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(57) ABSTRACT 

A braking apparatus for braking a wheel of a vehicle, 
including: (a) a main body; (b) a cam which is Supported by 
the main body Such that the cam is rotatable about an axis 
thereof, and which has a cam Surface whose distance from 
the axis changes as viewed in a circumferential direction of 
the cam; (c) a movable member which is held by the main 
body such that the movable member is movable relative to 
the main body, and which holds a cam follower portion 
engaging the cam Surface, and a braking portion brought into 
contact with a tire of the wheel; and (d) an operating device 
which includes an operating member operable to be moved 
in first and Second directions, and which rotates the cam in 
one of opposite directions in response to the movement of 
the operating member in the first direction, for thereby 
moving the movable member in a forward direction. 

35 Claims, 21 Drawing Sheets 
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BRAKING APPARATUS WHEREIN 
WORKING AND NON-WORKING STATES 
ARE ESTABLISHED BY CONTROLLING 

ROTATION OF CAM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a braking apparatus for 
braking rotation of a wheel of a wheelchair, handcart or 
other vehicle. More particularly, the invention relates to a 
braking apparatus for use with a wheel covered at its outer 
periphery with a tire which is formed of a rubber or other 
elastic material, wherein the braking apparatus includes a 
member that is brought into contact with the tire, for thereby 
braking rotation of the wheel. 

2. Discussion of Related Art 

Most of conventional braking apparatuses used for wheel 
chairs have been designed to completely inhibit movement 
of the wheelchair by locking wheels of the wheelchairs. In 
View of a recently increasing utilization of wheelchairs in 
various kinds of fields, there is proposed an improved 
braking apparatus, e.g., a braking apparatus which is addi 
tionally equipped with a mechanism for preventing a back 
ward movement of a wheelchair in an upslope, as disclosed 
in JP-A-7-227408. However, the conventional braking appa 
ratuses including the braking apparatus disclosed in the 
Japanese publication have complicated constructions, and 
do not have Sufficiently high degree of durability and maneu 
Verability. That is, the conventional braking apparatuses 
should be further improved to overcome these drawbacks. 
Conventional braking apparatuses used for other vehicles 
Such as handcarts carrying a perSon or goods have the same 
drawbacks to be overcome. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a braking apparatus which is improved in at least one of 
Simplification of construction, Service life and maneuver 
ability. 
The above object may be achieved according to any one 

of the following modes of the present invention, each of 
which is numbered like the appended claims and depends 
from the other mode or modes, where appropriate, to indi 
cate and clarify possible combinations of elements or tech 
nical features. It is to be understood that the present inven 
tion is not limited to the technical features or any 
combinations thereof which will be described for illustrative 
purpose only. It is to be further understood that a plurality of 
elements or features included in any one of the following 
modes of the invention are not necessarily provided all 
together, and that the invention may be embodied without 
Some of the elements or features described with respect to 
the same mode. 

(1) A braking apparatus for braking a wheel of a vehicle, 
compriSIng: 

a main body; 
a cam which is Supported by the main body Such that the 
cam is rotatable about an axis thereof, and which has a 
cam Surface whose distance from the axis changes as 
Viewed in a circumferential direction of the cam; 

a movable member which is held by the main body such 
that the movable member is movable relative to the 
main body, and which holds a cam follower portion 
engaging the cam Surface, and a braking portion 
brought into contact with a tire of the wheel; and 
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2 
an operating device which includes an operating member 

operable to be moved in first and Second directions, and 
which rotates the cam in one of opposite directions in 
response to the movement of the operating member in 
the first direction, for thereby moving the movable 
member in a forward direction that causes the braking 
portion to be displaced toward the tire, and rotates the 
cam in the other of the opposite directions in response 
to the movement of the operating member in the Second 
direction, for thereby moving the movable member in 
a reverse direction that is opposite to the forward 
direction. 

When the operating member is operated to be moved in 
the first direction in the braking apparatus according to mode 
(1) of this invention, the cam is rotated in one of the opposite 
directions in response to the movement of the operating 
member in the first movement, and the movable member 
engaged at the cam follower portion with the cam Surface is 
moved in the forward direction as a result of the rotation of 
the cam in the above-described one of the opposite 
directions, So that the braking portion of the movable 
member is forced against the tire of the wheel, whereby 
rotation of the wheel is braked. In this instance, the movable 
member is moved with a Sufficiently large force owing to a 
boosting function provided by the cam Surface of the cam. 
When the operating member is operated to be moved in the 
Second direction in the present braking apparatus, the mov 
able member is moved in the reverse direction as a result of 
the rotation of the cam in the other of the opposite directions, 
So that the braking portion is Separated from the tire of the 
wheel. The mechanism used in the present braking apparatus 
for moving the movable member is simplified as described 
above, thereby making it possible to manufacture the brak 
ing apparatus in a reduced cost. 
Where a grooved cam or other positive-return cam is used 

as the above-defined cam in the present braking apparatus, 
the movable member can be positively moved in the reverse 
direction as well as in the forward direction, by the move 
ment of the operating member. Where a plate cam or other 
non-positive-return cam is used as the cam, a Suitable device 
for returning or reversely moving the movable member is 
preferably provided in the present braking apparatus. The 
Suitable device may be, for example, adapted to bias the 
movable member in the reveres direction whereby the 
movable member is moved in the reverse direction in 
response to the movement of the operating member in the 
Second direction, for thereby releasing the engagement of 
the braking portion with the tire of the wheel. 

(2) A braking apparatus according to mode (1), further 
comprising a reverse-movement preventing device which 
prevents the movement of the movable member in the 
reverse direction. 

In the vehicle equipped with braking apparatus of this 
mode (2), even if an user or operator releases the operating 
member while the vehicle is being braked by the braking 
apparatus, the braking apparatus is held in its working State 
so that the vehicle keeps to be braked by the braking 
apparatus. Thus, this arrangement further improves the 
maneuverability of the braking apparatus. 

(3) A braking apparatus according to mode (2), wherein 
the reverse-movement preventing device includes a posi 
tioning device which positions the movable member in a 
Selected one of a plurality of predetermined positions rela 
tive to the main body, and holds the movable member in the 
Selected position. 

In the braking apparatus of this mode (3), the movable 
member is positioned and then held in a Selected one of the 
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plurality of positions, by the positioning device. The plu 
rality of positions may be determined on the basis of an 
operating State of the braking apparatus. For example, where 
the plurality of positions consists of three positions (i.e., 
first, Second, third positions), the three positions may be 
determined So as to respectively correspond to a braking 
State, a reverse-rotation inhibiting State and a non-working 
State of the braking apparatus. Described more Specifically, 
the three positions may be determined Such that (a) the 
braking apparatus is placed in the braking State in which the 
wheel is braked by the braking apparatus, when the movable 
member is positioned in the first position, (b) the braking 
apparatus is placed in the reverse-rotation inhibiting State in 
which reverse rotation of the wheel is inhibited or braked by 
the braking apparatus while forward rotation of the wheel is 
permitted, when the movable member is positioned in the 
Second positioned, and (c) the braking apparatus is placed in 
the non-working state in which the wheel is not braked by 
the braking apparatus, when the movable member is posi 
tioned in the third position. 

The three positions may be determined also on the basis 
of a working State of the braking apparatus, namely, on the 
basis of an amount of braking force applied to the wheel by 
the braking apparatus. In this case, the three positions may 
be determined So as to correspond to a strongly braking 
State, a moderately braking State and a slightly braking State 
of the braking apparatus, wherein respective three different 
braking forces are produced by the braking apparatus. 
Described more specifically, the three positions may be 
determined Such that (a) the braking apparatus is placed in 
the Strongly braking State in which the wheel is Strongly 
braked by the braking apparatus, when the movable member 
is positioned in the first position, (b) the braking apparatus 
is placed in the moderately braking State in which the wheel 
is moderately braked by the braking apparatus, when the 
movable member is positioned in the Second position, and 
(c) the braking apparatus is placed in the slightly braking 
state in which the wheel is slightly braked by the braking 
apparatus, when the movable member is positioned in the 
third position. 

Thus, the arrangement of this mode (3) is effective to 
enable the user or operator of the vehicle to clearly recognize 
the operating or working State of the braking apparatus. It is 
to be understood that the plurality of positions may be 
determined on the basis of not only one of the above 
described operating and working States of the braking appa 
ratus but also the combination of the operating and working 
States of the braking apparatus. In this case, the above 
described plurality of positions may consist of more than 
three, for example, five, Such that the five positions are 
determined So as to correspond to the Strongly braking State, 
the moderately braking State, the Slightly braking State, the 
reverse-movement inhibiting State and the non-working 
State of the braking apparatus. 

(4) A braking apparatus according to mode (3), wherein 
the positioning device includes a first engaging portion 
which is provided in one of the cam Surface and the cam 
follower portion, and a Second engaging portion which is 
provided in the other of the cam Surface and the cam 
follower portion and which is engageable with the first 
engaging portion, and wherein one of the first and Second 
engaging portions consists of a plurality of engagers which 
are Selectively brought into engagement with the other of the 
first and Second engaging portions. 

In the braking apparatus of this mode (4), the cam is 
positioned and then held in a Selected one of a plurality of 
angular positions, by the engagement of the first and Second 
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4 
engaging portions, So that the movable member is held in 
one of the above-described plurality of predetermined posi 
tions which corresponds to the Selected one of the angular 
positions of the cam. Thus, the positioning device has a 
Simplified construction in which the first and Second engag 
ing portions are provided in one and the other of the cam 
Surface and the cam follower portion, whereby the braking 
apparatus can be manufactured at a reduced cost. 

(5) A braking apparatus according to mode (4), wherein 
the first engaging portion and the Second engaging portion 
are provided in the cam Surface and the cam follower 
portion, respectively, wherein the first engaging portion 
consists of the plurality of engagers in the form of a plurality 
of engaging grooves formed in the cam Surface and extend 
ing in parallel with the axis, and wherein the Second engag 
ing portion consists of an engaging projection formed in the 
cam follower portion and having a shape Substantially 
corresponding to that of each of the engaging grooves. 
Where the cam consists of a plate cam, the engaging 

grooves are easily formed in an Outer circumferential Surface 
of the plate cam. Further, Since the engaging groove and 
projection are brought into contact with each other at their 
respective Surfaces that are comparatively large, each of the 
engaging groove and projection does not Suffer from a large 
amount of wear thereof, leading to a prolonged Service life 
of the braking apparatus. 

(6) A braking apparatus according to mode (3), wherein 
the operating member consists of an operating lever which 
is Supported by the main body Such that the operating lever 
is pivotable about a pivot axis thereof, wherein the posi 
tioning device includes an engaging protruded portion which 
is provided in one of the main body and the operating lever, 
and an engaging recessed portion which is provided in the 
other of the main body and the operating lever and which is 
engageable with the engaging protruded portion, and 
wherein one of the engaging protruded and recessed portions 
consists of a plurality of engagers which are Selectively 
brought into engagement with the other of the engaging 
protruded and recessed portions, So that the movable mem 
ber is held in one of the plurality of predetermined positions. 

(7) A braking apparatus according to mode (3), wherein 
the operating member consists of an operating lever which 
is Supported by the main body Such that the operating lever 
is pivotable about a pivot axis thereof, wherein the posi 
tioning device includes an engaging protruded portion which 
is provided in one of the main body and a member pivotable 
together with the operating lever, and an engaging recessed 
portion which is provided in the other of the main body and 
the member pivotable together with the operating lever and 
which is engageable with the engaging protruded portion, 
and wherein one of the engaging protruded and recessed 
portions consists of a plurality of engagers which are Selec 
tively brought into engagement with the other of the engag 
ing protruded and recessed portions, So that the movable 
member is held in one of the plurality of predetermined 
positions. 

In the braking apparatus according to mode (6) or (7), the 
operating lever or the member pivotable together with the 
operating lever is prevented from being pivoted relative to 
the main body, by engagement of the engaging protruded 
and recessed portions, thereby preventing the rotation of the 
cam and accordingly the reverse movement of the movable 
member which is engaged with the cam. 

(8) A braking apparatus according to mode (6), wherein 
the positioning device further includes an elastic member, 
and wherein the engaging. protruded and recessed portions 
are held in engagement with each other owing to an elastic 



US 6,464,044 B2 
S 

force provided by the elastic member, So that the engage 
ment is permitted to be released by elastic deformation of the 
elastic member which is caused when an amount of a force 
applied to the elastic member exceeds a predetermined 
threshold. 

In the braking apparatus of this mode (8), the positioning 
device has a simplified construction as described above, in 
which the engaging protruded and recessed portions are 
brought into engagement and are released from the engage 
ment in a So-called Snap action manner, So that the user or 
operator of the vehicle can clearly recognize that the mov 
able member has been positioned in one of the above 
described plurality of predetermined positions relative to the 
main body. Further, the engagement of the protruded and 
recessed portions can be easily released by Simply applying 
a force whose amount exceeds the predetermined threshold, 
to the elastic member. 

(9) A braking apparatus according to mode (8), wherein 
the engaging recessed portion is provided by a plate Spring 
which is bent, so that the engaging protruded portion (268) 
is permitted to be released from the engaging recessed 
portion by elastic deformation of the plate Spring. 

(10) A braking apparatus according to mode (9), wherein 
the operating lever includes a shaft portion having a circular 
shape in a transverse croSS Section thereof, and wherein the 
engaging protruded portion is provided by the shaft portion 
of the operating lever. 

The arrangement according to this mode (10) eliminates 
a member exclusively used to Serve as the engaging pro 
truded portion, and accordingly contributes to Simplification 
of the construction of the braking apparatus. 

(11) A braking apparatus according to mode (6), wherein 
the positioning device further includes a biasing device, and 
wherein the engaging protruded portion consists of a pro 
truded portion of a movable engaging member which is held 
by the one of the main body and the operating lever Such that 
the movable engaging member is movable between a pro 
jected position and a retracted position thereof and is biased 
by the biasing device in a direction toward the projected 
portion away from the retracted position. 

(12) A braking apparatus according to mode (3), wherein 
the positioning device includes: 

a movable engaging member which is held by the oper 
ating member Such that the movable engaging member 
is movable between a projected position and a retracted 
position thereof; 

a Switching device which is provided in the operating 
member, and which is operable to selectively establish 
a retraction permitting State in which the movable 
engaging member is permitted to be moved to the 
retracted position, and a retraction inhibiting State in 
which the movable engaging member is inhibited from 
being moved to the retracted position; and 

a plurality of engaging recessed portions which are pro 
Vided in respective portions of the main body, and 
which are Selectively brought into engagement with a 
protruded portion of the movable engaging member 
when the movable engaging member is held in the 
projected position, for thereby holding the movable 
member in the Selected one of the plurality of prede 
termined positions and inhibiting movement of the 
movable member relative to the main body from the 
Selected position. 

In this braking apparatus of this mode (12), the protruded 
portion of the movable engaging member is not disengaged 
from with the Selected one of the engaging recessed 
portions, as long as the movable engaging member is held in 
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6 
its projected position by the Switching device. Thus, the 
movable member is reliably held in the selected position 
relative to the main body, leading to an improved reliability 
in the operation of the braking apparatus. 

(13) Abraking apparatus according to mode (12), wherein 
the operating member consists of an operating lever which 
has an elongated tubular shape and which is pivotable about 
an pivot axis thereof that is perpendicular to an longitudinal 
direction thereof, and wherein the Switching device 
includes: 

an operating rod which is disposed within the operating 
lever Such that the operating rod is movable in the 
longitudinal direction of the operating lever, between 
first and Second longitudinal positions thereof which 
are closer to longitudinally distal and proximal end 
portions of the operating lever, respectively; 

a biasing device which biases the operating rod toward the 
first longitudinal position away from the Second lon 
gitudinal position; 

an operating terminal portion which is provided in one of 
opposite end portions of the operating rod that is closer 
to the longitudinally distal end portion of the operating 
lever, and which is operable to move the operating rod 
toward the longitudinally proximal end portion away 
from the longitudinally distal end portion, against a 
biasing force provided by the biasing device; and 

a working portion which is provided in the other of the 
opposite end portions of the operating rod, and which 
inhibits the movement of the movable engaging mem 
ber toward the retracted position at least when the 
operating rod is held by the biasing force in the first 
longitudinal position, and permits the movement of the 
movable engaging member toward the retracted posi 
tion when the operating rod is moved by the operation 
of the operating terminal portion, toward the Second 
longitudinal position away from the first longitudinal 
position. 

In the braking apparatus of this mode (13), the operating 
rod can be operated at its operating terminal portion by a 
hand of the user or operator of the vehicle which hand holds 
the operating lever, for placing the positioning device in its 
working State or non-working State. Thus, the reliability and 
maneuverability of the braking apparatus are further 
improved. 

(14) A braking apparatus according to any one of modes 
(1)–(13), wherein the movable member is held by the main 
body such that the movable member is movable relative to 
the main body along a line that is perpendicular to the axis 
of the cam, and wherein the cam follower portion and the 
braking portion are held by a rear end portion and a front end 
portion of the movable member, respectively. 
The movable member may be adapted to be pivoted, 

relative to the main body, about a pivot axis. However, 
where the movable member consists of a linearly movable 
member as defined in this mode (14), it is possible to further 
Simplify the construction of the braking apparatus, or/and 
make the Size of the braking apparatus more compact. 

(15) Abraking apparatus according to mode (14), wherein 
the cam consist of a plate cam, and wherein the cam Surface 
is provided by an outer circumferential Surface of the plate 
C. 

The cam may consist of any other kind of cam Such as a 
groove cam in which a cam groove is formed in a Surface 
perpendicular to its axis. However, where the cam consists 
of a plate cam as defined in this mode (15), its is possible to 
further simplify the construction of the apparatus and 
accordingly reduce the cost of manufacturing of the appa 
ratuS. 
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(16) Abraking apparatus according to mode (15), wherein 
the movable member consists of a rod which is brought into 
Sliding contact at a rear end portion thereof with the cam 
Surface So that the rear end portion Serves as the cam 
follower portion. 
The arrangement defined in this mode (16) is effective to 

reduce the cost of the production of the cam follower 
portion. 

(17) Abraking apparatus according to mode (14), wherein 
the movable member consists of a rod, the braking apparatus 
further comprising a reverse-movement preventing device 
which prevents the movement of the rod in the reverse 
direction and which includes: 

a pinch member including a first contact portion which is 
opposed to a first portion of an outer circumferential 
Surface of the rod and which is spaced apart from the 
first portion by a predetermined distance, and a Second 
contact portion which is opposed to a Second portion of 
the outer circumferential Surface of the rod that portion 
is opposite to the first portion and which is spaced apart 
from the Second portion by a predetermined distance, 
the pinch member being held, at a portion thereof 
adjacent to one of the first and Second contact portions, 
by the main body such that the pinch member is 
pivotable about an pivot axis thereof that is perpen 
dicular to a longitudinal direction of the rod; 

a torque applying device which applies a torque to the 
pinch member Such that the pinch member is pivoted 
by the torque in Such a direction that causes the first and 
Second contact portions of the pinch member to be 
displaced in a direction toward the rear end portion of 
the movable member away from the front end portion 
of the movable member; and 

a releasing device which is operable to pivot the pinch 
member against the torque applied by the torque apply 
ing device. 

In the braking apparatus of this mode (17), the pinch 
member prevents the reverse movement of the rod from a 
desired position relative to the main body, whereby an 
amount of a pressing force, by which the braking member is 
pressed onto the tire of the wheel of the vehicle, can be held 
at a desired value, thereby further improving the maneuver 
ability of the braking apparatus. It is noted that the releasing 
member may include a releasing lever which is disposed 
pivotably about its pivot axis that is not parallel with the 
longitudinal direction of the rod, and which is operable to be 
pivoted So as to pivot the pinch member. 

(18) Abraking apparatus according to mode (17), wherein 
the operating member consists of an operating lever which 
is pivotable about an pivot axis thereof, and wherein the 
releasing device includes: 

a releasing lever which is disposed pivotably about a pivot 
axis that is not parallel with the longitudinal direction 
of the rod, and which is operable to be pivoted so as to 
pivot the pinch member; 

a grip member which is disposed in a longitudinally distal 
end portion of the operating lever Such that the grip 
member is movable relative to the operating lever in a 
longitudinal direction of the operating lever, and which 
is operable to be moved in the longitudinal direction, So 
as to be engaged with the releasing lever for thereby 
pivoting the releasing lever, and 

a biasing device which is interposed between the grip 
member and the operating lever, and which biases the 
grip member in a direction away from the releasing 
lever. 
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In the braking apparatus of this mode (18), the releasing 

lever is pivoted by a simple operation in which the grip 
member is moved in the longitudinal direction of the oper 
ating lever against a biasing force of the biasing device, and 
an engagement of the pinch member with the rod is then 
released as a result of the pivot movement of the releasing 
lever. Thus, this arrangement is effective to further improve 
the maneuverability of the braking apparatus. 

(19) A braking apparatus according to any one of modes 
(1)–(18), wherein the operating member consists of an 
operating lever which is attached at a longitudinal end 
portion thereof to the cam and is pivotable together with the 
cam about the axis of the cam. 

In the braking apparatus of this mode (19), the cam can be 
rotated by operatively pivoting the operating lever, thereby 
Simplifying the Structure of the operating device and accord 
ingly reducing the cost of production of the operating 
device. 

(20) Abraking apparatus according to mode (19), wherein 
the cam has a hole formed therein and extending in perpen 
dicular to the axis of the cam, and wherein the longitudinal 
end portion of the operating lever is accommodated in the 
hole So that the operating lever is fixed to the cam. 

In the braking apparatus of this mode (20), the operating 
lever is fixed to the cam, thereby further simplifying the 
Structure of the operating device whereby the braking appa 
ratus can be made more compact and accordingly manufac 
ture at a further reduced cost. It is noted that the operating 
lever can be fixed to the cam, by any one of various manners, 
e.g., by press-fitting the longitudinal end portion of the 
operating lever into the hole of the cam, by bonding the end 
portion of the operating lever to the hole of the cam with a 
Suitable Welding, brazing or Soldering, after introducing the 
end portion of the operating lever into the hole of the cam, 
or by Screwing the end portion of the operating lever into the 
hole of the cam, after forming Suitable threads in an outer 
circumferential Surface of the end portion of the operating 
lever and in an inner circumferential Surface of the hole of 
the cam. 

(21) Abraking apparatus for braking a wheel of a vehicle, 
comprising: 

a main body; 
a movable member which is held by the main body such 

that the movable member is movable relative to the 
main body, and which includes a braking portion 
brought into contact with a tire of the wheel; and 

an operating device which includes an operating member, 
and which is operable to move the braking portion 
toward and away from the tire of the wheel in response 
to an operation of the operating member. 

Each of the braking apparatuses according to respective 
modes (21)–(33) may include the technical feature accord 
ing to any one of the above-described modes (1)–(20), So 
that the braking apparatus enjoys further improved maneu 
verability and durability. 

(22) A braking apparatus according to any one of modes 
(1)-(21), wherein the braking portion includes: 

a braking member which is rotatable about an axis 
thereof; and 

a reverse-rotation inhibiting device which inhibits rota 
tion of the braking member in one of opposite direc 
tions while permitting rotation of the braking member 
in the other of the opposite directions. 

In the braking apparatus of this mode (22), the reverse 
rotation inhibiting device inhibits the rotation of the braking 
member in the above-described one of the opposite direc 
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tions and permits the rotation of the braking member in the 
other of the opposite directions, for thereby inhibiting a 
reverse rotation of the wheel that would cause the vehicle to 
move in its forward direction and permitting a forward 
rotation of the wheel that causes the vehicle to move in its 
rearward direction, while the braking member is held into 
contact with the tire of the wheel. Where the axis of the 
braking member is disposed in Substantially parallel to an 
axis of the wheel, the rotation of the braking member in the 
above-described one of the opposite directions is interpreted 
to correspond to the rotation of the braking member in Such 
a direction that causes a contact portion at which the braking 
member is brought into contact with the tire of the wheel, to 
be moved in the same direction in that a contact portion of 
the tire, which is brought into contact with the braking 
member, is moved during the reverse rotation of the wheel. 
The rotation of the braking member in the above-described 
other of the opposite directions, on the other hand, is 
interpreted to correspond to the rotation of the braking 
ember in Such a direction that causes the contact portion of 
the braking member to be moved in the same direction in 
that the contact portion of the tire is moved during the 
forward rotation of the wheel. 

Although the braking member whose rotation in the 
above-described one of the opposite directions is not inhib 
ited by the braking-member-rotation inhibiting member 
does not inhibit the forward rotation of the wheel, the 
braking member applies a resistance to the forward rotation 
of the wheel while the braking member is pressed against the 
tire by a pressing force So large that the contact portion of 
the tire is radially inwardly deformed. The amount of the 
resistance to the forward rotation of the wheel increases with 
an increase in the amount of the pressing force by which the 
braking member is pressed against the tire. Thus, the braking 
apparatus of this mode (22) is capable of generating a 
Suitable amount of braking force, particularly, when the 
vehicle is moving in a downslope. Further, the braking 
member does not practically slide on the tire Since the 
braking member is rotated during the forward rotation of the 
wheel, leading to a reduction in the amount of wear of each 
of the braking member and the tire and consequently 
improving durability of each of the braking member and the 
tire. 

(23) A braking apparatus according to mode (22), further 
comprising a rotation-resistance applying device which 
applies a resistance to the rotation of the braking member in 
the other of the opposite directions. 

In the braking apparatus of this mode (23), the resistance 
acting against the forward rotation of the wheel is increased 
by an amount corresponding to the amount of the resistance 
applied to the rotation of the braking member by the 
rotation-resistance applying device. The increase in the 
amount of the resistance to the forward rotation of the wheel 
makes it possible to sufficiently brake the wheel, even 
without a large amount of the radially inward deformation of 
the contact portion of the tire during braking of the wheel. 
Where the wheel requires to be slightly braked while the 
amount of the resistance applied to the braking member by 
the braking-member-rotation-resistance applying member is 
held Substantially constant, the braking member is held in 
Sliding contact with the tire without rotation of the braking 
member, by reducing the pressing force by which the 
braking member is pressed onto the tire. In this instance, 
Since the pressing force is reduced, there is not generate a 
large amount of friction force between the braking member 
and the tire, thereby preventing a large amount of wear of 
each of the braking member and the tire. 
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(24) Abraking apparatus according to mode (23), wherein 

the rotation-resistance applying device constitutes a part of 
the reverse-rotation inhibiting device, So that the reverse 
rotation inhibiting device applies the resistance to the rota 
tion of the braking member in the other of the opposite 
directions although permitting the rotation of the braking 
member in the other of the opposite directions. 
The rotation-resistance applying device may includes a 

resistance applying member which is brought into contact 
with a portion of the braking member that is other than the 
contact portion of the braking member that is brought into 
contact with the tire of the wheel Such that a friction force 
acting between the resistance applying member and the 
braking member is Smaller than the friction force acting 
between the braking member and the tire of the wheel. 
Further, the reverse-rotation inhibiting device may consti 
tute a part of the rotation-resistance applying device, for 
thereby making it possible to further simplify the construc 
tion of the braking apparatus and accordingly reducing the 
cost of manufacturing of the braking apparatus. 

(25) A braking apparatus according to mode (23) or (24), 
wherein an amount of the resistance applied by the rotation 
resistance applying device to the rotation of the braking 
member increases with an increase of an amount of a 
pressing force by which the braking member is pressed onto 
the tire of the wheel. 

(26) Abraking apparatus according to mode (25), wherein 
the rotation-resistance applying device includes a resistance 
applying member which is brought into pressing contact 
with the baking member by a reaction force applied from the 
tire to the braking member when the braking member is 
pressed onto the tire. 

In the braking apparatus of this mode (26), the resistance 
applied from the resistance applying member to the rotation 
of the braking member increases with an increase in the 
pressing force by which the braking member is pressed 
against the tire of the wheel. The resistance applied from the 
resistance applying member to the rotation of the braking 
member may be made Smaller than a rotary driving force 
applied from the wheel to the braking member, for thereby 
making it possible to apply a resistance to the rotation of the 
wheel So as to brake the wheel, while preventing sliding 
movement or reducing an amount of the Sliding movement 
of the braking member and the wheel relative to each other. 
It is noted that the resistance applying member may be 
adapted to be brought into pressing contact with a portion of 
the braking member which portion is other than the above 
described contact portion at which the braking member is 
brought into contact with the tire of the wheel. 

(27) Abraking apparatus according to mode (26), wherein 
the braking portion includes: 

a pivoting member which is held by the movable member 
Such that the pivoting member is pivotable about a 
pivot axis thereofthat is Substantially parallel to an axis 
of the wheel of the vehicle So as to be moved between 
first and Second pivot position thereof, and which holds 
the braking member in a distal end portion thereof; and 

a biasing device which biases the pivoting member in 
Such a direction that causes the braking member to be 
brought into contact with the tire of the wheel; 

and wherein the movable member is positionable in a 
reverse-rotation inhibiting position for establishing a 
reverse-rotation inhibiting State in which the braking 
member is brought into contact with the tire by a 
biasing force of the biasing device when the wheel is 
rotated in a forward direction thereof and in which the 
pivoting member is moved to the first pivot position So 
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as to cause the braking member to bite into the tire for 
thereby inhibiting reverse rotation of the wheel when 
the wheel is about to be rotated in a reverse direction, 
and in a forward-rotation braking position for estab 
lishing a forward-rotation braking State in which the 
pivoting member is moved to the Second pivot position 
against the biasing force of the biasing device for 
permitting the braking member to be brought into 
pressing contact with the resistance applying member. 

(28) A braking apparatus according to any one of modes 
(1)–(27), wherein the braking portion includes: 

a braking member which is brought into contact with the 
tire of the wheel; 

an attaching device through which the braking member is 
attached to the movable member such that the braking 
member is movable relative to the movable member 
over a predetermined distance toward and away from 
the wheel; and 

a biasing device which biases the braking member in Such 
a direction that causes the braking member to be moved 
relative to the movable member toward the wheel. 

In the braking apparatus of this mode (28), even if the 
movable member is slightly displaced relative to the main 
body, the braking member keeps to be forced onto the tire of 
the wheel by a biasing force provided by the biasing device, 
whereby the braking apparatus is reliably held in its working 
State, and accordingly the maneuverability and reliability of 
the braking apparatus are further improved. 

(29) Abraking apparatus according to mode (28), wherein 
the attaching device includes a slide which is fitted on the 
movable member such that the slide is slidably movable 
relative to the movable member, and a defining device which 
defines a maximum distance over which the Slide can be 
moved relative to the movable member. 

(30) A braking apparatus according to any one of modes 
(1)–(29), wherein the braking portion includes: 

a braking member which is brought into contact with the 
tire of the wheel; 

a pivoting member which is held by the movable member 
Such that the pivoting member is pivotable about a 
pivot axis thereofthat is Substantially parallel to an axis 
of the wheel of the vehicle So as to be moved between 
first and Second pivot position thereof, and which holds 
the braking member in a distal end portion thereof; and 

a biasing device which biases the pivoting member in 
Such a direction that causes the braking member to be 
brought into contact with the tire of the wheel; 

and wherein the movable member is positionable in a 
reverse-rotation inhibiting position for establishing a 
reverse-rotation inhibiting State in which the braking 
member is brought into contact with the tire by a 
biasing force of the biasing device when the wheel is 
rotated in a forward direction thereof, and in which the 
pivoting member is moved to the first pivot position So 
as to cause the braking member to bite into the tire for 
thereby inhibiting reverse rotation of the wheel when 
the wheel is about to be rotated in a reverse direction. 

In the braking apparatus of this mode (30), the reverse 
rotation of the wheel is reliably prevented while the movable 
member is positioned in the reverse-rotation inhibiting posi 
tion. The vehicle, which is equipped with the present braking 
apparatus whose maneuverability is thus improved, is pre 
vented from being moved in the reverse direction, even if the 
operating member and the wheel are released by the user 
during movement of the vehicle on an upslope. 

(31) Abraking apparatus according to mode (30), wherein 
the biasing device biases the pivoting member in Such a 
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direction that causes the pivoting member to be moved 
toward the first pivot position. 

(32) Abraking apparatus according to mode (30), wherein 
the biasing device biases the pivoting member in Such a 
direction that causes the pivoting member to be moved 
toward the tire of the wheel. 

(33) A braking apparatus according to any one of modes 
(21)–(32), wherein the braking portion includes: 

a braking member which is rotatable about an axis thereof 
and which has an Outer circumferential Surface that is 
brought into pressing contact with the tire of the wheel. 

Where the braking member is permitted to be rotated in 
the opposite directions, it is possible to adapt the braking 
apparatus to apply a desired amount of braking force to the 
wheel not only during the forward movement of the vehicle 
but also during the reverse movement of the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features, advantages and 
technical and industrial Significance of the present invention 
will be better understood by reading the following detailed 
description of presently preferred embodiments of the 
invention, when considered in connection with the accom 
panying drawings, in which: 

FIG. 1 is a side view of a wheelchair which is equipped 
with a braking apparatus constructed according to a first 
embodiment of the present invention; 

FIG. 2 is a front view partially cross section of the braking 
apparatus of FIG. 1; 

FIG. 3 is a side view of the braking apparatus of FIG. 1; 
FIG. 4 is a plan view of the braking apparatus of FIG. 1; 
FIG. 5 is a view for explaining operation of an braking 

portion of the braking apparatus of FIG. 1; 
FIG. 6 is a front view of a pinch member of the braking 

apparatus of FIG. 1; 
FIG. 7 is a view illustrating a locking state in which 

rotation of the wheel is locked by the braking portion of the 
braking apparatus of FIG. 1; 

FIG. 8 is a front view partially cross section of a braking 
apparatus constructed according to a Second embodiment of 
the invention; 

FIG. 9 is a front view partially cross section of a braking 
apparatus constructed according to a third embodiment of 
the invention; 

FIG. 10 is a plan view of the braking apparatus of FIG. 9; 
FIG. 11 is a front view partially cross section of a braking 

apparatus constructed according to a fourth embodiment of 
the invention; 

FIG. 12 is a front view partially cross section of a braking 
apparatus constructed according to a fifth embodiment of the 
invention; 

FIG. 13 is a front view partially cross section of a braking 
portion of a braking apparatus constructed according to a 
sixth embodiment of the invention; 

FIG. 14 is a side view of the braking apparatus of FIG. 13; 
FIG. 15 is a view for explaining a cam of the braking 

apparatus of FIG. 13; 
FIG. 16 is a view for explaining a braking member of the 

braking apparatus of FIG. 13; 
FIG. 17 is a front view partially cross section of a braking 

portion of a braking apparatus constructed according to a 
Seventh embodiment of the invention; 

FIG. 18 is a front view of a reverse-movement preventing 
device of a braking apparatus constructed according to an 
eighth embodiment of the invention; 
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FIG. 19 is a cross sectional view taken along line 19-19 
of FIG. 18; 

FIG. 20 is a front view partially cross section of a braking 
apparatus constructed according to a ninth embodiment of 
the invention; 

FIG. 21 is a front view partially cross section of a braking 
apparatus constructed according to a tenth embodiment of 
the invention; 

FIG.22 is a side view of a wheelchair which is equipped 
with a braking System constructed according to an eleventh 
embodiment of the invention; 

FIG. 23 is a front view of the wheelchair of FIG.22; 
FIG. 24 is a plan view of the wheelchair of FIG.22; 
FIG. 25 is a plan view of a braking apparatus of the 

braking system of FIG. 22; and 
FIG. 26 is a rear view of the braking apparatus of the 

braking system of FIG. 22. 
DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring first to FIGS. 1-5, there will be described a 
braking apparatus 10 constructed according to a first 
embodiment of this invention, for use on a wheelchair 12. 
The braking apparatus 10 is used to be attached to a frame 
14 of the wheelchair 12, such that the braking apparatus 10 
is opposed to a tire 18 of a rear main wheel 16 of the 
wheelchair 12, as shown in FIG. 1. The wheelchair 12 has 
four wheels consisting of two front auxiliary wheels 20 and 
two rear main wheels 16. The wheelchair 12 is equipped 
with two braking apparatuses 10, So that the two rear main 
wheels 16 are braked by the respective two braking appa 
ratuses 10. 

Each of the two braking apparatus 10 is attached to the 
frame 14 of the wheelchair 12 through an attachment 40 
which includes an adjusting member 32, two sleeves 34, 34, 
two screw bolts 36, 36 and a screw bolt 38, as shown in 
FIGS. 3 and 4. The adjusting member 32 serves to adjust a 
position of the braking apparatus 10 relative to the wheel 16. 
The braking apparatus 10 includes a main body 30 formed 
principally of a Suitable plate member which is bent So as to 
have a U shape, as best shown in FIG. 3. The U-shaped plate 
member provides two side wall portions 42 and a bottom 
wall portion 44 of the main body 30. The two side wall 
portions 42 are connected at their respective lower ends by 
the bottom wall portion 44. The main body 30 includes a 
guide member 46 which has a tubular shape and is posi 
tioned between the two side wall portions 42. The tubular 
guide member 46 is fixed to the U-shaped plate member, and 
is held in Substantially parallel with the bottom wall portion 
44, as is apparent form FIG. 2. 
A support shaft 50 is provided between the two side wall 

portions 42 of the main body 30, so as to connect the two 
side wall portions 42. A cam 52 is held by the support shaft 
50 such that the cam 52 is rotatable about the support shaft 
50. That is, the axis of the Support shaft 50 serves as an axis 
of the cam 52. The axis of the cam 52 is perpendicular to the 
tubular guide member 46, and lies on the plane on which the 
center of a guide hole 54 of the guide member 46 lies. The 
cam 52 consists of a plate cam which has, in its outer 
circumferential Surface, a cam Surface 56 whose radial 
distance from the axis gradually changes as viewed in the 
circumferential direction of the cam 52. In the cam Surface 
56, there are formed a plurality of engagers in the form of 
engaging grooves. In the present embodiment, two engaging 
grooves 58, 60 are formed to be parallel with the axis of the 
cam 52, and extend over the entire axial length of the cam 
Surface 56. 
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A movable member in the form of a cylindrical rod 62 is 

provided to be slidably fitted in the guide hole 54 of the 
guide member 46. Each of the rod 62 and the guide hole 54 
has a circular shape in its croSS Section. A pin 64 projects 
from an longitudinally intermediate portion of the rod 62 in 
a direction perpendicular to the axial direction of the rod 62 
over a predetermined distance. This pin 64 engages a guide 
slot 66, which is formed through the circumferential wall of 
the tubular guide member 46 and which extends over a 
predetermined axial distance, for thereby preventing rotation 
of the rod 62 about its axis while permitting axial movement 
of the rod 62 over a predetermined axial distance. The rod 
62 has a wedge portion 68 in its rear end portion, which is 
one of axially opposite end portions that is closer to the cam 
52. The wedge portion 68 is defined by two flat surfaces 
which interSect with each other at an acute angle. The acute 
end of the wedge portion 68 is rounded to form a part 
cylindrical Surface 70 which Serves as an engager or engag 
ing projection. 

Between the pin 64 and a portion of the main body 30 
which is distant from the pin 64 by a predetermined distance, 
there is provided a tension coil Spring 72 which constitutes 
a biasing device. The coil Spring 72 is engaged at its opposite 
ends with the pin 64 and the above-described portion of the 
main body 30, such that the coil spring 72 has a predeter 
mined amount of preload. The coil spring 72 biases the rod 
62 in a reverse direction that causes the engaging projection 
70 of the rod 62 to be in contact with the cam Surface 56. In 
this arrangement, the rear end wedge portion 68 of the rod 
62 serves as a cam follower portion, so that the rod 62 is 
linearly moved in the forward and reverse directions as a 
result of rotation of the cam 52. It is noted that the rotation 
of the cam 52 in one of opposite directions, which causes the 
rod 62 to be moved in the forward direction, corresponds to 
the rotation of the cam 52 in the clockwise direction, as 
viewed in FIG. 2. The rotation of the cam 52 in the other of 
the opposite directions, which causes the rod 62 to be moved 
in the rear direction, corresponds to the rotation of the cam 
52 in the counter-clockwise direction, as viewed in FIG. 2. 
A brake portion 80 is provided to be held by the front end 

portion of the rod 62. The brake portion 80 includes a 
braking member 82, a pivot member 84 and an attaching 
device 86. The attaching device 86 includes a tubular slide 
90 which is sidably fitted on the front end portion of the rod 
62, and a pin 92 which is press-fitted in a through-hole 
formed in the front end portion of the rod 62 and extending 
perpendicularly to the axial direction of the rod 62. The 
tubular slide 90 has a pair of guide slots 94 which are 
respectively formed in diametrically opposed parts of the 
circumferential wall of the tubular slide 90 and which extend 
over a predetermined axial distance. The guide slots 94 are 
engaged with opposite end portions of the pin 92 which 
portions project from the outer circumferential Surface of the 
rod 62 outwardly in the radial direction of the rod 62. A 
maximum distance over which the tubular slide 90 is mov 
able relative to the rod 62 is defined by abutting-contact of 
the pin 92 with one of axially opposite end of each guide slot 
94 and abutting-contact of the pin 92 with the other axial end 
of each guide slot 94. Between the rod 62 and the slide 90, 
there is provided an elastic member in the form of a 
compression coil spring 96 which constitutes a biasing 
device. The compressing coil Spring 96 is interposed 
between the rod 62 and the slide 90so as to be provided with 
a predetermined amount of preload, for thereby biasing the 
slide 90 in a direction away from the front end portion of the 
rod 62, i.e., in the forward direction of the rod 62. 
The pivoting member 84 is pivotably attached at its 

proximal end portion to the slide 90. The pivoting member 
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84 is pivotable about its pivot axis which lies on the same 
plane that the axis of the cam 52 and the axis of the rod 62 
lie on, and which is parallel with the axis of the cam 52 and 
is perpendicular to the axis of the rod 62. The pivoting 
member 84 is normally held in a predetermined angular 
position, as shown in FIG.2, by a Spring member in the form 
of a torsion coil spring 100 which constitutes a biasing 
device. The pivoting member 84 is slightly downwardly 
inclined with respect to an extension of the axis of the rod 
62, as shown in FIG.2, when the pivoting member 84 is held 
in the predetermined angular position. The pivoting member 
84 is pivoted away from the predetermined angular position 
toward a Second pivot end position, which is indicated by a 
two-dot chain line in FIG. 5, as a result of elastic deforma 
tion of the torsion coil spring 100 when the braking member 
82 is strongly forced onto the tire 18 of the wheel 16 during 
the rotation of the wheel 18 in its forward direction, i.e., in 
the counter-clockwise direction as viewed in FIG. 1. The 
first pivot end position is defined by abutting contact of a 
stop portion 102 of the pivoting member 84 with a first stop 
surface 104 of the slide 90. The pivoting member 84 is 
pivoted toward a first pivot end portion indicated by a 
one-dot chain line in FIG. 5, when the braking member 82 
is brought into contact with the tire 18 of the wheel 16 during 
the rotation of the wheel 16 in its reverse direction, i.e., in 
the clockwise direction as viewed in FIG.1. The first pivot 
end portion is defined by abutting contact of the Stop portion 
102 of the pivoting member 84 with a second stop surface 
106 of the Slide 90. 
The braking member 82 is rotatably held by a distal end 

portion of the pivoting member 84. The braking member 82 
consists of a generally cylindrical hollow member having an 
outer circumferential Surface in which a knurling pattern is 
formed. The braking member 82 is held by the pivoting 
member 84 through a reverse-rotation inhibiting device 114 
which is a modification of a well-known one-way clutch. 
The reverse-rotation inhibiting device 114 includes a sta 
tionary shaft 116 which is held by the pivoting member 84 
so as not to be rotatable relative to the pivoting member 84, 
a plurality of rollers 118 which are disposed on the periphery 
of the stationary shaft 116, and a plurality of roller 
accommodating cavities 120 which are formed in a radially 
inner portion of the cylindrical-hollow-shaped braking 
member 82 and which are Spaced apart from each other in 
the circumferential direction of the braking member 82. The 
knurling-patterned, outer circumferential Surface of the 
braking member 82 Serves as an outer ring of the reverse 
rotation inhibiting device 114 as well as an Outer ring of the 
baking member 82. Each of the roller-accommodating cavi 
ties 120 has a first wedge Surface 124 consisting of an 
inclined curved Surface whose radial distance from an outer 
circumferential Surface 122 of the Stationary shaft reduces as 
viewed in the clockwise direction in FIG. 5, and a second 
wedge Surface 126 consisting of an flat plane that is parallel 
with a plane containing the axis of the Stationary Shaft 116. 
The first wedge surface 124 cooperates with the outer 
circumferential surface 122 of the stationary shaft 116 to 
define a first wedge Spacing having a comparatively Small 
wedge angle. The Second wedge Surface 126 cooperates with 
the outer circumferential surface 122 of the stationary shaft 
116 to define a Second wedge Spacing having a compara 
tively large Wedge angle. 

In this arrangement, when the braking member 82 is 
rotated in the clockwise direction as shown in FIG. 5, each 
roller 118 accommodated in the corresponding roller 
accommodating cavity 120 is displaced relative to the cavity 
120 in the counter-clockwise direction, So as to be gripped 
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by and between the second wedge surface 126 and the outer 
circumferential Surface 122, for thereby applying a certain 
amount of resistance to the clockwise rotation of the braking 
member 82 although permitting the clockwise rotation of the 
braking member 82. In this respect, the braking member 82, 
the roller 118 and the second wedge surface 126 cooperate 
with each other to constitute a rotation-resistance applying 
device 128 which serves to apply the resistance to the 
rotation of the braking member 82. The amount of the 
resistance provided by the rotation-resistance applying 
device 128 varies depending upon a Second wedge angle 
defined by the second wedge surface 126 and the outer 
circumferential Surface 122., namely, depending upon an 
angle defined by the Second wedge Surface 126 and a plane 
which is tangent, at a point at that the outer circumferential 
Surface 122 and the roller 118 are in contact with each other, 
to the outer circumferential Surface 122. The amount of the 
resistance provided by the rotation-resistance applying 
device 128 increases with a reduction in the Second wedge 
angle defined by the Second wedge Surface 126 and the outer 
circumferential Surface 122. Thus, it is possible to suitably 
adjust the amount of the resistance applied to the clockwise 
rotation of the braking member 82, by Simply changing the 
Second wedge angle. This Second wedge angle can be 
changed by changing, for example, the diameters of the 
stationary shaft 116 and the roller 118. 
When the braking member 82 is about to be rotated in the 

counter clockwise direction as shown in FIG. 5, each roller 
118 is displaced relative to the cavity 120 in the clockwise 
direction, So as to be gripped by and between the first wedge 
Surface 124 and the outer circumferential Surface 122, for 
thereby dead locking or completely inhibiting the counter 
clockwise rotation of the braking member 82. A first wedge 
angle defined by the first wedge Surface 124 and the outer 
circumferential Surface 122 is made So Small that the dis 
placement of the first wedge Surface 124 and the outer 
circumferential Surface 122 relative to each other is inhibited 
by the roller 118 which is gripped by and between the two 
Surfaces 122, 124. 

In the longitudinally intermediate portion of the rod 61, 
there is provided a reveres-movement inhibiting device 130 
which includes a pinch member 132, a torque applying 
device 134 and a releasing member 136. The pinch member 
132 has an annular portion 140 which has an inside diameter 
Slightly larger than an outside diameter of the rod 62, as 
shown in FIG. 6 (in which a radial spacing between the 
annular portion 140 and the rod 62 is Somewhat exaggerat 
edly represented). The pinch member 132 further has an 
attaching portion 142 and a Spring-engaged portion 144 
which project radially outwardly from respective two parts 
of the annular portion 140 that are diametrically opposed to 
each other. The attaching portion 142 has a cylindrical 
hollow-shaped bearing portion 146 whose axis is perpen 
dicular to the axis of the annular portion 140. The pinch 
member 132 is supported at the bearing portion 146 by a 
support shaft 148 which is fixed to the main body 30, such 
that the pinch member 132 is pivotable about the axis of the 
support shaft 148. The bearing portion 146 has an inside 
diameter which is larger than an outside diameter of the 
support shaft 148 by a predetermined amount, so that the 
pinch member 132 is displaceable relative to the main body 
30 over a small distance at least in a direction substantially 
parallel to a line passing the attaching portion 142 and the 
Spring-engaged portion 144. 

Between the Spring-engaged portion 144 and a portion of 
the main body 30 which is distant from the Spring-engaged 
portion 144 by a predetermined distance, there is provided 
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a tension coil spring 150 for Serving as a Spring member that 
cooperates with the Support Shaft 148 to constitute the torque 
applying device 134. The tension coil spring 150 is engaged 
at its opposite end portions with the Spring-engaged portion 
144 and the above-described portion of the main body 30, 
such that the tension coil spring 150 is provided with a 
predetermined amount of preload. The annular portion 140 
is biased by the tension coil spring 150 in a direction toward 
the rear end portion of the rod 62 away from the front end 
portion of the rod 62, whereby the pinch member 132 is 
pivoted about the axis of the Support shaft 148 in the 
clockwise direction as viewed in FIG. 2, from its perpen 
dicular position in which the annular portion 140 has an 
attitude Substantially perpendicular to the axis of the rod 62, 
until the inner circumferential Surface of the annular portion 
140 is brought into abutting-contact or engagement with the 
outer circumferential Surface of the rod 62. In this instance, 
the outer circumferential surface of the rod 62 is pinched by 
the inner circumferential Surface of the annular portion 140, 
whereby the rod 62 is prevented from being moved in the 
reverse direction relative to the pinch member 132 owing to 
a friction force acting between the mutually contacted 
surfaces of the annular portion 140 and the rod 62. 

The releasing member 136 serves to release the contact or 
engagement of the pinch member 132 with the rod 62, and 
has a releasing lever in the form of a releasing arm 152 
which extends form the bearing portion 146 of the pinch 
member 132. A pivot torque acting on the releasing arm 152 
is transmitted to the pinch member 132, whereby the pinch 
member 132 is pivoted against a biasing force applied by the 
tension coil spring 150, in a direction toward the front end 
portion of the rod 62 away from the rear end portion of the 
rod 62, i.e., in the counter-clockwise direction (as viewed in 
FIG. 2) toward the above-described perpendicular position, 
for thereby releasing the engagement of the pinch member 
132 with the rod 62. That is, in the present embodiment, the 
pinch member 132 and the releasing lever (releasing arm 
152) are formed integrally with each other so as to provide 
a single piece, and has a common bearing portion consisting 
of the bearing portion 146 so that the pinch member 132 and 
the releasing lever are pivotable about a common pivot axis 
consisting of the axis of the Support shaft 148. However, the 
releasing lever may be formed independently of the pinch 
member 132. For example, the releasing lever formed inde 
pendently of the pinch member 132 may include an oper 
ating arm and a working arm, So that the working arm is 
engaged with the pinch member 132 by an operation of the 
operating arm, for thereby releasing the engagement of the 
pinch member 132 with the rod 62. 

The cam 52 is rotated by an operation of an operating 
member in the form of an operating lever 160, which is fitted 
at its longitudinally proximal end portion in a fitting hole 
162 formed in the cam 52. A pin 164 is provided to fix the 
operating lever 160 to cam 52, as shown in FIG. 2, for 
preventing removal of the operating lever 160 out of the 
fitting hole 162. The fitting hole 162 is formed in the cam 52 
So as to interSect the axis of the cam 52 at right angles, So 
that the operating lever 160 is operable to be pivoted on a 
plane that is perpendicular to the axis of the cam 52. Agrip 
member 170 is provided to fitted on a longitudinally distal 
end portion of the operating lever 160, Such that the grip 
member 170 is movable relative to the operating lever 160 
in the longitudinal direction of the operating lever 160. A 
maximum distance over which the grip member 170 is 
movable relative to the operating lever 160 is defined by 
engagement of an engaging pin 172 fixed to the operating 
lever 160, with longitudinally opposite ends of an elongated 
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hole 174 which is formed in the grip member 170. Between 
the grip member 170 and the operating lever 160, there is 
provided an elastic member in the form of a compression 
coil Spring 176 which constitutes a biasing device. The grip 
member 170 is biased by the compression coil spring 176 in 
a direction away from the longitudinally proximal end 
portion of the operating lever 160, i.e., in Such a direction 
that would cause the grip member 170 is removed from the 
operating lever 160, so that the grip member 170 is separated 
from the releasing arm 152. 

In this arrangement, when the grip member 170 is oper 
ated to pressed down toward the longitudinally proximal end 
portion of the operating lever 160 against a biasing force 
provided by the compression coil spring 176, the grip 
member 170 is brought into engagement with the releasing 
arm 152 and then forces the releasing arm 152 in such a 
direction that causes the releasing arm 152 to be pivoted 
about the axis of the support shaft 148 in the counter 
clockwise direction as viewed in FIG. 2. With the counter 
clockwise pivot movement of the releasing arm 152, the 
engagement of the pinch member 132 with the rod 62 is 
released. It is noted that the releasing arm 152 includes an 
arcuate portion which extends generally along an arc having 
its center at the pivot axis of the operating lever 160, i.e., at 
the axis of the support shaft 50, so that the grip member 170 
can be held or brought into engagement with releasing arm 
152 while the operating lever 160 is being operated to be 
pivoted. 
The main body 30, and the movable members which are 

movably held by the main body 30 and cooperate with the 
main body 30 to constitute the above-described structure of 
the braking apparatus 10, are almost all covered by a casing 
180, while some of the movable members such as the grip 
member 170 and the braking portion 80 project outwardly 
from the casing 180. In the interest of facilitating an opera 
tion for assembling the braking apparatus 10, the casing 180 
consists of two members which are formed independently of 
each other. The two independently formed members are 
fixed to each other to form the casing 180 by a bonding 
agent, Screw bolts or other Suitable fixing means at the last 
Stage of the assembling operation. The casing 180 serves as 
a part of the main body 30. The reference numeral 182 
designates a stop member for defining a home position of the 
operating lever 160, i.e., a reverse Stroke end position of the 
operating lever 160. The present braking apparatus 10 is 
attached to the frame 14 of the wheelchair 12 Such that the 
axis of the cam 52 (corresponding to the axis of the Support 
shaft 50), the pivot axis of the pivoting member 84 and the 
axis of the braking member 82 are held in parallel with an 
axis of the wheel 16 of the wheelchair 12, and Such that the 
axis of the rod 62 substantially coincides with a radial 
direction of the wheel 16, namely, an extension of the axis 
of the rod 62 intersects the axis of the wheel 16. 
An operation of the braking apparatus 10 constructed as 

described above will be explained. 
The operating lever 160 and the cam 52 are normally 

positioned in the home position as shown in FIG. 2. The rod 
62 is forced by the basing force provided by the tension coil 
spring 72, onto the cam surface 56 of the cam 52 that is held 
in the home position, and is accordingly positioned in its 
reverse stoke end position. With the rod 62 being positioned 
in the reverse stroke end position, the braking portion 80 is 
separated from the tire 18 of the wheel 16. When the 
operating lever 160 is operated to be pivoted from the home 
position over a predetermined angle in a first direction (i.e., 
in the clockwise direction as viewed in FIG. 2), the rod 62 
having the cam follower portion in the form of the wedge 
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portion 68 or the engaging projection 72, is moved in the 
forward direction by the rotation of the cam 52 in the 
clockwise direction (as viewed in FIG. 2) against the basing 
force of the tension coil spring 72. As a result of the forward 
movement of the rod 62, the braking portion 80 is moved 
toward the tire 18 and is then brought into contact with the 
tire 18. If the rod 62 is further moved in the forward 
direction after the braking portion 80 has been brought into 
contact with the tire 18, the pivoting member 84 is pivoted 
over a predetermined angle in the clockwise direction, as 
Viewed in FIG. 2, against the biasing force of the torsion coil 
Spring 100. In this instance, the engaging projection 70 of 
the rod 62 encounters the engaging groove 58 of the cam 52, 
and the engaging projection 70 is then brought into engage 
ment with this engaging groove 58 in a So-called Snap action 
manner. This engagement in the Snap action manner is 
Sensed by a user the wheelchair 12, So that the user can 
recognize that the rod 62 has been advanced to its reverse 
rotation inhibiting position, which causes the braking appa 
ratus 10 to be placed in its reverse-rotation inhibiting state 
in which reverse rotation of the wheel 16 is inhibited by the 
braking apparatus 10. 
When the rod 62 is positioned in the reverse-rotation 

inhibiting position, the braking member 82 is slightly forced 
onto the tire 18 merely by the biasing force of the torsion coil 
spring 100, and applies little resistance to the rotation of the 
wheel 16 as long as the wheel 16 is rotated in the forward 
direction. Further, while the rod 62 is positioned in the 
reverse-rotation inhibiting position, a rotation moment or 
torque applied from the tire 18 to the braking member 82 is 
Smaller than a rotation resistance applied from the rotation 
resistance applying device 128 to the braking member 82, So 
that the braking member 82 is not rotated. 

However, once the wheel 16 is about to be rotated in the 
reverse direction, the pivoting member 84 is pivoted by a 
friction force acting between the braking member 82 and the 
tire 18 and the biasing force of the torsion coil spring 100, 
in the counter-clockwise direction (as viewed in FIG. 2) 
until the Stop portion 102 is brought into abutting-contact 
with the second stop surface 106, so that the braking 
member 82 is strongly forced onto the tire 18. In this 
instance, the friction force acting between the braking mem 
ber 82 and the tire 18 is increased, and the braking member 
82 is then forced to be rotated in its reverse direction, i.e., in 
the counter-clockwise direction (as viewed in FIG. 2), but 
the reverse rotation of the braking member 82 is not per 
mitted by the reverse-rotation inhibiting device 114. Further, 
a large reaction force applied from the tire 18 to the braking 
member 82, is transmitted to the rod 62 via the attaching 
device 86 and the compression coil spring 96. This reaction 
force acting on the rod 62 in the reverse direction, is received 
by the main body 30 through the cam 52 and the Support 
shaft 50. The reaction force applied from the tire 18 does not 
acts as a rotation moment that would cause the cam 52 to be 
rotated, although the cam surface 56 of the cam 52 is 
inclined with respect to a plane that is perpendicular to the 
axis of the rod 62. This is because of the engagement of the 
rod 62 and the cam 52 at their respective engaging portions 
(the engaging projection 70 and the engaging groove 58), 
and the positional relationship between the rod 62 and the 
support shaft 50 in which the axis of the rod 62 and the axis 
of the support shaft 50 lie on the same plane and are 
perpendicular to each other. Thus, the braking member 82 is 
kept to strongly bite into the tire 18, whereby the reverse 
rotation of the wheel 16 is reliably prevented. 

The rod 62 is forced in the reverse direction as the wheel 
16 is about to be rotated in the reverse direction, when the 
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braking member 82 is held in contact with the tire 18. In this 
instance, even if the engaging projection 70 and the engag 
ing groove 58 are not held in engagement with each other, 
the reverse movement of the rod 62 and the rotation of the 
cam 52 in the counter-clockwise direction (as viewed in 
FIG. 2) are prevented by the reverse-movement preventing 
device 130. The pinch member 132 of the reverse-movement 
preventing device 130 is biased by the biasing force of the 
tension coil spring 150 in a direction that causes the pinch 
member 132 to be pivoted about the support shaft 148 from 
its perpendicular position (in which the annular portion 140 
has an attitude Substantially perpendicular to the axis of the 
rod 62) in the clockwise direction (as viewed in FIG. 2), so 
that the annular portion 140 of the pinch member 132 is 
brought into contact at its inner circumferential Surface with 
the outer circumferential Surface of the rod 62. Since the 
inside diameter of the bearing portion 146 of the pinch 
member 132 is larger than the outside diameter of the 
Support shaft 148, as described above, the annular portion 
140 is brought into contact, at two opposite portions of the 
inner circumferential Surface which are respectively adja 
cent to the attaching portion 142 and the Spring-engaging 
portion 144, with the outer circumferential surface of the rod 
62. That is, the rod 62 is pinched at two portions of its outer 
circumferential Surface by the respective two opposite 
portions, i.e., first and Second contact portions of the inner 
circumferential surface of the annular portion 140 of the 
pinch member 132. 
When the rod 62 is about to be moved in the forward 

direction, the pinch member 132 is forced to be pivoted 
toward its perpendicular position in the counter-clock wise 
direction (as viewed in FIG. 2) by a friction force acting 
between the outer circumferential Surface of the rod 62 and 
the inner circumferential Surface of the annular portion 140. 
In other words, the pinch member 132 is forced in a direction 
that causes the first and Second contact portions of the inner 
circumferential Surface of the annular portion 140 to be 
Separated from the respective two portions of the outer 
circumferential Surface of the rod 62, whereby a pinch force 
applied from the pinch member 312 to the rod 62 is reduced. 
Thus, the forward movement of the rod 62 is not inhibited 
by the pinch member 132. 
When the rod 62 is about to be moved in the reverse 

direction, on the other hand, the pinch member 132 is forced 
to pivoted away from its perpendicular position in the 
clockwise direction (as viewed in FIG. 2) by the above 
described friction force between the rod 62 and the annular 
portion 140. In other words, the pinch member 132 is forced 
in a direction that causes the first and Second contact 
portions of the inner circumferential Surface of the annular 
portion 140 to be further forced against the respective two 
portions of the outer circumferential surface of the rod 62, 
whereby the pinch force is increased. The pinch force is thus 
increased with an increase in a force acting on the rod 62 in 
the reverse direction. Thus, the reverse movement of the rod 
62 is effectively prevented by a dead lock of the pinch 
member 132 with the rod 62, as long as the reverse 
movement preventing device 130 normally functions with 
out its breakage or fracture. 

It is to be understood that the reverse movement of the rod 
62 can be prevented by the pinch member 132 even where 
only one of the above-described two contact portions of the 
inner circumferential surface of the annular portion 140 is 
adapted to be brought into contact with the outer circum 
ferential Surface of the rod 62. In this case, the one contact 
portion of the inner circumferential Surface of the annular 
portion 140 cooperates with a portion of the inner circum 
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ferential surface of the tubular guide member 46, which 
portion is diametrically opposed to the one contact portion, 
so as to pinch the rod 62 therebetween. 
When the operating lever 160 is operated to be pivoted in 

the first direction (in the clockwise direction as viewed in 
FIG. 2) over a large angle during the forward rotation of the 
wheel 16, the pivoting member 84 is pivoted toward the 
Second pivot end position (in the clockwise direction as 
viewed in FIG. 2) as a result of contact of the braking 
member 82 with the forwardly rotating wheel 16, until the 
stop portion 102 is brought into abutting-contact with the 
first stop surface 104. If the operating lever 160 is pivoted 
further in the first direction even after the abutting-contact of 
the stop portion 102 with the second stop surface 104, the 
braking member 82 is pressed onto the tire 18 by a pressing 
force whose amount varies as a function of an amount of an 
operating force applied to the operating lever 160. While the 
amount of the pressing force is Smaller than a certain 
threshold, the rotation moment applied from the tire 18 to 
the braking member 82 is Smaller than the rotation resistance 
applied from the rotational-resistance applying device 128 to 
the braking member 82, whereby the braking member 82 is 
not rotated so that the rotation of the wheel 16 is somewhat 
braked by the friction force acting between the braking 
member 82 and the tire 18. When the amount of the pressing 
force is increased to or exceeds the certain threshold, the 
rotation moment applied from the tire 18 to the braking 
member 82 is made larger than the rotation resistance 
applied from the rotational-resistance applying device 128 to 
the braking member 82, whereby the braking member 82 
Starts to be rotated. 

During movement of the wheelchair 12 on a gentle down 
slope wherein the wheelchair 12 requires to be moved in the 
forward direction at a moderate Speed, the operating lever 
160 is operated to be pivoted Such that the engaging pro 
jection 70 of the rod 62 is brought into engagement with the 
engaging groove 60 of the cam 52, for thereby applying a 
Suitable amount of braking force that causes the wheelchair 
12 to be moved at a moderate Speed. Like the engagement 
with the engaging groove 58, this engagement of the engag 
ing projection 70 with the engaging groove 60 is made in a 
Snap action manner, whereby the engagement is clearly 
recognized by the user of the wheelchair 12. In this state, the 
compression coil spring 96 interposed between the rod 62 
and the slide 90 is compressed by a certain amount, and 
Serves to minimize a variation in a distance between the rod 
62 and the tire 18 which variation is caused due to, for 
example, a variation in the air pressure of the tire 18. 

During movement of the wheelchair 12 on a steep down 
Slope wherein the amount of the braking force has to be 
increased for preventing an excessive increase in the move 
ment Speed of the wheelchair 12, or for Stopping the 
movement of the wheelchair 12, the operating lever 160 is 
operated to be pivoted further in the first direction (in the 
clockwise direction as viewed in FIG. 2) so that the amount 
of the pressing force by which the braking member 82 is 
pressed onto the tire 18 is further increased. This increase in 
the amount of the pressing force leads to an increase in the 
amount of the braking force. That is, the braking force is 
actually increased with the increase of the pressing force, 
even after the braking member 82 has started to be rotated, 
namely, even while the braking member 82 is being rotated. 

The factors causing the increase of the braking force with 
the increase of the pressing force even during the rotation of 
the braking member 82 have not yet been made sufficiently 
clear. It is obvious that an amount of radially inward 
deformation of a local portion of the tire 18 as a result of the 
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biting of the braking member 82 into the local portion of the 
tire 18 is increased with the increase of the pressing force, 
and that an amount of energy required for displacing the 
deformed local portion of the tire 18 in the circumferential 
direction is increased with the increase of the amount of the 
radially inward deformation of the local portion of the tire 
18. It is accordingly assumed that the increase in the amount 
of the local deformation of the tire 18 constitutes one of the 
factors. In another view, it is also obvious that the a friction 
force acting between the braking member 82 and the Sta 
tionary shaft 116 is increased with the increase of the 
pressing force. Thus, it is assumed that the increase in the 
friction force between the braking member 82 and the 
stationary shaft 116 also constitutes one of the factors. 
When the operating lever 160 is operated to be pivoted 

still further in the first direction (in the clockwise direction 
as viewed in FIG. 2), the compression coil spring 96 
interposed between the rod 62 and the slide 90 is further 
compressed until the pin 92 is brought into abutting-contact 
with the end of the guide slot 94, and even the pivoting 
member 84 is then brought into abutting-contact at a portion 
thereof with the tire 18, as Somewhat exaggeratedly indi 
cated in FIG. 7 As a result of the contact of the pivoting 
member 84 with the tire 18, the wheel 16 is practically 
inhibited from being rotated, so that the movement of the 
wheelchair 12 is locked. 
When the braking apparatus 10 requires to be placed in its 

non-working State, the grip member 170 is pressed down 
against the biasing force of the compression coil spring 176, 
So that the grip member 170 is brought into engagement with 
the releasing arm 152. The above-described pivot torque is 
applied from the grip member 170 to the releasing arm 152, 
and the pivot torque acting on the releasing arm 152 is then 
transmitted to the pinch member 132 by the releasing arm 
152, whereby the pinch member 132 is pivoted in the 
counter-clockwise direction (as viewed in FIG. 2) toward the 
perpendicular position, for thereby releasing the engagement 
of the pinch member 132 with the rod 62. While the pinch 
member 132 is not engaged with the rod 62, the rod 62 is 
permitted to be moved in the reverse direction. That is, when 
the operating lever 160 is operated to be pivoted in the 
second direction with the grip member 170 kept pressed 
down, the rod 62 is moved in the reverse direction, following 
the rotation of the cam 52 in the counter-clockwise direction 
(as viewed in FIG. 2). With the reverse movement of the rod 
62, the braking member 82 is moved in a direction away 
from the tire 18, for reducing the amount of the braking force 
applied to the wheel 16. Further, with separation of the 
braking member 82 from the tire 18, the braking apparatus 
10 is placed in its non-working State. 

Referring next to FIG. 8, there is shown a braking 
apparatus constructed according to a Second embodiment of 
the invention. This braking apparatus is different from the 
braking apparatus of the first embodiment in that the 
reverse-movement preventing device 130 is not provided in 
the apparatus, and in that the cam 52 is replaced by a cam 
190 which has a plurality of engaging grooves 192 formed 
in its cam surface 196. In the braking apparatus of the first 
embodiment, even when the engaging projection 70 is not 
held in engagement with either of the engaging grooves 58, 
60, the braking apparatus can be held in its working State 
owing to the provision of the reverse-movement preventing 
device 130, irrespective of whether the operating lever 160 
(more precisely, the grip member 170) is held or released by 
the operator. In the braking apparatus of the present Second 
embodiment, on the other hand, the braking apparatus is 
held in its working State, only when the engaging projection 
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70 is held in engagement with one of the engaging grooves 
192. However, the braking apparatus of the second embodi 
ment has an advantage that the construction is Simplified 
owing to the absence of the reverse-movement preventing 
device 130. Further, unlike the grip member 170 in the first 
embodiment, a grip member 194 is simply fixed to the 
operating lever 160, since the inhibiting device 130 is not 
provided. This arrangement also contributes the Simplifica 
tion of the construction of the braking apparatus of the 
Second embodiment. In the other aspects of the braking 
apparatus according to the present Second embodiment, the 
present apparatus is identical with the braking apparatus of 
the first embodiment. The same reference numerals as used 
in the first embodiment will be used to identify the func 
tionally corresponding elements, and redundant description 
of these elements of the present baking apparatus will not be 
provided. 

In the first embodiment, the engaging grooves 58, 60 
formed in the cam surface 56 of the cam 52 cooperate with 
the engaging projection 70 of the rod 62 to constitute an 
operation-State recognizing device for enabling the operator 
to recognize that the braking apparatus 10 is placed in a 
certain operating State. The engaging grooves 58, 60 and the 
engaging projection 70 may be considered to constitute also 
a Safety device for assuring prevention of the reverse move 
ment of the movable member in the form rod 62 even if the 
reverse-movement preventing device 130 does not Satisfac 
torily prevent the reverse movement of the rod 62. 
Alternatively, the reverse-movement preventing device 130, 
instead of the engaging grooves 58, 60 and the engaging 
projection 70, may be considered to constitute a Safety 
device for assuring the prevention of the reverse movement 
of the rod 62. 

In the first and Second embodiments, the engaging 
grooves 58, 60, 192 and the engaging projection 70 are 
considered to cooperate with each other to constitute a 
reverse-movement preventing device for preventing the 
reverse movement of the movable member from a prede 
termined position relative to the main body 30, or a posi 
tioning device for positioning the movable member in the 
predetermined position and holding the movable member in 
the predetermined position. 

Referring next to FIGS. 9-10, there is shown a braking 
apparatus constructed according to a third embodiment of 
the invention. This braking apparatus is different from the 
braking apparatus of the Second embodiment shown in FIG. 
8, in that an auxiliary operating device 200 operable by a 
helper (who walks together with the wheelchair 12) is 
additionally provided. The auxiliary operating device 200 
includes a fan-shaped pulley 202 fixed to the support shaft 
50 to which the cam 52 is rotatably attached. The fan-shaped 
pulley 202 has a guide groove 204 formed in its outer 
circumferential Surface and extending in its circumferential 
direction. The guide groove 204 serves to guide a wire cable 
206 which is fixed at one of its opposite end portions to the 
pulley 202 by a clamping screw 205. The wire cable 206 is 
introduced into an outer tube 208, so as to be guided by the 
outer tube 208. The Outer tube 208 is formed of a material 
which has a certain degree of flexibility but should not be 
contracted or shrunk. One of opposite ends of the Outer tube 
208 is fixed to the main body 30 through a fixing member 
210, while the other end of the outer tube 208 is fixed to a 
handle or other suitable part (not shown) of the wheelchair 
12. The other of the above-described opposite end portions 
of the wire cable 206 projects outwardly from the other end 
(not shown) of the outer tube 208 is connected to an 
operating member in the form of an operating lever which is 

15 

25 

35 

40 

45 

50 

55 

60 

65 

24 
provided in the handle or other suitable part. In this 
arrangement, when the operating member is operated by the 
helper, the wire cable 206 is given a tension force, whereby 
the pulley 202 and the cam 52 fixed to each other are rotated 
So that the braking apparatus is placed in its working State. 
It is noted that an operation for Switching the braking 
apparatus from its working State to its non-working State is 
achieved principally by operating the operating lever 160 
Since the auxiliary operating device 200 is provided So as to 
Serve as an emergency device. 

However, the Switching operation from the working State 
to the non-working State can be achieved by operating the 
handle or operating lever which is disposed in Such a 
position that facilitates its operation by the helper. A torsion 
coil Spring 214, which Serves as a Spring member constitut 
ing a biasing device, is provided to be attached to a boSS 212 
of the pulley 202. The torsion coil spring 214 is engaged at 
its opposite end portions with the main body 30 and the 
pulley 202, respectively, Such that a biasing force of the 
torsion coil Spring 214 acts as a rotation moment which is 
applied to the pulley 202 and which forces the pulley 202 to 
be rotated in the counter-clockwise direction as viewed in 
FIG. 9. In this arrangement in which the pulley 202 is always 
biased in the counter-clockwise direction, the cam 52, the 
operating lever 160 and the pulley 202 are returned toward 
their home positions, with a reduction in an operating force 
which is applied to the operating member by the helper, 
whereby the braking apparatus is placed in its non-working 
State. In this instance, the braking apparatus can not be held 
in its Working State by engagement of the engaging grooves 
192 of the cam 52 with the engaging projection 70 of the rod 
62. In View of this, the braking apparatus is preferably 
equipped with, for example, the above-described reverse 
movement preventing device 130 or the like which includes 
a releasing member operable to permit the rod 62 to be 
moved in the reverse direction. It is preferable that the 
releasing member is disposed in Such a position that facili 
tates operation thereof by the helper. 

Referring next to FIG. 11, there is shown a braking 
apparatus constructed according to a fourth embodiment of 
the invention. This braking apparatus of the fourth embodi 
ment is characterized by including a positioning device 220 
which is provided for positioning the movable member in 
the form of the rod 62 in a selected one of a plurality of 
predetermined positions, and then firmly holding the rod 62 
in the Selected position. In the braking apparatus of the 
fourth embodiment, the rod 62 has the cam follower portion 
in the form of a rear end portion 222 which is held in contact 
with a cam Surface 226 of a cam 224. Unlike in the 
above-described first, second and third embodiments, the 
cam 224 does not have an engaging groove. Instead, a 
plurality of engaging recessed portions 232 are provided in 
the main body 30. Described more specifically, an engaging 
member 230 is provided to be fixed to each of the side wall 
portions 42 of the main body 30. The engaging member 230 
consists of an arcuate plate which extends generally along an 
arc having its center at the pivot axis of an operating lever 
228. The plurality of engaging recessed portions 232, each 
of which is defined by a conical Surface, are formed in the 
engaging arcuate member 230. The engaging recesses por 
tions 232 may be equi-angularly Spaced apart from each 
other. However, in the present embodiment, the engaging 
recessed portions 232 are positioned in respective positions 
of the operating lever 228 which establish certain operating 
States of the braking apparatus. Thus, the angular spacing 
between each adjacent two of the recessed portions 232 is 
not necessarily constant. 



US 6,464,044 B2 
25 

The operating lever 228 consists of an elongated tubular 
member, and accommodates therein an operating rod 236 
Such that the operating rod 236 is movable in a longitudinal 
direction of the operating lever 228. The operating rod 236 
has a large diameter portion 238 and a tapered portion 240 
in its one of longitudinally opposite end portions that is 
closer to the cam 224. An operating terminal member in the 
form of an operating button 242 is fixed to the other 
longitudinally end portion of the operating rod 236. The 
operating button 242 is slidably fitted in a guide bushing 244 
which is fixed to an opening end portion of the operating 
lever 228 that corresponds to an longitudinally distal end 
portion of the operating lever 228. The operating rod 236 is 
biased by a Spring member in the form of the a compression 
coil spring 250 which is interposed between the operating 
rod 236 and the operating lever 228 and which constitutes a 
biasing device, in its reverse direction, i.e., in a direction 
toward the longitudinally distal end portion away from the 
longitudinally proximal end portion of the operating lever 
228. A movement of the operating rod 236 in the reverse 
direction is limited by abutting contact of a large diameter 
portion 252 of the operating button 242 with a stepped or 
shoulder portion formed in an inner circumferential Surface 
of the guide bushing 244. 

The operating lever 228 has two radial holes 256 formed 
through its cylindrical wall and extending in its radial 
direction. The two radial holes 256 are positioned in respec 
tive positions which are diametrically opposed to each other 
and which correspond to the engaging arcuate plates 230. A 
movable engaging member in the form of a ball 258 is held 
in each of the radial holes 256, as shown in (b) and (c) of 
FIG.11, such that a portion of the ball 258 can be protruded 
radially outwardly from the outer circumferential surface of 
the operating lever 228. The radial hole 256 consists of a 
tapered hole whose diameter decreases as the hole extends 
in the radially outward direction, and the Smallest diameter 
of the radial hole 256 is made Smaller than the diameter of 
the ball 258 for thereby preventing the ball 258 from being 
removed from the radial hole 256 in the radially outwardly 
direction. The large-diameter portion 238 of the operating 
rod 236 is positioned to be radially opposed to the radial 
holes 256 when the operating rod 236 is positioned in its 
reverse stroke end in which the large diameter portion 252 
of the operating button 242 is in contact with the shoulder 
portion of the guide bushing 244. That is, the large diameter 
portion 238 of the operating rod 236 is brought into contact 
with the balls 258, so that the balls 258 are prevented from 
being radially inwardly displaced from their respective 
protruded positions at least when the operating rod 236 is 
positioned in the reverse stroke end, as shown in (b) of FIG. 
11. When the operating button 242 is operated to be pressed 
into the guide bushing 244 against a biasing force of the 
compression coil spring 250, the operating rod 236 is moved 
in its forward direction So that the large-diameter portion 
238 and the tapered portion 240 of the operating rod 230 are 
displaced to an axial position that is not radially opposed to 
the radial holes 256, as shown in (c) of FIG. 11. In this 
instance, Since the large-diameter portion 238 and the 
tapered portion 240 are not in contact with the balls 258, 
each ball 258 is permitted to be moved to its retracted 
position in which any portion of the ball 258 is not protruded 
radially outwardly from the outer circumferential surface of 
the operating lever 228. 

While the ball 258 is movable to the retracted position, the 
operating lever 228 can be pivoted to be positioned in a 
desired angular position. With the operating button 242 
being released from the operator, the operating rod 236 
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biased by the compression coil spring 250 is moved in the 
reverse direction, whereby the tapered portion 240 of oper 
ating rod 236 is brought into contact with the balls 258, for 
thereby forcing the balls 258 toward their protruded posi 
tions. By pivoting the operating lever 228 over a Small angle 
in the first or second direction, the balls 258 are brought into 
engagement with the nearest one of the engaging recessed 
portions 232 in a Snap action manner, whereby the operating 
lever 228 is held in an angular position that corresponds to 
the recessed portion 232 engaged with the balls 258. In this 
state in which the large-diameter portion 238 of the operat 
ing rod 236 is positioned to be opposed to the radial holes 
256, the balls 258 are inhibited to be moved toward their 
retracted positions, whereby the balls 258 are inhibited to be 
disengaged from the recessed portion 232, So that the 
operating lever 228 can not be pivoted from the above 
described angular position in either of the first and Second 
directions. In this state, even if the rod 62 is forced onto the 
cam surface 56 of the cam 52 by a reaction force of the tire 
18, the cam 52 is not rotated and accordingly the rod 62 is 
not moved from the desired position. Thus, the braking 
apparatus can be held in its working State, even if the 
operating lever 228 is released from the operator. In other 
words, the present braking apparatus can be held in a desired 
working State, Since the operating lever 228 is not pivoted as 
long as the operating button 242 is not pressed. 

Referring next to FIG. 12, there is shown a braking 
apparatus constructed according to a fifth embodiment of the 
invention. Like the braking apparatus of the fourth 
embodiment, the braking apparatus of the fifth embodiment 
is characterized by including the positioning device in the 
form of a positioning device 264. The positioning device 
264 includes a plate Spring 266 which Serves as an elastic 
member and which is fixed to each one of the side wall 
portions 42 of the main body 30. The plate spring 266 
consists of an arcuate plate which extends generally along an 
arc having its center at the pivot axis of an operating lever 
268. A plurality of protruded portions are formed in the 
arcuate plate Spring 266, So as to be arranged to be spaced 
apart from each other in a circumferential direction of the 
plate Spring 266 and extend in a radial direction of the plate 
spring 266. With the formations of the protruded portions in 
the plate Spring 266, there are provided a plurality of 
engaging recessed portions 270 each of which is located 
between circumferentially adjacent two of the protruded 
portions. The operating lever 268 has a shaft portion having 
a circular croSS Section. 

During the pivot movement of the operating lever 268, the 
plate Spring 266 is deformed to permit the shaft portion of 
the operating lever 268 to pass through the protruded 
portions So as to be engaged in a Selected one of the 
engaging recessed portions 270. With this engagement of the 
shaft portion of the operating lever 268 with the selected 
engaging recessed portion 270, the operating lever 268 is 
held in an angular position that corresponds to the Selected 
engaging recessed portion 270, and the cam 52 and the rod 
62 are held in respective positions that correspond to the 
Selected engaging recessed portion 270. The present braking 
apparatus has advantages that the positioning device 264 has 
a simplified construction and is accordingly easy to be 
manufactured at a reduced cost, and that the positioning 
device 264 is easy to be operated Since the engagement of 
the operating lever 268 with the engaging recessed portions 
270 can be easily released by Simply operating the operating 
lever 268 with an operating force larger than a certain 
amount. 

Referring next to FIGS. 13-16, there is shown a braking 
apparatus constructed according to a sixth embodiment of 
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the invention. This braking apparatus of the Sixth embodi 
ment is characterized in its braking portion in the form of a 
braking portion 280 which does not include the pivoting 
member 84 that is used in the braking apparatuses of the 
above-described embodiments. Instead, the braking portion 
280 includes a cam 282 which is pivotable about an axis of 
a stationary shaft 284 that is held by a slide 283 so as not to 
be rotatable relative to the slide 283. The cam 282 is 
pivotable between its non-working State as indicated by a 
Solid line and its working State as indicted by a two-dot chain 
line in FIG. 13. The cam 282 is rotatably held by the 
stationary shaft 282 through rollers 286, as shown in FIG. 
15. Outwardly radial projections 288 are provided to project 
radially outwardly from the outer circumferential surface of 
the stationary shaft 284, while inwardly radial projections 
290 are provided to project radially inwardly from the inner 
circumferential Surface of the cam 282. Thus, the cam 282 
is pivotable only between its non-working State in which the 
radial projections 288, 290 are in contact with each other 
though the rollers 286, and its working state in which the 
radial projections 288, 290 are in contact directly with each 
other. 
A pair of braking members 292 are provided to be 

disposed on respective axially opposite Sides of the cam 282, 
as shown in FIG. 14. Each braking member 292 has a 
rotation-resistance applying device 294 that is functionally 
equivalent to the rotation-resistance applying device 294 
used in the braking apparatuses the above-described 
embodiments. This rotation-resistance applying device 294 
does not include the reverse-rotation inhibiting device 114 
used in the braking apparatuses of the above-described 
embodiments, Since it is not necessary to prevent the braking 
member 292 from being rotated in the reverse direction. The 
cam 282 and the braking member 292 have respective outer 
circumferential Surfaces in which Small protrusions and 
recesses are provided by forming a knurling pattern therein. 
The cam 282 or/and the braking members 292 may include 
a radially outermost portion formed of a rubber of other 
material having a friction coefficient that is larger than that 
of a metallic material. 

The slide 283 is attached to the rod 62 in a manner similar 
to the manner in that the slide 90 is attached to the rod 62 
in the above-described embodiments. However, a maximum 
distance over which the slide 283 is movable relative to the 
rod 62 is made slightly larger than that over which the slide 
90 is movable relative to the rod 62. Further, while the single 
compression coil Spring 96 are interposed between the slide 
90 and the rod 62 in the above-described embodiments, two 
compression coil Springs are provided to be interposed 
between the slide 283 and the rod 62 in the present sixth 
embodiment. The two compression coil springs consist of a 
soft coil spring 298 and a hard coil spring 300 which has a 
Spring constant larger than that of the Soft coil spring 298. 
The soft coil spring 298 is adapted to be always compressed 
more or less irrespective of the change in the distance 
between the slide 283 and the rod 62, while the hard coil 
spring 300 is adapted to be compressed only when the 
distance the slide 283 and the rod 62 is Smaller than a 
predetermined amount. 
When the rod 62 is forwardly moved to such a position 

that causes the braking apparatus to be placed in the reverse 
rotation inhibiting State, the cam 282 is brought into contact 
with the tire 18 by a relatively small biasing force of the soft 
coil spring 298, so that the cam 282 is held in its non 
working position that is indicated by the solid line in FIG. 
13. In this reverse-rotation inhibiting state, if the wheel 16 
is about to be rotated in the reverse direction, the cam 282 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

28 
is pivoted from its non-working position toward its working 
position that is indicted by the two-dot chain line. The pivot 
movement of the cam 282 toward the working position 
increases the distance from the axis of the cam 282 to a 
contact point at which the cam 282 and the tire 18 are in 
contact with each other. Since the rod 62 is inhibited from 
being moved in the reverse direction by at least one of the 
reverse-movement preventing device 130 and the position 
ing device 220 (or 264), the rod 62 is not moved in the 
reverse direction in spite of the increase in the distance 
between the axis of the cam 282 and the above-described 
contact point, whereby the cam 282 is made to Strongly bite 
into the tire 18, for thereby inhibiting reverse rotation of the 
wheel 16. 
When the rod 62 is further moved in the forward direction 

from the above-described position, the hard coil spring 300 
also starts to be compressed, whereby the cam 282 and the 
braking members 292 are pressed onto the tire 18 by an 
increased pressing force, and the braking members 292 Start 
to be rotated against the rotation resistance force provided 
by the rotation-resistance applying device 294. In this 
instance, the cam 282 slides or slips on the tire 18 since the 
cam 282 is not being rotated. However, the tire 18 is being 
radially inwardly deformed at a portion thereof forced by the 
braking members 292 that are disposed on the axially 
opposite sides of the cam 282, so that the cam 282 and the 
tire 18 are forced toward each other by a relatively small 
force, thereby making it possible to minimize an increase of 
a friction force generated by the Sliding contact of the cam 
282 with the tire 18. The wheel 16 is braked by the braking 
members 292 in the Substantially same manner as in the 
above-described embodiments in which the wheel 16 is 
braked by the braking member 82, except that the forward 
rotation of the wheel 16 is locked by cooperation of the cam 
282, the braking members 292 and the slide 283. That is, in 
the braking apparatus of the present Sixth embodiment, the 
slide 283 is also brought into contact at its distal end portion 
with the tire 18 when the radially inward deformation of the 
above-described portion of the tire 18 is increased. 
The cam 282 has a generally elliptic shape. It is possible 

to consider that one of longitudinally opposite end portions 
of the cam 282 (as viewed in a direction of the major axis 
of the elliptic-shaped cam 282) corresponds to the braking 
member, and that the other portions of the cam 282 corre 
spond to the pivoting member. That is, in the braking 
apparatus of the present Sixth embodiment, the braking 
member and the pivoting member provides a Single piece in 
the form of the cam 282, and the soft coil spring 298 
constitutes a biasing device which biases the braking mem 
ber in a direction that causes the braking member to be 
brought into contact with the tire 18. 

It is noted that the other of the longitudinally opposite end 
portions of the cam 282 can be used as the braking member, 
by turning the cam 282 over 1800 about the minor axis of the 
cam 282, where a part of the above-described one of the 
longitudinally opposite end portions which part is brought 
into contact with the tire 18 is worn as a result of Service of 
the braking apparatus for a long time. Similarly, another part 
which is positioned symmetrically with the above-described 
part of the longitudinally end portion of the cam 282 with 
respect to the major axis of the cam 282 can be used as the 
braking member 282, by turning the cam 282 over 180 
about the major axis of the cam 282. 

Referring next to FIG. 17, there is shown a braking 
apparatus constructed according to a Seventh embodiment of 
the invention. This braking apparatus of the Seventh embodi 
ment is characterized in its braking portion 306, wherein the 
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pivot movement of a pivoting member 308 during the 
forward rotation of the wheel 16 is limited by abutting 
contact of a braking member 314 with a resistance applying 
member in the form of a friction member 316 that is fixed 
to a slide 312. That is, the pivot movement of the pivoting 
member 308 is limited by abutting contact of a stop portion 
310 of the pivot member 308 with the slide 312 during the 
reverse rotation of the wheel 16, and is limited by the 
abutting contact of the braking member 314 with the friction 
member 316 during the forward rotation of the wheel 16. 
When the braking member 314 is held in contact with the 
friction member 316, the braking member 314 is pressed 
onto the friction member 316 by a pressing force whose 
amount is Substantially equal to an amount of a pressing 
force by which the braking member 314 is pressed onto the 
tire 18. The friction member 316 applies a resistance force 
to the rotation of the braking member 314, wherein an 
amount of the resistance force is equal to a product of the 
pressing force (applied from the braking member 314 to the 
friction member 316) and a friction coefficient of the friction 
member 316. The amount of the resistance force applied 
from the friction member 316 to the braking member 314 
increases with an increase in the pressing force by which the 
braking member 314 is pressed onto the tire 18. It is noted 
that the friction coefficient of the friction member 316 is 
adapted to be smaller than that of the tire 18, so that the 
braking member 314 starts to slip on the friction member 
316 before the braking member 314 starts to slip on the tire 
18. Thus, the rotation of the wheel 16 is braked by the 
braking member 316 while the braking member 316 is being 
rotated. 

Referring next to FIGS. 18 and 19, there is shown a 
braking apparatus constructed according to an eighth 
embodiment of the invention. This braking apparatus of the 
eighth embodiment includes a reverse-movement preventing 
device 320 which is a modification of the reverse-movement 
preventing device 130 that is shown in FIG. 2. While the 
reverse-movement preventing device 130 is designed to 
inhibit the reverse movement of the rod 62 by a pinch force 
applied from the pinch member 132 to the rod 62, this 
reverse-movement preventing device 320 is designed to 
inhibit the reverse movement of the rod 62 by a dead lock 
of an U-shaped deadlock lever 322 with he rod 62. The dead 
lock lever 322 is held by the main body 30 such that dead 
lock lever 322 is pivotable about the axis of a support shaft 
324, and is biased by a tension coil spring 326 as an elastic 
member constituting a biasing device in a direction that 
causes the dead lock lever 322 to be pivoted in the reverse 
direction of the rod 62, whereby the dead lock lever 322 is 
brought into contact in an inner Surface of its bottom portion 
with the outer circumferential Surface of the rod 62, which 
issidably fitted in the guide hole 54 of the guide member 46. 

In this arrangement, the reveres movement of the rod 62 
is prevented by a friction force acting between the rod 62 
and the dead lock lever 322, while the dead lock lever 322 
is held in contact with the rod 62 with a certain range of an 
angle of inclination of the lever 322 with respect to the rod 
62 wherein the certain range varies as a function of a friction 
coefficient of the above-described inner Surface of the bot 
tom portion of the lever 322. When the rod 62 requires to be 
moved in the reverse direction, the dead lock lever 322 is 
pivoted over a Small angle in the forward direction of the rod 
62, for example, by operating a releasing arm 328 that is 
similar to the releasing arm 152 shown in FIG. 2. The 
braking apparatus of this eighth embodiment may be pref 
erably equipped with an adjusting device which is operable 
to Suitably change a direction in which the releasing arm 328 
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extends from the dead lock lever 322, or alternatively an 
adjusting device which is disposed in one of the grip 
member 170 and the releasing arm 328 and which is 
operable to Suitably change en engaging position in that the 
grip member 170 and the releasing arm 328 are engaged 
with each other. 

Referring next to FIG. 20, there is shown a braking 
apparatus constructed according to a ninth embodiment of 
the invention, in which the reverse-movement preventing 
device, Serving for inhibiting the reverse movement of the 
rod 62 from a desired position relative to the main body 30, 
may be constituted by a generally disk-shaped eccentric cam 
330 pivotable about its pivot axis which is perpendicular to 
the axis of the rod 62 and which is not contained in any 
plains containing the axis of the rod 62, Such that the outer 
circumferential Surface of the eccentric cam 330 is brought 
into contact at its contact point with the Outer circumferen 
tial surface of the rod 62. With application of a rotation 
moment to the eccentric cam 330 which causes a rotation of 
the eccentric cam 330 in Such a direction that causes a 
movement of the contact point of the eccentric cam 330 in 
the reverse direction of the rod 62, the rod 62 is prevented 
from being moved in the reversed direction owing a dead 
lock of the eccentric cam 330 with the rod 62, which is 
caused when the rod 62 is about to be moved in the reverse 
direction. A releasing arm 332 is provided to be fixed to the 
eccentric cam 330, and a Spring member is provided 
between the main body 30 and the releasing arm 332 (or the 
eccentric cam 330) such that the above-described rotation 
moment is generated by a biasing force of the Spring 
member. The releasing arm 332 is adapted to be engageable 
with the grip member 170 or the like. The eccentric cam 330 
has an annular groove formed in its outer circumferential 
Surface and extending in the circumferential direction of the 
cam 330. The annular groove has a curved bottom surface 
whose radius of curvature Substantially corresponds to a 
radius of the rod 62, so that the cam 330 and the rod 62 can 
be brought into contact at large contact Surfaces thereof with 
each other. 
Where the eccentric cam 330 is thus used as the reverse 

movement preventing device, like where the deadlock lever 
322 is used as the reverse-movement preventing device, the 
braking apparatus may be preferably equipped with an 
adjusting device which is operable to Suitably change a 
direction in which the releasing arm 332 extends from the 
eccentric cam 330, or alternatively an adjusting device 
which is disposed in one of the grip member and the 
releasing arm 332 and which is operable to Suitably change 
en engaging position in that the grip member and the 
releasing arm 332 are engaged with each other. 

Referring next to FIG. 21, there is shown a braking 
apparatus constructed according to a tenth embodiment of 
the invention. This braking apparatus of the ninth embodi 
ment is characterized in a direction in which an operating 
lever 339 is operated. The braking apparatus of the above 
described embodiments is placed in its working State, with 
the operating lever being pulled backwardly by the user of 
the wheelchair 12 so as to be pivoted in the clockwise 
direction as viewed in the figures. The braking apparatus of 
the ninth embodiment is placed in its working State, with the 
operating lever being pushed forwardly by the user So as to 
be counter-clockwise pivoted from its home position indi 
cated by a Solid line toward its fully working position 
indicated by a two-dotted chain line as shown in FIG. 21. 
That is, in the present braking apparatus, the first and Second 
directions of the operating lever correspond to the counter 
clockwise direction and the clockwise direction as viewed in 
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FIG. 21. This braking apparatus is easily operable by the 
user even if the user has an injury in his or her spinal code 
or a difficulty in pulling the operating lever with a required 
force. This braking apparatus has a construction that is a 
Slight modification of the construction of the braking appa 
ratus of the second embodiment shown in FIG.8. However, 
each of the braking apparatuses of the other embodiments 
can be similarly modified Such that the braking apparatus is 
adapted to be placed in its working State by forwardly 
pushing the operating lever as in this braking apparatus of 
the ninth embodiment. 

Referring next to FIGS. 22-26, there is shown a braking 
system 340 constructed according to an eleventh embodi 
ment of invention. This braking system 340 is designed to be 
operable not only by the user (disabled person) of a wheel 
chair 342 but also by a helper(who walks together with the 
wheelchair 12). The braking system 340 includes a braking 
apparatus 352 identical in construction with the braking 
apparatus of the third embodiment shown in FIGS. 9 and 10. 
In the third embodiment, each of the braking apparatuses 
352 which are provided for braking the respective right and 
left wheels 16 is placed in its working State in response to the 
helper's operation of the corresponding one of the two 
operating members provided in respective right and left 
handles of the wheelchair 12. In the present eleventh 
embodiment, the right and left braking apparatuses 352 are 
both placed in their respective working States in response to 
an operation of one of the operating members in the form of 
two operating levers 350, 348 provided in respective right 
and left handles 346, 344, while the right and left braking 
apparatuses 352 are both placed in their non-working States 
in response to an operation of the other of the operating 
levers 350, 348. 

The present braking system 340 will be further explained, 
on the assumption that the braking apparatuses 352 are held 
in the working states when the right operating lever 350 is 
operated and are held in the non-working States when the left 
operating lever 348 is operated. 

The left operating lever 348 is pivotably held by a left 
support member 353. An outer tube 354 is fixed at one of 
opposite end portions to the left Support member 353, and is 
fixed at the other end portion to a left-sided first relay 
member 360 that is fixed to a portion of a frame 358 of the 
wheelchair 342, which portion is located under a rear left 
portion of a seat of the wheelchair 342. Two outer tubes 362, 
364 extend from the left-sided first relay member 360, and 
are respectively fixed to a left-sided Second relay member 
368 and a right-sided second relay member 370, as shown in 
FIG. 24. The left-sided second relay member 368 and the 
right-sided second relay member 370 are fixed to respective 
portions of the frame 358 which are located under an 
intermediate left portion and an intermediate right portion of 
the Seat, respectively. A main wire cable is connected at one 
of opposite end portions thereof to the left operating lever 
348, and is guided by the outer tube 354 so as to be 
introduced at the other end portion into the left-sided first 
relay member 360. Two branch wire cables 372,374, which 
branch from the main wire cable in the left-sided first relay 
member 360, are respectively guided by the outer tubes 362, 
364, and then project forwardly from the respective left 
sided and right-sided second relay members 368, 370. 

Similarly, the right operating lever 350 is pivotably held 
by a right Support member 353. An outer tube 373 is 
provided to be disposed between the right Support member 
353 and a right-sided first relay member 375. Two outer 
tubes 376, 378 extend from the right-sided first relay mem 
ber 375, and pass through the respective left-sided and 
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right-sided second relay members 368,370 so as to be fixed 
at their respective end portions to the main bodies 30, 30 of 
the left and right braking apparatuses 352,352, respectively, 
as shown in FIGS. 25 and 26. A main wire cable is connected 
at one of opposite end portions thereof to the right operating 
lever 350, and is guided by the outer tube 373 So as to be 
introduced at the other end portion into the right-sided first 
relay member 375. Two branch wire cables (one of which is 
designated by the reference numeral 380 as shown in FIGS. 
25 and 26), which branch from the main wire cable in the 
right-sided first relay member 375, are respectively guided 
by the outer tubes 376, 378, and then connected at their end 
portions to the pulleys 202,202 of the left and right braking 
apparatuses 352, 352. 
The branch wire cable 372 projects forwardly from the 

left-sided second relay member 368, and is connected at its 
end portion to the rod 62 of the left braking apparatus 352, 
as shown in FIG. 25. A pin 384 is provided to be fixed to the 
outer circumferential surface of the rod 62 such that the pin 
384 is held perpendicular to the. axis of the rod 62. The 
branch wire cable 372 is fixed at the end portion to a 
clamping device 386 provided in the pin 384. Similarly, the 
branch wire cable 374 is fixed at its end portion to the rod 
62 of the right braking apparatus 352. The pulley 202 of each 
of the right and left braking apparatuses 352, 352 is biased 
by the torsion coil spring 214 in Such a direction that would 
causes the pulley 202 to be rotated in one of opposite 
directions that would cause the braking apparatus 352 to be 
placed in its non-working State. 

In the braking system 340 constructed as described above, 
the pulley 202 and the cam 52 of each of the right and left 
braking apparatuses 352, 352 are rotated by the operation of 
the right operating lever 350 so that the rod 62 of each 
braking apparatus 352 is moved in the forward direction 
whereby each braking apparatus 352 is placed in its working 
state. By the operation of the left operating lever 348, the rod 
62 of each braking apparatus 352 is pulled in the forward 
direction whereby the engaging projection 70 of the rod 62 
is disengaged from the engaging groove 192 of the cam 52. 
AS a result of the disengagement of the engaging projection 
70 of the rod 62 from the engaging groove 192 of the cam 
52, the pulley 202 and the cam 52 are rotated by the biasing 
force of the torsion coil spring 214 in the above-described 
one of the opposite directions that would cause the braking 
apparatus 352 to be placed in its non-working State. Then, 
when the left operating lever 348 is released, the rod 62 is 
moved in the reverse direction by the biasing force of the 
tension coil Spring 72, So that the rod 62 is held in contact 
with the cam surface 56 of the cam 52 whereby the braking 
apparatus 352 is completely placed in its non-working State. 
The braking system 340 of the present tenth embodiment 

advantageously has a simple constriction in which the two 
working-state-placing branch wire cables (for placing the 
respective apparatuses 352,352 in their working States) and 
the two non-working-state-placing branch wire cables (for 
placing the respective apparatuses 352, 352 in their non 
working states) simply branch from the respective main wire 
cables. In this construction, however, the lengths of the 
respective branch wire cables require to be accurately 
adjusted Such that the right and left braking apparatuses 352, 
352 provide Substantially equal braking effects. That is, the 
length of one of the two working-state-placing branch wire 
cables has to be adjusted relative to the length of the other 
working-state-placing branch wire cable, So that the right 
and left braking apparatuses 352, 352 are simultaneously 
placed in their working States and provide respective braking 
forces equal to each other. 
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Such an adjustment would be no longer necessary if the 
braking System 340 is provided with an equalizing device 
Serving for equalizing forces that are applied to the respec 
tive working-state-placing branch wire cables, to each other. 
The equalizing device to be used in the present braking 
System 340 may consist of a known device used in parking 
braking Systems of auto Vehicles or other Systems. For 
example, the equalizing device may have a simple Structure, 
in which the main wire cable projecting from the operating 
lever 350 is connected to a longitudinally central position of 
a bar while the working-state-placing branch wire cables are 
connected to respective longitudinally opposite end posi 
tions that are distant from the longitudinally central position 
of the bar by respective distances equal to each other. It is 
more preferable that the braking system 340 is provided with 
another equalizing device Serving for equalizing forces that 
are applied to the respective non-working-state-placing 
branch wire cables, to each other. 

It is to be understood that the present invention may be 
embodied with various other changes, modifications and 
improvements, such as those described in the SUMMARY 
OF THE INVENTION, which may occur to those skilled in 
the art, without departing from the Spirit and Scope of the 
invention defined in the following claims. 
What is claimed is: 
1. A braking apparatus for braking a wheel of a vehicle, 

comprising: 
a main body; 
a cam which is Supported by Said main body Such that Said 
cam is rotatable about an axis thereof, and which has a 
cam Surface whose distance from Said axis changes as 
Viewed in a circumferential direction of Said cam; 

a movable member which is held by said main body such 
that said movable member is movable relative to said 
main body, and which holds a cam follower portion 
engaging Said cam Surface, and a braking portion 
brought into contact with a tire of the wheel; 

an operating device which includes an operating member 
operable to be moved in first and Second directions, and 
which rotates Said cam in one of opposite directions in 
response to the movement of Said operating member in 
Said first direction, for thereby moving Said movable 
member in a forward direction that causes said braking 
portion to be displaced toward the tire, and rotates Said 
cam in the other of Said opposite directions in response 
to the movement of Said operating member in Said 
Second direction, for thereby moving Said movable 
member in a reverse direction that is opposite to Said 
forward direction; and 

a reverse-movement preventing device which prevents 
the movement of Said movable member in said reverse 
direction, 

wherein Said reverse-movement preventing device 
includes a positioning device which positions Said 
movable member in a Selected one of a plurality of 
predetermined positions relative to Said main body, and 
holds Said movable member in the Selected position. 

2. Abraking apparatus according to claim 1, wherein Said 
positioning device includes a first engaging portion which is 
provided in one of Said cam Surface and Said cam follower 
portion, and a Second engaging portion which is provided in 
the other of Said cam Surface and Said cam follower portion 
and which is engageable with Said first engaging portion, 
and wherein one of Said first and Second engaging portions 
consists of a plurality of engagers which are Selectively 
brought into engagement with the other of Said first and 
Second engaging portions. 
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3. Abraking apparatus according to claim 2, wherein Said 

first engaging portion and Said Second engaging portion are 
provided in Said cam Surface and Said cam follower portion, 
respectively, wherein Said first engaging portion consists of 
Said plurality of engagers in the form of a plurality of 
engaging grooves formed in Said cam Surface and extending 
in parallel with Said axis, and wherein Said Second engaging 
portion consists of an engaging projection formed in Said 
cam follower portion and having a shape complementary to 
that of each of Said engaging grooves. 

4. Abraking apparatus according to claim 1, wherein Said 
operating member consists of an operating lever which is 
Supported by Said main body Such that Said operating lever 
is pivotable about a pivot axis thereof, wherein Said posi 
tioning device includes an engaging protruded portion which 
is provided in one of Said main body and Said operating 
lever, and an engaging recessed portion which is provided in 
the other of Said main body and Said operating lever and 
which is engageable with Said engaging protruded portion, 
and wherein one of Said engaging protruded and recessed 
portions consists of a plurality of engagers which are Selec 
tively brought into engagement with the other of Said 
engaging protruded and recessed portions, So that Said 
movable member is held in one of said plurality of prede 
termined positions. 

5. Abraking apparatus according to claim 1, wherein Said 
operating member consists of an operating lever which is 
Supported by Said main body Such that Said operating lever 
is pivotable about a pivot axis thereof, wherein Said posi 
tioning device includes an engaging protruded portion which 
is provided in one of Said main body and a member pivotable 
together with Said operating lever, and an engaging recessed 
portion which is provided in the other of Said main body and 
Said member pivotable together with Said operating lever 
and which is engageable with Said engaging protruded 
portion, and wherein one of Said engaging protruded and 
recessed portions consists of a plurality of engagers which 
are Selectively brought into engagement with the other of 
Said engaging protruded and recessed portions, So that Said 
movable member is held in one of said plurality of prede 
termined positions. 

6. Abraking apparatus according to claim 4, wherein Said 
positioning device further includes an elastic member, and 
wherein Said engaging protruded and recessed portions are 
held in engagement with each other owing to an elastic force 
provided by Said elastic member, Said engagement being 
permitted to be released by elastic deformation of Said 
elastic member which is caused when an amount of a force 
applied to Said elastic member exceeds a predetermined 
threshold. 

7. Abraking apparatus according to claim 6, wherein Said 
engaging recessed portion is provided by a plate Spring 
which is bent, So that Said engaging protruded portion is 
permitted to be released from Said engaging recessed portion 
by elastic deformation of Said plate Spring. 

8. Abraking apparatus according to claim 7, wherein Said 
operating lever includes a shaft portion having a circular 
shape in a transverse croSS Section thereof, and wherein Said 
engaging protruded portion is provided by Said Shaft portion 
of Said operating lever. 

9. Abraking apparatus according to claim 4, wherein Said 
positioning device further includes a biasing device, and 
wherein Said engaging protruded portion consists of a pro 
truded portion of a movable engaging member which is held 
by Said one of Said main body and Said operating lever Such 
that Said movable engaging member is movable between a 
projected position and a retracted position thereof and is 
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biased by Said biasing device in a direction toward Said 
projected portion away from Said retracted position. 

10. A braking apparatus according to claim 1, wherein 
Said positioning device includes: 

a movable engaging member which is held by Said 
operating member Such that Said movable engaging 
member is movable between a projected position and a 
retracted position thereof 

a Switching device which is provided in Said operating 
member, and which is operable to selectively establish 
a retraction permitting State in which Said movable 
engaging member is permitted to be moved to Said 
retracted position, and a retraction inhibiting State in 
which Said movable engaging member is inhibited from 
being moved to Said retracted position; and 

a plurality of engaging recessed portions which are pro 
Vided in respective portions of Said main body, and 
which are Selectively brought into engagement with a 
protruded portion of Said movable engaging member 
when Said movable engaging member is held in Said 
projected position, for thereby holding Said movable 
member in the Selected one of Said plurality of prede 
termined positions and inhibiting movement of Said 
movable member relative to said main body from the 
Selected position. 

11. A braking apparatus according to claim 10, wherein 
Said operating member consists of an operating lever which 
has an elongated tubular shape and which is pivotable about 
an pivot axis thereof that is perpendicular to an longitudinal 
direction thereof, and wherein Said Switching device 
includes: 

an operating rod which is disposed within Said operating 
lever Such that Said operating rod is movable in Said 
longitudinal direction of Said operating lever, between 
first and Second longitudinal positions thereof which 
are closer to longitudinally distal and proximal end 
portions of Said operating lever, respectively; 

a biasing device which biases Said operating rod toward 
Said first longitudinal position away from Said Second 
longitudinal position; 

an operating terminal portion which is provided in one of 
opposite end portions of Said operating rod that is 
closer to Said longitudinally distal end portion of Said 
operating lever, and which is operable to move Said 
operating rod toward Said longitudinally proximal end 
portion away from Said longitudinally distal end 
portion, against a biasing force provided by Said bias 
ing device; and 

a working portion which is provided in the other of Said 
opposite end portions of Said operating rod, and which 
inhibits the movement of Said movable engaging mem 
ber toward Said retracted position at least when Said 
operating rod is held by Said biasing force in Said first 
longitudinal position, and permits Said movement of 
Said movable engaging member toward Said retracted 
position when Said operating rod is moved by the 
operation of Said operating terminal portion, toward 
Said Second longitudinal position away from Said first 
longitudinal position. 

12. A braking apparatus according to claim 1, wherein 
said movable member is held by said main body such that 
said movable member is movable relative to said main body 
along a line that is perpendicular to Said axis of Said cam, 
and wherein Said cam follower portion and Said braking 
portion are held by a rear end portion and a front end portion 
of Said movable member, respectively. 
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13. A braking apparatus according to claim 12, wherein 

Said cam consist of a plate cam, and wherein Said cam 
Surface is provided by an outer circumferential Surface of 
Said plate cam. 

14. A braking apparatus according to claim 13, wherein 
said movable member consists of a rod which is brought into 
Sliding contact at a rear end portion thereof with Said cam 
Surface So that Said rear end portion Serves as Said cam 
follower portion. 

15. A braking apparatus according to claim 1, wherein 
Said operating member consists of an operating lever which 
is attached at a longitudinal end portion thereof to Said cam 
and is pivotable together with Said cam about Said axis of 
Said cam. 

16. Abraking apparatus for braking a wheel of a vehicle, 
comprising: 

a main body; 
a cam which is Supported by Said main body Such that Said 
cam is rotatable about an axis thereof, and which has a 
cam Surface whose distance from Said axis changes as 
viewed in a circumferential direction of Said cam; 

a movable member consisting of a rod which is held by 
said main body such that said movable member is 
movable relative to said main body, and which holds a 
cam follower portion engaging Said cam Surface, and a 
braking portion brought into contact with a tire of the 
wheel; 

an operating device which includes an operating member 
operable to be moved in first and Second directions, and 
which rotates Said cam in one of opposite directions in 
response to the movement of Said operating member in 
Said first direction, for thereby moving Said movable 
member in a forward direction that causes said braking 
portion to be displaced toward the tire, and rotates Said 
cam in the other of Said opposite directions in response 
to the movement of Said operating member in Said 
Second direction, for thereby moving Said movable 
member in a reverse direction that is opposite to Said 
forward direction; and 

a reverse-movement preventing device which prevents 
the movement of Said rod in Said reverse direction, 

wherein said movable member is held by said main body 
Such that said movable member is movable relative to 
Said main body along a line that is perpendicular to Said 
axis of Said cam, and wherein Said cam follower portion 
and Said braking portion are held by a rear end portion 
and a front end portion of Said movable member, 
respectively, 

and wherein Said reverse-movement preventing device 
includes: 
a pinch member including a first contact portion which 

is opposed to a first portion of an outer circumfer 
ential Surface of Said rod and which is spaced apart 
from Said first portion by a predetermined distance, 
and a Second contact portion which is opposed to a 
Second portion of Said outer circumferential Surface 
of Said rod that portion is opposite to Said first 
portion and which is spaced apart from Said Second 
portion by a predetermined distance, Said pinch 
member being held, at a portion thereof adjacent to 
one of Said first and Second contact portions, by Said 
main body Such that Said pinch member is pivotable 
about a pivot axis thereof that is perpendicular to a 
longitudinal direction of Said rod; 

a torque applying device which applies a torque to Said 
pinch member Such that Said pinch member is piv 
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oted by Said torque in Such a direction that causes 
Said first and Second contact portions of Said pinch 
member to be displaced in a direction toward Said 
rear end portion of Said movable member away from 
Said front end portion of Said movable member; and 

a releasing device which is operable to pivot Said pinch 
member against Said torque applied by Said torque 
applying device. 

17. A braking apparatus according to claim 16, wherein 
Said operating member consists of an operating lever which 
is pivotable about an pivot axis thereof, and wherein Said 
releasing device includes: 

a releasing lever which is disposed pivotably about a pivot 
axis thereof that is not parallel with Said longitudinal 
direction of said rod, and which is operable to be 
pivoted So as to pivot Said pinch member; 

a grip member which is disposed in a longitudinally distal 
end portion of Said operating lever Such that Said grip 
member is movable relative to Said operating lever in a 
longitudinal direction of Said operating lever, and 
which is operable to be moved in Said longitudinal 
direction, So as to be engaged with Said releasing lever 
for thereby pivoting Said releasing lever, and 

a biasing device which is interposed between Said grip 
member and Said operating lever, and which biases Said 
grip member in a direction away from Said releasing 
lever. 

18. Abraking apparatus for braking a wheel of a vehicle, 
comprising: 

a main body; 
a cam which is Supported by Said main body Such that Said 
cam is rotatable about an axis thereof, and which has a 
cam Surface whose distance from said axis changes as 
Viewed in a circumferential direction of Said cam; 

a movable member consisting of a rod which is held by 
said main body such that said movable member is 
movable relative to said main body, and which holds a 
cam follower portion engaging Said cam Surface, and a 
braking portion brought into contact with a tire of the 
wheel; and 

an operating device which includes an operating member 
operable to be moved in first and Second directions, and 
which rotates Said cam in one of opposite directions in 
response to the movement of Said operating member in 
Said first direction, for thereby moving Said movable 
member in a forward direction that causes said braking 
portion to be displaced toward the tire, and rotates Said 
cam in the other of Said opposite directions in response 
to the movement of Said operating member in Said 
Second direction, for thereby moving Said movable 
member in a reverse direction that is opposite to Said 
forward direction; 

wherein Said operating member consists of an operating 
lever which is attached at a longitudinal end portion 
thereof to Said cam and is pivotable together with Said 
cam about Said axis of Said cam, 

and wherein Said cam has a hole formed therein and 
extending in perpendicular to Said axis of Said cam, and 
wherein Said longitudinal end portion of Said operating 
lever is accommodated in Said hole So that Said oper 
ating lever is fixed to Said cam. 

19. Abraking apparatus for braking a wheel of a vehicle, 
comprising: 

a main body; 
a cam which is Supported by Said main body Such that Said 
cam is rotatable about an axis thereof, and which has a 
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cam Surface whose distance from Said axis changes as 
viewed in a circumferential direction of Said cam; 

a movable member consisting of a rod which is held by 
said main body such that said movable member is 
movable relative to said main body, and which holds a 
cam follower portion engaging Said cam Surface, and a 
braking portion brought into contact with a tire of the 
wheel; and 

an operating device which includes an operating member 
operable to be moved in first and Second directions, and 
which rotates Said cam in one of opposite directions in 
response to the movement of Said operating member in 
Said first direction, for thereby moving Said movable 
member in a forward direction that causes said braking 
portion to be displaced toward the tire, and rotates Said 
cam in the other of Said opposite directions in response 
to the movement of Said operating member in Said 
Second direction, for thereby moving Said movable 
member in a reverse direction that is opposite to Said 
forward direction; 

wherein Said braking portion includes: 
a braking member which is rotatable about an axis 

thereof, and 
a reverse-rotation inhibiting device which inhibits rota 

tion of Said braking member in one of opposite 
directions while permitting rotation of Said braking 
member in the other of Said opposite directions. 

20. Abraking apparatus for braking a wheel of a vehicle, 
comprising: 

a main body; 
a movable member which is held by said main body such 

that said movable member is movable relative to said 
main body, and which includes a braking portion 
brought into contact with a tire of the wheel; and 

an operating device which includes an operating member, 
and which is operable to move Said braking portion 
toward and away from the tire of the wheel in response 
to an operation of Said operating member, 

wherein Said braking portion includes: 
a braking member which is rotatable about an axis 

thereof, and 
a reverse-rotation inhibiting device which inhibits rota 

tion of Said braking member in one of opposite 
directions while permitting rotation of Said braking 
member in the other of Said opposite directions. 

21. A braking apparatus according to claim 20, further 
comprising a rotation-resistance applying device which 
applies a resistance to the rotation of Said braking member 
in Said other of Said opposite directions. 

22. A braking apparatus according to claim 21, wherein 
Said rotation-resistance applying device constitutes a part of 
Said reverse-rotation inhibiting device, So that Said reverse 
rotation inhibiting device applies the resistance to the rota 
tion of Said braking member in Said other of Said opposite 
directions although permitting Said rotation of Said braking 
member in Said other of Said opposite directions. 

23. Abraking apparatus according to claim 22, wherein an 
amount of Said resistance applied by Said rotation-resistance 
applying device to the rotation of Said braking member 
increases with an increase of an amount of a pressing force 
by which said braking member is pressed onto the tire of the 
wheel. 

24. A braking apparatus according to claim 23, wherein 
Said rotation-resistance applying device includes a resis 
tance applying member which is brought into pressing 
contact with Said baking member by a reaction force applied 
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from the tire to Said braking member when Said braking 
member is pressed onto the tire. 

25. A braking apparatus according to claim 24, wherein 
Said braking portion includes: 

a pivoting member which is held by said movable mem 
ber Such that Said pivoting member is pivotable about 
a pivot axis thereof that is Substantially parallel to an 
axis of the wheel of the vehicle So as to be moved 
between first and Second pivot position thereof, and 
which holds Said braking member in a distal end 
portion thereof, and 

a biasing device which biases Said pivoting member in 
Such a direction that causes Said braking member to be 
brought into contact with the tire of the wheel; 

and wherein Said movable member is positionable in a 
reverse-rotation inhibiting position for establishing a 
reverse-rotation inhibiting State in which Said braking 
member is brought into contact with the tire by a 
biasing force of Said biasing device when the wheel is 
rotated in a forward direction thereof and in which said 
pivoting member is moved to Said first pivot position So 
as to cause Said braking member to bite into the tire for 
thereby inhibiting reverse rotation of the wheel when 
the wheel is about to be rotated in a reverse direction, 
and in a forward-rotation braking position for estab 
lishing a forward-rotation braking State in which Said 
pivoting member is moved to Said Second pivot posi 
tion against the biasing force of Said biasing device for 
permitting Said braking member to be brought into 
pressing contact with Said resistance applying member. 

26. A braking apparatus according to claim 20, wherein 
Said braking member is brought into contact with the tire of 
the wheel, and wherein said braking portion further 
includes: 

an attaching device through which Said braking member 
is attached to Said movable member Such that Said 
braking member is movable relative to said movable 
member over a predetermined distance toward and 
away from the wheel; and 

a biasing device which biases Said braking member in 
Such a direction that causes Said braking member to be 
moved relative to said movable member toward the 
wheel. 

27. A braking apparatus according to claim 20, wherein 
braking member is brought into contact with the tire of the 
wheel, and wherein Said braking portion further includes: 

a pivoting member which is held by said movable mem 
ber Such that Said pivoting member is pivotable about 
a pivot axis thereof that is Substantially parallel to an 
axis of the wheel of the vehicle So as to be moved 
between first and Second pivot position thereof, and 
which holds Said braking member in a distal end 
portion thereof, and 

a biasing device which biases Said pivoting member in 
Such a direction that causes Said braking member to be 
brought into contact with the tire of the wheel; 

and wherein Said movable member is positionable in a 
reverse-rotation inhibiting position for establishing a 
reverse-rotation inhibiting State in which Said braking 
member is brought into contact with the tire by a 
biasing force of Said biasing device when the wheel is 
rotated in a forward direction thereof, and in which said 
pivoting member is moved to Said first pivot position So 
as to cause Said braking member to bite into the tire for 
thereby inhibiting reverse rotation of the wheel when 
the wheel is about to be rotated in a reverse direction. 
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28. Abraking apparatus for braking a wheel of a vehicle, 

comprising: 
a main body; 
a cam which is Supported by Said main body Such that Said 
cam is rotatable about an axis thereof, and which has a 
cam Surface whose distance from Said axis changes as 
viewed in a circumferential direction of Said cam; 

a movable member consisting of a rod which is held by 
said main body such that said movable member is 
movable relative to said main body, and which holds a 
cam follower portion engaging Said cam Surface, and a 
braking portion brought into contact with a tire of the 
wheel; and 

an operating device which includes an operating member 
operable to be moved in first and Second directions, and 
which rotates Said cam in one of opposite directions in 
response to the movement of Said operating member in 
Said first direction, for thereby moving Said movable 
member in a forward direction that causes said braking 
portion to be displaced toward the tire, and rotates Said 
cam in the other of Said opposite directions in response 
to the movement of Said operating member in Said 
Second direction, for thereby moving Said movable 
member in a reverse direction that is opposite to Said 
forward direction, 

wherein Said braking portion includes: 
a braking member which is brought into contact with 

the tire of the wheel; 
an attaching device through which said braking mem 

ber is attached to said movable member Such that 
Said braking member is movable relative to Said 
movable member over a predetermined distance 
toward and away from the wheel; and 

a biasing device which biases Said braking member in 
Such a direction that causes Said braking member to 
be moved relative to said movable member toward 
the wheel. 

29. Abraking apparatus for braking a wheel of a vehicle, 
comprising: 

a main body; 
a movable member which is held by said main body such 

that said movable member is movable relative to said 
main body, and which includes a braking portion 
brought into contact with a tire of the wheel; and 

an operating device which includes an operating member, 
and which is operable to move Said braking portion 
toward and away from the tire of the wheel in response 
to an operation of Said operating member, 

wherein Said braking portion includes: 
a braking member which is brought into contact with 

the tire of the wheel; 
an attaching device through which said braking mem 

ber is attached to said movable member Such that 
Said braking member is movable relative to Said 
movable member over a predetermined distance 
toward and away from the wheel; and 

a biasing device which biases Said braking member in 
Such a direction that causes Said braking member to 
be moved relative to said movable member toward 
the wheel. 

30. A braking apparatus according to claim 29, wherein 
Said attaching device includes a slide which is fitted on Said 
movable member such that said slide is slidably movable 
relative to Said movable member, and a defining device 
which defines a maximum distance over which Said slide can 
be moved relative to said movable member. 
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31. Abraking apparatus for braking a wheel of a vehicle, 
comprising: 

a main body; 
a cam which is Supported by Said main body Such that Said 
cam is rotatable about an axis thereof, and which has a 
cam Surface whose distance from Said axis changes as 
Viewed in a circumferential direction of Said cam; 

a movable member consisting of a rod which is held by 
said main body such that said movable member is 
movable relative to said main body, and which holds a 
cam follower portion engaging Said cam Surface, and a 
braking portion brought into contact with a tire of the 
wheel; and 

an operating device which includes an operating member 
operable to be moved in first and Second directions, and 
which rotates Said cam in one of opposite directions in 
response to the movement of Said operating member in 
Said first direction, for thereby moving Said movable 
member in a forward direction that causes said braking 
portion to be displaced toward the tire, and rotates Said 
cam in the other of Said opposite directions in response 
to the movement of Said operating member in Said 
Second direction, for thereby moving Said movable 
member in a reverse direction that is opposite to Said 
forward direction; 

wherein Said braking portion includes: 
a braking member which is brought into contact with 

the tire of the wheel; 
a pivoting member which is held by said movable 
member Such that Said pivoting member is pivotable 
about a pivot axis thereof that is Substantially parallel 
to an axis of the wheel of the vehicle So as to be 
moved between first and Second pivot positions 
thereof, and which holds Said braking member in a 
distal end portion thereof; and 

a biasing device which biases Said pivoting member in 
Such a direction that causes Said braking member to 
be brought into contact with the tire of the wheel; 

and wherein Said movable member is positionable in a 
reverse-rotation inhibiting position for establishing a 
reverse-rotation inhibiting State in which Said brak 
ing member is brought into contact with the tire by 
a biasing force of Said biasing device when the wheel 
is rotated in a forward direction thereof, and in which 
Said pivoting member is moved to Said first pivot 
position So as to cause Said braking member to bite 
into the tire for thereby inhibiting reverse rotation of 
the wheel when the wheel is about to be rotated in a 
reverse direction. 

32. Abraking apparatus for braking a wheel of a vehicle, 
comprising: 

a main body; 
a movable member which is held by said main body such 

that said movable member is movable relative to said 
main body, and which includes a braking portion 
brought into contact with a tire of the wheel; and 
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an operating device which includes an operating member, 

and which is operable to move Said braking portion 
toward and away from the tire of the wheel in response 
to an operation of Said operating member, 

wherein Said braking portion includes: 
a braking member which is brought into contact with 

the tire of the wheel; 
a pivoting member which is held by said movable 
member Such that Said pivoting member is pivotable 
about a pivot axis thereof that is Substantially parallel 
to an axis of the wheel of the vehicle so as to be 
moved between first and Second pivot positions 
thereof, and which holds Said braking member in a 
distal end portion thereof; and 

a biasing device which biases Said pivoting member in 
Such a direction that causes Said braking member to 
be brought into contact with the tire of the wheel; 

and wherein Said movable member is positionable in a 
reverse-rotation inhibiting position for establishing a 
reverse-rotation inhibiting State in which said brak 
ing member is brought into contact with the tire by 
a biasing force of Said biasing device when the wheel 
is rotated in a forward direction thereof, and in which 
Said pivoting member is moved to Said first pivot 
position So as to cause Said braking member to bite 
into the tire for thereby inhibiting reverse rotation of 
the wheel when the wheel is about to be rotated in a 
reverse direction. 

33. A braking apparatus according to claim 32, wherein 
Said biasing device biases Said pivoting member in Such a 
direction that causes said pivoting member to be moved 
toward Said first pivot position. 

34. A braking apparatus according to claim 32, wherein 
Said biasing device biases Said pivoting member in Such a 
direction that causes said pivoting member to be moved 
toward the tire of the wheel. 

35. Abraking apparatus for braking a wheel of a vehicle, 
comprising: 

a main body; 
a movable member which is held by said main body such 

that said movable member is movable relative to said 
main body, and which includes a braking portion 
brought into contact with a tire of the wheel; and 

an operating device which includes an operating member, 
and which is operable to move Said braking portion 
toward and away from the tire of the wheel in response 
to an operation of Said operating member, 

wherein Said braking portion includes: 
a braking member which is rotatable about an axis 

thereof and which has an Outer circumferential Sur 
face that is brought into pressing contact with the tire 
of the wheel. 


