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[57] ABSTRACT

A vehicle adapted to move along a supporting surface
comprising a frame, a wheel having a centrally located
hub mounted on the frame for rotational movement
about a first rotational axis relative to the frame, and an
inner rotatable member at least partially within the hub.
The inner rotatable member is mounted for rotational
movement about a second rotational axis. The inner
rotatable member and the hub are movable relative to
each other along a path having a radial component to
permit adjustment in the relative radial position of the
first and second rotational axes. The hub and the mmner
rotatable member are drivingly interconnected by a
mechanism which includes a one-way clutch. The oper-
ator of the vehicle can adjust the relative radial position
of the rotational axes to thereby adjust the drive ratio
between the hub and the inner rotatable member.

32 Claims, 8 Drawing Figures




U.S. Patent  Aug. 21, 1979 Sheet 1 of 3 Re. 30,078

\

A

Y,

N
~N

AN\

NN
3! M
NN

*

.
X

]

—]

T ———

¥ /)
/

f‘ . 2N
AR
.

,',_f
A

YA
NN
3 0

N
)

LA N e X

L)




U.S. Patent Aug. 21, 1979 Sheet 2 of 3 Re. 30,078

Fra. 5.

41
V44 \ 3/
s TN \\\ m\\\\\ G

\ 55 \\\II" .ll E

\\1M

//////y///////////////

3445?'

AN

NEE

o —
ING

ZNR .-"“ f\} 43

33 745% l/;;.f;'///fﬂ
1\\ -
45 ﬁ :\: ‘\\ Y22 B oai AR NN e
57— A \
"f...{”””éiﬁ'//”
o0 51" BE

23 =
49 5 '



U.S. Patent Aug. 21, 1979 Sheet 3 of 3 Re. 30,078

/49 157

R Ao A S RN

7

L

SR -

N| /55
=

—_——mm . - a e

"EEEE—-
——————

= o

2z Z

/O3

/55
/47

N

.2 "

T

75a
14/



Re. 30,078

1

VEHICLE WITH VARIABLE SPEED
TRANSMISSION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

If a bicycle is to be used for touring or over hilly
terrain, a variable speed transmission is essential. Unfor-
tunately, none of the prior art systems performs satisfac-
torily. |

For example, one of the most common variable speed
transmissions employs a chain and a series of sprockets
of different diameters. The chain can be moved by the
rider from one sprocket to another to change the drive
ratio. With this system, drive ratio selection is difficult
to accurately select because the chain may skip over the
desired sprocket. Moreover, the chain may be
“thrown”. At the very best this requires manual place-
ment of the chain over one of the sprockets, and under
certain circumstances, the back wheel may lock and
cause damage to the bicycle and injury to the rider.

Numerous attempts have been made to overcome
these disadvantages. For example, another system uses a
complex planetary gear system to provide only three
different drive ratios. Generally none of these other
systems provides an inexpensive and reliable variable
speed transmission which is capable of providing many
different drive ratios.

SUMMARY OF THE INVENTION

The present invention provides a variable speed
transmission which generally solves the problems noted
above. In addition, the present invention provides nfi-
nite drive ratio adjustment rather than proportionate
drive ratio adjustment. A high ratio change is also ob-
tainable.

One feature of the invention is the incorporation of a
transmission of the type described in my copending
application Ser. No. 468,412, filed on May 19, 1974, and
entitled “Variable Speed Transmission” into a vehicle
such as a bicycle. This variable speed transmission pro-
vides infinite ratio adjustment and does not require
shifting of a chain from one sprocket to another.

A substantial portion of the variable speed transmis-
sion can be located within the hub of one of the wheels
of the vehicle, such as the rear wheel. The hub protects
the transmission against damage and tends to exclude
dirt and other contaminants from the working portions
of the transmission. In addition, the portion of the trans-
mission within the hub does not introduce any imbal-
ance into the wheel or-the vehicle.

With a portion of the transmission within the hub, the
hub may be used as part of the transmission. By using
the hub as a part of the variable speed transmission, the
number of transmission parts is reduced. Thus, the hub
in addition to performing its usual functions, also serves
as a working transmission part as well as a housing for
at least a portion of the variable speed transmission.

More specifically, the variable speed transmission
may include, in addition to the hub, an inner rotatable
member at least partially within the hub. Means are
provided for mounting the inner rotational member for
rotation about a rotational axis. The inner rotatable
member and the hub are movable relative to each other
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along a path having a radial component to permit ad-
justment in the relative radial position of the rotational
axes of the inner rotatable member and the hub. The
inner rotatable member and the hub are drivingly inter-
connected by means which may include at least one
one-way clutch. Means operable by the operator of the
vehicle are provided for adjusting the relative radial
position of the rotational axes so that the drive ratio
between the hub and the inner rotatable member can be
varied by the operator.

Either the hub or the inner rotatable member may
serve as a driving member of the transmission. How-
ever, if the hub is to serve its usual purposes, then the
inner rotatable member should be the driving member
and the hub should be the driven member.

The inner rotatable member can be mounted in differ-
ent ways, and in a preferred construction it is mounted
for rotation on a mounting arm lying at least substan-
tially outside of the hub. The mounting arm is movable,
as by pivoting, to thereby move the axis of the inner
rotatable member radially relative to the axis of the hub.
The mounting arm may mount the inner rotatable mem-
ber at two spaced locations to provide substantial sup-
port for the inner rotatable member. A driving element
such as a sprocket can be mounted on the inner rotat-
able member between the two spaced locations.

The hub has an end wall with an opening therein
through which the inner rotatable member projects.
The opening is sufficiently large to accommodate the
radial movement of the inner rotatable member. To
protect the portions of the variable speed transmission
housed by the hub, flexible seal means are provided
between the inner rotatable member and the hub for
sealing this opening. The flexibility of the seal means
allows it to accommodate the radial movement of the
inner rotatable member.

The present invention also provides means for retain-
ing the inner rotatable member in any selected position
alongs its path. Although such means may take different
forms, it may advantageously include an elongated
member drivingly coupled to the variable speed trans-
mission means and extending to a location accessible to
the operator, a substantially fixed member mounted on
the frame, and a locking element adapted to be wedged
between at least portions of the members to hold the
elongated member in position. This maintains the drive
ratio established by the transmission substantially con-
stant. The operator can selectively release the locking
element from wedging engagement with the members
to thereby permit the operator to adjust the drive ratio
established by the transmission.

Although the present invention can be used with
many different kinds of vehicles, it is particularly
adapted for use with two or three wheeled land vehi-
cles, such as bicycles and motorcycles. The present
invention is highly versatile in that it can be incorpo-
rated into a standard crank pedalled bicycle and into a
vertically pedalled bicycle. In a vertically pedalled
bicycle, the pedals are mounted on levers which in turn
are mounted on the frame for oscillatory movement.

When the present invention is incorporated into a
vertically pedalled bicycle, the transmission means may
include means driven by one or both of the oscillatory
levers for varying the drive ratio between such levers
and the wheel of the bicycle as a function of the angular
position of such lever about its pivot axis. Such means
may include a cam having an appropriate contour.
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Thus, the transmission means includes a transmission
unit or portion variable by the rider and another portion
variable as a function of lever angle. Another feature of
this invention is that the portion controlled by the nder
is driven by the portion responsive to lever angle. With 5
this arrangement, manual shifting of the transmission
does not upset or change the cam function.

The invention can best be understood by reference to
the following description taken in connection with the
accompanying illustrative drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a fragmentary side elevational view of a
bicycle constructed in accordance with the teachings of
this invention.

FIG. 2 is a rear elevational view of the hub and adja-
cent structure with the wheel spokes removed for clar-
ity.

FIG. 3 is an enlarged, fragmentary, side elevational
view partly in section of the hub and adjacent structure. 20

FIG. 4 is an enlarged, fragmentary, sectional view of
one preferred mechanism for retaining the inner rotat-
able member in position.

FIG. § is an enlarged sectional view taken generally
along line 5—35 of FIG. 1.

FIG. 6 is a fragmentary side elevational view of a
vertically pedalled bicycle constructed in accordance
with the teachings of this invention.

FIG. 7 is a rear elevational view of the bicycle of
FIG. 6.

FIG. 8 is an enlarged sectional view taken generally
along line 8—8 of FIG. 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a bicycle 11 which includes a frame 13
and a rear wheel 15. The bicycle 11 is of the crank
pedalling type and includes a pair of cranks 17 rotatably
mounted on the frame 13 in a conventional manner and
carrying pedals 19, respectively. Power is transmitted
from the pedals 19 by way of a variable speed transmis-
sion 21 to the rear wheel 15. The transmission 21 in-
cludes a transmission unit 22 which enables the rider to
change drive ratios. Except for the transmission 21, its
cooperation with the remainder of the bicycle 11, and
the control means for the transmission, the bicycle 11
may be of standard construction and includes the usual
nonillustrated components, such as a front wheel, a seat,
and handle bars.

The frame 13 includes longitudinal frame members 23
and diagonal frame members 25 (FIGS. 1, 2, and 5). The
rear wheel 15 is mounted on and between the frame
members 23 and 25 for rotation about a rotational axis.

More specifically, the wheel 15 includes a centrally
located hub 27 which also forms a portion of the trans-
mission unit 22. The hub 27 includes a peripheral wall
29 (FIG. 5) and opposite end walls 31 and 33. The ¢énd
wall 33 has an opening 35. The hub 27 is rotatably
mounted at one end by bearings 37 mounted in the end
wall 31 and a bolt 39 mounted in the bearings 37 and
attached to the frame members 23 and 25 by any suit-
able means such as nuts 41.

The hub 27 is mounted at the other end by a bearing
43 and an open ended housing 45. The housing 45 has a
collar 47 on which the bearings 43 is mounted. When so
mounted the hub 27 rotates about a central rotational
axis 46. The housing 45 is mounted on the frame mem-
bers 23 and 25 by a suitable fastener such as a bolt 49
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. and a nut 51. The housing 45 is prevented from rotating

by an arm 53 which is suitably attached at one end to
the housing and at the other end to one of the frame
members 23 by a clamp 55.

The transmission unit 22 includes a mounting arm 57
mounted on the housing 4§ for movement along a path
by any suitable means such as a fastener 59. Although
the mounting arm 57 could undergo other kinds of
motion relative to the housing 45, in the embodiment
illustrated, the mounting arm is mounted for pivotal
movement about a pivot axis 60.

Although various constructions can be employed, in
the embodiment illustrated, the mounting arm 57 in-
cludes two spaced mounting sections 61 and 63. The
transmission unit 22 includes an inner rotatable member
65 mounted on bearings 67 and 69 carried by the mount-
ing sections 61 and 63, respectively. The bearings 67
and 69 mount the inner rotatable member 65 for rotation
about a central rotational axis 70 lying parallel to the
rotational axis 46 and to the pivot axis 60. By moving
the mounting arm 57 about its pivot axis 60, the axis 70
is moved radially relative to the axis 46. In one angular
position of the mounting arm 57 about its pivot axis 60,
the rotational axes 46 and 70 are coincident.

The inner rotatable member 68 is driven in any suit-
able manner by a drive member such as by a sprocket 71
which is fixedly mounted on the inner rotatable member
65 intermediate the mounting sections 61 and 63. The
sprocket 71 is driven by the cranks 17 by way of a larger
diameter sprocket 73 (FIG. 1) and a chain 73. One end
of the housing 45 is opened to accommodate the chain
78.

The opening 35 is of sufficient area so as to accommo-
date the movement of the inner rotatable member 65
with the mounting arm 57 along the path. A flexible seal
77 is attached to the collar 47 and to the mounting sec-
tion 63 so as to seal the opening 35. In order to accom-
modate radial movement of the inner rotatable member
65, the seal 77 is flexible and may be of generally bel-
lows-like construction. In the embodiment illustrated
the seal 77 includes at least one fold 79.

Means are provided for drivingly interconnecting the
inner rotatable member 65 and the hub 27. Such means
in the embodiment illustrated includes a plurality of
one-way clutches 81 and a plurality of drive elements
83. One of the drive elements 83 is provided for each of
the one-way clutches 81. Any number of the clutches 81
can be provided in the six clutches illustrated in FI1G. §
are purely illustrative. However, the linearity of the
output will generally improve as the number of the
clutches 81 is increased.

The one-way clutches 81 are arranged in an axially
extending row on the inner rotatable member 65. The
clutches 81 are concentric with the inner rotatable
member 65 and may be of identical, conventional con-
struction. Each of the one-way clutches 81 is arranged
to drive in one direction and free wheel in the other
direction. The one-way clutches 81 are arranged on the
inner rotatable member 65 so that all of them dnive in
the same direction. Each of the one-way clutches 81
may be of any construction which drives in one direc-
tion and allows relative motion in the opposite direc-
tion. For example, each of the clutches 81 may be of the
Sprag or roller type, each of which has internal mem-
bers 85 which grip the inner rotatable member 65 in the
driving direction to form a driving connection between
the clutch and the inner rotatable member and which
allows free wheeling in the other direction to permit
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relative angular motion between the clutch and the
inner rotatable member 1n the opposite direction.

Although the drive elements 83 could be of various
different constructions, in the embodiment illustrated,
each of the drive elements is in the form of a rigid link
pivotally coupled by a pin 87 to flanges on the associ-
ated clutch 81. The flanges on the one-way clutches 81
are spaced circumferentially, and in the embodiment
illustrated are equally spaced circumferentially when
the rotational axes 46 and 70 coincide.

Similarly, the outer ends of the drive elements 83 are
pivotally coupled to the peripheral wall 29 of the hub 27
by pins 89 which extend through pairs of flanges 91
suitably mounted on the peripheral wall. The location
of the attachments of the drive elements 83 to the pe-
ripheral wall 29, i.e., the center lines of the pins 89 are
spaced apart circumferentially equal distances which is
60° in the embodiment illustrated. In the embodiment
illustrated, the axes of the pivotal attachments between
the drive elements 83 and the clutches 81 and the pe-
ripheral wall 29 are parallel to the rotational axes 46 and
70.

Thus, the hub 27 serves as an outer rotatable member
for the transmission 21. The use of the inner rotatable
member 65, the one-way clutches 81, the drive elements
83, and an outer rotatable member may be carried out
substantially in accordance with my copending applica-
tion Ser. No. 468,412 referred to above.

The radial spacing between the rotational axes 46 and
70 of the inner rotatable member 65 and the hub 27 can
be varied by pivoting the mounting arm 37 about its
pivot axis. This also moves the inner rotatable member
65 along an arcuate path to bring about adjustment in
the relative radial positions of the rotational axes of the
inner rotatable member and the hub. Various control
means, such as the control means 93 can be provided for
selectively moving and releasably fixing the mounting
arm 57 and the inner rotatable member 68 in any one of
a plurality of positions along such path.
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forms, in the embodiment illustrated it includes elon-
gated means or an elongated member 95 extending from
the outer end of the mounting arm 57 to a suitable loca-
tion accessible to the rider of the bicycle 11, a substan-
tially fixed member in the form of a housing member 97,
and a plurality of locking elements 99 (F1G. 4). Al-
though the housing 97 could be of various different
constructions, in the embodiment illustrated, it is in the
form of an elongated tube having a peripheral wall 101,
an end wall 103, and an open end 10S8. The housing 97
extends through an opening in the housing 45 and 1s
retained therein by any suitable means such as a set
screw 107 (FIG. 3).

The elongated member 95 includes a plunger 109
slidable within the housing 97 and a flexible cable 111
pivotally coupled at one end to the plunger and at the
other end to the outer end of the mounting arm §7 in
any suitable manr-=r such as by a pin 113. The mounting
arm 57 1s biased clockwise as viewed in FIG. 3 by a
spring 115 which is attached at one end to the pin 113
and at the other end to the housing 45. The elongated
member 95 also includes a stem 117 attached to, and
coaxial with, the plunger 109 and having a frustoconical
ramp surface 119 which extends radially outwardly as 1t
extends away {rom the cable 111. A release member 121
of generally annular configuration in plan 1s attached to
an extension 123 of the stem 117 for limited axial sliding
movement on the stem. The elongated member 95 also
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includes a push pull cable 125 attached at one end by a
threaded plug 127 to the release member 121 and ex-
tending to a location accessible to the rider of the bicy-
cle 11.

In the embodiment illustrated, the locking elements
99 are in the form of balls. Any number of the locking
elements 99 may be provided. The locking elements 99
are resiliently urged upwardly along the ramp surface
119 by a cotl compression spring 129 which bears at one
end on the plunger 109 and at the other end on a washer
131 which is slidably mounted on the plunger 117.

The housing 97 and the elements within the housing
constitute releasable locking means. The releasing lock-
ing means is, in effect, a linear one-way clutch which
locks the mounting arm §7 against clockwise move-
ment. Specifically, the spring 129 urges the locking
elements 99 upwardly along the ramp surface 119 to
wedge the locking elements between the peripheral
wall 101 and the ramp surface. Any downwardly di-
rected force on the cable 111 tends to wedge the lock-
ing elements 99 more tightly between the ramp surface
119 and the peripheral wall 101. Consequently, down-
ward movement of the cable 111 and clockwise pivotal
movement (as viewed in FIG. 3) of the mounting arm
57 are prevented. Any upward force on the cable 111
will not be transmitted to the plunger 109 because the
cable 111 is flexible.

Counterclockwise movement of the mounting arm 57
as viewed in FIG. 3 1s resisted by the spring 118. In the
embodiment 1illustrated, counterclockwise pivotal
movement of the mounting arm 57 as viewed in FIG. 3
is also resisted by the inherent tendency of the inner
rotatable member 65 to seek a position coaxial with the
hub 27 and by the chain 75 when the bicycle is being
driven by the chain. An adjustable stop in the form of a
screw 133 (FIG. 3) is attached to the lower wall of the
housing 45 and projects upwardly so that it will engage
the lower edge of the mounting arm 57 when the inner
rotatable member 65 is coaxial with the hub 27. Thus, in
the embodiment illustrated, all of the drive ratios other
than 1 to 1 are provided by raising the axis 70 of the
inner rotatable member 65 above the axis 46 of the hub
27. Of course, the transmission unit 22 may be con-
structed so that shifting may be accomplished by mov-
ing the inner rotatable member 65 downwardly from its
coaxial position with the hub 27, if desired.

To pivot the mounting arm 57 counterclockwise, the
rider manipulates a lever (not shown) in a conventional
manner SO as to exert a pulling force on the cable 125.
This force is transmitted through the release member
121 to the stem 117 and plunger 109 to move the stem
and plunger upwardly as viewed in FIG. 4. The locking
elements 99 allow such upward movement in that such
upward movement of the ramp surface 119 tends to
reduce the wedging effect against the locking elements.
The upward movement of the plunger 109 is transmit-
ted through the cable 111 to the mounting arm §7 to
pivot the latter counterclockwise as viewed in FIG. 3
against the biasing action of the spring 115. When the
desired position of the mounting arm 57 is reached,
upward movement of the cable 125 is terminated and
this allows the spring 129 to again tightly wedge the
locking elements 99 between the ramp surface 119 and
the peripheral wall 101.

Although other arrangements can be used, in the
embodiment illustrated, the spring 115 is operative to
pivot the mounting arm §7 clockwise when the rider of
the bicycle 11 releases the releasable means 93. This is
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accomplished by the rider exerting a pushing force on
the push pull cable 125. This pushing force pushes the
release member 121 downwardly a limited distance
along the extention 123 and into contact with the lock-
ing elements 99 to urge them down the ramp surface
119. This releases the stem 117, the plunger 109, and the
cable 111 for downward movement. Accordingly, the
spring 115 pivots the mounting arm 57 clockwise as
viewed in FIG. 3 to the extent that the rider moves the
plunger 117 downwardly.

In operation of the bicycle 11, rotation of the cranks
17 drives the sprocket 71 through the sprocket 73 and
the chain 75. This in turn rotates the inner rotatable
member 65 which drives the hub 27 through the one-

10

way clutches 81 and the drive elements 83. The ratio of 15

angular displacement of the inner rotatable member 635
to angular displacement of the hub 27 can be varned by
adjusting the relative radial position of the axes 46 and
70. When the axes 46 and 70 are coincident, the drive
ratio is 1 to 1 and as the rotational axis 70 is displaced
radially from the rotational axis 46, the drive ratio in-
creases. As the mounting arm 57 and hence the inner
rotatable member 65 can assume an infinite number of
different positions relative to the hub 27, an infinite
number of drive ratios is obtainable.

The relative radial positions of the axes 46 and 70 can
be established by the rider as discussed above by utiliz-
ing the releasable means 93 or by any other suitable
means for adjusting the angular position of the mount-
ing arm 57. The details of the manner in which the inner
rotatable member 65, the one-way clutches 81, the drive
elements 83, and the hub 27 cooperate to provide an
infinite number of drive ratios is explained in my co-
pending application Ser. No. 468,412 referred to above.

Pivotal movement of the mounting arm 57 will have
a minimal effect on the required length of chain 75.
However, an idler 134 (FIG. 1) may be provided, if
desired, to tension the chain 75.

FIGS. 6-8 show a vertically pedalled bicycle 1la
constructed in accordance with the teachings of this
invention. Except as noted specifically herein, the bicy-
cle 11a is identical to the bicycle 11 and corresponding
portions are designated by corresponding reference
numerals followed by the letter a.

The bicycle 11a has a frame 13a which may be of the
type shown in my copending application Ser. No.
315,497, filed Dec. 15, 1972, and entitled “Velocipede™.
The frame 13a has frame members 23a and 25a to which
the rear wheel 15a is attached in the same manner
shown in FIGS. 1-3.

The bicycle 11a is manually powered by levers 135
which are mounted on the frame 13a by pins 137 for
oscillatory movement about such pins with the axis of
the oscillatory movement being paraliel to, and closely
adjacent the axis of the wheel 15a. A suitable linkage
139 is coupled to both of the levers 135 and to the frame
member 25a to positively interconnect the levers. This
assures that when one of the levers 135 is moving on its
downward stroke, the other lever 135 will be moving
on its upward stroke. The linkage 139 may be substan-
tially as disclosed in my copending application Ser. No.
315,497 referred to above.

A transmission 21a transmits power from the pedals
192 to the rear wheel 15a. The transmission 21a includes
cables 141 attached at their lower ends to the levers 135,
respectively, and at their upper ends to cams 143, re-

spectively. Each of the cables 141 is wrapped partly
around the associated cam 143. Each of the cams 143
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has a periphery 144 which is appropriately configured
so that the drive ratio between the associated lever 135
and the transmission unit 22a varies as a function of the
angular position of such lever. The contour of the pe-
ripheries 144 can be selected to tailor this drive ratio to
the particular results desired. The cams 143 are returned
by return springs 142 (only one being shown in FIG. 6)
attached to the cams, respectively, and to the frame 13a.

Each of the cams 143 is rotatably mounted by a bear-
ing 145 in a shaft 147 having an axial stepped bore ex-
tending through it. The shaft 147 is in turn rotatably
mounted by bearings 149 for rotation within a block 151
which is attached to the frame 13a in any suitable man-
ner such as by screws 153.

The cams 143 are drivingly coupled to the shaft 147
by one-way clutches 155, respectively, and are held
therein by a bolt 156. Each of the one-way clutches 135
is arranged so that it is in a driving mode when the
associated lever 135 is on its downward stroke and is in
a free-wheeling mode when the associated lever is on its
upward stroke. Accordingly, the shaft 147 is driven
unidirectionally and alternately by the levers 133.

To transmit the rotational movement of the shaft 147
to the rear wheel 15a, a sprocket 157 is suitably affixed
to the shaft 147 and an endless chain 75a cooperates
with the sprocket 157 and a transmission unit 22a which
may be substantially identical to the transmission unit 22
shown in FIG. §. The chain 75a drives a sprocket (not
shown) corresponding with the sprocket 71 shown in
FIG. 5. Accordingly, rotational input is provided to the
transmission unit 22a which functions in the manner
described above to drive the rear wheel 15a.

The transmission unit 22a is prevented from rotating
by an arm 53a which is attached to the frame member
25a. The transmission unit 22a is rotated approximately
70° counterclockwise from the position occupied by the
transmission unit 22,

In operation of the bicycle 11a, oscillation of the
levers 135 drives the cams 143. Each of the levers 135
drives the associated cam 143 on its downward stroke
and the cam is return by the associated return spring 142
during the upward stroke of the associated lever. The
shaft 147 is driven unidirectionally and alternately by
the cams 143 through the associated one-way clutches
155. The rotational motion of the shaft 147 is transmit-
ted to the transmission unit 22a by way of the sprocket
157 and the chain 73a.

With the bicycle 11a, the transmission unit 22a per-
mits the rider to select a drive ratio and the cams 143
provide drive ratio variation as a function of angular
position of the levers 135. One feature of the invention
is that the cams 143 drive the transmission unit 22a so
that the cam function is not altered by the drive ratio
changes in the transmission unit.

Although exemplary embodiments of this invention
have been shown and described, many changes, modifi-
cations and substitutions my be made by those with
ordinary skill in the art without necessarily departing
from the spirit and scope of this invention.

I claim: |

1. A vehicle adapted to a move along a supporting
surface comprising:

a frame;

at least one wheel, said wheel having a centrally

located hub;

first means cooperable with the hub for mounting the

wheel on the frame for rotational movement rela-
tive to the frame about a first rotational axis, said
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wheel being adapted to roll along the supporting
surface;

an inner rotatable member at least partially within

said hub;

second means for mounting said inner rotatable mem-

ber for rotational movement about a second rota-
tional axis, said inner rotatable member and said
hub being relatively movable along a path having a
radial component to permit adjustment in the rela-
tive radial position of the first and second rota-
tional axes;

drive means including at least one one-way clutch

and at least one drive element for drivingly cou-
pling said inner rotatable member to said hub, said
one-way clutch and said drive element being
within said hub, said drive element being drivable
along a path which circumscribes the inner rotat-
able member;

means including a drive member outside said hub for

imparting input motion to [at least one of said hub
and ] said inner rotatable member; and

means operable by the operator of the vehicle for

Ladjusting] moving said inner rotatable member
and said drive member to adjust the relative radial
position of said rotational axes whereby the drive
ratio between said hub and said inner rotatable
member can be varied by the operator.

2. A vehicle as defined in claim 1 wherein said one
one-way clutch i1s a first one-way clutch, said drive
means including a second one-way clutch, said first and
second one-way clutches being mounted on said inner
rotatable member.

3. A vehicle as defined in claim 1 wherein said second
means includes a mounting arm lying at least substan-
tially outside of said hub, said inner rotatable member
being rotatably mounted on said mounting arm for rota-
tional movement about said second rotational axis, said
mounting arm being movable to change the relative
radial position of said first and second rotatable axes,
said imparting means driving said inner rotatable mem-
ber.

4. A vehicle as defined in claim 3 including means for
pivotally mounting said mounting arm.

5. A vehicle as defined in claim 3 wherein said mount-
ing arm rotatably supports the inner rotatable member
at least at first and second spaced locations along the
inner rotatable member, said imparting means includes a
member mounted on said inner rotatable member be-
tween said first and second locations.

6. A vehicle as defined in claim 1 wherein said hub
has an end wall with an opening therein, said inner
rotatable member projects through said opening and is
movable along said path, said opening being sufficiently
large to accommodate the movement of said inner rotat-
able member along said path, and flexible seal means
between the inner rotatable member and the hub for
sealing said opening and for accommodating the move-
ment of said inner rotatable member along said path.

7. A vehicle as defined in claim 1 wherein said impart-
ing means includes a lever mounted for oscillatory
movement about a ptvot axis and having means to coop-
erate with the foot of the operator to permit the lever to
be pivoted about such pivotal axis, third means for vary-
ing the drive ratio between said lever and said one of
said inner rotatable member and said hub as a function
of the angular position of said lever about said pivot
axis, and means for drivingly interconnecting said third
means and said one of said inner rotatabie member and
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said hub whereby said third means can drive said one of
said inner rotatable member and said hub.

8. A vehicle as defined in claim 1 wherein said second
means mounts said inner rotatable member for move-
ment along said path, said adjusting means includes a
fixed member, an elongated member drivingly coupled
to said inner rotatable member and extending through
satd fixed member, and at least one locking element
adapted to be wedged between at least portions of said
members whereby said elongated member and said
inner rotatable member can be held in a selected posi-
tion, and means for permitting the operator to selec-
tively release the locking element to allow movement of
said elongated member to adjust the radial position of
the inner rotatable member relative to the hub.

9. A vehicle adapted to move along a supporting
surface comprising:

a frame;

at least one wheel, said wheel having a centrally

located hub:

first means cooperable with the hub for mounting the

wheel on the frame for rotational movement rela-
tive to the frame about a first rotational axis, said
wheel being adapted to roll along the supporting
surface;

said hub having an end wall with an opening therein;

an inner rotatable member extending through said

opening and into said hub;

means for mounting said inner rotatable member for

rotational movement about a second rotational axis
and for movement along a path to permit adjust-
ment in the relative radial position of the rotational
axes;

drive means for drivingly coupling the inner rotatable

member to the hub;
said opening in the end wall of said hub being suffi-
ciently large to accommodate the movement of the
inner rotatable member along said path:; '

flexible seal means between the inner rotatable mem-
ber and the hub for sealing said opening and for
accommodating the movement of said inner rotat-
able member along said path;

means for driving the inner rotatable member; and

means operable by the operator of the vehicle for

moving the inner rotatable member along said path
whereby the drive ratio between the hub and the
inner member can be varied.

10. A wheeled vehicle adapted to be propelled by a
rider comprising:

a frame;

a front wheel rotatably mounted on said frame;

a rear wheel rotatably mounted on said frame:

a first lever mounted on said frame for oscillatory

movement about a first pivotal axis;

a second lever mounted on said frame for oscillatory

movement about a second pivotal axis;

each of said levers having means adapted to cooper-

ate with a foot of the rider to pivot such lever about
its pivotal axis;

transmission means for drivingly coupling said levers

to one of said wheels whereby the oscillatory mo-
tion of the levers drives said one wheel:

said transmission means including first means driven

by said first lever for varying the drive ratio be-
tween the first lever and said one wheel as a func-
tion of the angular position of said first lever about
said first pivotal axis; and
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said transmission means including second means
driven by said first means for varying the drive
ratio between the second means and said one wheel
and control means operable by the rider for con-
trolling said second means whereby the rider can
selectively adjust the drive ratio.

11. A wheeled vehicle as defined in claim 10 wherein
said one wheel includes a centrally located hub, at least
a substantial portion of said second means being housed
by said hub.

12. A wheeled vehicle as defined in claim 10 wherein
said first means includes a cam, a shaft rotatably
mounted on said frame, and means including a one-way
clutch for rotatably mounting said cam on said shaft,
and said transmission means includes means for driv-
ingly coupling said shaft to said second means.

13. A vehicle adapted to move along a supporting
surface comprising:

a frame;

at least one wheel;

means for mounting the wheel on the frame for rota-

tional movement relative to said frame about a first
rotational axis, said wheel being adapted to roll
along the supporting surface;

an input member;

means for mounting the input member on the frame

for movement relative to the frame;

transmission means for drivingly interconnecting the

input member and said wheel so that movement of
the input member drives said wheel;

said transmission means including means for varying

the drive ratio between said input member and said
wheel;

control means operable by the operator of the vehicle

for adjusting said transmission means to thereby
adjust said drive ratio;

said control means including an elongated member

drivingly coupled to the transmission means and
extending to a location accessible to the operator, a
substantially fixed member mounted on said frame,
and a locking element adapted to be wedged be-
tween at least portions of said members to thereby
hold the elongated member in position to maintain
the drive ratio established by the transmission
means substantially constant; and

said control means including means operable by the

operator for releasing the locking element from
wedging engagement with said members to
thereby permit the operator to adjust the drive
ratio established by the transmission means.

14. A vehicle as defined in claim 13 wherein said
releasing means includes at least a portion of the elon-
gated member between the fixed member and said loca-
tion.

15. A vehicle as defined in claim 13 wherein said fixed
member includes a housing member, said elongated
member extending through said housing member, at
least one of said housing member and elongated mem-
ber having a ramp surface thereon, and means for driv-
ing said locking element up said ramp surface to thereby
lock the elongated member to the fixed member.

16. A vehicle as defined in claim 13 wherein said
wheel includes a centrally located hub and at least a
substantial portion of said transmission means is housed
in said hub.

17. A vehicle as defined in claim 1 wherein said inner
rotatable member includes a shaft extending into said
hub, said imparting means includes a drive member
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mounted on and drivingly coupled to said shaft, and
said adjusting means adjusts the radial position of said
shaft.

18. A vehicle as defined in claim 17 wherein said hub
has opposite ends, said first means includes third means
for rotatably mounting one end of said hub on said
frame and fourth means for mounting the other end of
said hub on said frame, said fourth means including a
nonrotatable member outside of said shaft.

19. A vehicle as defined in claim 18 wherein said
nonrotatable member at least partially houses said sec-
ond means.

20. A vehicle as defined in claim 1 wherein said one-
way clutch is mounted on the inner rotatable member
and said drive element drivingly couples the one-way
clutch to the hub.

21. A vehicle as defined in claim 1 wherein said hub
has a peripheral wall and said drive means extends gen-
erally radially outwardly from said inner rotatable
member to said peripheral wall.

22. A vehicle adapted to move along a supporting
surface comprising:

a frame;

at least one wheel, said wheel having a centrally

located hub;

first means cooperable with the hub for mounting the

wheel on the frame for rotational movement rela-
tive to the frame about a first rotational axis, said
wheel being adapted to roll along the supporting
surface;

a shaft at least partially within said hub, said shaft

having a central axis;

second means for mounting said shaft for rotational

movement about a second rotational axis, said sec-
ond rotational axis and said central axis being sub-
stantially coincident, said shaft and said hub being
relatively movable along a path having a radial
component to permit adjustment in the relative
radial position of said first and second rotational
axes;

drive means including at least one one-way clutch for

drivingly coupling said [inner rotatable member}
shaft to said hub;

a drive member mounted on the shaft outside said hub

for driving said shaft; and

means for adjusting the radial position of said shaft to

adjust the drive ratio between said hub and sad
shaft.

23. A vehicle as defined in claim 22 wherein said drive
member includes a first sprocket outside said hub and
wherein said vehicle includes a second sprocket rotatably
mounted on said frame and a chain drivingly engaging
said first and second sprockets whereby the second sprocket
can drive said first sprocket.

24. A vehicle as defined in claim 22 wherein said second
mounting means mounts said shaft in cantilever fashion
whereby a length of said shaft from said second mounting
means through a first end of said shaft is unsupported, said
length of said shaft projects into said hub and has said
one-way clutch mounted thereon.

25. A vehicle as defined in claim 22 wherein said hub has
opposite ends with an opening at least at one of said ends,
said shaft projects through said opening so that a first
portion of said shaft lies outside of said hub and a second

65 portion of said shaft lies inside said hub, said second

mounting means including a mounting member, bearing
means for mounting said mounting member on said hub
adjacent said one end of said hub, @ mounting arm, means
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for mounting said mounting arm on said mounting mem-
ber for pivotal movement about a third axis radially dis-
placed from said second rotationa! axis, and means for
mounting said inner rotatable member on said mounting
arm for rotational movement about said second rotational
axis.
26. A vehicle adapted to move along a supporting surface
comprising:
a frame;
at least one wheel, said wheel having a centrally located
hub;
said hub having an end wall;
first means cooperable with the hub for mounting the
wheel on the frame for rotational movement relative to
the frame about a first rotational axis, said wheel
being adapted to roll along the supporting surface;
an inner rotatable member at least partially within said
hub;
second means for mounting said inner rotatable member
for rotational movement about a second rotational
axis, said inner rotatable member and said hub being
relatively movable along a path having a radial com-
ponent to permit adjustment in the relative radial
position of the first and second rotational axes;
said inner rotatable member extending toward said end
wall, said inner rotatable member and said second
mounting means terminating short of said end wall;
drive means including at least one one-way clutch and at
least one drive element for drivingly coupling said
inner rotatable member to said hub, said one-way
clutch and said drive element being within said hub,
said drive element being drivable along a path which
circumscribes the inner rotatable member;
means for imparting input motion to at least one of said
hub and said inner rotatable member; and
means operable by the operator of the vehicle for adjust-
ing the relative radial position of said rotational axes
whereby the drive ratio between said hub and said
inner rotatable member can be varied by the operator.

27. A vehicle as defined in claim 26 wherein said impart-
ing means imparts input motion to said inner rotatable
member.

28. A vehicle as defined in claim 26 wherein said impart-
ing means includes a drive member outside said hub for
imparting input motion to said inner rotatable member
and said adjusting means moves the inner rotatable mem-
ber and said drive member to adjust the relative radial
position of said rotational axes.

29. A vehicle as defined in claim 28 wherein said second
mounting means supports the inner rotatable member on
one side of said one-way clutch means and said inner rotat-
able member is unsupported on the other side of said one-
way clutch means and radially inwardly of said one-way
clutch means.

30. A vehicle as defined in claim 26 wherein said hub has
an end opposite said end wall and said second means
mounts the inner rotatable member on said end of said hub
whereby said inner rotatable member is unsupported by
said end wall of said hub.

31. A vehicle adapted to move along a supporting surface
comprising.

a frame;

at least one wheel, said wheel having a centrally located

hub;
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first means cooperable with the hub for mounting the
wheel on the frame for rotational movement relative to
the frame about a first rotational axis, said wheel
being adapted to roll along the supporting surface,

an inner rotatable member at least partially within said
hub;

second means for mounting said inner rotatable member
for rotational movement about a second rotational
axis, said inner rotatable member and said hub being
relatively movable along a path having a radial com-
ponent to permit adjustment in the relative radial
position of the first and second rotational axes;

drive means including at least one one-way clutch and at
least one drive element for drivingly coupling said
inner rotatable member to said hub, said one-way
clutch and said drive element being within said hub,
said drive element being drivable along a path which
circumscribes the inner rotatable member;

said second mounting means supporting said inner rotat-
able member on one side of said at least one one-way
clutch whereby the inner rotatable member is unsup-
ported radially inwardly of said one-way clutch and
on the other side of said one-way clutch;

means for imparting input motion to at least one of said
hub and said inner rotatable member; and

means operable by the operator of the vehicle for adjust-
ing the relative radial position of said rotational axes
whereby the drive ratio between said hub and said
inner rotatable member can be varied by the operator.

32. A vehicle adapted to move along a supporting surface
comprising:

a frame;

at least one wheel, said wheel having a centrally located
hub;

first means cooperable with the hub for mounting the
wheel on the frame for rotational movement relative to
the frame about a first rotational axis, said wheel
being adapted to roll along the supporting surface;

an inner rotatable member at least partially within said
hub;

second means for mounting said inner rotatable member
in cantilever fashion whereby a length of the first
rotatable member is unsupported from said second
mounting means through a first end of the first rotat-
able member, said second means mounting the inner
rotatable member for rotational movement about a
second rotational axis and for movement along a path
having a radial component to permit adjustment in
the relative radial position of the first and second
rotational axes;

at least a portion of said length of said first rotatable
member being within said hub;

drive means including at least one one-way clutch and at
least one drive element for drivingly coupling said
length of said inner rotatable member to said hub,
said one-way clutch and said drive element being
within said hub, said drive element being drivable
along a path which circumscribes said length of the
inner rotatable member;

means for imparting input motion to said hub; and

means operable by the operator of the vehicle for moving
the inner rotatable member to adjust the relative ra-
dial position of said rotational axes whereby the drive
ratio between said hub and said inner rotatable mem-

ber can be varied by the operator.
| L ¥ * |
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