact-type rotational-angle de-
tecting element. However, the rotation of the first gear is
detected as increased in rotational speed as compared
with the rotation of the throttle shaft. It is therefore pos-
sible to detect, with high resolution, the rotational angle
of the throttle shaft, i.e., the throttle opening. This not
only ensures the advantage of high durability of the non-
contact type, but also enables the throttle opening to be
detected with high resolution. Further, it is enough to de-
tect the rotational angle of the first gear. This eliminates
the need to dispose a rotational-angle detecting element
to each of a plurality of rotary shafts, thus reducing the
cost.

[0019] According to the arrangement above-men-
tioned, a full-closing detecting magnet is fixed to the sec-
ond gear, and there is disposed a full-closing detecting
element for detecting the magneticfield of this full-closing
detecting magnet, thereby to detect whether or not the
throttle shaft is fully closed. This full-closing detecting
element is sufficient if it can detect whether or not the
second gear is in the rotational position corresponding
to the full closing position, and is not required to detect
the rotational angle. Accordingly, as the full-closing de-
tecting element, an economical element having a simple
structure may be used.

[0020] The rotational-angle detecting magnet and the
full-closing detecting magnet are respectively fixed to dif-
ferent gears. This is for restraining the magnetic fields of
the respective magnets from interfering with each other.
[0021] Further, the presentinvention is arranged to de-
tect the rotation of a gear in the reduction mechanism. It
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is therefore possible to dispose the rotational angle sen-
sor at a lateral side of the throttle shaft and not at a lon-
gitudinal end thereof. Likewise, the full closing switch can
be disposed at a lateral side of the throttle shaft. This
enables the throttle apparatus to be reduced in size in
the throttle shaft axial direction.

[0022] For example, there are instances where a plu-
rality of intake air passages are linearly disposed as re-
spectively correspondingly to a plurality of cylinders of
an engine and a common throttle shaft is connected to
a plurality of throttle valves respectively disposed in the
plurality of intake air passages. In this case, the throttle
shaft is preferably connected, in between the intake air
passages, to the reduction mechanism. Accordingly,
both the reduction mechanism and the rotational-angle
detecting structure can be disposed at a lateral side of
the throttle shaft. This effectively reduces the throttle ap-
paratus in size in the throttle shaft axial direction.
[0023] The second gear may have a magnet attaching
portion which extends in the axial direction of the throttle
shaft and to which the full-closing detecting magnet is
attached. According to this arrangement, the position of
the full-closing detecting magnet in the throttle shaft axial
direction can be adjusted. This facilitates a common use
of a substrate for both the rotational-angle detecting el-
ement and the full-closing detecting element.

[0024] The gearshaftofthe firstgear may have a large-
diameter portion to which the rotational-angledetecting-
magnet is attached. For example, the rotational-angle
detecting magnet may be attached to the large-diameter
portion such that the two magnetic fields are aligned in
the direction at a right angle to the throttle shaft.

[0025] The second gear may be connected to the throt-
tle shaft. More specifically, the second gear may be the
throttle gear. According to this arrangement, the full clos-
ing switch is fixed to the second gear connected to the
throttle shaft, thus assuring the full-closing detection by
the full closing switch. As aresult, the motor control based
on the output of the full closing switch can more suitably
be executed.

[0026] According to an embodiment of the present in-
vention, the rotational-angle detecting element and the
full-closing detecting element are commonly mounted on
a substrate. The rotational-angle detecting element de-
tects the magnetic field of the rotational-angle detecting
magnet fixed to the first gear, and the full-closing detect-
ing element detects the magnetic field of the full-closing
detecting magnet fixed to the second gear. More specif-
ically, these detecting elements are arranged to detect
the magnetic field and therefore can easily be mounted
on the common substrate. Thus, the rotational-angle de-
tecting element and the full-closing detecting element are
mounted on the common substrate, thus enabling not
only the arrangement to be simplified, but also the cost
to be reduced. Particularly, the support structure of the
rotational-angle detecting element and the full-closing
detecting element can be simplified.

[0027] According to an embodiment of the present in-
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vention, the full-closing detecting magnet is disposed
such that the two magnetic poles thereof are aligned in
the throttle shaft axial direction, and the two magnetic
poles of the rotational-angle detecting magnet are
aligned in the direction at aright angle to the throttle shaft.
In this case, along the throttle shaft axial direction, the
full-closing detecting element is preferably disposed op-
posite to the full-closing detecting magnet and the rota-
tional-angle detecting element is preferably disposed op-
posite to the rotational-angle detecting magnet.

[0028] Further, the rotational-angle detecting element
may be arranged to detect the orientation of the magnetic
field, and the full-closing detecting element may be ar-
ranged to detect the intensity of the magnetic field. Ac-
cording to this arrangement, when the rotational-angle
detectingmagnet is fixed onto the rotary shaft of the first
gear, the rotational-angle detecting element can detect
the orientation of the magnetic field of the rotational-angle
detecting magnet. This enables the rotational angle of
the first gear to be detected by the rotational-angle de-
tecting element. On the other hand, since the full-closing
detecting element is to detect the intensity of the mag-
netic field, the full-closing detecting magnet can be dis-
posed at a position separated away from the rotary shaft
of the second gear. This increases the degree of freedom
of the positional relationship between the rotational-an-
gle detecting magnet and the full-closing detecting mag-
net. For example, the full-closing detecting magnet can
be so disposed as to be positioned in the vicinity of the
rotational-angle detecting magnet when the throttle shaft
is in the full closing position. Thus, when the rotational-
angle detecting element and the full-closing detecting el-
ement are mounted on a common substrate, the sub-
strate can be reduced in size.

[0029] According to an embodiment of the present in-
vention, the first gear and the second gear are directly
engaged with each other. Since the first and second
gears are directly engaged with each other, the rotation-
al-angle detecting magnet and the full-closing detecting
magnet can be respectively fixed to the adjacent gears.
This shortens the distance between the rotational-angle
detecting element and the full-closing detecting element,
thus contributing to the miniaturization of the apparatus.
For example, when the rotational-angle detecting ele-
ment and the full-closing detecting element are mounted
on the common substrate, the substrate can be reduced
in size.

[0030] According to an embodiment of the present in-
vention, two or more rotational angle sensors are provid-
ed, and one full-closing switch is provided. More specif-
ically, two or more rotational-angle detecting elements
and one full-closing detecting element are provided.
When the outputs of the plurality of rotational angle sen-
sors are matched to one another, it is considered that
these rotational angle sensors are normal. On the con-
trary, if the outputs of the plurality of rotational angle sen-
sors are not matched with one another, it is considered
that any of the rotational angle sensors is in failure. Thus,
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an abnormality of any of the rotational angle sensors can
be detected. Further, if the outputs of the rotational angle
sensors are not matched with the output of the full closing
switch when the rotational angle sensors are normal, an
abnormality of the full closing switch can be detected. It
is thus possible to judge whether a failure has occurred
in any of the rotational angle sensors or in the full closing
switch.

[0031] A throttle apparatus according to an embodi-
ment of the presentinvention further comprises: a throttle
opening computing unit for computing the opening of the
throttle valve based on the output of the rotational angle
sensor; an accelerator opening detecting unit for detect-
ing the accelerator opening which represents the oper-
ation amount of an accelerator operating member; and
a motor control unit for controlling the motor based on an
accelerator opening detected by the accelerator opening
detecting unit, a throttle opening computed by the throttle
opening computing unit and an output signal of the full-
closing switch, such that the throttle opening corresponds
to the accelerator opening.

[0032] According to the arrangement above-men-
tioned, while the accelerator opening which represents
the operation amount of the accelerator operating mem-
ber is detected, the throttle opening is computed based
on the output of the rotational angle sensor, and the motor
is then controlled based on these accelerator opening
and throttle opening.

[0033] Forexample, the motor can be fedback-control-
led so as to obtain the throttle opening corresponding to
the accelerator opening. Further, when the rotational an-
gle sensor is in failure, the motor can for example be
controlled, according to the accelerator opening, so as
to be rotated in the full closing direction (in the rotational
direction of displacing the throttle valve in the full closing
direction). In this case, a control processing can be ex-
ecuted such that the energization to the motor is stopped
in response to the detection made by the full closing
switch that the throttle valve has reached the full closing
position.

[0034] The throttle valve preferably further comprises
a first failure detecting unit for detecting a failure in the
rotational angle sensor. In this case, the motor control
unit is preferably arranged such that when the first failure
detecting unit detects a failure in the rotational angle sen-
sor, the motor control unit rotationally drives the motor in
the full closing direction until the full closing switch detects
that the throttle valve is in the full closing position.
[0035] According to the arrangement above-men-
tioned, the first failure detecting unit detects a failure in
the rotational angle sensor. Then, when a failure in the
rotational angle sensor is detected, the motor is rotation-
ally driven in the full closing direction. This rotational driv-
ing is stopped when the full-closing detecting element
has detected the full closing of the throttle valve. This
restrains the power consumption of the motor from being
wasted.

[0036] A throttle apparatus according to an embodi-
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ment of the present invention further comprises a second
failure detecting unit for detecting a failure in the full clos-
ing switch, and the motor control unit is arranged such
that when the second failure detecting unit has detected
a failure in the full closing switch, the motor control unit
rotationally drives the motor in the full closing direction
until the rotational angle sensor detects that the throttle
valve is in the full closing position.

[0037] According to the arrangement above-men-
tioned, when the second failure detecting unit detects a
failure in the full closing switch, the motor is rotationally
driven in the full closing direction. This rotational driving
is stopped when the rotational angle sensor has detected
the full closing of the throttle valve. This restrains the
power consumption of the motor.

[0038] According to an embodiment of the present in-
vention, a plurality of rotational angle sensors are dis-
posed, and the first failure detecting unit detects a failure
according to the output signals of the plurality of rotational
angle sensors.

[0039] According to the arrangement above-men-
tioned, since the plurality of rotational angle sensors are
disposed, a failure in the rotational angle sensors can be
detected based on the output signals of these rotational
angle sensors. That is, by arranging the rotational angle
sensors in a so-called multiple system, a failure of any
of these sensors can be detected. More specifically,
when the deviation among the output signals of the plu-
rality of rotational angle sensors exceeds a predeter-
mined threshold, it can be judged that any of the rotational
angle sensors is in failure. Examples of the failure in the
rotational angle sensors include not only a failure in the
rotational-angle detecting element itself, but also a dis-
connection failure or a short-circuit failure in the signal
lines.

[0040] The provision of a plurality of rotational angle
sensors increases the cost. However, the cost is remark-
ably lower than that incurred by an arrangement in which
arotational angle sensor is provided for each of a plurality
of rotary shafts and each rotational angle sensor is made
in a multiple system. It is therefore possible to detect a
failure in any of the rotational angle sensors with an eco-
nomical arrangement.

[0041] According to an embodiment of the present in-
vention, a plurality of rotational-angle detecting elements
are provided, and the second failure detecting unit is ar-
ranged to detect a failure in the full closing switch based
on the output signals of the plurality of rotational angle
sensors and the full closing switch.

[0042] As mentioned earlier, since the rotational angle
sensors are arranged in a multiple system, a failure in
any of the rotational angle sensors can be detected. Ac-
cordingly, if the output signals of the plurality of rotational
angle sensors are not matched with the output signal of
the full closing switch when all of the plurality of rotational
angle sensors are normal, it can be judged that the full
closing switch is in failure. More specifically, it can be
judged that the full closing switch is in failure if the full
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closing switch does not detect the full closing position
when all of the plurality of rotational angle sensors have
detected the rotational angle corresponding to the full
closing position. Further, it can be judged that the full
closing switch is in failure if the full closing switch detects
the full closing when each of the plurality of rotational
angle sensors does not detect the rotational angle cor-
responding to the full closing.

[0043] Amotorcycle according to the presentinvention
comprises: an engine; a wheel to which the driving force
of the engine is transmitted; and the above-mentioned
throttle apparatus arranged to adjust the amount of air
taken in the engine.

[0044] These and other features, advantages and op-
erational effects of the present invention will be more fully
apparent from the following detailed description set forth
below when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0045]

Fig. 1 is a schematic side view of the arrangement
of a motorcycle in accordance with an embodiment
of the present invention;

Fig. 2 is a view illustrating the arrangement in asso-
ciation with the engine of the motorcycle in Fig. 1;
Fig. 3 is a schematic view of a throttle apparatus:
Fig. 4 is a perspective view illustrating the structure
of a driving mechanism for a throttle valve and the
layout of a sensor assembly;

Fig. 5is an exploded perspective view of the arrange-
ment shown in Fig. 4;

Fig. 6 is an enlarged perspective view illustrating the
layout of a rotational-angle detecting magnet and a
full-closing detecting magnet;

Fig. 7 is a plan view illustrating the arrangement of
the sensor assembly;

Fig. 8 is a block diagram illustrating the electric ar-
rangement for controlling the throttle apparatus;
Fig. 9 is a flowchart illustrating a series of process-
ings to be executed by a microcomputer;

Fig. 9A is a flowchart illustrating a series of process-
ings to be executed when a failure has been found
in a full-closing detecting element;

Fig. 9B is a flowchart illustrating a series of process-
ings to be executed when a failure has been found
in a rotational-angle detecting element; and

Fig. 10 is a graph illustrating changes in accelerator
opening and throttle opening with the passage of
time when a failure has occurred.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0046] Fig. 1 is a schematic side view of the arrange-
ment of a motorcycle 1 in accordance with an embodi-
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ment of the present invention. The motorcycle 1 has 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. The vehicle body frame 2 is provided at
the front thereof with a head pipe 6, by which a front fork
7 is transversely swingably supported. The front fork 7
is provided at the lower end thereof with the front wheel
4 journalled. A rear arm 8 is supported by the vehicle
body frame 2 at its rear portion. The rear wheel 5 is sup-
ported by the rear arm 8 at its rear end.

[0047] A handlebar 10 for steering the motorcycle 1 is
fixed to the upper end of the front fork 7. The handlebar
10 is provided at both ends thereof with a pair of grips to
be respectively held by the left and right hands of the
rider. One of the grips (normally, the right-hand grip) is
an accelerator grip 11 (accelerator operating member)
to be rotatably operated around the handlebar axis by
the rider. The accelerator grip 11 has an accelerator
opening sensor 12 (accelerator opening detecting unit)
for detecting the operating amount of the accelerator grip
11. In the following description, the operating amount of
the accelerator grip 11 will be referred to as the acceler-
ator opening. That is, the accelerator opening sensor 12
detects the accelerator opening. The throttle opening of
the engine 3 is adjusted according to an output of the
accelerator opening sensor 12, i.e., the accelerator open-
ing. Accordingly, the rider can adjust the speed of the
engine 3 by the operation of the accelerator grip 11.
[0048] The engine 3 is for example a water-cooling
four-stroke four-cylinder engine. The engine 3 is provided
under thereof with a crankcase 15 in which a crank shaft
is housed. A cylinder block 16 is connected to the front
of the top of the crankcase 15. A cylinder head 17 is fixed
onto the cylinder block 16.

[0049] The crankcase 15 incorporates a transmission
mechanism (not shown). A chain 19 is wound around the
output shaft of the transmission mechanism and a
sprocket 18 fixed to the rear wheel 5. Thus, the driving
force of the engine 3 is to be transmitted to the rear wheel
5 through the transmission mechanism and the chain 19.
[0050] Disposed on the engine 3 is a fuel tank 20 sup-
ported by the vehicle body frame 2. A seat 21 is disposed
at the rear of the fuel tank 20. Disposed under the seat
21 is an ECU (Electronic Control Unit) 22 serving as a
control device.

[0051] Exhaust ports are opened in the front wall of
the cylinder head 17 of the engine 3. An exhaust pipe 23
is connected to the exhaust ports. The exhaust pipe 23
is rearwardly bentand connected to a muffler 24 disposed
at a lateral side of the rear wheel 5.

[0052] Air intake ports are opened in the rear wall of
the cylinder head 17. Athrottle apparatus 60 is connected
to these air intake ports.

[0053] Fig. 2 is a view illustrating the arrangement in
association with the engine 3. The engine 3 has the
crankcase 15, the cylinder block 16 communicating with
the crankcase 15, the cylinder head 17 connected to the
head portion of the cylinder block 16, and a piston 26
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housed in the cylinder block 16. A crank shaft 27 is ro-
tatably journalled to the crankcase 15. The rotor of a gen-
erator (ACM) 41 is connected to the crank shaft 27.
[0054] The cylinder head 17 is connected to an air in-
take pipe 42 and an exhaust pipe 23 which communicate
with a combustion chamber 43 above the piston 26. A
spark plug 44 is attached to the cylinder head 17, and
the discharging unit of this spark plug 44 is located in the
combustion chamber 43. A discharging voltage is applied
to the spark plug 44 from an ignition coil 45.

[0055] An injector 40 is attached to the air intake pipe
42 at an intermediate portion thereof. Fuel stored in the
fuel tank 20 is supplied to the injector 40 by a fuel pump
47. The throttle apparatus 60 is disposed at the air intake
pipe 42. This throttle apparatus 60 has throttle valves 66.
An intake air temperature sensor 52 and an intake pres-
sure sensor 53 are attached to the air intake pipe 42. The
throttle apparatus 60 is arranged to adjust the quantity
of the air introduced into the engine 3 by changing, ac-
cording to the accelerator operation of the rider, the open-
ing of the intake air passages (throttle opening). The
throttle apparatus 60 is disposed upstream of the injector
40 in the intake-air inflow direction. The intake air tem-
perature sensor 52 is to detect the temperature of the air
introduced into the airintake pipe 42. The intake pressure
sensor 53 is disposed between the throttle apparatus 60
and the injector 40 for detecting the atmospheric pres-
sure of the intake air in the air intake pipe 42.

[0056] Further, the cylinder block 16 has a water tem-
perature sensor 54, and the crankcase 15 has a crank
angle sensor 55. The water temperature sensor 54 is
arranged to detect the temperature of cooling water for
cooling the engine 3. The crank angle sensor 55 is ar-
ranged to detect the rotational angle of the crank shaft 27.
[0057] The output signals of the sensors above-men-
tioned are to be given to the ECU 22 (See Fig. 1). The
ECU 22 is arranged to control the ignition coil 45 (ignition
control), the injector 40 (fuel injection control), the fuel
pump 47 (fuel supply control) and the throttle apparatus
60 (intake air quantity control).

[0058] Fig. 3 is a schematic view of the throttle appa-
ratus 60 which is applied to a four-cylinder engine in this
embodiment. The throttle apparatus 60 has four throttle
bodies 62 each having an intake air passage 61 to be
connected to an air intake port. Four throttle bodies 62
are connected and supported, as linearly arranged, to
and by a frame 63. Thus, the intake air passages 61 are
linearly arranged. A spacer 64 is disposed between each
adjacent pair of throttle bodies 62 at both ends, and the
distance between adjacent throttle bodies 62 is matched
to the distance between adjacent air intake ports. A throt-
tle shaft (valve shaft of the throttle valve) 65 is disposed
as passing through these four throttle bodies 62 and two
spacers 64. For example, the throttle shaft 65 is axially
rotatably supported by bearings (not shown) disposed at
the throttle bodies 62.

[0059] Four throttle valves 66 are connected to the
throttle shaft 65 at intervals provided in the longitudinal
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direction thereof. These four throttle valves 66 are re-
spectively located in the four intake air passages 61. By
rotating the throttle shaft 65 around the axis thereof, each
throttle valve 66 takes an arbitrary angular position in the
range between the full closing position and the full open
position. The full closing position refers to a position
where each throttle valve 66 is substantially at a right
angle to the gas flow direction of each intake air passage
61 (the axial direction of each intake air passage 61).
The full open position refers to a position where each
throttle valve 66 is substantially parallel to the gas flow
direction of each intake air passage 61. For example,
when the angular position of each throttle valve 66 is
expressed based on the direction at a right angle to the
gas flow direction of each intake air passage 61, the full
closing position can be expressed as 0 degree, and the
full open position, for example, as 90 degrees. The an-
gular position of each throttle valve 66 expresses the
throttle opening, i.e., the opening degree of each intake
air passage 61 adjusted by each throttle valve 66. The
four throttle valves 66 are fixed, in parallel to one another,
to the throttle shaft 65. Accordingly, the rotation of the
throttle shaft 65 enables the throttle openings of the four
intake air passages 61 to be adjusted to the same value
in synchronization with one another.

[0060] Disposed between two center throttle bodies 62
or between two center intake air passages 61 is a driving
mechanism 70 for rotating the throttle shaft 65 thereby
to change the throttle opening. The driving mechanism
70 has amotor 71, areduction mechanism 72, arestoring
spring 73 and a bracket 74 for supporting these members
71, 72, 73. This bracket 74 also supports a sensor as-
sembly 75 for detecting the throttle opening and the throt-
tle full closing.

[0061] Fig.4is a perspective view illustrating the struc-
ture of the driving mechanism 70 and the layout of the
sensor assembly 75. Fig. 5 is a perspective view of the
arrangement shown in Fig. 4.

[0062] Disposed in parallel to the throttle shaft 65 is
the motor 71 drive shaft, to which a motor pinion gear 76
is fixed. The reduction mechanism 72 has an intermedi-
ate gear unit 77 and a throttle gear 78.

[0063] The intermediate gear unit 77 has a large-di-
ameter wheel gear (large-diameter gear) portion 77A
which meshes with the motor pinion gear (motor gear)
76, and a small-diameter pinion gear (small-diameter
gear) portion 77B integral with the large-diameter wheel
gear portion 77A. The intermediate gear unit 77 is fixed
to an intermediate gear shaft 80 which is parallel to the
throttle shaft 65. This intermediate gear shaft 80 is sup-
ported by the bracket 74 (See Fig. 3) so as to be axially
rotatable together with the intermediate gear unit 77.
[0064] The throttle gear 78 is fixed to the throttle shaft
65 between two center throttle bodies 62 (See Fig. 3).
This throttle gear 78 is provided at the outer periphery
thereof with a wheel gear portion 78A which meshes with
the pinion gear portion 77B of the intermediate gear unit
77. The wheel gear portion 78A is composed of a teeth
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row extending substantially in a 90-degree angular range
corresponding to the range between the full closing po-
sition and the full open position of the throttle valves 66.
[0065] According to the arrangement above-men-
tioned, when the motor 71 is driven to rotate the motor
pinion gear 76, this rotation is transmitted to the wheel
gear portion 77A of the intermediate gear unit 77. This
causes the intermediate gear shaft 80 to be rotated to-
gether with the intermediate gear unit 77. This rotation
of the intermediate gear unit 77 is transmitted from the
pinion gear portion 77B to the wheel gear portion 78A of
the throttle gear 78, causing the same to be rotated. Ac-
cordingly, the throttle shaft 65 fixed to the throttle gear
78 is axially rotated. As a result, the throttle valves 66
are rotated in the intake air passages 61 to change the
throttle opening.

[0066] The number of teeth of the motor pinion gear
76 is smaller than that of the wheel gear portion 77A of
the intermediate gear unit 77. Accordingly, the rotation
of the motor 71 is transmitted, as reduced in rotational
speed, to the intermediate gear unit 77. Further, the
number of teeth of the pinion gear portion 77B of the
intermediate gear unit 77 is smaller than that of the wheel
gear portion 78A of the throttle gear 78. Accordingly, the
rotation of the intermediate gear unit 77 is transmitted,
as reduced in rotational speed, to the throttle gear 78.
Thus, the rotation of the motor 71 is transmitted, as re-
duced in rotational speed by the reduction mechanism
72,tothe throttle shaft 65. Itis noted that the teeth number
of the wheel gear portion 78A is the number on the as-
sumption that the wheel gear portion 78A is formed over
the whole periphery of the throttle gear 78.

[0067] For example, the number of teeth of the motor
pinion gear 76 is equal to 10, the number of teeth of the
wheel gear portion 77A of the intermediate gear unit 77
is equal to 32, the number of teeth of the pinion gear
portion 77B of the intermediate gear unit 77 is equal to
14 and the number of teeth of the wheel gear portion 78A
of the throttle gear 78 is equal to 55. In this case, the
speed reduction ratio between the motor 71 and the throt-
tle shaft 65 is about 12.5. The speed reduction ratio be-
tween the intermediate gear shaft 80 and the throttle shaft
65 is 3.9. That s, the rotational angle of the throttle shaft
65 is smaller by about a quarter than the rotational angle
of the intermediate gear shaft 80. In other words, the
speed increasing ratio of the rotation of the intermediate
gear shaft 80 with respect to the rotation of the throttle
shaft 65 is 3.9. Accordingly, the rotational angle of the
intermediate gear shaft 80 is greater by about four times
than that of the throttle shaft 65. More specifically, when
the operating angle range (the angle range from the full
closing position to the full open position) of the throttle
shaft 65 is set to about 90 degrees but less than 90 de-
grees, the rotational angle range of the intermediate gear
shaft 80 is about 360 degrees but less than 360 degrees.
Therefore, the rotation of the throttle shaft 65 in the op-
erating angle range is amplified to the rotation of sub-
stantially one revolution of the intermediate gear shaft 80.
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[0068] As enlargedly shown in Fig. 6, the throttle gear
78 has a magnet fixing portion 78B, in which a full-closing
detecting magnet 81 (permanent magnet piece) is em-
bedded. That is, the magnet fixing portion 78B serves as
a magnet attaching portion on which the full-closing de-
tecting magnet 81 mounted. The magnet fixing portion
78B is disposed in the vicinity of one end of the wheel
gear portion 78A and is made in the form of a column
projecting in one direction parallel to the throttle shaft 65.
The full-closing detecting magnet 81 is embedded in the
tip of the magnet fixing portion 78B. This full-closing de-
tecting magnet 81 is fixed to the magnet fixing portion
78B with its magnetic pole direction (which passes
through the N-and S-poles) beingin parallel to the throttle
shaft 65.

[0069] On the other hand, a magnet fixing member 83
is fixed to the tip of the pinion gear portion 77B of the
intermediate gear shaft 80 so as to be rotatably integrally
therewith. A rotational-angle detecting magnet 82 (per-
manent magnet piece) is embedded in the magnet fixing
member 83. This rotational-angle detecting magnet 82
is embedded in the magnet fixing member 83 such that
its magnetic pole direction is at right angle to the inter-
mediate gear shaft 80. The magnetic pole direction refers
to the direction in which two magnetic poles of the rota-
tional-angle detecting magnet 82 are aligned. According-
ly, the two magnetic poles of the rotational-angle detect-
ing magnet 82 are arranged in the direction at a right
angle to the throttle shaft 65.

[0070] The magnet fixing member 83 has a large-di-
ameter portion of which diameter is larger than that of
the intermediate gear shaft 80, and the rotational-angle
detecting magnet 82 is attached to this large-diameter
portion. The magnet fixing member 83 may be formed
integrally with the intermediate gear unit 77.

[0071] As shown in Fig. 4, the sensor assembly 75 is
disposed opposite to the rotational-angle detecting mag-
net 82 disposed at the tip of the intermediate gear shaft
80. The sensor assembly 75 is so disposed as to face
always the rotational-angle detecting magnet 82 and also
as to face the full-closing detecting magnet 81 when the
throttle valves 66 are in the full closing position. The sen-
sor assembly 75 is held by the bracket 74 (See Fig. 3),
thus maintaining the positional relationship of the sensor
assembly 75 with respect to the intermediate gear shaft
80 and the throttle gear 78.

[0072] The restoring spring 73 is formed by a torsion
spring wound on the throttle shaft 65. The restoring spring
73 has one end held by a predetermined portion of the
bracket 74 and the other end fixed to the wheel gear
portion 78A of the throttle gear 78. Torsion is previously
applied to the restoring spring 73. Thus, the restoring
spring 73 elastically biases the throttle shaft 65 through
the throttle gear 78 in such a direction as to guide the
throttle valves 66 in the full closing position. The main
function of the restoring spring 73 is to eliminate backlash
between gears. More specifically, under the action of the
restoring spring 73, the motor pinion gear 76 and the
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wheel gear portion 77A are meshed with each other as
always biased in one direction, and the pinion gear por-
tion 77B and the wheel gear portion 78A are also meshed
with each other as always biased in one direction. Ac-
cordingly, the rotation of the intermediate gear shaft 80
corresponds correctly to the rotation of the throttle shaft
65. Therefore, by detecting the rotational angle of the
intermediate gear shaft 80, the angular position of each
throttle valve 66 fixed to the throttle shaft 65 can accu-
rately be detected.

[0073] In this embodiment, the restoring spring 73
gives, to the throttle shaft 65 in its whole operating angle
range, an elastic force in such a direction as to close the
throttle valves 66. That is, the throttle shaft 65 is always
biased toward the closing side. In this case, even though
the throttle shaft 65 is in the idle open position, it is re-
quired to energize the motor 71 to maintain the throttle
shaft 65 as not to be rotated. Since this increases inev-
itably the power consumption, it is normally difficult to
adopt such an arrangement. However, even though the
power consumption is increased, the daring application
of an elastic force to the throttle shaft in its whole oper-
ating angle range can securely eliminate the backlash.
This enables the rotational angle of the throttle shaft 65
to be detected with high precision.

[0074] Fig.7isaplanview illustrating the arrangement
of the sensor assembly 75. The sensor assembly 75 is
formed by a rotational-angle detecting unit 86 and a full-
closing detecting unit 87 which are mounted on a com-
mon substrate 88.

[0075] The rotational-angle detecting unit 86 is formed
by a pair of rotational-angle detecting elements 91, 92
sealed in a common resin package. The lead terminals
of the rotational-angle detecting unit 8 6 are soldered on
the wiring pattern on the substrate 88. Each of the rota-
tional-angle detecting elements 91, 92 is composed of a
Hall IC for detecting the magnetic pole direction (mag-
netic field direction) of the rotational-angle detecting
magnet 82. As such Hall IC, there may be used, for ex-
ample, a magnetic field vector detection-type sensor
MLX90316 (Rotary Position Sensor IC) provided by Me-
lexis. The rotational-angle detecting elements 91, 92
formed by such Hall ICs are to detect the direction of the
magnetic field, and not the magnitude of the magnetic
field. Accordingly, the rotational angle of the intermediate
gear shaft 80 can accurately be detected regardless of
the size of the gap between the rotational-angle detecting
magnet 82 and the rotational-angle detecting elements
91, 92. The rotational-angle detecting magnet 82 and
one rotational-angle detecting element 91 form one ro-
tational angle sensor, while the rotational-angle detecting
magnet 82 and the other rotational-angle detecting ele-
ment 92 form another rotational angle sensor.

[0076] Onthe otherhand, the full-closing detecting unit
87 has afull-closing detecting element 93 which is formed
by a Hall IC of detecting the magnetic field intensity and
which is sealed in a resin package. The lead terminals
of the full-closing detecting unit 87 are soldered to the
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wiring pattern on the substrate 88. The full-closing de-
tecting unit 87 is disposed in the vicinity of the passage
in which the full-closing detecting magnet 81 is moved
when the throttle shaft 65 is rotated. Thus, when the throt-
tle valves 66 are in the full closing position, the full-closing
detecting unit 87 is opposite to the full-closing detecting
magnet 81. The full-closing detecting element 93 is used
for detecting whether or not the full-closing detecting
magnet 81 is opposite thereto. More specifically, when
the full-closing detecting element 93 detects a strong
magnetic field (e.g., not less than the threshold), it is
judged that the full-closing detecting magnet 81 is located
in the opposite position and that the throttle valves 66
are therefore in the full closing position. On the contrary,
when the magnetic field detected by the full-closing de-
tecting element 93 is weak (e.g., less than the threshold)
or zero, it is judged that the full-closing detecting magnet
81 is not in the opposite position and that the throttle
valves 66 are therefore not in the full closing position.
Thus, the full-closing detecting magnet 81 and the full-
closing detecting element 93 form a full closing switch.
Differently from the rotational-angle detecting elements
91, 92 , the full-closing detecting element 93 is arranged
to detect the intensity of the magnetic field, and not the
direction of the magnetic field. Accordingly, the full-clos-
ing detecting element 93 can be formed by a Hall IC rel-
atively cheaper than that used for forming each rotation-
al-angle detecting element 91, 92..

[0077] Since the rotational-angle detecting elements
91, 92 are to detect the direction of the magnetic field,
the rotational-angle detecting magnet 82 is disposed on
the rotary shaft of the intermediate gear shaft 80. On the
other hand, since the full-closing detecting element 93 is
to detect the intensity of the magnetic field, the full-closing
detecting magnet 81 is disposed positionally shifted from
the rotary shaft of the throttle gear 78. That is, the full-
closing detectingmagnet 81 is disposed movably toward
or away from the full-closing detecting element 93. More
specifically, the full-closing detecting magnet 81 is fixed
to the throttle gear 78 so as to be located in a position
close to the rotational-angle detecting magnet 82 when
the throttle valves 66 are in the full closing position. Ac-
cordingly, the rotational-angle detecting unit 86 and the
full-closing detecting unit 87 can be disposed in close
proximity to each other, thus reducing in size the sub-
strate 88 on which these units 86, 87 are commonly
mounted.

[0078] Fig. 8is a block diagram illustrating the electric
arrangement relating to the control of the throttle appa-
ratus 60. The output signals of the pair of rotational-angle
detecting elements 91, 92 of the rotational-angle detect-
ing unit 86 are entered into the ECU 22. Further, the
output signal of the full-closing detecting element 93 of
the full-closing detecting unit 87 is also entered into the
ECU 22. Moreover, entered into the ECU 22 is the output
signal (accelerator opening) of the accelerator opening
sensor 12 arranged to detect the operation amount of
the accelerator grip 11.
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[0079] The ECU 22 includes a microcomputer 30 hav-
ing a CPU, a ROM and a RAM, and a motor driving circuit
68 for supplying an electric power to the motor 71. The
microcomputer 30 serves as a plurality of function
processing units each realized by executing a predeter-
mined control program in the microcomputer 30. These
function processing units include a throttle opening com-
puting unit 31, a motor control unit 32 and a failure de-
tecting unit 33.

[0080] The throttle opening computing unit 31 is ar-
ranged to compute, based on the output signals of the
pair of rotational-angle detecting elements 91, 92, the
angular position of the throttle valves 66, i.e., the throttle
opening.

[0081] The motor control unit 32 is arranged to gener-
ate an instruction of motor voltage to be applied to the
motor 71 based on (i) the accelerator opening detected
by the accelerator opening sensor 12, (ii) the throttle
opening computed by the throttle opening computing unit
31 and (iii) the output signal of the full-closing detecting
element 93. A driving signal corresponding to this motor
voltage instruction is given to the motor driving circuit 68,
which in turn supplies an electric power to the motor 71
for driving the same.

[0082] The failure detecting unit 33 is arranged to ex-
ecute, based on the output signals of the pair of rotational-
angle detecting elements 91, 92 and the full-closing de-
tecting element 93, a failure detecting processing for de-
tecting whether or not any of these elements 91, 92, 93
is in failure. For example, the failure detecting unit 33
judges that any of the pair of rotational-angle detecting
elements 91, 92 is in failure when the deviation of the
output signals of the rotational-angle detecting elements
91, 92 is not less than a predetermined threshold. Exam-
ples of the failure to be detected include not only a failure
of each rotational-angle detecting element 91, 92 itself,
but also a disconnection failure or a short-circuit failure
in the wirings between the rotational-angle detecting unit
86 and the ECU 22. The failure detecting unit 33 is ar-
ranged to detect these examples as the failure of the
rotational-angle detecting elements. Further, when it has
been judged that the rotational-angle detecting elements
91, 92 are normal, the failure detecting unit 33 can detect
whether or not the full-closing detecting element 93 is in
failure, by checking whether or not the outputs of the
rotational-angle detecting elements 91, 92 are matched
to the output signal of the full-closing detecting element
93. Examples of a failure to be detected include not only
a failure of the full-closing detecting element 93 itself, but
also a disconnection failure or a short-circuit failure in the
wirings between the ECU 22 and the full-closing detect-
ing unit 87. The failure detecting unit 33 is arranged to
detect these examples as the failure of the full-closing
detecting element 93.

[0083] At the normal time where no failure is found,
the motor control unit 32 executes a feedback-control
processing on the motor 71 such that the target throttle
opening corresponding to the accelerator opening coin-
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cides with the throttle opening (actual opening) computed
by the throttle opening computing unit 31. This feedback-
control processing may be executed by a proportional-
integral-derivative (PID) control.

[0084] When the failure detecting unit 33 judges that
any of the rotational-angle detecting elements 91, 92 is
in failure, the motor control unit 32 executes a control
processing for guiding the throttle valves 66 to the full
closing position. At this time, the motor control unit 32
controls the motor 71 with reference to the output signal
of the full-closing detecting element 93. Also, when a
failure in the full-closing detecting element 93 is detected
by the failure detecting unit 33, the motor control unit 32
executes a control processing for guiding the throttle
valves 66 to the full closing position. At this time, the
motor control unit 32 controls the motor 71 based on the
throttle opening computed by the throttle opening com-
puting unit 31 based on the output signals of the rotation-
al-angle detecting elements 91, 92.

[0085] Fig. 9 is a flowchart illustrating a series of
processings to be executed by the microcomputer 30.
The microcomputer 30 reads in the output values of the
pair of rotational-angle detecting elements 91, 92 (Step
S1), and then judges whether or not these output values
are normal (Step S2). More specifically, when the differ-
ence between the output values of the two rotational-
angle detecting elements 91, 92 is not less than a pre-
determined threshold, the failure detecting unit 33 judges
that the output values are abnormal and any of the rota-
tional-angle detecting elements 91, 92 is in failure. On
the other hand, when the difference between the output
values of the two rotational-angle detecting elements 91,
92 is less than the predetermined threshold and each of
these two output values is in a normal range, the failure
detecting unit 33 judges that the output values are nor-
mal. That s, the failure detecting unit 33 judges that both
rotational-angle detecting elements 91, 92 are normal.
[0086] When the output values of the two rotational-
angle detecting elements 91, 92 are normal (Step S2:
YES), the throttle opening computing unit 31 computes,
based on the average of the output values of the two
rotational-angle detecting elements 91, 92, the throttle
opening, i. e. , the angular position of the throttle valves
66 (Step S3). The throttle opening (angular position of
the throttle valves 66) may be computed with the use of,
instead of the average, the output value of the rotational-
angle detecting element 91 or 92, whichever is greater.
[0087] The output values of the rotational-angle de-
tecting elements 91, 92 correspond to the rotational angle
obtained by amplifying the rotational angle of the throttle
valves 66 by about four (the speed increasing ratio of the
intermediate gear unit 77 with respect to the rotation of
the throttle gear 78). Accordingly, based on this speed
increasing ratio, the output values of the rotational-angle
detecting elements 91, 92 are converted into the throttle
opening. Since the rotational-angle detecting elements
91, 92 detect the rotation of the intermediate gear shaft
80, this means that the throttle opening can be detected
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with the resolution about four times (the speed increasing
ratio above-mentioned) the resolution with which the ro-
tational angle of the throttle shaft 65 were detected. Fur-
ther, since the average of the output values of the two
rotational-angle detecting elements 91, 92 is used, a
more accurate detection can be achieved. More specif-
ically, the rotational angle of the intermediate gear shaft
80 can be detected with no precise adjustment of the
positional relationship between the rotational-angle de-
tecting unit 86 and the intermediate gear shaft 80. Ac-
cordingly, an accurate throttle opening can be obtained.
Further, the rotational angle range of the intermediate
gear shaft 80 corresponding to the operating angle range
of the throttle valves 66, is less than 360 degrees. There-
fore, only with the use of the output values of the rota-
tional-angle detecting elements 91, 92, the absolute an-
gle position of the throttle valves 66 can be obtained with
no other angle sensor required.

[0088] Then, thefailure detecting unit 33 judges wheth-
er or not the throttle opening obtained by the throttle
opening computing unit 31, is the full closing value (which
shows that the throttle valves 66 are in the full closing
position) (Step S4). When the throttle opening is the full
closing value (Step S4 : YES), the failure detecting unit
33 further refers to the output signal of the full-closing
detecting element 93. Then, the failure detecting unit 33
judges whether or not the output signal of the full-closing
detecting element 93 represents the throttle full closing
(Step S5). More specifically, the failure detecting unit 33
judges whether or not the output signal of the full-closing
detecting element 93 corresponds to the value which is
obtained when the full-closing detecting magnet 81 is
opposite to the full-closing detecting element 93. In the
affirmative, the failure detecting unit 33 judges that the
full-closing detecting element 93 is normal because the
output values of the rotational-angle detecting elements
91, 92 are matched to the output signal of the full-closing
detecting element 93. According to this judgment, the
motor control unit 32 executes a normal motor control
processing (Step S6). As mentioned earlier, the normal
motor control refers to a processing of feedback-control
executed on the motor 71 such that the target throttle
opening corresponding to the accelerator opening coin-
cides with the throttle opening (actual opening) obtained
from the output values of the rotational-angle detecting
elements 91, 92. Therefore, the throttle opening is con-
trolled according to the accelerator operation of the rider.
[0089] When itis judged that the throttle opening ob-
tained from the output values of the rotational-angle de-
tecting elements 91, 92, is not the full closing value (Step
S4: NO), the failure detecting unit 33 refers to the output
signal of the full-closing detecting element 93. Then, the
failure detecting unit 33 judges whether or not the output
signal of the full-closing detecting element 93 represents
the throttle full closing (Step S7). In the negative, the
failure detecting unit 33 judges that the full-closing de-
tecting element 93 is normal because the output values
of the rotational-angle detecting elements 91, 92 are
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matched to the output signal of the full-closing detecting
element 93. According to this judgment, the motor control
unit 32 executes a normal motor control processing (Step
S6).

[0090] On the other hand, when the judgment at Step
S5is negative and the judgment at Step S7 is affirmative,
this means that the output values of the rotational-angle
detecting elements 91, 92 are not matched to the output
signal of the full-closing detecting element 93. In this
case, since it has been judged at Step S2 that the rota-
tional-angle detecting elements 91, 92 are normal, the
failure detecting unit 33 judges that a fail occurs in the
full-closing detecting element 93, and executes a full-
closing detecting-element abnormality processing (Step
S8). The full-closing detecting-element abnormality
processing is a fail-safe control for guiding the throttle
valves 66 to the full closing position, causing the engine
3 to be brought to an idling rotation state. The detail of
this processing will be discussed later (Fig. 9A).

[0091] On the other hand, when the difference be-
tween the output values of the two rotational-angle de-
tecting elements 91, 92 exceeds a predetermined thresh-
old (Step S2:NO), the failure detecting unit 33 judges that
one of the rotational-angle detecting elements 91, 92 is
in failure, and then executes a rotational-angle detecting-
element abnormality processing (Step S9). This rotation-
al-angle detecting-element abnormality processing is a
fail-safe control processing for guiding the throttle valves
66 to the full closing position to cause the engine 3 to be
brought to an idling rotation state. The detail of this
processing will be discussed later (Fig. 9B).

[0092] Fig. 9Ais a flowchart illustrating the full-closing
detecting-element abnormality processing (Step S8 in
Fig. 9).

[0093] The motor control unit 32 generates a motor

control signal for guiding the throttle valves 66 to the full
closing position at a predetermined full closing speed
(Step S81). Then, the motor 71 is accordingly driven in
the full closing direction at the speed corresponding to
the full closing speed above-mentioned (Step S82). The
full closing speed is determined in view of the reduction
in throttle opening caused by the rotation of the motor 71
and in view of the deceleration of the motorcycle 1 re-
sulting from the reduction in throttle opening. That is, in
order to prevent this deceleration from giving an exces-
sive discomfort to the rider (having no intention of decel-
eration), the full closing speed is determined according
to the specifications of the motorcycle 1. For example,
the full closing speed may be a value corresponding to
0.05 deg/msec which represents the rotational speed of
the throttle shaft 65. Fig. 10 shows an example of chang-
es in accelerator opening and throttle opening with the
passage of time in such a situation.

[0094] The throttle opening computing unit 31 reads in
the output values of the two rotational-angle detecting
elements 91, 92 (Step S83), and computes the throttle
opening (actual opening) based on the average of the
output values thus read (Step S84). The motor control
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unit 32 judges whether or not the throttle opening is the
full closing value (Step S85). When the throttle opening
is not the full closing value (Step S85: NO), the process-
ings on and after Step 81 are repeated. When the throttle
opening is the full closing value (Step S85: YES), the
motor control unit 32 stops the energization to the motor
71 (Step S86). Thus, when the throttle valves 66 are
brought to the full closing position, the motor 71 is
stopped.

[0095] Fig. 9B is a flowchart illustrating the rotational-
angle detecting-element abnormality processing (Step
S9in Fig. 9).

[0096] The motor control unit 32 generates a motor
control signal for bringing the throttle valves 66 to the full
closing position at the full closing speed above-men-
tioned (Step S91). Then, the motor 71 is accordingly driv-
enin the full closing direction at the speed corresponding
to the full closing speed (Step S92). In such a situation,
the throttle opening and the accelerator opening undergo
changes with the passage of time as shown for example
in Fig. 10.

[0097] The motor control unit 32 reads in the output
signal of the full-closing detecting element 93 and judges
whether or not the full-closing detecting element 93 has
detected the full closing (Step S93). Until the full-closing
detecting element 93 detects the full closing, the process-
ings on and after Step 91 are repeated. When the full-
closing detecting element 93 detects the full closing (Step
S93:YES), the energization to the motor 71 is stopped
(Step S94). Thus, the throttle valves 66 are brought to
the full closing position and the motor 71 is stopped im-
mediately thereafter.

[0098] Asdiscussed inthe foregoing, the embodiment
above-mentioned is arranged such that the rotational-
angle detecting elements 91, 92 detect the rotation of the
intermediate gear shaft 80 as increased in rotational
speed as compared with the rotation of the throttle shaft
65. Accordingly, a throttle opening detection with high
resolution can be achieved. It is therefore possible not
only to enhance the reliability with the use of the rotation-
al-angle detecting elements 91, 92 of the non-contact
type, but also to control the throttle opening with high
precision with the use of the throttle opening detected
with high resolution. This enables the output responsive-
ness to the throttle operation to be enhanced.

[0099] Further, the speed increasing ratio of the inter-
mediate gear shaft 80 with respect to the throttle shaft
65 is determined such that the rotational angle range of
the intermediate gear shaft 80 corresponding to the op-
erational angle range of the throttle valves 66 is less than
360 degrees. Accordingly, the absolute angle position of
the throttle valves 66 can be obtained only with the out-
puts of the rotational-angle detecting elements 91, 92,
and no other rotary shaft angle detecting sensor is re-
quired. This reduces the sensor installing space in size,
thus enabling the throttle apparatus 60 to be miniaturized.
At the same time, cost reduction can be achieved.
[0100] Further, since the embodiment above-men-
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tioned is arranged to detect the rotational angle of the
intermediate gear shaft 80 of the reduction mechanism
72, the rotational-angle detecting elements 91, 92 can
be disposed at a lateral side of the throttle shaft 65 and
not at a longitudinal end thereof. This enables the throttle
apparatus 60 to be reduced in size in the direction along
the throttle shaft 65. Further, the reduction mechanism
72 is disposed between the pair of intake air passages
61, and the whole width of the mechanism 72 is housed
in the length range of the throttle shaft 65. This further
miniaturizes the throttle apparatus 60 in the direction
along the throttle shaft 65.

[0101] Further, this embodiment has the full-closing
detecting element 93 for detecting the full closing of the
throttle valves 66. Even though any of the rotational-an-
gle detecting elements 91, 92 is in failure, with the use
of the output signal of this full-closing detecting element
93, the motor 71 can be driven to bring the throttle valves
66 to the full closing position, and the energization to the
motor 71 can be stopped immediately after the throttle
valves 66 have been brought to the full closing position.
This not only prevents the motor 71 from being overload-
ed, but also restrains the power consumption from being
wasted.

[0102] Further, the full-closing detecting element 93 is
not a rotational angle detecting sensor, but an element
for detecting the intensity of the magnetic field of the full-
closing detecting magnet 81 fixed to the throttle gear 78.
Accordingly, this element 93 may be formed by an eco-
nomical sensor as compared with the rotational-angle
detecting elements 91, 92. Further, the full-closing de-
tecting magnet 81 is attached to the throttle gear 78 fixed
to the throttle shaft 65, thus enabling to securely detect
that the throttle valves 66 have reached the full closing
position.

[0103] Further, both the rotational-angle detecting el-
ements 91, 92 and the full-closing detecting element 93
are arranged to detect the magnetic field. Accordingly,
the rotational-angle detecting unit 86 and the full-closing
detecting unit 87 which incorporate these elements 91,
92, 93 are mounted on the common substrate 88. This
not only miniaturizes the apparatus, but also simplifies
the support structure of the sensor assembly 75.
[0104] Further, according to this embodiment, a rota-
tional angle detecting mechanism of the double system
is applied as the arrangement for detecting the rotational
angle of the intermediate gear shaft 80 with use of the
two rotational-angle detecting elements 91, 92. Itis there-
fore possible to detect a failure in any of the rotational-
angle detecting elements 91, 92. As a result, when any
of the rotational-angle detecting elements 91, 92 is in
failure, the output signal of the full-closing detecting ele-
ment 93 is used to bring the throttle valves 66 to the full
closing position.

[0105] Further, a failure in the full-closing detecting el-
ement 93 can also be detected by comparing the throttle
opening obtained based on the outputs of the rotational-
angle detecting elements 91, 92, to the output of the full-
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closing detecting element 93. Accordingly, when the full-
closing detecting element 93 is in failure, the output val-
ues of the rotational-angle detecting elements 91, 92 can
be used to bring the throttle valves 66 to the full closing
position.

[0106] Incase of failure occurrence, the throttle valves
66 are not instantly brought to the full closing position by
the spring force of the restoring spring 73, but the motor
71 is controlled to bring the throttle valves 66 to the full
closing position at a predetermined full closing speed.
This prevents the engine 3 from being suddenly reduced
in rotational speed to prevent the motorcycle 1 from being
suddenly reduced in speed. This inturn restrains a sense
of discomfort given to the rider.

[0107] In the foregoing, an embodiment of the present
invention has been discussed, but it should be under-
stood that the present invention can be embodied in a
variety of forms. For example, shown in the embodiment
above-mentioned is the reduction mechanism 72 having
the intermediate gear unit 77 and the throttle gear 78.
However, there may be used a reduction mechanism
having more gears. In this case, the full-closing detecting
magnet and the rotational-angle detecting magnet may
respectively be attached to gears which are not directly
meshed with each other. The full-closing detecting mag-
net may be attached to other gear than the throttle gear.
To avoid any interference of magnetic fields, however,
the full-closing detecting magnet and the rotational-angle
detecting magnet are preferably fixed to different gears.
Further, to reduce the sensor assembly in size, the full-
closing detecting magnet and the rotational-angle detect-
ing magnet, are preferably disposed at a pair of gears
which are directly meshed with each other, i.e., a pair of
adjacent gears.

[0108] Further, according to the embodiment above-
mentioned, the full-closing detecting element 93 detects
the throttle full closing when the full-closing detecting el-
ement 93 is opposite to the full-closing detecting magnet
81. However, provisionmaybemade such that the throttle
full closing is detected when the full-closing detecting el-
ement 93 is not opposite to the full-closing detecting mag-
net. For example, an arcuate permanent magnet may be
fixed along the wheel gear portion 78A of the throttle gear
78 and may be used as a full-closing detecting magnet.
This full-closing detecting magnet is so disposed as not
to be opposite to the full-closing detecting element 93
when the throttle valves 66 are in the full closing position,
and as to be opposite to the full-closing detecting element
93 when the throttle valves 66 are in other position than
the full closing position. Accordingly, when the throttle
valves 66 are in other position than the full closing posi-
tion, the full-closing detecting element 93 detects the
magnetic field of the full-closing detecting magnet. There-
fore, the full-closing detecting element 93 detects the
throttle full closing when the full-closing detecting ele-
ment 93 is not opposite to the full-closing detecting mag-
net.

[0109] Further, as the full-closing detecting element,
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instead of a Hall IC, other detecting element capable of
detecting the magnitude of the magnetic field may be
used. For example, as the full-closing detecting element,
a proximity switch may be used to be turned on/of f each
time the full-closing detecting magnet is moved toward/
away from the proximity switch.

[0110] Further, according to the embodiment above-
mentioned, the sensor assembly 75 is formed by mount-
ing the rotational-angle detecting unit 86 and the full-clos-
ing detecting unit 87 on the common substrate 88. How-
ever, these detecting units 86, 87 may be respectively
mounted on different substrates.

[0111] Further, according to the embodiment above-
mentioned, the rotational-angle detecting unit 86 incor-
porates two rotational-angle detecting elements 91, 92,
thus forming the rotational angle detecting mechanism
of the double system. However, the rotational-angle de-
tecting unit 86 may include only one rotational-angle de-
tecting element.

[0112] Further, the accelerator operating member may
be made in the form of an accelerator lever or an accel-
erator pedal, instead of the accelerator grip.

[0113] Further, in the foregoing description, a motor-
cycle has been discussed by way of an example, but the
throttle apparatus of the presentinvention may be applied
to other vehicle than a motorcycle, and to an engine to
be used as the driving source of other mechanical appa-
ratus. It is a matter of course that the number of engine
cylinders is not limited to four.

[0114] Further, various modifications of designing can
be made within the scope of the appended claims.

Claims
1. A throttle apparatus (60), comprising:

a throttle valve (66) disposed in an intake air
passage (61) of an engine (3);

a throttle shaft (65) connected to the throttle
valve (66) and rotatable in a predetermined op-
erational angle range;

a motor (71) for rotating the throttle shaft (65);
a reduction mechanism (72) having a plurality
of gears (76,77,78) including a first gear (77)
rotatable in a rotational angle range greater than
the operational angle range of the throttle shaft
(65) and smaller than 360 degrees, the rotation
of the motor (71) being transmitted, as reduced
in rotational speed, to the throttle shaft (65) by
the plurality of gears (76,77,78); and

a rotational angle sensor (82, 91, 92) for detect-
ing the rotational angle of the first gear (77).

2. A throttle apparatus (60) according to Claim 1,
further comprising an elastic member (73) forimpart-
ing, to the throttle shaft (65), an elastic force in a
direction of closing the throttle valve (66), and where-
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the elastic force is imparted to the throttle shaft (65)
in its whole operational angle range in the direction
of closing the throttle valve (66).

A throttle apparatus (60) according to Claim 1,
wherein the first gear (77) has a rotary shaft (80)
different from the throttleshaft (65), and the first gear
(77) is, out of the plurality of gears (76,77,78), a gear
nearest to the throttle shaft (65) on a rotation trans-
mission passage.

Athrottle apparatus (60) according to Claim 1, further
comprising a full closing switch (81,93) fixed to a
second gear (78) of the reduction mechanism (72).

A throttle apparatus (60) according to Claim 4,
wherein

the rotational angle sensor (82, 91, 92) includes: a
rotational-angle detecting magnet (82) fixed to the
first gear (77) of the reduction mechanism (72); and
a rotational-angle detecting element (91,92) which
is disposed opposite to the rotational-angle detecting
magnet (82) and which is arranged to detect a mag-
netic field of the rotational-angle detecting magnet
(82), thereby to detect the rotational angle of the first
gear (77), and

the full closing switch (81,93) includes: a full-closing
detecting magnet (81) fixed to the second gear (78)
of the reduction mechanism (72); and a full-closing
detecting element (93) for detecting the magnetic
field of the full-closing detecting magnet (81), thereby
to detect whether or not the throttle valve (66) is in
the full closing position.

A throttle apparatus (60) according to Claim 5,
wherein the second gear (78) includes a magnet at-
taching portion (78B) which extends in the axial di-
rection of the throttle shaft (65) and to which the full-
closing detecting magnet (81) is attached.

A throttle apparatus (60) according to Claim 5,
wherein the rotary shaft (80) of the first gear (77) has
a large-diameter portion (83) to which the rotational-
angle detecting magnet (82) is attached.

Athrottle apparatus (60) according to Claim 5, further
comprising a substrate (88) on which the rotational-
angle detecting element (91,92) and the full-closing
detecting element (93) are commonly mounted.

A throttle apparatus (60) according to Claim 5,
wherein the full-closing detecting magnet (81) is dis-
posed such that the two magnetic poles thereof are
aligned in an axial direction of the throttle shaft (65),
and the two magnetic poles of the rotational-angle
detecting magnet (82) are aligned in a direction at a
right angle to the throttle shaft (65).
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. A throttle apparatus (60) according to Claim 5,
wherein
the rotational-angle detecting element (91,92) is to
detect an orientation of magnetic field, and
the full-closing detecting element (93) is to detect an
intensity of magnetic field.

A throttle apparatus (60) according to Claim 5,
wherein the first gear (77) and the second gear (78)
are directly engaged with each other.

A throttle apparatus (60) according to Claim 4,
wherein

two or more of the rotational angle sensors (82, 91,
92) are disposed, and

one of the full-closing switch (81, 93) is disposed.

A throttle apparatus (60) according to Claim 5,
wherein two or more of the rotational-angle detecting
elements (91, 92) are disposed, and

one of the full-closing detecting element (93) is dis-
posed.

A throttle apparatus (60) according to any one of
Claims 4 to 13, further comprising:

a throttle opening computing unit (31) for com-
puting an opening of the throttle valve (66) based
on an output of the rotational angle sensor (82,
91, 92);

an accelerator opening detecting unit (12) for
detecting an accelerator opening which repre-
sents an operation amount of an accelerator op-
erating member (11);

a motor control unit (32) for controlling the motor
(71), based on an accelerator opening detected
by the accelerator opening detecting unit (12),
athrottle opening computed by the throttle open-
ing computing unit (31) and an output signal of
the full-closing switch (81, 93), such that the
throttle opening corresponds to the accelerator
opening; and

afirst failure detecting unit for detecting a failure
in the rotational angle sensor (82, 91, 92),

wherein the motor control unit (32) is arranged such
that when the first failure detecting unit detects a
failure in the rotational angle sensor (82, 91, 92), the
motor control unit (32) rotationally drives the motor
(71) in a full closing direction until the full closing
switch (81,93) detects that the throttle valve (66) is
in a full closing position.

. A motorcycle (1), comprising:
an engine (3);

awheel (5) to which a driving force of the engine
(3) is transmitted; and
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the throttle apparatus (60) arranged to adjust an
amount of air taken in the engine (3) and set
forth in any one of Claims 1 to 14.
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FIG. 1
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