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(54) Operating pedal device for vehicle

(57) An operating pedal device (10, 90) for a vehicle,
including: an operating pedal (16) disposed at a pedal
support fixed to a vehicle so as to be pivotable about an
axis of a support shaft, and depressed by a driver; a re-
action force member (22) connected to the operating
pedal through at least one connecting portion (20, 102)
connecting paired members in a manner such that the
paired members are relatively pivotable about a connect-
ing pin (26), an output in accordance with an operating
force of the operating pedal being transmitted to the re-
action force member, and a reaction force corresponding
to the output being applied to the reaction force member;
and a strain detecting element (44a, 44b, 44c, 44d, 46a,
46b, 46c, 46d) disposed in an elastic portion (40, 42, 74,
76) deformed by the reaction force, the strain detecting
element electrically detecting the operating force by be-
ing deformed together with the elastic portion, is charac-
terized in that in one of the paired members connected
by one of the at least one connecting portion, an opening
is provided near the connecting pin to permit the con-
necting pin to be relatively displaced by the reaction force;
and a portion of the one of the paired members, which
is elastically deformed due to displacement of the con-
necting pin, is used as the elastic portion.
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Description

INCORPORATION BY REFERENCE

[0001] The disclosure of Japanese Patent Application
No. 2010-119935 filed on May 25, 2010 including the
specification, drawings and abstract is incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The invention relates to an operating pedal de-
vice for a vehicle, and particularly to improvement of an
operating pedal device for a vehicle, in which an operat-
ing force is electrically detected.

2. Description of Related Art

[0003] An operating pedal device for a vehicle, com-
prising: (a) an operating pedal disposed at a pedal sup-
port fixed to a vehicle so as to be pivotable about an axis
of a support shaft, and depressed by a driver; (b) a re-
action force member connected to the operating pedal
through at least one connecting portion connecting
paired members in a manner such that the paired mem-
bers are relatively pivotable about a connecting pin, an
output in accordance with an operating force of the op-
erating pedal being transmitted to the reaction force
member, and a reaction force corresponding to the output
being applied to the reaction force member; and (c) a
strain detecting element disposed in an elastic portion
deformed by the reaction force, the strain detecting ele-
ment electrically detecting the operating force by being
deformed together with the elastic portion, for example,
a brake pedal device and an accelerator pedal device
are known. Japanese Patent Application Publication No.
2008-120348 (JP-A-2008-120348) describes a device
that is an example of the operating pedal device for a
vehicle. In the device described in the publication No.
2008-120348, a sensor attachment hole is provided in a
connecting portion in which a connecting pin is used, and
a load sensor is disposed in the sensor attachment hole.
The load sensor includes a cylindrical elastic body de-
formed by a reaction force.
[0004] However, the load sensor is composed of many
components, has a complicated structure, and is expen-
sive. As a result, there is a problem that the manufactur-
ing cost of the operating pedal device for a vehicle is
increased.

SUMMARY OF THE INVENTION

[0005] The invention is made in light of the above-de-
scribed circumstances. It is an object of the invention to
make it possible to easily configure an operating pedal
device for a vehicle, in which an operating force is elec-

trically detected, at low cost, using a small number of
components.

MEANS FOR SOLVING THE PROBLEMS

[0006] To achieve the above object, the first aspect of
the present invention provides an operating pedal device
for a vehicle, comprising: (a) an operating pedal disposed
at a pedal support fixed to a vehicle so as to be pivotable
about an axis of a support shaft, and depressed by a
driver; (b) a reaction force member connected to the op-
erating pedal through at least one connecting portion
connecting paired members in a manner such that the
paired members are relatively pivotable about a connect-
ing pin, an output in accordance with an operating force
of the operating pedal being transmitted to the reaction
force member, and a reaction force corresponding to the
output being applied to the reaction force member; (c) a
strain detecting element disposed in an elastic portion
deformed by the reaction force, the strain detecting ele-
ment electrically detecting the operating force by being
deformed together with the elastic portion; (d) in one of
the paired members connected by one of the at least one
connecting portion, an opening provided near the con-
necting pin to permit the connecting pin to be relatively
displaced by the reaction force; and a portion of the one
of the paired members, which is elastically deformed due
to displacement of the connecting pin, being used as the
elastic portion.
[0007] The second aspect of the invention provides
the operating pedal device for a vehicle recited in the first
aspect of the invention, wherein a plurality of the elastic
portions are located in a plurality of locations positioned
on both sides of a plane extending through the connecting
pin and extending in a displacement direction of the con-
necting pin, in an entire range of a stroke of a depressing
operation, regardless of a change in the displacement
direction of the connecting pin due to the depressing op-
eration performed on the operating pedal.
[0008] The third aspect of the invention provides the
operating pedal device for a vehicle recited in the first or
second aspect of the invention, wherein a small-width
portion is provided in the opening; and a width of the
opening at the small-width portion is reduced to 0 to pre-
vent the connecting pin from being further displaced
when a depressing force larger than a largest value in a
normal use range is applied to the operating pedal. The
width of the opening signifies the width of the opening in
a direction in which the connecting pin is permitted to be
displaced by the reaction force.
[0009] The fourth aspect of the invention provides the
operating pedal device for a vehicle recited in any of the
first to third aspects of the invention, wherein a circuit
box, in which a detecting circuit is provided, is disposed
inside the opening; and the detecting circuit connected
to the strain detecting element outputs an electric signal
corresponding to the operating force.
[0010] The fifth aspect of the invention provides the
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operating pedal device for a vehicle recited in any of the
first to fourth aspects of the invention, wherein (a) in a
state where a predetermined pedal-side member is in-
serted inside a clevis with a bifurcated shape, which is
integrally fixed to the reaction force member, in the con-
necting portion, a clevis pin is disposed to extend through
the clevis and the pedal-side member, the clevis pin con-
necting the clevis and the pedal-side member in a manner
such that the clevis and the pedal-side member are rel-
atively pivotable; (b) the clevis pin is the connecting pin;
the reaction force member and the pedal-side member
are the paired members relatively pivotably connected
to each other through the connecting pin; and the opening
and the elastic portion are provided in the pedal-side
member.
[0011] The sixth aspect of the invention provides the
operating pedal device for a vehicle recited in the fifth
aspect of the invention, wherein the pedal-side member
is the operating pedal.
[0012] The seventh aspect of the invention provides
the operating pedal device for a vehicle recited in the fifth
aspect of the invention, wherein further comprising (a)
an intermediate lever pivotably disposed at the pedal
support, and connected to the operating pedal through
a connecting link, wherein (b) the pedal-side member is
the intermediate lever.
[0013] The eighth aspect of the invention provides the
operating pedal device for a vehicle recited in any of the
fifth to seventh aspects of the invention, wherein the cle-
vis pin directly contacts the pedal-side member to deform
the elastic portion.

THE EFFECTS OF THE INVENTION

[0014] In the operating pedal device for a vehicle, the
paired members is relatively pivotably connected through
the connecting pin. In one of the paired members, the
opening is provided near the connecting pin to permit the
connecting pin to be displaced by the reaction force. In
a portion of the one of the paired members, the portion
which is elastically deformed due to the displacement of
the connecting pin, is used as the elastic portions. There-
fore, as compared to the case where a load sensor, which
is a separate body and includes a separate elastic body,
is integrally fitted as in a conventional case, the number
of components in the entire device is reduced, the struc-
ture is made simple, and the device is configured at low
cost.
[0015] In the second aspect of the invention, the elastic
portions are located in a plurality of locations positioned
on both sides of the plane extending through the con-
necting pin and extending in the displacement direction
of the connecting pin, in the entire range of the stroke of
the depressing operation performed on the operating
pedal, regardless of the change in the displacement di-
rection of the connecting pin due to the depressing op-
eration performed on the operating pedal. Therefore,
strain signals (resistance value or the like) in the strain

detecting elements provided in the elastic portions on the
plurality of locations are relatively increased and de-
creased due to the depressing operation performed on
the operating pedal. Thus, it is possible to detect the op-
erating force with high accuracy, regardless of the
change in the displacement direction.
[0016] In the third aspect of the invention, a small-width
portion is provided in the opening; and a width of the
opening at the small-width portion is reduced to 0 to pre-
vent the connecting pin from being further displaced
when a depressing force larger than a largest value in a
normal use range is applied. Therefore, excessive defor-
mation of the elastic portion is prevented to ensure du-
rability, while the operating force in the normal use range
is permitted to be detected based on the deformation of
the elastic portion.
[0017] In the fourth aspect of the invention, a circuit
box, in which a detecting circuit is provided, is disposed
inside the opening; and the detecting circuit connected
to the strain detecting element outputs an electric signal
corresponding to the operating force. Therefore, as com-
pared to the case where the circuit box is attached to, for
example, a side surface of the operating pedal, the circuit
box does not cause interference, for example, when the
depressing operation is performed on the operating ped-
al. Thus, the fourth aspect of the invention can be applied
to a conventional operating pedal device for a vehicle
without greatly changing the design.
[0018] The fifth aspect of the invention relates to the
case where the opening and the elastic portion are pro-
vided in the pedal-side member in the connecting portion
connecting the reaction force member and the pedal-side
member. The output transmitted to the reaction force
member is detected as the operating force. Therefore,
for example, when a hydraulic brake or the like is me-
chanically operated through the reaction force member,
it is possible to detect the operating force such as the
braking force thereof, with high accuracy. Also, in a state
where the pedal-side member is inserted inside the clevis
with a bifurcated shape, which is integrally fixed to the
reaction force member, the clevis pin is disposed to ex-
tend through the clevis and the pedal-side member, and
the clevis pin connects the clevis and the pedal-side
member in a manner such that the clevis and the pedal-
side member are relatively pivotable. Therefore, it is pos-
sible to suppress generation of a torsional moment in the
pedal-side member in which the elastic portion is provid-
ed. Thus, it is possible to detect the operating force with
high accuracy.
[0019] The sixth aspect of the invention relates to the
case where the pedal-side member is the operating ped-
al, and the seventh aspect of the invention relates to the
case where the pedal-side member is the intermediate
lever. In each of the cases, it is possible to electrically
detect the operating force easily, by providing the open-
ing and the elastic portion without the need of greatly
changing the design.
[0020] The eighth aspect of the invention relates to the
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case where the clevis pin directly contacts the pedal-side
member to deform the elastic portion, and a torsional
moment generated in the pedal-side member is reduced,
and thus, the operating force is detected with high accu-
racy, as compared to the case where the clevis pin is
connected through a load transmission member integral-
ly provided to extend from the pedal-side member toward
an end portion side in the axial direction of the clevis pin.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIGS. 1A and 1B are views used to explain an ex-
ample of an operating pedal device for a vehicle,
which is used for a service brake, and to which the
invention is applied, FIG. 1A being a front view, and
FIG. 1B being an enlarged view showing a section
taken along a line IB-IB in FIG. 1A;
FIG 2 is a view in which a pedal support and a reac-
tion force member in FIG. 1A are omitted;
FIGS. 3A and 3B are front views each showing an
enlarged portion near an opening provided in an op-
erating pedal to form elastic portions, FIG. 3A being
the view exaggeratingly showing an initial state be-
fore a depressing operation is performed, and FIG.
3B being the view exaggeratingly showing a state
when the depressing operation is performed;
FIGS. 4A and 4B show an example of a detecting
circuit formed to include strain resistance elements
shown in FIGS. 3A to 3B, FIG. 4A showing a bridge
circuit for detecting a load, and FIG. 4B showing a
bridge circuit provided in addition to the circuit shown
in FIG. 4A in order to detect a depressing stroke;
FIG. 5 is a sectional view that corresponds to FIG.
1B, and that is used to explain the inclination of a
rod caused by, for example, play in each portion;
FIGS. 6A and 6B are views used to explain a tor-
sional moment M generated when a rod is inclined
as shown in FIG 5 and a reaction force in an oblique
direction is applied to the operating pedal, and an
arm length L, in the embodiment shown in FIG. 1;
FIGS. 7A and 7B are views used to explain the tor-
sional moment M generated when the rod is inclined
as shown in FIG. 5 and the reaction force in the ob-
lique direction is applied, and the arm length L, in
the case where a connecting pin is connected to a
load transmission member integrally fixed to one
side of the operating pedal;
FIGS. 8A and 8B are views used to explain the tor-
sional moment M generated when the rod is inclined
as shown in FIG. 5 and the reaction force in the ob-
lique direction is applied, and the arm length L, in
the case where the connecting pin is connected to

a load transmission member with an angular U-
shape section, which is integrally fixed to the oper-
ating pedal;
FIGS. 9A and 9B are views showing another embod-
iment of the invention, FIGS. 9A and 9B correspond-
ing to FIGS. 3A and 3B;
FIGS. 10A and 10B are views showing a yet another
embodiment of the invention, FIGS. 10A and 10B
corresponding to FIGS. 3A and 3B;
FIG. 11 is a view showing the case where a stopper
is provided in the embodiment shown in FIGS. 1A
and 1B, FIG. 11 being a front view corresponding to
FIG. 2;
FIGS. 12A and 12B are front views each showing an
enlarged portion near the stopper in the embodiment
shown in FIG. 11, FIG. 12A being the view exagger-
atingly showing the initial state before the depressing
operation is performed, and FIG. 12B being the view
exaggeratingly showing the state when an excessive
depressing operation is performed;
FIGS. 13A and 13B are views used to explain the
case where the stopper is provided in the embodi-
ment shown in FIGS. 9A and 9B, FIGS. 13A and 13B
being front views corresponding to FIGS. 12A and
12B;
FIG. 14 is a view showing the case where a circuit
box is disposed in the opening in the embodiment
shown in FIGS. 9A and 9B, FIG. 14 being a front
view corresponding to FIG. 2;
FIGS. 15A to 15C are views showing three examples
in which a load input position varies in a plate thick-
ness direction of plate portions that function as elas-
tic portions in the embodiment shown in FIGS. 1A
and 1B;
FIG. 16 is a view showing torsional moment arm
lengths La to Lc comparatively in the three examples
shown in FIGS. 15A to 15C;
FIG. 17 is a view used to explain the case where the
invention is applied to an operating pedal device for
a vehicle, which includes an intermediate lever, FIG.
17 being a front view corresponding to FIG. 1A;
FIG. 18 is a view in which the pedal support and the
reaction force member in FIG. 17 are omitted;
FIG. 19 is a front view used to explain another ex-
ample of the case where the invention is applied to
the operating pedal device for a vehicle, which in-
cludes the intermediate lever, FIG. 19 being a front
view corresponding to FIG. 18;
FIG. 20 is a view showing the case where the stopper
is provided in the embodiment shown in FIG. 19; and
FIGS. 21A to 21C are views used to explain an em-
bodiment in which eight strain resistance elements
are provided, FIG. 21A being a front view corre-
sponding to FIG. 3A, FIG. 21B being a sectional view
taken along a line XXIB-XXIB in FIG. 21A, and FIG.
21C being a circuit diagram showing an example of
the detecting circuit.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0022] The operating pedal device for a vehicle accord-
ing to the invention is appropriately applied to a brake
pedal device for a service brake. However, the operating
pedal device for a vehicle according to the invention may
be applied to an operating pedal device for an accelerator
or a parking brake. The reaction force member is, for
example, an operating rod of a brake booster, or a push
rod of a brake master cylinder, and the reaction force
member is configured to mechanically operate wheel
brakes or the like. However, it is possible to apply the
invention to an electric (by-wire type) operating pedal de-
vice that electrically controls the wheel brakes, a vehicle
drive device, or the like according to the operating force
that is electrically detected. In this case, a stroke simu-
lator, a reaction force mechanism, or the like is connected
to the reaction force member so that a predetermined
reaction force is applied to the reaction force member.
[0023] In the connecting portion, the opening and the
elastic portion are provided in one of paired members. It
is appropriate that the connecting portion should be the
connecting portion connecting the operating pedal and
the reaction force member, or the connecting portion con-
necting the intermediate lever and the reaction force
member, as in the sixth aspect of the invention or the
seventh aspect of the invention. However, it is possible
to provide the opening and the elastic portion in another
connecting portion, such as a connecting portion con-
necting the operating pedal and a connecting link, a con-
necting portion connecting the intermediate lever and the
connecting link, or a connecting portion in which the in-
termediate lever is pivotably supported by a pedal sup-
port. In the fifth aspect of the invention, the opening and
the elastic portion are provided in the pedal-side member.
However, it is possible to provide the opening and the
elastic portion in a reaction force member-side member
that includes the reaction force member.
[0024] The opening provided in one of the paired mem-
bers to permit a connecting pin to be relatively displaced
by the reaction force is a through-hole with a predeter-
mined shape. The opening is provided at least on a side
toward which the connecting pin is displaced, in a manner
such that a predetermined thickness is left between the
opening and the connecting pin. Also, one or a plurality
of openings are provided so that, for example, thin plate
portions are provided on both sides of the connecting pin
at positions on both sides of a plane extending through
the connecting pin and extending in a displacement di-
rection of the connecting pin. The paired plate portions
on both sides are elastically bent and deformed, and thus,
the connecting pin is permitted to be displaced. The plate
portions are curved due to the displacement of the con-
necting pin, and are partially subjected to compression
deformation and tensile deformation. Therefore, the por-
tions, which are subjected to compression deformation
and tensile deformation, are used as elastic portions, and
strain detecting elements are attached to the elastic por-

tions. Both surfaces of the plate portions may be used
as the elastic portions, and the strain detecting elements
may be attached to the elastic portions.
[0025] The strain detecting element outputs an electric
signal corresponding to the amount of deformation
(strain) by being deformed integrally with the elastic por-
tion elastically deformed. The operating force can be cal-
culated based on the electric signal according to a pre-
determined map or a predetermined operational equa-
tion. As the strain detecting element, a strain resistance
element, such as a thin film semiconductor strain gauge,
a thick film semiconductor strain gauge, or an ordinary
strain gauge, is preferably used. However, it is possible
to use a piezo element, a piezoelectric conversion ele-
ment, or the like. The operating force can be obtained by
detecting strain using a single strain detecting element.
However, it is preferable to form a bridge circuit using
four strain detecting elements. Further, it is possible to
combine two bridge circuits using eight strain detecting
elements.
[0026] In the third aspect of the invention, the small-
width portion is provided. When a depressing force larger
than the largest value in a normal use range is applied,
the width of the opening at the small-width portion is re-
duced to 0 to prevent the connecting pin from being fur-
ther displaced. However, when implementing the other
inventions, the small-width portion is not necessarily re-
quired. Also, it is possible to prevent excessive deforma-
tion of the elastic portion in various manners, for example,
by restricting the connecting pin from being displaced by
an amount equal to or larger than a given amount using
a stopper member configured as a separate body, by
restricting the range of relative pivot of the paired mem-
bers in the connecting portion, or by restricting the range
of depression of the operating pedal.
[0027] In the fourth aspect of the invention, the circuit
box, in which the detecting circuit such as a bridge circuit
is provided, is disposed inside the opening. However, it
is possible to fix the circuit box to, for example, a side
surface of the operating pedal. When implementing the
other inventions, the circuit box is not necessarily re-
quired, and it is possible to employ various configura-
tions, for example, a configuration in which a wire con-
nected to the strain detecting element is connected to a
control portion or the like using a wire harness or the like.

Embodiments

[0028] Hereinafter, embodiments of the invention will
be described in detail with reference to the drawings.
FIGS. 1A and 1B are views showing an operating pedal
device 10 for a service brake of a vehicle according to
an embodiment of the invention. FIG. 1A is a front view
(i.e., a view showing the operating pedal device 10 seen
from the left side of a vehicle when the operating pedal
device 10 is provided in the vehicle). FIG. 1B is an en-
larged view showing a section taken along a line IB-IB in
FIG. 1A. An operating pedal 16 is disposed at a pedal
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support 12 integrally fixed to the vehicle so as to be piv-
otable about the axis of a support shaft 14 that is sub-
stantially horizontal. A depressing operation is performed
on the operating pedal 16 by a driver according to a re-
quest for braking. A stepped portion (pad) 18 is provided
at a lower end portion of the operating pedal 16. An op-
erating rod 22 of a brake booster is connected to an in-
termediate portion of the operating pedal 16 through a
connecting portion 20. In the case of a by-wire type op-
erating pedal device that electrically controls wheel
brakes, a reaction force member, to which a predeter-
mined reaction force is applied by a reaction force mech-
anism or the like, is connected to the operating pedal 16,
instead of connecting the operating rod 22 to the oper-
ating pedal 16.
[0029] The connecting portion 20 includes a clevis 24,
and a clevis pin 26. The clevis 24 with a bifurcated shape
(U-shape) is integrally fixed at an end portion of the op-
erating rod 22 using a screw connection or the like. The
clevis pin 26 is disposed in the operating pedal 16 to
extend in parallel with the support shaft 14. The connect-
ing portion 20 connects the operating rod 22 and the op-
erating pedal 16 in a manner such that the operating rod
22 and the operating pedal 16 are relatively pivotable
about the axis of the clevis pin 26. The operating pedal
16 is inserted inside the clevis 24. Both end portions of
the clevis pin 26 protrude toward areas on both sides of
the operating pedal 16. The clevis pin 26 extends through
the clevis 24, and is prevented from slipping out of the
clevis 24 by a snap ring or the like. The operating rod 22
corresponds to the reaction force member. An output in
accordance with the operating force of the operating ped-
al 16 is transmitted to the operating rod 22 through the
connecting portion 20, and the reaction force correspond-
ing to the output is applied to the operating rod 22 by the
brake booster. The clevis pin 26 corresponds to the con-
necting pin. The operating pedal 16 is one of paired mem-
bers in the connecting portion 20, and corresponds to
the pedal-side member.
[0030] A load sensor 30 is integrally incorporated in
the operating pedal 16. The load sensor 30 electrically
detects the reaction force applied from the clevis pin 26.
That is, as evident from FIG. 2 in which the pedal support
12 and the operating rod 22 are omitted, three openings
(through-holes) 34, 36, and 38 are provided near a con-
necting hole 32 through which the clevis pin 26 is insert-
ed. Thus, the clevis pin 26 is permitted to be relatively
displaced toward a driver’s seat, that is, in a reaction
force direction shown by an arrow A in FIG 3B, by the
reaction force. FIGS 3A and 3B are front views each
showing an enlarged portion in which the openings 34,
36, and 38 are provided, in the operating pedal 16. FIG.
3A shows an initial state before a depressing operation
is performed, and FIG. 3B shows a state when the de-
pressing operation is performed, that is, a state in which
the portion near the connecting hole 32 is elastically de-
formed in the reaction force direction A by the reaction
force.

[0031] The opening 34 is provided on a side toward
which the clevis pin 26 is displaced, that is, a side toward
which the reaction force is applied in the reaction force
direction A. A predetermined thickness is left between
the opening 34 and the connecting hole 32. The opening
34 has a rectangular shape or an elliptical shape that is
long in a top-bottom direction. The openings 36 and 38
are provided above and below the connecting hole 32,
that is, the openings 36 and 38 are provided on both sides
of a plane extending through the clevis pin 26 and ex-
tending in the reaction force direction A, in a manner such
that a thin plate portion 40 is provided between the open-
ing 36 and the opening 34, and a thin plate portion 42 is
provided between the opening 38 and the opening 34.
Thus, the openings 36 and 38 are symmetrically provided
above and below the connecting hole 32 in a manner
such that the openings 36 and 38 are adjacent to the
opening 34. The paired plate portions 40 and 42 are pro-
vided to extend in a direction that crosses the reaction
force direction A at a substantially right angle. When the
reaction force is applied from the clevis pin 26 to the
connecting hole 32, the paired plate portions 40 and 42
are elastically bent and deformed as shown in FIG. 3B.
The operating pedal 16 is configured using a metal ma-
terial that permits the clevis pin 26 to be displaced by a
predetermined displacement amount due to the elastic
deformation of the plate portions 40 and 42. The amount
of deformation of the plate portions 40 and 42 is extremely
small, and therefore, the amount of deformation of the
plate portions 40 and 42 hardly influences the depressing
stroke of the operating pedal 16. However, in the drawing,
the deformation is exaggeratingly shown in order to fa-
cilitate understanding. The reaction force direction A cor-
responds to the displacement direction of the clevis pin
26.
[0032] The load sensor 30 electrically detects the re-
action force, that is, the operating force, based on the
amount of bending deformation of the plate portions 40
and 42. Paired strain resistance elements 44a and 44b
are attached to a plate surface of the plate portion 40,
which defines the opening 34. Paired strain resistance
elements 46a and 46b are attached to a plate surface of
the plate portion 42, which defines the opening 34. That
is, the plate portions 40 and 42 are curved due to the
displacement of the clevis pin 26, and the plate portions
40 and 42 are partially subjected to compression defor-
mation and tensile deformation. Thus, the portions, which
are subjected to compression deformation and tensile
deformation, are used as elastic portions, and the paired
strain resistance elements 44a and 44b, and the paired
strain resistance elements 46a and 46b are substantially
symmetrically provided in the elastic portions. The reac-
tion force direction A changes according to the relative
pivot of the connecting portion 20 due to the depressing
operation performed on the operating pedal 16. However,
the paired strain resistance elements 44a and 44b are
provided in the portion positioned on one side of the plane
extending through the clevis pin 26 and extending in the
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reaction force direction A, and the paired strain resist-
ance elements 46a and 46b are provided in the portion
positioned on the other side of the plane extending
through the clevis pin 26 and extending in the reaction
force direction A, in the entire range of the stroke of the
depressing operation, regardless of the change in the
reaction force direction A. As each of the strain resistance
elements 44a, 44b, 46a, and 46b, for example, a thin film
semiconductor strain gauge, a thick film semiconductor
strain gauge, or an ordinary strain gauge is preferably
used. The four strain resistance elements 44a, 44b, 46a,
and 46b are provided on the plate surfaces of the plate
portions 40 and 42 at a center portion in a plate thickness
direction of the operating pedal 16 (i.e., the top-bottom
direction in FIG. 1B, and a direction extending from one
surface of paper on which FIGS. 3A and 3B are shown
to the reverse surface of the paper). An insulating film
made of glass paste or the like is provided in advance
on the plate surfaces of the plate portions 40 and 42. The
strain resistance elements 44a, 44b, 46a, and 46b are
integrally provided on the insulating film by calcination or
the like.
[0033] The four strain resistance elements 44a, 44b,
46a, and 46b are connected to each other to form a bridge
circuit shown in FIG. 4A. The four strain resistance ele-
ments 44a, 44b, 46a, and 46b are connected to a control
circuit portion of the vehicle through a wire harness 58
and a connector 60. When a predetermined voltage is
applied between power source terminals 48 and 50, an
electric signal (a load detection signal) V1 corresponding
to the reaction force is output from between paired output
terminals 52 and 54. In the electric circuit, a portion con-
stituting the bridge circuit is configured using a printed
board and the like, and is housed in a circuit box 56. The
circuit box 56 is integrally fixed, for example, to the side
surface of the operating pedal 16. Also, the connector 60
is connected to the control circuit portion or the like of
the vehicle. The reaction force, that is, the operating force
is calculated based on the load detection signal V1 output
from between the output terminals 52 and 54, using a
predetermined operational equation, a map, or the like.
A power source that applies a voltage between the power
source terminals 48 and 50 may be disposed in the circuit
box 56. Also, the bridge circuit, in which the four strain
resistance elements 44a, 44b, 46a, and 46b are connect-
ed to each other, may be formed directly on, for example,
the inner wall surface of the opening 34, on which the
strain resistance elements 44a, 44b, 46a, and 46b are
provided, and the circuit box 56 may be omitted. In con-
trast, for example, a calculation portion that calculates
the operating force, the depressing stroke, and the like,
and an amplifier may be disposed on a circuit board in
the circuit box 56.
[0034] With the load detecting circuit shown in FIG.
4A, it is possible to detect the load, that is, the operating
force with high accuracy, regardless of the change in the
displacement direction of the clevis pin 26 (i.e., the reac-
tion force direction A) due to the depressing operation

performed on the operating pedal 16. When a bridge cir-
cuit is formed using the strain resistance elements 44a
and 44b and paired fixed resistors Rc as shown in FIG.
4B, an electric signal V2 is changed due to the change
in the displacement direction of the clevis pin 26 (i.e., the
reaction force direction A) due to the depressing opera-
tion performed on the operating pedal 16. Accordingly,
it is possible to detect the depressing stroke of the oper-
ating pedal 16 based on the values of the electric signals
V1 and V2. The fixed resistors Rc may be provided in
the circuit box 56, or may be provided in the control circuit
portion of the vehicle.
[0035] In the operating pedal device 10 for a vehicle,
the operating pedal 16 is relatively pivotably connected
to the operating rod 22 through the clevis pin 26. In the
operating pedal 16, the three openings 34, 36, and 38
are provided near the clevis pin 26 to permit the clevis
pin 26 to be displaced by the reaction force. In the oper-
ating pedal 16, the plate portions 40 and 42, which are
elastically deformed due to the displacement of the clevis
pin 26, are used as the elastic portions, and the strain
resistance elements 44a, 44b, 46a, and 46b are attached
to the elastic portions. Thus, the load sensor 30 is con-
figured integrally with the operating pedal 16. Therefore,
as compared to the case where a load sensor, which is
a separate body and includes a separate elastic body, is
integrally fitted as in a conventional case, the number of
components in the entire device is reduced, the structure
is made simple, and the device is configured at low cost.
[0036] Also, in the embodiment, the elastic portions,
to which the strain resistance elements 44a, 44b, 46a,
and 46b are attached, are located in the portions posi-
tioned on both sides of the plane extending through the
clevis pin 26 and extending in the displacement direction
of the clevis pin 26 (i.e., the reaction force direction A),
in the entire range of the stroke of the depressing oper-
ation performed on the operating pedal 16, regardless of
the change in the displacement direction of the clevis pin
26 (i.e., the reaction force direction A) due to the depress-
ing operation performed on the operating pedal 16.
Therefore, strain in the strain resistance elements 44a,
44b, 46a, and 46b provided in the elastic portions on the
both sides is relatively increased and decreased due to
the depressing operation performed on the operating
pedal 16. Thus, it is possible to detect the operating force
with high accuracy, regardless of the change in the dis-
placement direction. That is, it is possible to obtain sub-
stantially constant detection performance, regardless of
the change in the displacement direction of the clevis pin
26. Thus, it is possible to detect the operating force with
high accuracy, without the need of performing a correc-
tion process or the like.
[0037] Also, in the embodiment, the elastic portions
are formed by providing the openings 34, 36, and 38 in
the operating pedal 16 connected to the operating rod
22, which is the reaction force member, through the clevis
pin 26. The load sensor 30 is configured integrally with
the operating pedal 16. The output transmitted to the op-
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erating rod 22 is detected as the operating force. There-
fore, it is possible to detect, with high accuracy, the brak-
ing force generated according to the output of the oper-
ating rod 22.
[0038] Also, the clevis pin 26 is inserted through the
connecting hole 32 of the operating pedal 16, and the
both end portions of the clevis pin 26 are held by the
clevis 24. Therefore, it is possible to suppress generation
of a torsional moment in the operating pedal 16, and to
detect the operating force with high accuracy. In addition,
for example, even when the operating pedal 16 is rela-
tively displaced in an axial direction of the clevis pin 26
(i.e., the top-bottom direction in FIG. 1B), the good de-
tection accuracy of the load sensor 30 is maintained, and
the operating force is transmitted to the operating rod 22
without loss.
[0039] Also, in the embodiment, the elastic portions
are formed by providing the openings 34, 36, and 38 near
the connecting hole 32 of the operating pedal 16, and
the load sensor 30 is configured integrally with the oper-
ating pedal 16 by attaching the strain resistance elements
44a, 44b, 46a, and 46b to the elastic portions. Therefore,
it is possible to incorporate the load sensor 30 in the
operating pedal 16 without the need of greatly changing
the design. Thus, it is possible to electrically detect the
operating force easily.
[0040] Also, in the embodiment, the clevis pin 26 di-
rectly contacts the operating pedal 16 to deform the plate
portions 40 and 42. Therefore, a torsional moment M
generated in the operating pedal 16 is reduced, and thus,
the operating force is detected with high accuracy, for
example, as compared to the case where a connecting
hole 63 is provided in a load transmission member 62
integrally provided to extend from the operating pedal 16
toward an end portion side in the axial direction of the
clevis pin 26 and the clevis pin 26 is connected to the
load transmission member 62 as shown in FIGS. 7A and
7B, and the case where a connecting hole 65 is provided
in a load transmission member 64 integrally provided to
extend from the operating pedal 16 toward end portion
sides in the axial direction of the clevis pin 26 and the
clevis pin 26 is connected to the load transmission mem-
ber 64 as shown in FIGS. 8A and 8B. That is, the oper-
ating rod 22 is rockable relative to the operating pedal
16 as shown by an arrow B in FIG. 5 due to, for example,
play in each portion. Thus, there is a possibility that the
operating rod 22 is inclined in a vehicle width direction
with respect to the operating pedal 16, as shown by chain
lines and dashed lines. Each of FIGS. 6A and 6B to FIGS.
8A and 8B shows an operating force F applied to the
operating rod 22 when the operating rod 22 is inclined in
the vehicle width direction, the torsional moment M gen-
erated due to the reaction force applied in a direction
opposite to a direction in which the operating force F is
applied, and an arm length L of the torsional moment M.
FIGS. 6A and 6B show the case where the clevis pin 26
directly contacts the operating pedal 16 according to the
embodiment. In the embodiment shown in FIGS. 6A and

6B, the arm length L and the torsional moment M are
smallest. FIGS. 7A and 7B show the case where the load
transmission member 62 is fixed to the left side surface
of the operating pedal 16. In the case where the clevis
pin 26 is inclined so that an upper end of the clevis pin
26 is moved toward the left side in FIG. 7A, the arm length
L and the torsional moment M are largest. In the case
where the clevis pin 26 is inclined so that the upper end
of the clevis pin 26 is moved toward the right side in FIG.
7B, the arm length L and the torsional moment M are
larger than those in the embodiment shown in FIGS. 6A
and 6B. FIGS. 8A and 8B show the case where the load
transmission member 64 with an angular U-shape sec-
tion is fixed to the operating pedal 16 to extend from one
side surface of the operating pedal 16 to the other side
surface of the operating pedal 16. In the cases shown in
FIGS. 8A and 8B, the arm length L and the torsional mo-
ment M are larger than those in the embodiment shown
in FIGS. 6A and 6B. When the torsional moment M be-
comes large as described above, torsion occurs in the
plate portions 40 and 42. Therefore, the manner of de-
formation of each of the strain resistance elements 44a,
44b, 46a, and 46b attached to the plate portions 40 and
42 is changed, and the resistance value of each of the
strain resistance elements 44a, 44b, 46a, and 46b is
changed. Therefore, the detection accuracy of the load
sensor 30 may be deteriorated. Thus, in the embodiment
shown in FIGS. 7A and 7B, an insertion hole 66 is pro-
vided in the operating pedal 16 instead of providing the
connecting hole 32, and the clevis pin 26 is inserted
through the insertion hole 66 with play, and in the em-
bodiment shown in FIGS. 8A and 8B, an insertion hole
67 is provided in the operating pedal 16 instead of pro-
viding the connecting hole 32, and the clevis pin 26 is
inserted through the insertion hole 67 with play. The em-
bodiment of the first invention includes the case where
the clevis pin 26 is connected to the operating pedal 16
through the load transmission member 62 as shown in
FIGS. 7A and 7B, and the case in which the clevis pin
26 is connected to the operating pedal 16 through the
load transmission member 64 as shown in FIGS. 8A and
8B. The inclination angle is shown to be extremely large
in each of FIG. 5 to FIGS. 8A and 8B, and the play in
each of the connecting holes 32, 63, and 65 is shown to
be extremely large in each of FIGS. 6A and 6B to FIGS.
8A and 8B, in order to clearly show the inclination angle
and the play in each drawing. However, the inclination
angle and the play are actually not so large as shown in
each drawing. In the configurations shown in FIGS. 7A
and 7B and FIGS. 8A and 8B, the clevis pin 26 does not
directly contact the operating pedal 16 even when the
operating rod 22 is inclined. Also, the operating force F
is substantially the same in every case.
[0041] Next, another embodiment of the invention will
be described. In the embodiment described below, the
portions that are substantially the same as those in the
above-described embodiment are denoted by the same
reference numerals, and the detailed description thereof
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will be omitted.
[0042] FIGS. 9A and 9B are front views each showing
a portion near the connecting hole 32 in the operating
pedal 16, FIGS. 9A and 9B corresponding to FIGS. 3A
and 3B. FIG 9A shows the initial state before the depress-
ing operation is performed, and FIG. 9B shows the state
when the depressing operation is performed. In the op-
erating pedal 16, the connecting hole 32 is provided in a
protruding portion 70 provided to protrude forward, and
the clevis pin 26 is inserted through the connecting hole
32. In addition, a single opening (through-hole) 72 is pro-
vided in the operating pedal 16 to extend along a front
end edge of the operating pedal 16. The opening 72 has
a rectangular shape or an elliptical shape that is long in
the top-bottom direction. The opening 72 is provided to
extend from a position above the protruding portion 70
to a position below the protruding portion 70 in a manner
such that an upper portion of the opening 72, which is
located above the protruding portion 70, is symmetrical
to a lower portion of the opening 72, which is located
below the protruding portion 70. Thus, paired plate por-
tions 74 and 76, which function as the elastic portions,
are symmetrically provided in the front end edge of the
operating pedal 16 at positions on both sides of the pro-
truding portion 70. The load sensor 30 is configured in-
tegrally with the operating pedal 16 by attaching the strain
resistance elements 44a and 44b to the plate surface of
the plate portion 74, which defines the opening 72, and
attaching the strain resistance elements 46a and 46b to
the plate surface of the plate portion 76, which defines
the opening 72. In the embodiment as well, it is possible
to obtain the same advantageous effects as the advan-
tageous effects obtained in the above-described embod-
iment. For example, as compared to the case where a
load sensor, which is a separate body and includes a
separate elastic body, is integrally fitted as in a conven-
tional case, the number of components in the entire de-
vice is reduced, the structure is made simple, and the
device is configured at low cost.
[0043] In the above-described embodiment, paired
plate portions provided ahead of the openings 36 and
38, respectively, in the vehicle (i.e., the front end edge
of the operating pedal 16) are bent and deformed due to
the displacement of the clevis pin 26 in the same manner
as the manner in which the plate portions 40 and 42 are
bent and deformed, as shown in FIG. 3B. Therefore, the
plate portions ahead of the openings 36 and 38 in the
vehicle may be used as the elastic portions, and the strain
resistance elements 44a, 44b, 46a, and 46b may be at-
tached to the elastic portions, as in the embodiment
shown in FIGS. 9A and 9B.
[0044] FIGS. 10A and 10B show the case where some
of the strain resistance elements 44a, 44b, 46a, and 46b
are attached to opposite plate surfaces of the plate por-
tions 74 and 76, that is, a front end surface of the oper-
ating pedal 16 in the embodiment shown in FIGS. 9A and
9B. It is possible to attach all of the strain resistance el-
ements 44a, 44b, 46a, and 46b to the front end surface

of the operating pedal 16. In the embodiment shown in
FIGS. 3A and 3B as well, all of, or some of the strain
resistance elements 44a, 44b, 46a, and 46b may be at-
tached to opposite plate surfaces of the plate portions 40
and 42, that is, the plate surfaces defining the openings
36 and 38.
[0045] FIG 11 shows the case where a stopper 80 is
integrally provided on a rear side wall surface of the open-
ing 34 in the embodiment shown in FIGS. 1A and 1B.
When a depressing force larger than the largest value in
a normal use range is applied to the operating pedal 16,
the stopper 80 contacts a front side wall surface of the
opening 34, and thus, the clevis pin 26 is prevented from
being further displaced, and the plate portions 40 and 42
are prevented from being further deformed. FIGS. 12A
and 12B are front views each showing an enlarged por-
tion near the opening 34. FIG. 12A shows the initial state
before the depressing operation is performed, and FIG
12B shows the state when an excessive depressing op-
eration is performed, so that the stopper 80 contacts the
front side wall surface. Thus, when the depressing force
larger than the largest value in the normal use range is
applied in this manner, and the stopper 80 contacts the
front side wall surface of the opening 34 to prevent the
clevis pin 26 from being further displaced, excessive de-
formation of the plate portions 40 and 42 is prevented to
ensure durability, while the operating force in the normal
use range is permitted to be detected based on the de-
formation of the plate portions 40 and 42. The portion in
which the stopper 80 is provided corresponds to the
small-width portion at which a front-rear width of the
opening 34 is reduced to 0 to prevent the clevis pin 26
from being further displaced when the depressing force
larger than the largest value in the normal use range is
applied. The stopper 80 may be provided on the front
side wall surface of the opening 34, and the stopper 80
may contact the rear side wall surface.
[0046] FIGS. 13A and 13B show the case where a
stopper 82, which has the same function as the function
of the stopper 80, is integrally provided in the opening 72
in the embodiment shown in FIGS. 9A and 9B. FIG. 13A
shows the initial state before the depressing operation is
performed, and FIG. 13B shows the state when an ex-
cessive depressing operation is performed, so that the
stopper 82 contacts the front side wall surface of the
opening 72. The portion in which the stopper 82 is pro-
vided also corresponds to the small-width portion.
[0047] FIG 14 shows the case where the circuit box 56
is integrally fixed, using fixing means such as a screw,
in the opening 72 provided to permit the clevis pin 26
from being displaced by the reaction force in the embod-
iment shown in FIGS. 9A and 9B. As compared to the
case where the circuit box 56 is fixed to the side surface
of the operating pedal 16 as in the embodiment shown
in FIGS. 1A and 1B, the circuit box 56 does not cause
interference, for example, when the operating pedal 16
is attached to the pedal support 12, and when the de-
pressing operation is performed on the operating pedal
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16. Thus, the embodiment can be applied to a conven-
tional operating pedal device for a vehicle without greatly
changing the design. The opening 72 is provided to have
a width large enough to permit the clevis pin 26 to be
displaced by the reaction force, regardless of existence
of the circuit box 56.
[0048] FIGS. 15A to 15C show three examples in
which a load input position varies in the plate thickness
direction of the plate portions 40 and 42 that function as
the elastic portions in the embodiment shown in FIGS.
1A and 1B (i.e., a right-left direction in FIGS. 15A and
15B), that is, the position of the clevis pin 26 (i.e., the
position of the connecting hole 32) varies. FIG. 15A
shows the case where the plate surfaces of the plate
portions 40 and 42, which are opposite to the plate sur-
faces defining the opening 34, substantially coincide with
the load input potion (i.e., a rear end of the clevis pin 26).
FIG 15B shows the case where a center of the plate thick-
ness of the plate portions 40 and 42 substantially coin-
cides with the load input position (i.e., the rear end of the
clevis pin 26). FIG. 15C shows the case where the plate
surfaces of the plate portions 40 and 42, which defme
the opening 34, substantially coincide with the load input
position (i.e., the rear end of the clevis pin 26). In FIGS.
15A to 15C, lower figures are front views each showing
the operating pedal 16 seen from the left side of the ve-
hicle. An upper figure in FIG. 15A shows a section taken
along a line XVA-XVA in the front view in FIG. 15A to-
gether with the clevis 24. An upper figure in FIG. 15B
shows a section taken along a line XVB-XVB in the front
view in FIG. 15B together with the clevis 24. An upper
figure in FIG. 15C shows a section taken along a line
XVC-XVC in the front view in FIG. 15C, together with the
clevis 24. In the embodiment shown in FIGS. 1A and 1B,
the plate surfaces of the plate portions 40 and 42, which
are opposite to the plate surfaces defining the opening
34, substantially coincide with the load input position (i.e.,
the rear end of the clevis pin 26), as in the example shown
in FIG. 15A. However, the embodiment of the invention
includes the example shown in FIG. 15B and the example
shown in FIG. 15C.
[0049] FIG 16 shows the arm length L of the torsional
moment M generated by the reaction force applied in the
direction opposite to the direction in which the operating
force F is applied, when the operating rod 22 is inclined
and the operating force F is applied in an oblique direction
as shown in FIG. 6A, in each of the three examples shown
in FIGS. 15A to 15C. The positions of clevis pins 26a,
26b, and 26c in FIG. 16 correspond to FIG. 15A, FIG.
15B, and FIG 15C, respectively. Arm lengths La, Lb, and
Lc correspond to FIG. 15A, FIG. 15B, and FIG. 15C, re-
spectively. The arm length La in the case shown in FIG.
15A is smallest. The arm length Lc in the case shown in
FIG. 15C is largest. The operating force F is the same
and the reaction force is the same in FIG. 15A to FIG.
15C. Therefore, the torsional moment M in FIG. 15A is
smallest, and the torsional moment M in FIG. 15C is larg-
est, as the arm length La in FIG. 15A is smallest, and the

arm length Lc in FIG. 15C is largest. Thus, in the case
shown in FIG. 15A, the most excellent detection accuracy
is obtained. The detection accuracy in the case shown
in FIG. 15B is lower than the detection accuracy in the
case shown in FIG. 15A, and the detection accuracy in
the case shown in FIG. 15C is lower than the detection
accuracy in the case shown in FIG. 15B.
[0050] An operating pedal device 90 for a vehicle
shown in FIG. 17 includes an intermediate lever 92. The
operating force is transmitted from the operating pedal
16 to the operating rod 22 through the intermediate lever
92. The intermediate lever 92 is pivotably disposed at
the pedal support 12 using a support pin 94 extending in
parallel to the support shaft 14. In addition, the interme-
diate lever 92 is connected to the operating pedal 16
through a connecting link 96, and the intermediate lever
92 is mechanically pivoted about the support pin 94 in
accordance with the depressing operation performed on
the operating pedal 16. Both end portions of the connect-
ing link 96 are relatively pivotably connected to the op-
erating pedal 16 and the intermediately lever 92 through
connecting pins 98 and 100, respectively. The connect-
ing pins 98 and 100 are parallel to the support shaft 14.
[0051] An end portion of the intermediate lever 92 is
connected to the operating rod 22 through a connecting
portion 102. The connecting portion 102 has the same
configuration as the configuration of the connecting por-
tion 20. In the intermediate lever 92 that is the pedal-side
member, the paired plate portions 40 and 42, which func-
tion as the elastic portions, are formed by providing the
openings 34, 36, and 38 in addition to the connecting
hole 32 as shown in FIG. 18. The load sensor 30 is con-
figured integrally with the intermediate lever 92 by attach-
ing the strain resistance elements 44a and 44b to the
plate portion 40, and attaching the strain resistance ele-
ments 46a and 46b to the plate portion 42. Also, in the
embodiment, the circuit box 56 is integrally fixed to a side
surface of the intermediate lever 92.
[0052] Thus, in this embodiment as well, the paired
plate portions 40 and 42, which function as the elastic
portions, are integrally provided in the intermediate lever
92, and the load sensor 30 is configured integrally with
the intermediate lever 92 by attaching the strain resist-
ance elements 44a and 44b to the plate portion 40, and
attaching the strain resistance elements 46a and 46b to
the plate portion 42. Therefore, in this embodiment as
well, it is possible to obtain the same advantageous ef-
fects as the advantageous effects obtained in the em-
bodiment shown in FIGS. 1A and 1B. For example, as
compared to the case where a load sensor, which is a
separate body and includes a separate elastic body, is
integrally fitted to the intermediate lever 92 as in a con-
ventional case, the number of components in the entire
device is reduced, the structure is made simple, and the
device is configured at low cost.
[0053] It is possible to apply the invention to a connect-
ing portion in which the connecting link 96 is relatively
pivotably connected to the operating pedal 16 and the
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intermediate lever 92 through the connecting pins 98 and
100, respectively, and a connecting portion in which the
intermediate lever 92 is pivotably attached to the pedal
support 12 through the support pin 94. That is, in a con-
necting portion connecting the operating pedal 16 and
the connecting link 96, a connecting portion connecting
the connecting link 96 and the intermediate lever 92, or
a connecting portion connecting the intermediate lever
92 and the pedal support 12, the plate portions 40 and
42, which function as the elastic portions, may be inte-
grally formed by providing, for example, the openings 34,
36, and 38 in one of the paired members in the connecting
portion, as in the connecting portion 20, and the load
sensor 30 may be configured integrally with the one of
the paired members by attaching the strain resistance
elements 44a and 44b to the plate portion 40 and attach-
ing the strain resistance elements 46a and 46b to the
plate portion 42.
[0054] FIG. 19 is a view showing another example of
the operating pedal device for a vehicle, which includes
the intermediate lever 92. In the intermediate lever 92,
the connecting hole 32 is provided in the protruding por-
tion 70 provided to protrude forward as shown in FIGS.
9A and 9B, and the clevis pin 26 is inserted through the
connecting hole 32. In addition, the single opening
(through-hole) 72 is provided in the intermediate lever 92
to extend along a longitudinal direction of the intermedi-
ate lever 92. The opening 72 has a rectangular shape or
an elliptical shape that is long in the top-bottom direction.
The opening 72 is provided to extend from one side of
the protruding portion 70 to the other side of the protrud-
ing portion 70 in a manner such that a portion of the open-
ing 72, which is located on one side of the protruding
portion 70, is symmetrical to a portion of the opening 72,
which is located on the other side of the protruding portion
70. Thus, the paired plate portions 74 and 76, which func-
tion as the elastic portions, are symmetrically provided
in the front end edge of the intermediate lever 92 at po-
sitions on both sides of the protruding portion 70. The
load sensor 30 is configured integrally with the interme-
diate lever 92 by attaching the strain resistance elements
44a and 44b to the plate surface of the plate portion 74,
which defines the opening 72, and attaching the strain
resistance elements 46a and 46b to the plate surface of
the plate portion 76, which defines the opening 72. In this
embodiment, the circuit box 56 is integrally fixed, using
fixing means such as a screw, inside the opening 72 pro-
vided to permit the clevis pin 26 from being displaced by
the reaction force, as in FIG. 14. Therefore, as compared
to the case where the circuit box 56 is fixed to the side
surface of the intermediate lever 92 as in the embodiment
shown in FIG. 17, the circuit box 56 does not cause in-
terference, for example, when the intermediate lever 92
is attached to the pedal support 12, and when the de-
pressing operation is performed on the operating pedal
16. Thus, the embodiment can be applied to a conven-
tional operating pedal device for a vehicle without greatly
changing the design. The opening 72 is provided to have

a width large enough to permit the clevis pin 26 to be
displaced by the reaction force, regardless of existence
of the circuit box 56. All of, or some of the strain resistance
elements 44a, 44b, 46a, and 46b may be attached to
opposite plate surfaces of the plate portions 74 and 76,
that is, a front end surface of the intermediate lever 92.
[0055] FIG. 20 shows the case where the stopper 80
is integrally provided on the rear side wall surface of the
opening 72 as in FIG. 11, in the embodiment shown in
FIG. 19. As in the embodiment shown in FIG. 11, exces-
sive deformation of the plate portions 74 and 76 is pre-
vented to ensure durability, while the operating force in
the normal use range is permitted to be detected based
on the deformation of the plate portions 74 and 76.
[0056] FIGS. 21A to 21C show the case where the four
strain resistance elements 44a to 44d, and the four strain
resistance elements 46a to 46d are provided in the paired
plate portions 40 and 42, respectively. FIG. 21A is a front
view corresponding to FIG. 3A. FIG. 21B is a sectional
view taken along a line XXIB-XXIB in FIG. 21A. FIG. 21C
is a circuit diagram showing the bridge circuit that takes
out the load detection signal. As shown in the sectional
view in FIG. 21B, the eight strain resistance elements
44a to 44d, and 46a to 46d are disposed in two lines
symmetrically with respect to a centerline in the plate
surfaces of the plate portions 40 and 42, the centerline
extending through a center in the vehicle width direction.
Thus, for example, even when the torsional moment M
is generated as shown in FIGS. 6A and 6B, it is possible
to detect the depressing stroke and the operating force
with high accuracy, by connecting the strain resistance
elements 44a to 44d and 46a to 46d so as to form two
sets of bridge circuits as shown in FIG. 21C, and aver-
aging electric signals V3 and V4 of the both bridge cir-
cuits.
[0057] Although the embodiments of the invention
have been described in detail with reference to the draw-
ings, the embodiments are merely examples, and the
invention can be implemented in various forms obtained
by altering or modifying the embodiments based on the
knowledge of those skilled in the art.
An operating pedal device (10, 90) for a vehicle, includ-
ing: an operating pedal (16) disposed at a pedal support
fixed to a vehicle so as to be pivotable about an axis of
a support shaft, and depressed by a driver; a reaction
force member (22) connected to the operating pedal
through at least one connecting portion (20,102) con-
necting paired members in a manner such that the paired
members are relatively pivotable about a connecting pin
(26), an output in accordance with an operating force of
the operating pedal being transmitted to the reaction
force member, and a reaction force corresponding to the
output being applied to the reaction force member; and
a strain detecting element (44a, 44b, 44c, 44d, 46a, 46b,
46c, 46d) disposed in an elastic portion (40, 42, 74, 76)
deformed by the reaction force, the strain detecting ele-
ment electrically detecting the operating force by being
deformed together with the elastic portion, is character-

19 20 



EP 2 390 151 A2

13

5

10

15

20

25

30

35

40

45

50

55

ized in that in one of the paired members connected by
one of the at least one connecting portion, an opening is
provided near the connecting pin to permit the connecting
pin to be relatively displaced by the reaction force; and
a portion of the one of the paired members, which is elas-
tically deformed due to displacement of the connecting
pin, is used as the elastic portion.

Claims

1. An operating pedal device (10, 90) for a vehicle, com-
prising:

an operating pedal (16) disposed at a pedal sup-
port fixed to a vehicle so as to be pivotable about
an axis of a support shaft, and depressed by a
driver;
a reaction force member (22) connected to the
operating pedal through at least one connecting
portion (20, 102) connecting paired members in
a manner such that the paired members are rel-
atively pivotable about a connecting pin (26), an
output in accordance with an operating force of
the operating pedal being transmitted to the re-
action force member, and a reaction force cor-
responding to the output being applied to the
reaction force member; and
a strain detecting element (44a, 44b, 44c, 44d,
46a, 46b, 46c, 46d) disposed in an elastic por-
tion (40, 42, 74, 76) deformed by the reaction
force, the strain detecting element electrically
detecting the operating force by being deformed
together with the elastic portion,
characterized in that
in one of the paired members connected by one
of the at least one connecting portion, an open-
ing is provided near the connecting pin to permit
the connecting pin to be relatively displaced by
the reaction force; and
a portion of the one of the paired members,
which is elastically deformed due to displace-
ment of the connecting pin, is used as the elastic
portion.

2. The operating pedal device (10, 90) for a vehicle
according to claim 1, wherein
a plurality of the elastic portions (40, 42, 74, 76) are
located in a plurality of locations positioned on both
sides of a plane extending through the connecting
pin (26) and extending in a displacement direction
of the connecting pin, in an entire range of a stroke
of a depressing operation, regardless of a change in
the displacement direction of the connecting pin due
to a depressing operation performed on the operat-
ing pedal.

3. The operating pedal device (10, 90) for a vehicle

according to claim 1 or 2, wherein
a small-width portion (80, 82) is provided in the open-
ing; and
a width of the opening at the small-width portion is
reduced to 0 to prevent the connecting pin (26) from
being further displaced when a depressing force
larger than a largest value in a normal use range is
applied to the operating pedal.

4. The operating pedal device (10, 90) for a vehicle
according to any one of claims 1 to 3,
wherein
a circuit box (56), in which a detecting circuit is pro-
vided, is disposed inside the opening;
and
the detecting circuit connected to the strain detecting
element (44a, 44b, 44c, 44d, 46a, 46b, 46c, 46d)
outputs an electric signal corresponding to the op-
erating force.

5. The operating pedal device (10, 90) for a vehicle
according to any one of claims 1 to 4,
wherein
in a state where a predetermined pedal-side member
(16) is inserted inside a clevis with a bifurcated
shape, which is integrally fixed to the reaction force
member (22), in the connecting portion (20, 102), a
clevis pin is disposed to extend through the clevis
and the pedal-side member, the clevis pin connect-
ing the clevis and the pedal-side member in a manner
such that the clevis and the pedal-side member are
relatively pivotable;
the clevis pin is the connecting pin (26);
the reaction force member and the pedal-side mem-
ber are the paired members relatively pivotably con-
nected to each other through the connecting pin; and
the opening and the elastic portion (40, 42, 74, 76)
are provided in the pedal-side member.

6. The operating pedal device (10) for a vehicle accord-
ing to claim 5, wherein
the pedal-side member (16) is the operating pedal
(16).

7. The operating pedal device (90) for a vehicle accord-
ing to claim 5, further comprising
an intermediate lever (92) pivotably disposed at the
pedal support, and connected to the operating pedal
through a connecting link (96),
wherein
the pedal-side member (16) is the intermediate lever
(92).

8. The operating pedal device (10, 90) for a vehicle
according to any one of claims 5 to 7,
wherein
the clevis pin directly contacts the pedal-side mem-
ber (16) to deform the elastic portion (40, 42, 74, 76).
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