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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an accelerator
pedal apparatus applied to vehicles such as automobiles,
and in particular, relates to an accelerator pedal appara-
tus which includes a reaction force adding control mech-
anism which invites driver’s attention to accelerator pedal
operation by varying operational reaction force.

Description of the Related Art

[0002] Recently, accelerator pedal apparatuses hav-
ing a reaction force adding control mechanism to vary
operational reaction force against accelerator pedal op-
eration have been developed and adopted for vehicles
such as automobiles. The variation of operational reac-
tion force due to the reaction force adding control mech-
anism is for inviting driver’s attention. Since large varia-
tion of the operational reaction force may surprise a driver
to cause incorrect operation of the accelerator pedal, it
is required to provide consideration not to extremely
worsen operational feeling of the accelerator pedal. Par-
ticularly, in an accelerator pedal apparatus targeting to
achieve eco-driving (i.e., to improve fuel consumption),
it is important to invite driver’s attention while maintaining
excellent operational feeling of an accelerator pedal.
[0003] For example, Japanese Patent Laid-open
2010-52721 discloses a technology to prevent flipping of
an accelerator pedal against driver’s intentions by in-
creasing operational reaction force of the accelerator
pedal when accelerator opening reaches an accelerator
opening threshold value for worsening of fuel consump-
tion and cancelling the increased amount of the opera-
tional reaction force when the accelerator opening is de-
creased to be equal to or smaller than an increased
amount cancellation threshold value which is smaller
than the accelerator opening threshold value by a pre-
determined amount.
[0004] WO 2010/133915 A1 (D1)discloses an accel-
erator pedal apparatus, comprising an accelerator pedal
a pedal arm that has the accelerator pedal a hysteresis
generating mechanism which provides a hysteresis pe-
daling force characteristic having larger pedaling force
in a depression direction than that in a return direction;
and a reaction force adding control mechanism which
adds operational reaction force to operation of the accel-
erator pedal based on an adjustment force generation
command from an upper ECU unit; wherein when an ac-
celerator opening of the accelerator pedal is to be the
eco- driving point in a basic pedaling force characteristic,
the reaction force adding control mechanism adds the
operational reaction force to the accelerator pedal based
on an adjustment force generation command from an
upper ECU unit.

SUMMARY OF THE INVENTION

[0005] In Japanese Patent Laid-open 2010-52721 of
the related art, a countermeasure to suppress accelera-
tor pedal flipping by varying accelerator opening thresh-
old values for increasing and decreasing the operational
reaction force is implemented against a phenomenon
that the accelerator pedal is returned as being bounced
owing to momentum of pedaling force increase of the
accelerator pedal when operational reaction force is add-
ed to the accelerator pedal. In this case, it is required for
the accelerator opening to keep difference to some extent
between the accelerator opening threshold value for op-
erational reaction force adding and the accelerator open-
ing threshold value for operational reaction force cancel-
ling. Accordingly, there has been a problem that an ac-
celerator opening capable of improving fuel consumption
(i.e., an eco-driving point) is difficult to be recognized by
a driver.
[0006] Based on studies as focusing on accelerator
pedal behaviors at the time of adding operational reaction
force to the accelerator pedal, the inventors have re-
vealed that reaction force feelings obtained at the time
of adding operational reaction force to the accelerator
pedal are different between those in depressing and re-
turning of the accelerator pedal even if the same opera-
tional reaction force with the same stroke amount is add-
ed.
[0007] FIG. 7 illustrates a basic pedaling force charac-
teristic (hereinafter, called a basic pedaling force char-
acteristic FO) of an accelerator pedal of which operation-
al reaction force is not increased by a reaction force add-
ing control mechanism. An appropriate hysteresis char-
acteristic (i.e., a hysteresis amount ΔF) is provided be-
tween a depression direction (arrow A) in which the ac-
celerator opening is enlarged with depressing of the ac-
celerator pedal and a return direction (arrow B) in which
the accelerator opening is lessened with returning of the
accelerator pedal. Here, the operational reaction force F
in the depression direction is set to be larger than the
operational reaction force F in the return direction even
at the same accelerator opening. Since the appropriate
hysteresis characteristic is provided as described above,
the accelerator opening can be easily maintained at con-
stant owing to the hysteresis amount ΔF even when ac-
celerator depressing force is varied to some extent.
[0008] In FIGS. 8A to 8C, a dotted line indicates a basic
pedaling force characteristic line of the basic pedaling
force characteristic F0 and a solid line indicates an op-
erational reaction force characteristic line (hereinafter,
called increased operational reaction force Fi) in a state
that adjustment force ΔFa (i.e., operational reaction
force) is added to the basic pedaling force characteristic
F0 by the reaction force adding control mechanism.
When the adjustment force ΔFa (i.e., the operational re-
action force) is added by the reaction force adding control
mechanism, it is shifted to the operational reaction force
characteristic line in the return direction (arrow B’) of the
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operational reaction force characteristic line of the in-
creased operational reaction force Fi in every case that
accelerator operation before the adjustment force ΔFa
(i.e., the operational reaction force) is added is in the
depression direction, in the return direction, or in a
stopped state. When pedaling force being ΔFb or larger
is applied as the driver continues to further depress the
accelerator pedal against the operational reaction force,
it is shifted to the operational reaction force characteristic
line in the depressing direction (arrow A’) of the opera-
tional reaction force characteristic line of the increased
operational reaction force Fi. Accordingly, as long as pe-
daling force being ΔFb or larger is not applied to the ac-
celerator pedal by the driver after the operational reaction
force is added, the operational reaction force F is in-
creased by the amount of ΔFa-ΔF as illustrated in FIG.
8A when the adjustment force ΔFa is added to the basic
pedaling force characteristic F0 by the reaction force add-
ing control mechanism while the accelerator pedal oper-
ation is in the depression direction (arrow A). When the
adjustment force ΔFa is added to the basic pedaling force
characteristic F0 by the reaction force adding control
mechanism while the accelerator pedal operation is in
the return direction (arrow B), the operational reaction
force F is increased by the amount of ΔFa as illustrated
in FIG. 8B. When the adjustment force ΔFa is added to
the basic pedaling force characteristic F0 by the reaction
force adding control mechanism while the accelerator
pedal operation is in a stopped state, the operational re-
action force F is increased by the amount in a range be-
tween ΔFa-ΔF and ΔFa as illustrated in FIG. 8C in ac-
cordance with the depression force of the accelerator
pedal. In this manner, the increased amount of the op-
erational reaction force F is varied in the range between
ΔFa-ΔF and ΔFa depending on the operational direction
of the accelerator pedal as being influenced by the hys-
teresis characteristic.
[0009] As described above, the same reaction force
feeling cannot be provided to the driver even if the same
operational reaction force at the same stroke amount is
added to the accelerator pedal. Accordingly, when trying
to recognize the eco-driving point, the driver feels a sense
of strangeness as causing worsened operability. Since
the above causes contribution to accelerator pedal flip-
ping to disturb fuel consumption improvement, an accel-
erator pedal especially targeting eco-driving (i.e., fuel
consumption improvement) cannot achieve the primary
target.
[0010] To address the above issues, the present in-
vention provides an accelerator pedal apparatus having
pedaling force characteristics with hysteresis capable of
preventing operational feeling worsening accompanied
by operational reaction force generation while clearly no-
tifying an eco-driving point.
[0011] To address the above issues, the present in-
vention provides an accelerator pedal apparatus includ-
ing an accelerator pedal, a hysteresis generating mech-
anism which provides a hysteresis pedaling force char-

acteristic having larger pedaling force in a depression
direction than that in a return direction, and a reaction
force adding control mechanism which adds operational
reaction force to operation of the accelerator pedal based
on an adjustment force generation command from an
upper unit. Here, the operational reaction force added by
the reaction force adding control mechanism is not larger
than a hysteresis amount generated by the hysteresis
generating mechanism. The accelerator pedal apparatus
may further include operation detection means which de-
tects whether motion of the accelerator pedal is in the
depression direction or the return direction. Here, the re-
action force adding control mechanism adds the opera-
tional reaction force which is not larger than the hyster-
esis amount generated by the hysteresis generating
mechanism in a case that the motion of the accelerator
pedal is detected as being in the depression direction by
the operation detection means while the adjustment force
generation command is provided from the upper unit, and
the reaction force adding control mechanism does not
add the operational reaction force in a case that the mo-
tion of the accelerator pedal is detected as being in the
return direction by the operation detection means while
the adjustment force generation command is provided
from the upper unit.
[0012] According to the present invention, worsening
of operational feeling corresponding to operational reac-
tion force generation can be prevented with a structure
that the operational reaction force is not added in a case
that motion of the acceleration pedal is detected as being
in the return direction at the time of receiving an adjust-
ment force generation command from an upper unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG. 1A is a perspective view and FIG. 1B is a side
view illustrating a structure of an accelerator pedal
apparatus of an embodiment according to the
present invention;
FIG. 2 is a perspective view illustrating an inner struc-
ture of the accelerator pedal apparatus of the em-
bodiment according to the present invention;
FIG. 3 is a schematic block diagram illustrating the
structure of the accelerator pedal apparatus of the
embodiment according to the present invention;
FIG. 4 is an explanatory data flowchart for operation
of the accelerator pedal apparatus of the embodi-
ment according to the present invention;
FIGS. 5A to 5C are explanatory graphs indicating
operational reaction force characteristics for adjust-
ment force generating operation when an adjust-
ment force generation command eco is inputted to
the accelerator pedal apparatus of the embodiment
according to the present invention; while FIG. 5A is
an explanatory graph for variation of operational re-
action force F when the adjustment force generation
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command eco is inputted during depressing, FIG.
5B is an explanatory graph for variation of the oper-
ational reaction force F when the adjustment force
generation command eco is inputted during return-
ing, and FIG. 5C is an explanatory graph for variation
of the operational reaction force F under respective
conditions;
FIG. 6 is an explanatory graph indicating operational
reaction force characteristics for adjustment force
generating operation when the adjustment force
generation command eco is inputted to an acceler-
ator pedal apparatus of another embodiment accord-
ing to the present invention;
FIG. 7 is a graph indicating operational reaction force
characteristics of a basic pedaling force character-
istic F0; and
FIGS. 8A to 8C are explanatory graphs indicating
operational reaction force characteristics in a state
that an adjustment force ΔFa is added to the basic
pedaling force characteristic F0; while FIG. 8A is an
explanatory graph for variation of the operational re-
action force F when the adjustment force ΔFa is add-
ed during depressing, FIG. 8B is an explanatory view
for variation of the operational reaction force F when
the adjustment force ΔFa is added during returning,
and FIG. 8C is an explanatory view for variation of
the operational reaction force F when the adjustment
force ΔFa is added in a stopped state.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0014] In the following, embodiments of the present
invention will be described with reference to the draw-
ings. An accelerator pedal apparatus 10 of a present em-
bodiment is adopted for an electrically controlled throttle
system (i.e., a drive-by-wire system). As illustrated in
FIGS. 1 to 3, the accelerator pedal apparatus 10 includes
a housing 11 which is fixed to a vehicle body of an auto-
mobile and the like, a pedal arm 13 which has an accel-
erator pedal 12 and which is swingably supported by the
housing 11, a return spring 14 which exerts urging force
to return the pedal arm 13 toward a rest position, a hys-
teresis generating mechanism 20 which generates hys-
teresis at pedaling force characteristics, an accelerator
pedal position sensor (APS) 15 which detects a rotational
angle of the pedal arm 13 due to operation of the accel-
erator pedal 12 as the accelerator opening and which
outputs the detected accelerator opening as an APS sig-
nal to an engine control unit (ECU) 50 being an upper
unit, a reaction force adding control mechanism 30 which
varies operational reaction force F against operation of
the accelerator pedal 12 by generating operational reac-
tion force, and a control unit (a control board) 40 which
generates the operational reaction force by controlling
the reaction force adding control mechanism 30 based
on an adjustment force generation command input from
the ECU 50 via a controller area network (CAN) commu-
nication line.

[0015] The APS 15 is a position sensor which detects
the rotational angle of the pedal arm 13 as the accelerator
opening as being arranged around a swing axis L of the
pedal arm 13 in a sensor accommodating portion 11a
formed in the housing 11. For example, the APS 15 being
required to detect the rotational angle of the pedal arm
13 with high accuracy may adopt a non-contact type mag-
netic sensor which detects the rotational angle of the ped-
al arm as the accelerator opening by detecting variation
of magnetic flux density with a Hall element while varying
the magnetic flux density around the swing axis L in ac-
cordance with the swinging of the pedal arm 13.
[0016] The APS 15 functions as accelerator position
detection means which detects the accelerator opening
of the accelerator pedal 12 and outputs the accelerator
opening to the ECU 50. As being a main component to
transmit accelerator operation to the ECU 50, the APS
15 is structured to be directly controlled by the ECU 50
which is an upper unit. That is, as illustrated in FIG. 3,
reference voltage and ground voltage (GND) are sup-
plied from the ECU 50 to the APS 15. The Hall element
of the APS 15 is driven at constant voltage by the ECU
50. Further, the APS signal output from the APS 15 is a
voltage signal output in accordance with the magnetic
flux density and is directly input to the ECU 50 without
passing through the control unit (control substrate) 40.
Thus, driving is safely continued even in a case that a
failure occurs at the control unit 40.
[0017] As illustrated in FIG. 2, the hysteresis generat-
ing mechanism 20 includes a first slider 61, a second
slider 62, and a return spring 24 which are accommodat-
ed in the housing 11. The first slider 61 and the second
slider 62 are engaged with an upper end portion 13a of
the pedal arm 13 as being detachably attachable. The
first slider 61 and the second slider 62 generate frictional
force with an inner wall face of the housing 11 owing to
depressing pedaling force of the accelerator pedal 12.
The hysteresis generating mechanism 20 generates hys-
teresis on the pedaling force (i.e., a pedal load) owing to
the frictional force and functions as first operational re-
action force adding means which provides the basic pe-
daling force characteristic F0 as illustrated in FIG. 7 to
the operation of the accelerator pedal 12. The basic pe-
daling force characteristic F0 denotes the operational re-
action force F in a state that operational reaction force
(i.e., adjustment force ΔFa which is described later) is
not added by controlling the reaction force adding control
mechanism 30. In this hysteresis characteristics, the op-
erational reaction force F in the depression direction in-
dicated by arrow A is larger than the operational reaction
force F in the return direction indicated by arrow B. The
difference between the operational reaction force F in
the depression direction and the operational reaction
force F in the return direction is to be a hysteresis amount
ΔF.
[0018] The reaction force adding control mechanism
30 functions as second operational reaction force adding
means which adds adjustment force ΔFa being opera-
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tional reaction force to the operation of the acceleration
pedal 12 in addition to the basic pedaling force charac-
teristic F0. As illustrated in FIG. 2, the reaction force add-
ing control mechanism 30 includes a torque motor 31 of
which rotation axis R is arranged at a position being dif-
ferent from the swing axis L of the pedal arm 13, a return
lever 32 which is arranged at the rotation axis R and
which adds the adjustment force ΔFa as being contacted
to the pedal arm 13, and a motor position sensor (MPS)
33. The torque motor 31 functions as a drive source for
generating the adjustment force ΔFa. The return lever 32
follows the swinging of the pedal arm 13 owing to mag-
netic spring action due to magnets (not illustrated) ar-
ranged in the torque motor 31 even when motor torque
(i.e., drive force) is not exerted by the torque motor 31.
Accordingly, a rotation shaft of the torque motor 31 is
rotated in accordance with the swinging of the pedal arm
13. On the other hand, when the motor torque (i.e., the
drive force) is exerted by the torque motor 31, the adjust-
ment force ΔFa is exerted to the pedal arm 13 in a direc-
tion to push back toward the rest position owing to action
of the return lever 32 against the upper end portion 13a
of the pedal arm 13.
[0019] The MPS 33 is arranged at the sensor accom-
modating portion 11b formed at the housing 11. The MPS
33 functions as motor position detection means which
detects a rotational angle of the torque motor 31 as a
motor angle and outputs the motor angle to the control
unit 40. Since the rotation shaft of the torque motor 31 is
rotated in accordance with the swinging of the pedal arm
13, the motor angle output from the MPS 33 is increased
with depressing of the pedal arm 13 and is decreased
with returning of the pedal arm 13. Here, the MPS 33
may adopt a sensor of a contact type or a non-contact
type.
[0020] The control unit 40 functions as reaction force
control means which adds the adjustment force ΔFa by
controlling driving of the torque motor 31. As illustrated
in FIG. 3, the control unit 40 includes a drive circuit 41
which drives the torque motor 31 with a PWM signal, a
current detection circuit 42 which detects an actual motor
current value being an actual current value flowing
through the torque motor 31, a microcomputer 43 which
controls generation of the adjustment force ΔFa utilizing
the torque motor 31 being the drive source, a power
source circuit 44 which supplies power from a battery
(not illustrated) to the microcomputer 43, a communica-
tion interface circuit 45 being an interface circuit connect-
ed to a CAN communication line, and an MPS input circuit
46 which inputs, to the microcomputer 43, the MPS signal
output from the MPS 33.
[0021] Next, operation of adjustment force generation
in the accelerator pedal apparatus 10 according to the
present embodiment will be described with reference to
FIGS. 4 and 5.
[0022] When the need for inviting driver’s attention
arises based on various information regarding driving sit-
uations, the ECU 50 outputs the adjustment force gen-

eration command instructing to generate the adjustment
force ΔFa against the accelerator pedal apparatus 10 to
the accelerator pedal apparatus via the CAN communi-
cation line. For example, the adjustment force generation
command to be output from the ECU 50 is output when
it is determined that fuel consumption is to be worsened
if the accelerator pedal 12 is further depressed based on
evaluation of driving situations (engine speed, vehicle
speed, a load, and the like). The accelerator opening of
the accelerator pedal 12 at that time is to be the eco-
driving point.
[0023] The adjustment force generation command in-
put to the accelerator pedal apparatus 10 via the CAN
communication line is input to the microcomputer 43 via
the communication interface circuit 45 of the control unit
40. The microcomputer 43 to which the adjustment force
generation command is input performs an operational
direction detection process S1 to detect the operational
direction of the accelerator pedal 12 and an adjustment
force determination process S2 to determine magnitude
of the adjustment force ΔFa which is to be generated by
the reaction force adding control mechanism 30.
[0024] The operational direction detection process S1
is performed by detecting variation of the motor angle in
each unit time input from the MPS 33 via the MPS input
circuit 46. When the difference of the motor angle is pos-
itive with depressing of the pedal arm 13, it is detected
as being in the depression direction. When the difference
of the motor angle is negative with returning of the pedal
arm 13, it is detected as being in the return direction.
Here, when the pedal arm 13 is stopped without variation
of the motor angle, it is detected as being in the return
direction. In the operational direction detection process
S1, it is only required to detect the operational direction.
Therefore, it is also possible to adopt an APS signal out-
put from the APS 15 instead of the motor angle output
from the MPS 33. Alternatively, it is also possible to adopt
another sensor capable of detecting the operational di-
rection. Here, the MPS 33 and the APS 15 are examples
of operation detection means. Further, since the adjust-
ment force generation command is input at irregular tim-
ing, it is preferable to continuously perform the opera-
tional direction detection process S1.
[0025] The adjustment force determination process S2
determines an adjustment force instruction value indicat-
ing magnitude of the adjustment force ΔFa based on the
input adjustment force generation command and the op-
erational direction detected in the operational direction
detection process S1. In the adjustment force determi-
nation process S2, when the operational direction detect-
ed in the operational direction detection process S1 is
the depression direction, the adjustment force instruction
value is determined as the hysteresis amount ΔF of the
basic pedaling force characteristic F0 which is generated
by the hysteresis generating mechanism 20.
[0026] Next, the microcomputer 43 performs a motor
current calculation process S3 to calculate a target cur-
rent value for driving the motor torque 31. The microcom-
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puter 43 previously stores a torque-current conversion
map in which the current value to be applied to the torque
motor 31 to obtain the target adjustment force ΔFa and
the motor angle of the torque motor 31 are corresponded.
The microcomputer 43 calculates the target current value
to be applied to the torque motor 31 from the determined
adjustment force instruction value ΔF by utilizing the
torque-current conversion map as the motor current cal-
culation process S3.
[0027] The target current value calculated in the motor
current calculation process S3 is compared with the ac-
tual current value of the torque motor 31 detected by the
current detection circuit 42 in motor drive control S4. By
performing the motor drive control S4, the difference be-
tween the target current value and the actual current val-
ue is calculated as the PWM signal as a required current
value to be applied to the torque motor 31. Further, in
the motor drive control S4, the PWM signal is output to
the drive circuit 41 as being corrected in accordance with
actual battery voltage while comparing the actual battery
voltage being the current power voltage with referential
battery voltage.
[0028] The PWM signal is input to the drive circuit 41
from the microcomputer 43 as a required current value,
and then, feedback control is performed with the actual
motor current value detected by the current detection cir-
cuit 42 while driving the torque motor 31. Accordingly,
the adjustment force ΔFa being the same as the hyster-
esis amount ΔF of the basic pedaling force characteristic
F0 is generated by the torque motor 31, so that the ad-
justment force ΔFa is added to the basic pedaling force
characteristic F0. In FIG. 5A, a dotted line indicates an
operational reaction force characteristic line of the basic
pedaling force characteristic F0 and a solid line indicates
an operational reaction force characteristic line (herein-
after, called increased operational reaction force Fi) in a
state that the adjustment force ΔFa is added to the basic
pedaling force characteristic F0 by the reaction force add-
ing control mechanism 30.
[0029] In a case that the adjustment force ΔFa being
the same as the hysteresis amount ΔF of the basic pe-
daling force characteristic F0 is added to the basic pe-
daling force characteristic F0 as described above, the
pedaling force F in the depression direction indicated by
dotted arrow A in the basic pedaling force characteristic
F0 and the pedaling force F in the return direction indi-
cated by arrow B’ in the reaction-force-increased pedal-
ing force Fi (i.e., the increased operational reaction force
Fi) are to be matched as illustrated in FIG. 5A.
[0030] As described above, in a case that the adjust-
ment force ΔFa being the operational force is added to
the basic pedaling force characteristic F0 by the reaction
force adding control mechanism 30, the pedaling force
is shifted to the operational reaction force characteristic
line in the return direction of the operational reaction force
characteristic line (arrow B’). Accordingly, in a case that
the adjustment force ΔFa is added so that the pedaling
force F in the depression direction indicated by dotted

arrow A in the basic pedaling force characteristic F0 and
the pedaling force F in the return direction indicated by
arrow B’ in the reaction-force-increased pedaling force
Fi (i.e., the increased operational reaction force Fi) are
to be overlapped, there is no feeling that the accelerator
pedal 12 is bounced or returned even when the adjust-
ment force is generated. When the driver tries to further
depress the accelerator pedal 12, the pedaling force be-
ing larger than the adjustment force ΔFa is further re-
quired for depressing the accelerator pedal 12 as the
operational reaction force F indicated by arrow A’ in the
depression direction of the operational reaction force
characteristic line. Since the pedaling force required to
depress the accelerator pedal 12 becomes large, the
driver cannot depress the accelerator pedal 12 with the
same as before and feels a wall-like sense (a sense of
resistance). However, when the accelerator pedal 12 is
continuously depressed with the pedaling force being
larger than the adjustment force ΔFa, the pedaling force
characteristic is shifted to arrow A’ of the operational re-
action force characteristic line in the depression direction.
Thus, since bouncing of the accelerator pedal 12 is pre-
vented, it is possible to naturally invite driver’s attention
while clearly notifying the eco-driving point without losing
operational feeling. In addition, further depressing can
be performed while proving the wall-like sense to the ac-
celerator pedal 12.
[0031] In the present embodiment, the adjustment
force ΔFa is set to be equal to the hysteresis amount ΔF
when the operational direction detected in the operational
direction detection process S1 is the depression direc-
tion. Here, it is preferable that the adjustment force ΔFa
is not smaller than a half of the hysteresis amount ΔF
and not larger than the hysteresis amount ΔF, as illus-
trated in FIG. 6. That is, as long as the adjustment force
ΔFa is smaller than the hysteresis amount ΔF as illus-
trated in FIG. 6, the operational reaction force F of the
increased operational reaction force Fi in the return di-
rection falls below the pedaling force F of the basic pe-
daling force characteristic F0 in the depression direction.
Accordingly, operational feeling is not worsened without
having feeling of bouncing or returning of the accelerator
pedal 12. However, when the adjustment force ΔFa is
set to be extremely small compared to the hysteresis
amount ΔF, the wall-like sense cannot be obtained at the
time of further depressing the accelerator pedal 12.
[0032] In the adjustment force determination process
S2, when the operational direction detected in the oper-
ational direction detection process S1 is the return direc-
tion, the microcomputer 43 does not determine the ad-
justment force instruction value and does not have the
reaction force adding control mechanism 30 generate
the adjustment force ΔFa. Accordingly, even when the
adjustment instruction command is input, the operational
reaction force F in the return direction indicated by arrow
B at the basic pedaling force characteristic F0 does not
vary, as illustrated in FIG. 5B. Thus, operational feeling
is not worsened without having feeling of bouncing or
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returning of the accelerator pedal 12.
[0033] Here, once the adjustment force generation
command is input, the adjustment force generation com-
mand is maintained in the microcomputer 43 until an ad-
justment force cancellation command to instruct cancel-
lation of the adjustment force ΔFa is input. Accordingly,
in a case that the adjustment force ΔFa is not generated
by the reaction force adding control mechanism 30 with-
out determining the adjustment force instruction value in
the adjustment force determination process S2 and that
the depression direction is detected in the operational
direction detection process S1 while the adjustment force
generation command is maintained, the abovemen-
tioned adjustment force determination process S2 is per-
formed again and the adjustment force ΔFa being the
same as the hysteresis amount ΔF of the basic pedaling
force characteristic F0 is to be added to the basic pedal-
ing force characteristic F0. That is, even in a case that
the operational direction is once detected as being the
return direction in the operational direction detection
process S1 and that the adjustment force ΔFa is not gen-
erated by the reaction force adding control mechanism
30 without determining the adjustment force instruction
value, the operational direction is detected as being the
depression direction in the operational direction detec-
tion process S1 when the accelerator opening arrives at
the eco-driving point with further depression of the ac-
celerator pedal 12. Then, the adjustment force ΔFa is
added to the basic pedaling force characteristic F0 by
the reaction force adding control mechanism 30 as illus-
trated in FIG. 5C. In contrast, in a case that the adjustment
force ΔFa is generated by the reaction force adding con-
trol mechanism 30 and that the return direction is detect-
ed in the operational direction detection process S1, add-
ing of the adjustment force ΔFa by the reaction force add-
ing control mechanism 30 is cancelled, as illustrated in
FIG. 5C. Accordingly, when the accelerator pedal 12 is
depressed again at the accelerator opening being equal
to the eco-driving point or larger, the operational direction
is detected as being the depressing direction in the op-
erational direction detection process S1 and the adjust-
ment force ΔFa is to be added to the basic pedaling force
characteristic F0 by the reaction force adding control
mechanism 30.
[0034] In the present embodiment, the operational di-
rection detection process S1 and the adjustment force
determination process S2 are performed by the micro-
computer 43 of the accelerator pedal apparatus 10. Here,
it is also possible that the ECU 50 being the upper unit
performs either or both of the operational direction de-
tection process S1 and the adjustment force determina-
tion process S2. In this case, it is considered that an
accelerator pedal apparatus of the present invention in-
cludes the function to perform the operational direction
detection process S1 and the adjustment force determi-
nation process S2 at the ECU 50.
[0035] Here, not limited to the above embodiments,
the present invention may be appropriately modified with-

in the technical scope of the present invention. Further,
not limited to the above embodiments, the number, loca-
tion, shape and the like of the respective structural mem-
bers may be modified appropriately for actualizing the
present invention. Here, in each drawing, the same nu-
meral is given to the same structural element.

Description of Numerals

[0036]

10 Accelerator pedal apparatus
11 Housing
11a, 11b Sensor accommodating portion
12 Accelerator pedal
13 Pedal arm
13a Upper end portion
14 Return spring
15 Accelerator position sensor (APS)
20 Hysteresis generating mechanism
24 Return spring
30 Reaction force adding control mechanism
31 Torque motor
32 Return lever
33 Motor position sensor (MPS)
40 Control unit (Control board)
41 Drive circuit
42 Current detection circuit
43 Microcomputer
44 Power source circuit
45 Communication interface circuit
46 MPS input circuit
50 Engine control unit (ECU)
61 First slider
62 Second slider

Claims

1. A vehicle accelerator pedal apparatus (10), compris-
ing:

an accelerator pedal (12);
a pedal arm (13) that has the accelerator pedal
(12);
a hysteresis generating mechanism (20) which
provides a hysteresis pedaling force character-
istic having larger pedaling force in a depression
direction than that in a return direction; and
a reaction force adding control mechanism (30)
which adds operational reaction force to opera-
tion of the accelerator pedal (12) based on an
adjustment force generation command from an
upper ECU unit (50) and the reaction force add-
ing control mechanism (30) having torque motor
(31) for generating the operational reaction force
that can be exerted to the pedal arm (13) in a
direction to push back toward a rest position;

11 12 
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and;
wherein when an accelerator opening of the ac-
celerator pedal (12) is to be the eco-driving point
in a basic pedaling force characteristic (F0),
the reaction force adding control mechanism
(30) adds the operational reaction force to the
accelerator pedal (12) based on an adjustment
force generation command from the upper ECU
unit (50),
the operational reaction force is not larger than
a hysteresis amount generated by the hystere-
sis generating mechanism (20), and which does
not bring about the accelerator pedal (12) being
bounced or being returned while the pedaling
force is the basic pedaling force characteristic
(F0).

2. The accelerator pedal apparatus (10) according to
claim 1, further comprising operation detection
means (15; 33) which detects whether motion of the
accelerator pedal (12) is in the depression direction
or the return direction;
wherein the reaction force adding control mecha-
nism (30) adds the operational reaction force which
is not larger than the hysteresis amount generated
by the hysteresis generating mechanism (20), and
which does not bring about the accelerator pedal (12)
being bounced or being returned while the pedaling
force is the basic pedaling force characteristic (F0)
in a case that the motion of the accelerator pedal
(12) is detected as being in the depression direction
by the operation detection means (15; 33) while the
adjustment force generation command is provided
from the upper ECU unit (50); and
the reaction force adding control mechanism (30)
does not add the operational reaction force in a case
that the motion of the accelerator pedal (12) is de-
tected as being in the return direction by the opera-
tion detection means (15; 33) while the adjustment
force generation command is provided from the up-
per ECU unit (50).

Patentansprüche

1. Fahrzeug-Fahrpedalvorrichtung (10), aufweisend:

ein Fahrpedal (12);
einen Pedalarm (13), der das Fahrpedal (12)
hat;
einen Hystereseerzeugungsmechanismus
(20), welcher eine Hysteresepedalbetätigungs-
kraftcharakteristik zur Verfügung stellt, die grö-
ßere Pedalbetätigungskraft in einer Depressi-
onsrichtung bzw. Niederdrückungsrichtung als
die in einer Rückkehrrichtung hat; und
einen Reaktionskrafthinzufügungssteuerme-
chanismus bzw. Reaktionskrafthinzufügungs-

regelmechanismus (30), welcher betriebsberei-
te bzw. funktionsfähige Reaktionskraft zu dem
Betrieb bzw. der Funktion von dem Fahrpedal
(12) hinzufügt, und zwar basierend auf einen
Justier- bzw. Regulierungskrafterzeugungsbe-
fehl von einer oberen Motorsteuer- bzw. Motor-
regeleinheit bzw. einer oberen ECU-Einheit
(50), und wobei der Reaktionskrafthinzufü-
gungssteuermechanismus bzw.
Reaktionskrafthinzufügungsregelmechanis-
mus (30) einen Drehmomentmotor (31) hat, und
zwar zum Erzeugen der betriebsbereiten bzw.
funktionsfähigen Reaktionskraft, die auf den Pe-
dalarm (13) in einer Richtung ausgeübt werden
kann, um ihn in Richtung einer Rast- bzw. Ru-
heposition zurückzudrängen; und;
wobei, wenn ein Fahrpedalöffnungsbereich von
dem Fahrpedal (12) der ÖkoFahrpunkt in einer
Basispedalbetätigungskraftcharakteristik (F0)
zu sein hat,
fügt der Reaktionskrafthinzufügungssteuerme-
chanismus bzw. Reaktionskrafthinzufügungs-
regelmechanismus (30) die betriebsbereite
bzw. funktionsfähige Reaktionskraft zu dem
Fahrpedal (12) hinzu, und zwar basierend auf
einem Justier- bzw. Regulierungskrafterzeu-
gungsbefehl von der oberen Motorsteuer- bzw.
Motorregeleinheit bzw. der oberen ECU-Einheit
(50),
wobei die betriebsbereite bzw. funktionsfähige
Reaktionskraft nicht größer als ein Hysterese-
wert ist, der durch den Hystereseerzeugungs-
mechanismus (20) erzeugt wird, und welche es
nicht zustande bringt bzw. nicht bewirkt, dass
das Fahrpedal (12) hochgeschnellt bzw. zurück-
geprallt oder zurückgeführt wird, während die
Pedalbetätigungskraft die Basispedalbetäti-
gungskraftcharakteristik (F0) ist.

2. Fahrpedalvorrichtung (10) gemäß Anspruch 1, fer-
ner aufweisend eine Betriebs- bzw. Funktionsdetek-
tierungseinrichtung (15, 33), welche detektiert, ob
Bewegung von dem Fahrpedal (12) in der Depres-
sionsrichtung bzw. Niederdrückungsrichtung oder
der Rückkehrrichtung ist;
wobei der Reaktionskrafthinzufügungssteuerme-
chanismus bzw. Reaktionskrafthinzufügungsregel-
mechanismus (30) die betriebsbereite bzw. funkti-
onsfähige Reaktionskraft hinzufügt, welche nicht
größer als der Hysteresewert ist, der durch den Hys-
tereseerzeugungsmechanismus (20) erzeugt wird,
und welche es nicht zustande bringt bzw. nicht be-
wirkt, dass das Fahrpedal (12) hochgeschnellt bzw.
zurückgeprallt oder zurückgeführt wird, während die
Pedalbetätigungskraft die Basispedalbetätigungs-
kraftcharakteristik (F0) in einem Fall ist, in dem die
Bewegung von dem Fahrpedal (12) detektiert wird,
um in der Depressionsrichtung bzw. Niederdrü-
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ckungsrichtung zu sein, und zwar durch die Betriebs-
bzw. Funktionsdetektierungseinrichtung (15, 33),
während der Justier- bzw. Regulierungskrafterzeu-
gungsbefehl von der oberen Motorsteuer- bzw. Mo-
torregeleinheit bzw. der ECU-Einheit (50) zur Verfü-
gung gestellt wird; und
wobei der Reaktionskrafthinzufügungssteuerme-
chanismus bzw. Reaktionskrafthinzufügungsregel-
mechanismus (30) nicht die betriebsbereite bzw.
funktionsfähige Reaktionskraft in einem Fall hinzu-
fügt, in dem die Bewegung von dem Fahrpedal (12)
detektiert wird, um in der Rückkehrrichtung zu sein,
und zwar durch die Betriebs- bzw. Funktionsdetek-
tierungseinrichtung (15; 33), während der Justier-
bzw. Regulierungskrafterzeugungsbefehl von der
oberen Motorsteuer- bzw. Motorregeleinheit bzw.
der oberen ECU-Einheit (50) zur Verfügung gestellt
wird.

Revendications

1. Appareil de pédale d’accélération (10) de véhicule,
comportant :

une pédale d’accélération (12) ;
un bras de pédale (13) comprenant la pédale
d’accélération (12) ;
un mécanisme de génération d’hystérèse (10)
qui fournit une caractéristique d’hystérèse de
force de pédalage ayant une force de pédalage
plus forte dans une direction d’enfoncement que
dans une direction retour ; et
un mécanisme de commande d’ajout de force
de réaction (30) qui ajoute une force de réaction
opérationnelle à l’actionnement de la pédale
d’accélération (12) sur la base d’une commande
de génération de force d’ajustement d’une unité
de commande électronique (UCE) supérieure
(50) et le mécanisme de commande d’ajout de
force de réaction (30) ayant un moteur-couple
(31) pour générer la force de réaction opération-
nelle qui peut être exercée sur le bras de pédale
(13) dans une direction de retour à la position
de repos ; et
où lorsqu’une ouverture d’accélérateur de la pé-
dale d’accélération (12) doit être le point d’éco-
conduite dans une caractéristique fondamenta-
le de force de pédalage (F0),
le mécanisme de commande d’ajout de force de
réaction (30) ajoute la force de réaction opéra-
tionnelle de, la pédale d’accélération (12) sur la
base d’une commande de génération de force
d’ajustement de l’UCE supérieure (50),
la force de réaction opérationnelle n’est pas plus
grande que la valeur de l’hystérèse générée par
le mécanisme de génération d’hystérèse (20),
et n’entraîne pas de rebond ou de retour de la

pédale d’accélérateur (12) quand la force de pé-
dalage correspond à la caractéristique fonda-
mentale de force de pédalage (F0).

2. Appareil de pédale d’accélérateur (10) selon la re-
vendication 1, comportant en outre des moyens de
détection d’actionnement (15 ; 33) qui détectent si
un mouvement de la pédale d’accélérateur (12) s’ef-
fectue dans la direction d’enfoncement ou dans la
direction de retour ;
où le mécanisme de commande d’ajout de force de
réaction (30) ajoute la force de réaction opération-
nelle qui n’est pas plus grande que la valeur de l’hys-
térèse générée par le mécanisme de génération
d’hystérèse (20), et qui n’entraîne pas de rebond ou
de retour de la pédale d’accélérateur (12) quand la
force de pédalage correspond à la caractéristique
fondamentale de force de pédalage (F0), dans un
cas où le mouvement de la pédale d’accélération
(12) est détecté par le moyen de détection d’action-
nement (15 ; 33) comme s’effectuant dans la direc-
tion d’enfoncement, la commande de génération de
force d’ajustement étant fournie par l’UCE (50) ; et
le mécanisme de commande d’ajout de force de
réaction (30) n’ajoute pas la force de réaction opé-
rationnelle dans un cas où le mouvement de la pé-
dale d’accélération (12) est détecté par le moyen de
détection d’actionnement (15 ; 33) comme s’effec-
tuant dans la direction retour, la commande de gé-
nération de force d’ajustement étant fournie par
l’UCE.
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