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(54) Continuously variable transmission for bicycles

(57) The invention provides a continuously variable
transmission (T) for bicycles which provides better bicy-
cle maneuverability, suffers almost no danger of con-
tacting the ground, and can be reduced in cost.

In the invention, a continuously variable transmis-
sion (T) for bicycles has a transmission mechanism hav-
ing a plurality of link units (U1-U4) for converting rotary
motion of an input shaft rotated by a pedal-operated
crankshaft (12) into swinging motion, and a one-way
clutch (36) for converting the swinging motion into rotary

motion of an output shaft (16). The link units have drive
links pivotally mounted on an eccentric ring which ro-
tates in unison with the input shaft. The continuously
variable transmission (T) is disposed between a front
wheel (WE) and a rear wheel (Wg) of a bicycle (B) inthe
longitudinal direction thereof and disposed either up-
wardly of a hypothetical plane (H2) which contains the
axes of rotation of the front wheel (Wg) and the rear
wheel (Wg) or upwardly of a position below and near the
hypothetical plane (H2).

FIG. 1
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Description
SPECIFICATION

[0001] The presentinvention relates to a continuously
variable transmission for bicycles, and more particularly
to a continuously variable transmission including a plu-
rality of link units for converting rotary motion of an input
shaftinto swinging motion, a one-way clutch for convert-
ing the swinging motion into rotary motion of an output
shaft, and a transmission control mechanism for contin-
uously varying the rotational speed of the output shaft.
[0002] There has heretofore been known a continu-
ously variable transmission for bicycles of the type de-
scribed above, as disclosed in Japanese patent laid-
open No. Sho 54-120146. The continuously variable
transmission, which is disposed nearthe axle of the rear
wheel, has a crankshaft rotatable by a torque transmit-
ted from a drive sprocket of a pedal through a chain to
a driven sprocket, a crank rod pivotally supported on an
eccentric pin of the crankshaft, a one-way clutch dis-
posed on a countershaft, a feed rod having an end piv-
otally mounted on a drive member of the one-way clutch
and another end pivotally mounted on the crank rod, an
output shaft to which rotation of the countershaft is
transmitted, a coupling pin coupling the crank rod and
the feed rod to each other, a turning member with which
apivotshaftis integral, and a link having an end pivotally
mounted on the coupling pin and another end pivotally
mounted on the pivot shaft. The turning member is
swungto change the position of the pivot shaft for there-
by continuously varying a speed change ratio.

[0003] According to the above prior art, since the
transmission which is a heavy object is positioned near
the axle of the rear wheel which is spaced from the cent-
er of gravity of the bicycle body, the maneuverability of
the bicycle is poor. Furthermore, as a portion of the
transmission is positioned below the axle, it may possi-
bly contactthe ground when the bicycle travels on rough
terrain. If the drive sprocket which also serves as a
speed increasing mechanism for increasing the rota-
tional speed of the crankshaft of the continuously vari-
able transmission is of a large diameter, then it may also
possibly contactthe ground, and a difficulty arises in that
the layout of the speed increasing mechanism with re-
spect to the bicycle frame suffers reduced freedom. If
the range of angular movement of the crank rod is
changed to change the range of speed change ratios
depending on the type of the bicycle or due to specifi-
cation changes, then the crankshaft itself need to be re-
placed, resulting in an increase in the cost of the con-
tinuously variable transmission.

[0004] The present invention has been made in view
of the above problems. It is an object of an invention
defined in claims 1 through 3 to provide a continuously
variable transmission for bicycles which provides better
bicycle maneuverability, suffers almost no danger of
contacting the ground, and can be reduced in cost. Itis
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an object of an invention defined in claim 2 to further
avoid contact of a continuously variable transmission
and a drive rotor with the ground. It is an object of an
invention defined in claim 3 to make a speed increasing
mechanism compact to increase the freedom of the lay-
out thereof with respect to a bicycle frame.

[0005] According to an invention defined in claim 1,
there is provided a continuously variable transmission
for bicycles which includes a transmission mechanism
having a plurality of link units, each having a plurality of
transmission links, for converting rotary motion of an in-
put shaft rotated by a pedal-operated crankshaft into
swinging motion, a one-way clutch coupled to each of
the link units for converting the swinging motion of the
link units into rotary motion of an output shaft, and a
transmission control mechanism for moving an end of a
transmission control link having an opposite end pivot-
ally coupled to each of the link units thereby to continu-
ously vary the rotational speed of the output shaft, char-
acterized in that a drive link of the transmission links of
each of the link units is pivotally supported on an eccen-
tric ring coupled to the input shaft for rotation in unison
therewith, the continuously variable transmission being
disposed between front and rear wheels of a bicycle in
a longitudinal direction thereof and either upwardly of a
hypothetical plane which contains the axis of rotation of
the front wheel and the axis of rotation of the rear wheel
or upwardly of a position below and near the hypothet-
ical plane.

[0006] With above arrangement, replacing the eccen-
tricringmakes it possible to change the range of angular
movement of the drive link to change the range of speed
change ratios easily without the need for replacing the
input shaft. The continuously variable transmission is
positioned closer to the center of gravity of the bicycle
body and remoterfrom the ground than with the prior art.
[0007] As aresult, the invention defined in claim 1 of-
fers the following advantages: Because the continuous-
ly variable transmission is disposed between the front
and rear wheels of the bicycle and either upwardly of
the hypothetical plane which contains the axes of rota-
tion of the front and rear wheels or upwardly of a position
below and near the hypothetical plane, the bicycle has
better maneuverability, and the continuously variable
transmission suffers almost no danger of contacting the
ground. Since the drive link of the transmission links of
each of the link units is pivotally supported on the ec-
centric ring coupled to the input shaft, even if the range
of angular movement of the drive link is changed to
change the range of speed change ratios depending on
the type of the bicycle or due to specification changes,
the range of speed change ratios can easily be changed
by replacing the eccentric ring. Inasmuch as the input
shaft can be used as a common part, the cost of the
continuously variable transmission can be reduced.
[0008] Accordingto an invention defined in claim 2, in
the continuously variable transmission for bicycles de-
fined in claim 1, a drive rotor on which an endless trans-
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mission belt for transmitting power is trained is coupled
to an end of the output shaft outside of a case of the
continuously variable transmission, the drive rotor and
the continuously variable transmission being disposed
upwardly of a lowermost end of a bicycle frame.
[0009] With the above arrangement, the drive rotor
positioned outside of the continuously variable trans-
mission and the continuously variable transmission are
prevented from contacting the ground by the lowermost
end of the bicycle frame which is positioned below the
drive rotor and the continuously variable transmission.
[0010] As aresult, the invention defined in claim 2 of-
fers the following advantages in addition to the advan-
tages of the invention defined in claim 1: Because the
drive rotor coupled to the end of the output shaft outside
of the case of the continuously variable transmission
and the continuously variable transmission are dis-
posed upwardly of the lowermost end of the bicycle
frame, it is possible to further avoid contact of the con-
tinuously variable transmission and the drive rotor with
the ground.

[0011] Accordingto aninvention defined in claim 3, in
the continuously variable transmission for bicycles de-
fined in claim 1 or 2, the crankshaft, an idle shaft dis-
posed parallel to the crankshaft, and a speed increasing
gear train which is mounted on the crankshaft and the
idle shaft for increasing the rotational speed of the
crankshaft and transmitting the rotation at the increased
speed to the input shaft are disposed in a case of the
continuously variable transmission.

[0012] Thus, a speed increasing mechanism for in-
creasing the rotational speed of the crankshaft and
transmitting the rotation at the increased speed to the
input shaft includes a speed increasing gear train
mounted on the crankshaft and the idle shaft in the case
of the continuously variable transmission.

[0013] As aresult, the invention defined in claim 3 of-
fers the following advantages in addition to the advan-
tages of the invention referred to: Because the speed
increasing gear train mounted on the crankshaft and the
idle shaft for increasing the rotational speed of the
crankshaft and transmitting the rotation at the increased
speed to the input shaft is disposed in the case of the
continuously variable transmission, the speed increas-
ing mechanism is made compact, and the layout of the
speed increasing mechanism with respect to the bicycle
frame and hence the layout of the continuously variable
transmission with respect to the bicycle frame have in-
creased freedom.

[0014] An embodiment of the present invention will be
described below with reference to FIGS. 1 through 15.
[0015] FIG. 1is aleftside-elevational view of a bicycle
that is equipped with a continuously variable transmis-
sion according to the present invention, the view show-
ing an embodiment of the present invention.

[0016] FIG. 2 is a developed cross-sectional view of
link units of a transmission mechanism of the continu-
ously variable transmission shown in FIG. 1, the view

10

15

20

25

30

35

40

45

50

55

being a cross-sectional view taken along a plane pass-
ing through the axes of rotation of rotational shafts and
the central axes of pivot shafts of the link units, as indi-
cated by line llA - IIA of FIG. 3, and partly a cross-sec-
tional view taken along line IIB - 1IB of FIG. 3.

[0017] FIG. 3 is a right side elevational view of the
continuously variable transmission shown in FIG. 1
which is at a minimum speed change ratio, with a right
case member being removed and various shafts being
shown in cross section.

[0018] FIG. 4 is a front elevational view of gears of a
variable-speed rotation transmitting mechanism of the
continuously variable transmission shown in FIG. 1.
[0019] FIG. 5 is a cross-sectional view taken along
line V-V of FIG. 6.

[0020] FIG. 6 is a right side elevational view of a link
unit of the transmission mechanism of the continuously
variable transmission shown in FIG. 1.

[0021] FIG. 7 is a schematic view illustrative of forms
in which the four link units of the transmission mecha-
nism of the continuously variable transmission shown in
FIG. 1 are pivotally mounted on an input shaft.

[0022] FIG. 8 is a cross-sectional view taken along
lines VIIIA - VIIIA and VIIIB - VIIIB of FIG. 3.

[0023] FIG. 9 is a cross-sectional view taken along
line IX - IX of FIG. 8.

[0024] FIG. 10 is a cross-sectional view of a rear hub
and a driven sprocket of the bicycle, taken along line X
- X of FIG. 11.

[0025] FIG. 11 is a cross-sectional view taken along
line XI - XI of FIG. 10.

[0026] FIG. 12 is a schematic view illustrative of
swinging angular ranges of output links of the continu-
ously variable transmission shown in FIG. 1, (A) being
illustrative of the swinging angular range at a minimum
speed change ratio, (B) being illustrative of the swinging
angular range at a maximum speed change ratio.
[0027] FIG. 13 is a diagram illustrative of angular ve-
locities of an output shaft of the continuously variable
transmission shown in FIG. 1, (A) being illustrative of
the angular velocities at a minimum speed change ratio,
(B) being illustrative of the angular velocities at a max-
imum speed change ratio.

[0028] FIG. 14is adiagram illustrative of torques gen-
erated based on a component of a drive force acting on
the continuously variable transmission shown in FIG. 1
per revolution of the input shaft, (A) being illustrative of
the torques at a minimum speed change ratio, (B) being
illustrative of the torques at a maximum speed change
ratio.

[0029] FIG. 15 is a right side elevational view similar
to FIG. 3, showing the continuously variable transmis-
sion which is at a minimum speed change ratio.

[0030] Referring to FIG. 1 which is a left side-eleva-
tional view of a bicycle that is equipped with a continu-
ously variable transmission according to the present in-
vention, a bicycle B is a downbhill bicycle and is used in
competitions in which it runs down an unpaved course
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with high-speed corners and jump sections, such as
along a forest trail with ups and downs, to compete for
time.

[0031] The bicycle B has a bicycle frame R comprising
a head pipe 1 which steerably supports on its lower end
a front fork 5 having a pair of left and right legs on which
a front wheel W is supported by an axle, a pair of left
and right main frames 2 extending rearwardly and ob-
liquely downwardly from the head pipe 1, a down tube
3 extending rearwardly and obliquely downwardly from
front ends of the main frames 2 below the main frames
2, and a saddle frame 4 extending from a central portion
of the main frames 2 and supporting a saddle 6.
[0032] A pair of left and right swing arms 8 have front
ends angularly movably supported on a pivot shaft 7
mounted on rear portions of the main frames 2, and rear
ends supporting an axle 9 on which a rear wheel Wg is
rotatably supported. The swing arms 8 is coupled to cen-
tral portions of the main frames 2 by a suspension 10,
and is vertically swingable about the pivot shaft 7. A con-
tinuously variable transmission T disposed between the
front wheel Wg and the rear wheel W in the longitudinal
direction of the bicycle is positioned between the rear
portions of the main frames 2 and the rear portion of the
down tube 3 and supported thereby. The continuously
variable transmission T is disposed either upwardly of
a hypothetical plane H2 which contains the axis of rota-
tion of the front wheel Wi and the axis of rotation of the
rear wheel Wy or upwardly of a position below and near
the hypothetical plane H2, and is also disposed upward-
ly of a lowermost end 3a1 of the down tube 3 which
serves as the lowermost end of the bicycle frame R. The
continuously variable transmission T has a lower end
covered with a lower end portion 3a, including the low-
ermost end 3a1, of the down tube 3 which is positioned
near the lower end of the continuously variable trans-
mission T in the transverse direction (leftward and right-
ward direction) of the bicycle. The illustrated positions
of the axes of rotation of the front wheel W and the rear
wheel Wy are those assumed when no driver is riding
on the bicycle.

[0033] Referring also to FIG. 2, a crankshaft 12 is dis-
posed on a lower portion of the continuously variable
transmission T and has a main shaft 12a housed in a
case 11 of the continuously variable transmission T and
a pair of crank arms 12b joined respectively to left and
right ends of the main shaft 12a which project out of the
case 11. The crankshaft 12 and pedals 12 rotatably sup-
ported on the respective crank arms 12b make up a ped-
al-operated crankshaft.

[0034] Anoutputshaft16is disposedon an upperpor-
tion of the continuously variable transmission T and
housed in the case 11. The output shaft 16 has a right
end projecting out of the case 11, and a drive sprocket
17 serving as a drive rotor is coupled to the right end of
the output shaft 16 which is disposed outside of the case
11. A chain 19 serving as an endless transmission belt
is trained around the drive sprocket 17 and a driven
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sprocket 18 which is coupled to a rear hub 80 (see FIG.
10) of the rear wheel Wy with a one-way clutch 82 in-
terposed therebetween. The output shaft 16 is disposed
with respect to the bicycle frame R such that it is posi-
tioned near a hypothetical plane H1 which contains the
central axes of the pivot shaft 7 and the axle 9. The drive
sprocket 17 is disposed either upwardly of the hypothet-
ical plane H2 or upwardly of a position below and near
the hypothetical plane H2, and also disposed upwardly
of the lowermost end 3ai of the down tube 3. The ex-
pression "upwardly of a position below and near the hy-
pothetical plane H2" refers to upwardly of the position
of the lower end of the driven sprocket 18 in the vertical
direction, for example.

[0035] Therefore, the torque of the crankshaft 12
which is rotated by the driver is transmitted through the
output shaft 16 of the continuously variable transmission
T and a transmitting mechanism which has the drive
sprocket 17, the driven sprocket 18, and the chain 19 to
the rear wheel Wy which is a drive wheel coupled to the
output shaft 16, thereby the rear wheel W is driven ro-
tatably.

[0036] The continuously variable transmission T will
be described below with reference to FIGS. 2 and 3. The
case 11 comprises a pair of left and right case members
11a, 11b which are fastened to each other by bolts. The
main shaft 12a has portions near its opposite ends, an
idle shaft 14 has opposite ends, and the output shaft 16
has portions near its left and right ends, rotatably sup-
ported on the case 11 by pairs of left and right bearings
20a, 20b; 20c, 20d; 20e, 20f held respectively by the
case members 11a, 11b. In the case 11, there are dis-
posed a first drive gear 22 and a second driven gear 24
which are mounted on the main shaft 12a and arranged
successively in the order named from the right bearing
20b which is one of the bearings supporting the main
shaft 12a. The first drive gear 22 is operatively coupled
to the main shaft 12a by a one-way clutch 28 which
transmits only a torque in a normal direction A0 (a di-
rection to move the bicycle B forward, a normal direction
in which various shafts and sprockets rotate when the
crankshaft 12 rotates in the normal direction will herein-
after be denoted by A0) in which the crankshaft 12 ro-
tates to the first drive gear 22. The second driven gear
24 is rotatably supported on the main shaft 12a by a
bearing 29.

[0037] The idle shaft 14 which lies parallel to the main
shaft 12a in the case 11 supports thereon a first driven
gear 23 held in mesh with the first drive gear 22 and a
second drive gear 25 held in mesh with the second driv-
en gear 24. Athird drive gear 26 is integrally fixed to and
disposed adjacent to the second driven gear 24. The
third drive gear 26 is held in mesh with a third driven
gear 27 which is splined to an input shaft 15 for rotation
therewith, the input shaft 15 having opposite ends rotat-
ably supported by the respective case members 11a,
11b by respective bearings 30a, 30b.

[0038] The drive gears 22, 25, 26 are larger in diam-
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eter than the driven gears 23, 24, 27 with which they
mesh. The drive gears 22, 25, 26 and the driven gears
23, 24, 27 which mesh with each other jointly make up
a speed increasing gear train having three speed in-
creasing stages for increasing the rotational speed of
the crankshaft 12 and transmitting the rotation at the in-
creased rotational speed to the input shaft 15. There-
fore, the input shaft 15 driven by the crankshaft 12
through a speed increasing mechanism M1 which com-
prises the speed increasing gear train disposed in the
case 11 rotates at a rotational speed greater than the
rotational speed of the crankshaft 12, i.e., at a rotational
speed which is about 11 times the rotational speed of
the crankshaft 12 in this embodiment.

[0039] As shown in FIG. 4, the third drive gear 26 and
the third driven gear 27 comprise noncircular gears. The
drive gear 26 and the third driven gear 27 mesh with
each other at such a timing to reduce pulsations of the
rotational speed of the output shaft 16, and jointly make
up a variable-speed rotation transmitting mechanism
M2 for rotating the input shaft 15 at a variable speed.
Specifically, the third driven gear 27 has as many peaks
27a and as many valleys 27b as the number of link units
U1 through U4, to be described later on, of the continu-
ously variable transmission T, i.e., has four peaks 27a
and four valleys 27b in the present embodiment, and the
third drive gear 26 has as many peaks 26a and as many
valleys 26b as an integral multiple of the number of the
peaks 27a and the number of the valleys 27b, i.e., has
16 peaks 26a and 16 valleys 26b in the present embod-
iment. The valleys 26b of the third drive gear 26 and the
peaks 27a of the third driven gear 27 mesh with each
other and the peaks 26a of the third drive gear 26 and
the valleys 27b of the third driven gear 27 mesh with
each other at respective times when the pulsating rota-
tional speed of the output shaft 16 is maximum and min-
imum, respectively. The crankshaft 12 and the input
shaft 15 are operatively coupled to each other by the
variable-speed rotation transmitting mechanism M2
which is incorporated in the speed increasing mecha-
nism M1 for reducing pulsations of the rotational speed
of the output shaft 16.

[0040] As shown in FIGS. 2 and 3, the input shaft 15
is operatively coupled to the output shaft 16 by a trans-
mission mechanism M3 having a plurality of, i.e., fourin
the present embodiment, link units U1 through U4 for
converting rotary motion of the input shaft 15 into swing-
ing motion, and a one-way clutch 36 coupled to the link
units U1 through U4 for converting swinging motion of
the link units U1 through U4 into rotary motion in the
normal direction AO of rotation of the output shaft 16.
The transmission mechanism M3 is controlled by a
transmission control mechanism M4 which is operated
when the driver operates a transmission lever (not
shown) as a transmission control member. The trans-
mission control mechanism M4 continuously varies a
speed change ratio which is a ratio of the rotational
speed of the output shaft 16 to the rotational speed of
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the crankshaft 12.

[0041] Referring also to FIGS. 5 and 6, each of the
link units U1 through U4 comprises a plurality of, three
in the present embodiment, of transmission links. Spe-
cifically, each of the link units U1 through U4 comprises
a drive link 31 pivotally mounted eccentrically on the in-
put shaft 15, an output link 33 operatively coupled to the
output shaft 16 by a one-way clutch 36, and a transmit-
ting link 32 angularly movably supported on, i.e., pivot-
ally coupled to the drive link 31 by a first pivot shaft 34
as afirst pivot support and angularly movably supported
on, i.e., pivotally coupled to the output link 33 by a sec-
ond pivot shaft 35 as a second pivot support.

[0042] The drive link 31 comprises an annular first
joint 31a and a bifurcated second joint 31b joined to the
firstjoint 31a and having a pair of plates 31b1. The trans-
mitting link 32 comprises a pair of plates 32c coupled to
each other at ends 32a thereof by a rivet 37 with a gap
provided therebetween. The output link 33 comprises a
first joint 33a sandwiched between the plates 32c of the
transmitting link 32 and an annular second joint 33b
joined to the first joint 33a.

[0043] The first joint 31a is pivotally supported by a
slide bearing 39 on an outer circumferential surface of
an eccentric ring 38 which is splined to the input shaft
15 for rotation therewith. Therefore, the drive link 31 is
pivotally mounted eccentrically on the input shaft 15.
The central axis of the eccentric ring 38, i.e., the axis
around which the drive link 31 is angularly movable, is
offset from the axis of rotation of the input shaft 15 by a
predetermined distance. As shown in FIGS. 5 and 6, the
first joint 31a has a plurality of, e.g., four, circumferen-
tially equally spaced oil grooves 31c defined radially
therein. Lubricating oilinthe case 11 is supplied through
the oil grooves 31c to the slide bearing 39.

[0044] The transmitting link 32 is angularly movably
supported on the first pivot shaft 34 which is fixedly sup-
ported on the plates 31b1 of the second joint 31b, by a
needle bearing 40 disposed between the plates 31b1.
The needle bearing 40 comprises an inner race 40a fit-
ted over the first pivot shaft 34 and fixedly sandwiched
between the plates 31b1, an outer race 40b disposed
radially outwardly of the inner race 40a and fitted in
holes defined in the ends 32a of the plates 32c, and a
plurality of needles 40c disposed between the innerrace
40a and the outer race 40b. The needles 40c are pre-
vented from moving axially by the plates 31b1 of the
drive link 31 with a pair of thrust washers 43 interposed
therebetween which are disposed on opposite ends of
the needle bearing 40. Since the needles 40c are ar-
ranged with no circumferential gaps therebetween, no
retainer is required to hold the needles 40c. Therefore,
the needle bearing 40 comprises a retainerless needle
bearing which is free of retainers. The outer race 40b
has a plurality of circumferentially spaced, i.e., eight cir-
cumferentially equally spaced in the present embodi-
ment, oil holes 40d defined therein.

[0045] The first joint 33a of the output link 33 is angu-
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larly movably supported by a needle bearing 41 on the
second pivot shaft 35 which is fixedly supported on other
ends 32b of the plates 32c, so that the transmitting link
32 is supported on the output link 33 for relative angular
movement with respect thereto. The needle bearing 41
comprises a plurality of needles 41a disposed on an out-
er circumferential surface of the second pivot shaft 35
and surrounded in position by the first joint 33a of the
output link 33. The needles 41a are prevented from
moving axially by the plates 32¢ of the transmitting link
32 with a pair of thrust washers 44 interposed therebe-
tween which are disposed on opposite ends of the nee-
dles 41a. The needles 41a are arranged with no circum-
ferential gaps therebetween. Therefore, the needle
bearing 41 comprises a retainerless needle bearing, as
with the needle bearing 40. As shown in FIG. 6, the first
joint 33a has a plurality of, e.g., three, circumferentially
equally spaced oil holes 33c defined in sides thereof.
Lubricating oil in the case 11 is supplied through the oil
grooves 33c to the needle bearing 41.

[0046] The second joint 33b of the output link 33 is
operatively coupled to the output shaft 16 by the one-
way clutch 36 which transmits only a torque to rotate the
output shaft 16 inthe normal direction A0 from the output
link 33 which swings about the axis of rotation of the
output shaft 16. The one-way clutch 36 transmits the
torque from the output links 33 to the output shaft 16
only when the output links 33 swing at an angular ve-
locity o (see FIG. 13) in the normal direction AO of rota-
tion of the output shaft 16, i.e., only when the output links
33 swing at an angular velocity greater than the rota-
tional speed in the normal direction AO of rotation of the
output shaft 16. The one-way clutch 36 has an outer
member constructed as the second joint 33b and an in-
ner member as the output shaft 16, and hence is oper-
atively coupled to the output link 33 and the output shaft
16.

[0047] As shown in FIG. 2, the four link units U1
through U4 are arranged side by side at equally spaced
intervals along the axes of rotation of the input shaft 15
and the output shaft 16 which lie parallel to each other,
i.e., inthe transverse direction of the bicycle. Specifical-
ly, two annular collars 46, which serve as spacers for
keeping the adjacent link units U2, U3; U3, U4 spaced
from each other along the axes of rotation of the input
and output shafts 15, 16, are fitted over the input shaft
15 laterally of the first joints 31a of the drive links 31.
The collars 46 are disposed between the adjacent link
units U2, U3 and the adjacent link units U3, U4. To keep
the adjacent link units U1, U2 spaced from each other
near the right end of the input shaft 15, the third driven
gear 27 is disposed between these link units U1, U2,
[0048] Specifically, in the continuously variable trans-
mission T, in orderto minimize the length of the idle shaft
14 on which the first driven gear 23 and the second drive
gear 25 of the speed increasing mechanism M1 are
mounted, the idle shaft 14 being disposed on one side,
i.e., the right side, of the transverse direction (leftward
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and rightward direction) of the bicycle, which is also the
direction of the axis of rotation of the crankshaft 12, and
also to reduce the weight and size of the second driven
gear 24 and the third drive gear 26 which are mounted
on the main shaft 12a, the third driven gear 27 held in
mesh with the third drive gear 26 is coupled to the input
shaft 15 between the link unit U1 on the right end, which
is a particular link unit closest to the bearing 30b by
which the input shaft 15 is rotatably supported, and the
link unit U2 adjacent to the link unit U1.

[0049] As shownin FIGS. 2 and 3, the drive link 31 of
the link unit U1 on the right end is disposed between the
firstdrive gear22 and the third drive gear 26 in the trans-
verse direction of the bicycle. Because of its reciprocat-
ing motion, the drive link 31 is disposed in a position
overlapping the first drive gear 22 and the third drive
gear 26 in the radial direction of the main shaft 12a.
[0050] Threeannularcollars 47 serving as spacers for
keeping the adjacent link units U1, U2; U2, U3; U3, U4
are fitted over the output shaft 16 laterally of the second
joint 33b of the output link 33.

[0051] As shown in FIG. 7, the drive links 31 of the
four link units U1 through U4 are pivotally mounted on
the input shaft 15 in different phases. In the present em-
bodiment, the drive links 31 are pivotally mounted on
the input shaft 15 such that the axes of angular move-
ment of all the drive links 31 are spaced at equal angles
of 90° circumferentially around the input shaft 15. FIG.
7 shows athird pivot shaft 53, a support shaft 59, afourth
pivot shaft 61, and a second intermediate link 62 at the
time transmission control links 54, to be described later
on, are in a minimum speed change ratio position.
[0052] AsshowninFIG. 2, in each of the link units U1
through U4, the opposite ends of the eccentric rings 38
and the slide bearings 39 in their axial direction are cov-
ered with a pair of disk-shaped covering plates 49 which
are splined to the input shaft 15. The covering plates 49
are prevented from moving on the input shaft 15 in the
axial direction thereof by the collars 46, 48 and the third
driven gear 27.

[0053] AsshowninFIGS.2,3, and 8, the transmission
control mechanism M4 comprises, in a position nearthe
first pivot shafts 34 (central shafts 52 to be described
later on are shown by two-dot-and-dash lines in FIG. 3),
a support member 51 angularly movably supported on
the case members 11a, 11b by bearings 50, transmis-
sion control links 54 pivotally mounted on the respective
link units U1 through U4 by the first pivot shafts 34 and
pivotally mounted on the support member 51 by a third
pivot shaft 53 serving as a third pivot support, a control
shaft 57 angularly movable in unison with a drum 56 en-
gaged by an end of a control wire 55 which is connected
to the transmission lever (not shown), a support shaft
59 operatively coupled to the control shaft 57 by protru-
sions 58e3 to be described later on, a first intermediate
link 60 angularly movable in unison with the support
shaft 59, and a second intermediate link 62 pivotally
mounted on the support member 51 by the third pivot
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shaft 53 and pivotally mounted on the first intermediate
link 60 by a fourth pivot shaft 61 serving as a fourth pivot
support. The first intermediate link 60 and the second
intermediate link 62 jointly make up a link mechanism.
[0054] As shown in FIGS. 2, 3, 5, and 6, each of the
four transmission control links 54 which make up a
transmission control link train has an annular distal end
54a as one end thereof which is sandwiched between
the plates 32¢ of the transmitting link 32 around the nee-
dle bearing 40 and angularly movably supported on the
needle bearing 40 by a needle bearing 63. Thus, the
transmission control links 54 are pivotally mounted on
the drive links 31 and the transmitting links 32 by the
first pivot shafts 34 of the respective link units U1
through U4. The needle-bearing 63 comprises a plural-
ity of needles 63a disposed on the outer circumferential
surface of the outer race 40b and surrounded in position
by the annular distal end 54a. Between the plates 31b1
of the drive link 31 in the transverse direction of the bi-
cycle, therefore, there are disposed the two needle
bearings 40, 63 which are stacked radially on the first
pivot shaft 34 and disposed coaxially therewith. The
needles 63a are prevented from moving axially by the
plates 32¢ of the transmitting link 32 with a pair of thrust
washers 64 interposed therebetween which are dis-
posed on opposite ends of the needles 63a. The nee-
dles 63a are arranged with no circumferential gaps ther-
ebetween. Therefore, as with the needle bearing 40, the
needle bearing 63 comprises a retainerless needle
bearing.

[0055] As shownin FIGS. 5 and 6, the distal end 54a
has a plurality of circumferentially spaced, i.e., four cir-
cumferentially equally spaced in the present embodi-
ment, oil grooves 54c¢ defined in opposite sides thereof.
Lubricating oil filled in the case 11 is supplied through
the oil grooves 54c to the needle bearing 63 and then
through the oil holes 40d in the outer race 40b to the
needle bearing 40. As shown in FIG. 3, the right case
member 11b has a breather pipe 65 and a drain bolt 66
for draining lubricating oil from the case 11.

[0056] As shown in FIGS. 2, 3, and 8, the support
member 51 comprises a U-shaped support link 51a bent
from aplate, and a coupling shaft 51b serving as a spac-
erfitted in opposite ends of the support link 51a for keep-
ing the opposite ends of the support link 51a spaced in
the transverse direction of the bicycle. The support link
51a comprises a pair of parallel sides 51a1 facing each
other in the transverse direction of the bicycle and a joint
51a2joinedtothe sides 51a1. Central shafts 52 are sup-
ported on the case members 11a, 11b by the bearings
50 and fixed to the respective sides 51a1, so that the
support member 51 is angularly movably supported in
the case 11, together with the central shafts 52 disposed
in sandwiching relation to all the link units U1 through
U4 in the transverse direction of the bicycle. Therefore,
the support member 51 is swingable about the central
shafts 52. One of the sides, i.e., the right side 51a1, of
the support link 51a has a pair of abutment surfaces
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51a3, 51a4 formed thereon for abutment against re-
spective first and second stoppers 67, 68 (see FIG. 3)
projecting on the inner surface of the right case member
11b. The first and second stoppers 67, 68 define mini-
mum and maximum speed change ratio positions, re-
spectively, of the transmission control links 54.

[0057] As shown in FIG. 8, the third pivot shaft 53 is
fixed to and integrally supported by the sides 51ai of
the support member 51, the third pivot shaft 53 extend-
ing between the sides 51a1 nearthe joint 51a2. The four
transmission control links 54 whose distal ends 54a are
pivotally mounted on the four link units U1 through U4,
respectively, have annular proximal ends 54b as other
ends thereof which are pivotally mounted on the third
pivot shaft 53 by needle bearings 69 each having a plu-
rality of needles 69a, and hence pivotally mounted on
the support member 51. Each of the proximal ends 54b
has a plurality of circumferentially spaced, i.e., four cir-
cumferentially equally spaced in the present embodi-
ment, oil grooves 54c defined in opposite sides thereof.
Lubricating oil filled in the case 11 is supplied through
the oil grooves 54c¢ to the needle bearing 69.

[0058] The transmission control links 54 are arranged
at equally spaced intervals on the third pivot shaft 53 in
the axial direction (the transverse direction of the bicy-
cle), using a collar 70 and the second intermediate link
62. Specifically, the collar 70 serving as a spacer is dis-
posed between the two central adjacent transmission
control links 54 (these transmission control links 54 are
pivotally mounted on the link units U2, U3). The second
intermediate link 62 has a bifurcated portion having two
distal ends 62a pivotally mounted on the third pivot shaft
53 by respective slide bearings 71 between the trans-
mission control links 54 at the opposite ends (these
transmission control links 54 are pivotally mounted on
the link units U1, U4) and the transmission control links
54 adjacent thereto. The distal ends 62a that are dis-
posed between the sides 51a1 of the support member
51 are thus used as a spacer which has the same func-
tion as the collar 70.

[0059] As shown in FIGS. 8 and 9, the support shaft
59 is angularly movably supported on the left case mem-
ber 11a by abearing 72. The support shaft 59 is held on
the right case member 11b by a two-way clutch 58 which
functions as two one-way clutches for preventing a com-
ponent (see FIG. 14) of a drive force acting from the in-
put shaft 15 on the drive links 31 of the link units U1
through U4, from turning the drum 56 through the first
pivot shaft 34, the transmission control links 54, the sup-
port member 51, the third pivot shaft 53, the second in-
termediate link 62, the first intermediate link 60, and the
support shaft 59.

[0060] The two-way clutch 58 comprises an outer
race 58a fixed to the right case member 11b, an inner
race 58b comprising a member rotatable in unison with
the support shaft 59, i.e., a portion of the support shaft
59 in the present embodiment, an even number of, eight
in the present embodiment, rollers 58c disposed in an
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accommodating space defined radially between the rac-
es 58a, 58b, clutch springs 58d comprising compression
springs disposed in the accommodating space circum-
ferentially between pairs of the rollers 58¢, and a retain-
er 58e disposed circumferentially between pairs of the
rollers 58c remote from the clutch springs 58d.

[0061] The retainer 58e is integrally formed with the
control shaft 57, and is brought into abutment against
the rollers 58c when the control shaft 57 is angularly
moved in a direction A2 for making a shift-up (hereinaf-
ter referred to as "up direction A2") and also when the
control shaft 57 is angularly moved in a direction A3 for
making a shift-down (hereinafter referred to as "down
direction A3"). Specifically, the retainer 58e has a pair
of first holders 58e1 positioned in diametrically opposite
relation to each other across the control shaft 57 and
having respective engaging members comprising pro-
trusions 58e3 which are engageable with engaging
members comprising recesses 58b1 defined in the inner
race 58b, and second holders 58e2 positioned circum-
ferentially between the first holders 58e1.

[0062] Gaps 58f are defined between the recesses
58b1 and the protrusions 58e3 for allowing the retainer
58e and the inner race 58b to angularly move relatively
to each other. Due to such relative motion until the pro-
trusions 58e3 engage wall surfaces of the recesses
58b1, the first and second holders 58e1, 58e2 press the
rollers 58c against the resilient forces of the clutch
springs 58d, preventing the rollers 58¢c from being
wedged (locked) between the outer race 58a and the
inner race 58b, i.e., bringing the rollers 58c¢ into an un-
locked state.

[0063] The inner race 58b has on its outer circumfer-
ential surface a cam surface 58b2 which makes the ac-
commodating space different in radial width in the cir-
cumferential direction, for causing rollers 58¢1 in the up
direction A2, among the pairs of the rollers 58¢ which
confront each other across the clutch springs 58d, to al-
low the support shaft 59 to angularly move in the up di-
rection A2 and prevent the support shaft 59 from angu-
larly moving in the down direction A3, and also for caus-
ing rollers 58c2 in the down direction A3, among the
pairs of the rollers 58c which confront each other across
the clutch springs 58d, to allow the support shaft 59 to
angularly move in the down direction A3 and prevent the
support shaft 59 from angularly moving in the up direc-
tion A2.

[0064] When a control force applied to the transmis-
sion lever causes the control wire 55 to angularly move
the drum 56 in the up direction A2, the first and second
holders 58e1, 58e2 angularly move relatively to each
other in the up direction A2, engaging the rollers 58c2
to bring the rollers 58¢2 into the unlocked state, as in-
dicated by the two-dot-and-dash lines in FIG. 9. There-
after, the protrusions 58e3 engage the wall surfaces of
the recesses 58b1, causing the first holders 58e1 to en-
gage the inner race 58b and angularly move in the up
direction A2 in unison with the support shaft 59. Con-
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versely, when a control force applied to the transmission
lever causes the control wire 55 to angularly move the
drum 56 in the down direction A3, the first and second
holders 58e1, 58e2 angularly move relatively to each
otherinthe down direction A3, engaging the rollers 58c1
to bring the rollers 58c1 into the unlocked state. There-
after, the protrusions 58e3 engage the wall surfaces of
the recesses 58b1, causing the first holders 58e1 to en-
gagethe inner race 58b and angularly move in the down
direction A3 in unison with the support shaft 59.

[0065] Referringto FIG. 12, while the crankshaft 12 is
in rotation, the link units U1 through U4 transmit a torque
through the output links 33 and the one-way clutches 36
to the output shaft 16, thus rotating the output shaft 16.
The drive force applied from the input shaft 15 to recip-
rocally move the drive links 31 of the link units U1
through U4 has a component acting from the first pivot
shafts 34 through the transmitting links 32 on the output
links 33 and another component F acting from the first
pivot shafts 34 on the transmission control links 54. As
viewed from the axis of rotation of the input shaft 15, the
component F produces a moment about the central
shafts 52 which are positioned substantially centrally on
the path of movement of the first pivot shafts 34 which
are reciprocally moved by the rotation of the input shaft
15. (The central shafts 52, the first through third pivot
shafts 34, 35, 53, and the input shaft 15 are disposed
parallel to each other.) The moment is reversed across
the central shafts 52 depending on the position of the
first pivot shafts 34, i.e., the moment becomes either a
moment m tending to swing the third pivot shaft 53 clock-
wise or amoment mtending to swing the third pivot shaft
53 counterclockwise. The moment generates a torque
Ta (see FIG. 3) tending to cause the second intermedi-
ate link 62 and the first intermediate link 60 to angularly
move the support shaft 59 in the up direction A2 or the
down direction A3. As shown in FIG. 14, the torque Ta
has a magnitude and a direction corresponding to a
change in the drive force acting on the drive links 31 of
the link units U1 through U4 which are rotating the output
shaft 16. In FIG. 14, the reference characters U1
through U4 represent link units which are rotating the
output shaft 16, and the reference characters To repre-
sent values indicative of criteria for the magnitude of the
torque Ta. If no control force is applied through the con-
trol wire 55 to the retainer 58e at this time, then even
when the torque Ta acts to turn the support shaft 59 in
either the up direction A2 or the down direction A3, the
rollers 58c are locked, preventing the support shaft 59
from turning. When a control force for making a shift-up
(a shift-down, a description corresponding to a shift-
down will be inserted in parentheses) is acting on the
retainer 58e, if the torque Ta acts to turn the support
shaft 59 in the up direction A2 (the down direction A3),
thenthe torque Ta serves as an assistive force, reducing
the control force. If the torque Ta acts to turn the support
shaft 59 in the down direction A3 (the up direction A2),
then the rollers 58c¢ are locked, preventing the support
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shaft 59 from turning in the down direction A3 (the up
direction A2).

[0066] Therefore, the control shaft 57, the two-way
clutch 58, the support shaft 59, the first intermediate link
60, the fourth pivot shaft 61, and the second intermedi-
ate link 62 jointly make up a transmitting mechanism M5
for transmitting the control force from the control lever
to the third pivot shaft 53.

[0067] The rearhub 80 andthe driven sprocket 18 will
be described below with reference to FIGS. 10 and 11.
The driven sprocket 18 is mounted on a right end of the
rear hub 80 which is rotatably supported on the axle 9
by a bearing 81, by a one-way clutch 82 disposed radi-
ally outwardly of the right end of the rear hub 80. The
one-way clutch 82 has a right end covered with a cover
83 provided betweenthe driven sprocket 18 and the axle
9.

[0068] The one-way clutch 82 serves to transmit a
torque for rotating the rear wheel Wg in the normal di-
rection AO from the chain 19 to the rear wheel Wg. The
one-way clutch 82 comprises an outer race 82a com-
prising the driven sprocket 18 operatively coupled to the
chain 19, an inner race 82b fastened to the rear hub 80
by screws for rotation with the rear wheel Wy, a plurality
of, ten in the present embodiment, circumferentially
spaced rollers 82c disposed in an accommodating
space S defined radially between the races 82a, 82b, a
retainer 82d for keeping the circumferentially adjacent
rollers 82c spaced circumferentially, and clutch springs
82e comprising compression springs disposed between
the outer race 82a and the retainer 82d.

[0069] The retainer 82d comprises annular large- and
small-diameter rings 82d1, 82d2 spaced from each oth-
er in the transverse direction of the bicycle, a plurality
of, teninthe present embodiment, holders 82d3 coupled
to the rings 82d1, 82d2 and extending in the transverse
direction of the bicycle, the holders 82d3 being posi-
tioned between the circumferentially adjacent rollers
82c¢, and a positioner comprising protrusions 82d4 inte-
grally formed with a pair of holders 82d3, positioned in
diametrically opposite relation to each other and extend-
ing through oblong holes 18a defined in the driven
sprocket 18, the protrusions 82d4 projecting to the right
from the oblong holes 18a. The protrusions 82d4 en-
gage in engaging portions comprising recesses 83a de-
fined in the cover 83, so that the cover 83 and the re-
tainer 82d are rotatable in unison with each other.
[0070] Each of the rollers 82c can be brought into a
state (locked state as indicated by the two-dot-and-dash
lines in FIG. 11) in which it is wedged (locked) between
a cam surface 82a1 on the inner circumferential surface
of the outer race 82a and the inner race 82b for causing
the outer race 82a and the inner race 82b to rotate in
unison with each other, and a state (unlocked state) in
which it is not wedged between the cam surface 82a1
and the inner race 82b for allowing the outer race 82a
and the inner race 82b to rotate independently of each
other. The oblong holes 18a are of such a shape as to
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provide a circumferential gap between themselves and
the protrusions 82d4 so that the outer race 82a can ro-
tate relatively to the retainer 82d by a predetermined an-
gle 6 3 to be described later on.

[0071] The clutch springs 82¢ are disposed between
a pair of diametrically opposite holders 82d3, and the
outer race 82a for normally biasing the holders 82d3,
into abutment against the outer race 82a in the normal
direction A0 under their resilient forces. Specifically, the
outer race 82a has a pair of recesses 82f defined in its
inner circumferential surface at respective positions that
radially confront the holders 82d3,, and the holders
82d3, have protrusions n formed on their outer circum-
ferential surfaces and placed in the respective recesses
82f. The clutch springs 82¢ are disposed respectively in
the recesses 82f. The clutch springs 82e have ends
away from the normal direction A0 which are held
against the outer race 82a and other ends toward the
normal direction AO which are held against the protru-
sions n. The clutch springs 82e thus normally bias the
protrusions n into abutment against the outer race 82a
in the normal direction under their resilient forces.
[0072] Because of the clutch springs 82e for applying
resilientforces between the outer race 82a and the hold-
ers 82d3,, the outer race 82a and the retainer 82d take
a first angular position (indicated by the solid lines in
FIG. 11) in which the protrusions n abut against the outer
race 82a in the normal direction A0 and the rollers 82¢c
are in the unlocked state, except when the outer race
82a rotates in the normal direction AO.

[0073] The cover 83 covers an opening of the one-
way clutch 82 to prevent lubricating oil in the accommo-
dating space S from leaking out and also prevent foreign
matter such as water, dust, etc. from entering the ac-
commodating space S. The cover 83 is normally biased
to move radially outwardly by resilient forces of an an-
nular friction spring 85 which comprises a wire fixed to
a shaft sleeve 84 fitted over and fixed to the axle 9. The
cover 83 is also held in slidable contact with the annular
friction spring 85. In the one-way clutch 82, the gap be-
tween the outer circumferential surface of the cover 83
and the outer race 82a is hermetically sealed by a seal
86, the gap between the inner circumferential surface of
the cover 83 and the shaft sleeve 84 is hermetically
sealed by a seal 87, and the gap between the innerrace
82b and the outer race 82a remote from the cover 83 is
hermetically sealed by a seal 88.

[0074] The friction spring 85 is set under a load which
is selected in magnitude to allow the outer race 82a to
rotate through a predetermined angle 63 in the normal
direction AO with respectto the retainer 82d, causing the
outer race 82a to elastically deform the clutch springs
82e immediately after having started to rotate in the nor-
mal direction AO, and which is also selected in magni-
tude to allow the cover 83 to rotate in unison with the
retainer 82d, the outer race 82a (the driven sprocket 18),
and the inner race 82b when the rollers 82¢ are in the
locked state and the one-way clutch 82 are engaged.
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[0075] Because of frictional forces between the cover
83 and the friction spring 85, there is no relative rotation
cause between the axle 9 and the retainer 82d when the
rollers 82c are in the unlocked state and the one-way
clutch 82 which has been disengaged is brought into an
engaged state immediately after the outer race 82a has
started rotating in the normal direction AO. Therefore,
the clutch springs 82e are compressed by the driven
sprocket 18 (the outer race 82a) which rotates in the nor-
mal direction against the resilient forces of the clutch
springs 82e, whereupon the outer race 82a and the re-
tainer 82d takes a second angular position in which the
outer race 82a has angularly moved the angle 63 with
respect to the retainer 82d, with the retainer 82d being
held to keep the rollers 82¢ in the locked state. When
the one-way clutch 82 is engaged, the retainer 82d and
the outer race 82a (the driven sprocket 18) are main-
tained in the second angular position, and rotate in uni-
son with the cover 83 and the innerrace 82b. Therefore,
the friction spring 85 and the cover 83 jointly make up a
holding means for holding the retainer 82d to allow the
outer race 82a to rotate through the angle 63 in the nor-
mal direction with respect to the retainer 82d immedi-
ately after the driven sprocket 18 has started rotating in
the normal direction AO.

[0076] Due tothe one-way clutch 82, when the driven
sprocket 18 rotates in the normal direction A0, the rollers
82c are locked, causing the driven sprocket 18 and the
rear hub 80 to rotate in unison with each other. When
the driver stops pushing the pedals 13 while the bicycle
B is running or when the bicycle B is moved forward with
the driver not riding thereon, the driven sprocket 18 is
rotated back in a direction opposite to the normal direc-
tion A0 by an angular interval commensurate with a
slack in the chain 19 under the resiliency of the clutch
springs 82e, and at the same time only the rear hub 80
rotates in the normal direction, thus unlocking the rollers
82c and disengaging the one-way clutch 82. With the
driven sprocket 18 being stopped, only the rear wheel
Wpg, i.e., only the rear hub 80, rotates in the normal di-
rection A0. When the bicycle B is moved backward with
the driver not riding thereon, for example, since the driv-
en sprocket 18 has rotated in a direction opposite to the
normal direction AO by an angular interval commensu-
rate with a slack in the chain 19 under the resiliency of
the clutch springs 82e, the rollers 82c have been un-
locked as shown in FIG. 11, thus disengaging the one-
way clutch 82. Consequently, with the driven sprocket
18 being stopped, only the rear wheel Wg, i.e., only the
rear hub 80, rotates in the backward direction.

[0077] Operation of the continuously variable trans-
mission T will be described below. While the bicycle B
is running with the continuously variable transmission T
being of a minimum speed change ratio, the third pivot
shaft 53 is secured in position with the support member
51 held in abutment against the first stopper 67. While
the input shaft 15 makes one revolution at this time, as
shownin FIG. 12(A), the drive links 31 reciprocally move
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betweenillustrated positions P1, P2 perrevolution of the
input shaft 15 under the drive force applied from the in-
put shaft 15, and the link units U1 through U4 succes-
sively swing the output links 33 through a swinging an-
gular range 61. Since the link units U1 through U4 are
operatively coupled to the output shaft 16 by the one-
way clutch 36, the output shaft 16 is rotated successive-
ly by those of the four link units U1 through U4 which
rotate the output shaft 16 at a maximum angular velocity
(rotational speed) in the normal direction AO per revolu-
tion of the input shaft 15, as shown in FIG. 13(A).
[0078] At the time when the rotational speed of the
output shaft 16 is maximum, the rotational speed of the
input shaft 15 is minimized by the variable-speed rota-
tiontransmitting mechanism M2 which employs the non-
circular gears including the third drive gear 26 and the
third driven gear 27. For example, upon a transition from
the time when the link unit U1 drives the output shaft 16
to the time when the link unit U2 which is 90° out of
phase with the link unit U1 drives the output shaft 16, i.
e., at the time when the rotational speed of the output
shaft 16 is minimum, the rotational speed of the input
shaft 15 is maximized by the variable-speed rotation
transmitting mechanism M2, reducing the range of
changes in the rotational speed of the output shaft 16
and hence reducing its pulsations. In FIG. 13, the refer-
ence characters U1 through U4 represent link units
which are rotating the output shaft 16, and the reference
characters o, a value indicative of a criterion for the
magnitude of the angular velocity o of the output shaft
16.

[0079] When the driver operates the transmission le-
ver to make a shift-up from the operating state at the
minimum speed change ratio, the control force is trans-
mitted through the control wire 55, the drum 56, and the
control shaft 57 to turn the retainer 58e of the two-way
clutch 58 (see FIG. 9) inthe up direction A2. At this time,
as shown in FIG. 14(A), the torque Ta (the positive
torque in FIG. 14) generated based on the component
F, in the direction to accelerate the output shaft 16, of
the drive force applied from the input shaft 15 to the link
units U1 through U4 acts as an assistive force on the
support shaft 59 through the transmission control links
54, the second intermediate link 62, and the first inter-
mediate link 60. The support shaft 59 is angularly moved
to cause the third pivot shaft 53 and the proximal ends
54b of the transmission control links 54 to move along
an arcuate speed change path about the central shaft
52 on which the support member 51 is supported, to-
ward the position at the maximum speed change ratio
shown in FIG. 15, for thereby rotating the rear wheel Wg
at a larger speed change ratio.

[0080] As shown in FIG. 12(B), while the input shaft
15 makes one revolution with the transmission control
links 54 and the third pivot shaft 53 being at the maxi-
mum speed change ratio (see FIG. 15), the drive links
31 reciprocally move between illustrated positions P3,
P4 per revolution of the input shaft 15, and the link units
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U1 through U4 swing the respective output links 33
through a swinging angular range 62 which is largerthan
the swinging angular range 61 at the minimum speed
change ratio. The output shaft 16 is rotated successively
by those of the four link units U1 through U4 which rotate
the output shaft 16 at a maximum angular velocity (ro-
tational speed) in the normal direction AO per revolution
of the input shaft 15, as shown in FIG. 13(B). At this
time, too, as with the operation at the minimum speed
change ratio, the variable-speed rotation transmitting
mechanism M2 reduces the range of changes in the ro-
tational speed of the output shaft 16 and hence reduce
its pulsations.

[0081] When the driver operates the transmission le-
ver to make a shift-down from the operating state at the
maximum speed change ratio, the control force is trans-
mitted through the control wire 55, the drum 56, and the
control shaft 57 to turn the retainer 58e of the two-way
clutch 58 (see FIG. 9) in the down direction A3. At this
time, as shown in FIG. 14(B), the torque Ta (the negative
torque in FIG. 14) generated based on the component
F, in the direction to decelerate the output shaft 16, of
the drive force applied from the input shaft 15 to the link
units U1 through U4 acts as an assistive force on the
support shaft 59. The support shaft 59 is angularly
moved to cause the third pivot shaft 53 and the proximal
ends 54b to move along the arcuate speed change path
from the position at the maximum speed change ratio
toward the position at the minimum speed change ratio,
forthereby rotatingthe rear wheel Wg at a smaller speed
change ratio.

[0082] In this manner, since the third pivot shaft 53
that is swingable about the central shaft 52 can contin-
uously take any position between the position atthe min-
imum speed change ratio and the position at the maxi-
mum speed change ratio based on the speed change
operation of the transmission control mechanism M4,
the rotational speed of the crankshaft 12 is continuously
varied and transmitted to the rear wheel Wg.

[0083] Effects and advantages of the embodiment
thus constructed as described above will be described
below.

Because the continuously variable transmission T
is disposed between the front wheel Wi and the rear
wheel Wg and either upwardly of the hypothetical plane
H2 which contains the axes of rotation of the front wheel
W and the rear wheel Wy or upwardly of the position
below and near hypothetical plane H2, the continuously
variable transmission T is positioned closer to the center
of gravity of the bicycle and remoter from the ground
than the prior art. Consequently, the maneuverability of
the bicycle B is improved, and the continuously variable
transmission T suffers almost no danger of contacting
the ground. As the drive links 31 of the link units U1
through U4 are pivotally supported on the eccentric ring
38 which is coupled to the input shaft 15, the range of
angular movement of the drive links 31 can be changed
to change the range of speed change ratios with ease
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by replacingthe eccentric ring 38. Inasmuch as the input
shaft 15 can be used as a common part, the cost of the
continuously variable transmission T can be reduced.
[0084] Thedrive sprocket 17 coupledto the end ofthe
output shaft 16 outside of the case 11 of the continuously
variable transmission T and the continuously variable
transmission T are disposed upwardly of the lowermost
end 3a1 of the down tube 3. Therefore, the drive sprock-
et 17 positioned outside of the continuously variable
transmission T and the continuously variable transmis-
sion T are prevented from contacting the ground by the
lowermost end 3a1 of the down tube 3 which is posi-
tioned lower than the drive sprocket 17 and the contin-
uously variable transmission T. It is thus possible to fur-
ther avoid contact of the continuously variable transmis-
sion T and the drive sprocket 17 with the ground.
[0085] The speed increasing gear train which is
mounted on the crankshaft 12 and the idle shaft 14 for
increasing the rotational speed of the crankshaft 12 and
transmitting the rotation at the increased speed to the
input shaft 15 are disposed in the case 11 of the contin-
uously variable transmission T. Thus, the speedincreas-
ing mechanism M1 for increasing the rotational speed
of the crankshaft 12 and transmitting the rotation at the
increased speed to the input shaft 15 comprises the
speed increasing gear train mounted on the crankshaft
12 andtheidle shaft 14 inthe case 11 of the continuously
variable transmission T. The speed increasing mecha-
nism M1 is made compact, and the layout of the speed
increasing mechanism M1 with respect to the bicycle
frame R and hence the layout of the continuously vari-
able transmission T with respect to the bicycle frame R
have increased freedom.

[0086] The input shaft 15 and the output shaft 16 are
operatively connected to each other by the link units U1
through U4 each comprising a plurality of links. There-
fore, the layout of the output shaft 16 with respect to the
crankshaft 12 and hence the bicycle frame R has in-
creased freedom. Therefore, even though the rear
wheel Wp is supported by the swing arms 8 that are ver-
tically swingable, the output shaft 16 can be disposed
in the vicinity of the hypothetical plane H1 containing the
pivot shaft 7 with respect to the bicycle frame R.
[0087] Inasmuch as the speed increasing mechanism
M1 disposed between the crankshaft 12 and the input
shaft 15 includes the variable-speed rotation transmit-
ting mechanism M2, pulsations in the rotational speed
of the output shaft 16 are reduced for comfortable run-
ning performance. Because the speed increasing mech-
anism M1 is used to reduce pulsations, the continuously
variable transmission T is prevented from increasing its
weight, the input shaft 15 is not elongated in the direction
of its axis of rotation for reducing pulsations, and the
continuously variable transmission T is prevented from
increasing its size in the direction of the axis of rotation
of the input shaft 15.

[0088] The variable-speed rotation transmitting
mechanism M2 comprises the speed increasing gear
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train having the drive gear 26 and the driven gear 27 as
a pair of noncircular gears. Consequently, pulsations in
the rotational speed of the output shaft 16 are reduced
by a simple arrangement. The driven gear 27 is coupled
to the input shaft 15 between the link unit U1 that is clos-
est to the bearing 30b by which the input shaft 15 is ro-
tatably supported and the link unit U2 adjacent to the
linkunit U1, and keeps the link units U1, U2 spaced from
each other along the axis of rotation of the input shaft
15. Since the driven gear 27 doubles as a spacer for
arraying the link units U1, U2 on the input shaft 15, the
number of spacers used is reduced and the continuous-
ly variable transmission T is prevented from increasing
its weight. Since any flexing of the input shaft 15 due to
a load applied to the driven gear 27 is small though the
final gear of the speed increasing mechanism M1 is the
single drive gear 27, the link units U1 through U4 oper-
ate smoothly, and the input shaft 15 is prevented from
increasing its diameter for the purpose of increasing the
rigidity thereof, so that the continuously variable trans-
mission T is prevented from increasing its weight.
[0089] The first and second pivot shafts 34, 35 of the
link units U1 through U4 which are arrayed on the input
shaft 15 along its axis of rotation have the needle bear-
ings 40, 41, 63 free of retainers, and two of the drive
links 31, the transmitting links 32, the output links 33,
and the transmission control links 54 are relatively an-
gularly movably supported by the needle bearings 40,
41, 63. As the links 31, 32, 33, 54 supported by these
needle bearings 40, 41, 63 are angularly moved
smoothly, the continuously variable transmission T op-
erates smoothly for speed changes. The first and sec-
ond pivot shafts 34, 35 which have the needle bearings
40, 41, 63 have their size reduced in the direction of the
axes of the needles 40c, 41a, 634, i.e., in the direction
of the axis of rotation of the input shaft 15 (the transverse
direction of the bicycle), by a retainer-free dimension.
Therefore, the space occupied by the link units U1
through U4 in the direction of the axis of rotation of the
input shaft 15 is also reduced, resulting in a reduction
in the size of the continuously variable transmission T.
[0090] The retainer-free needle bearings 40, 63 are
stacked radially on the first pivot shaft 34 and disposed
coaxially therewith, and the drive links 31, the transmit-
ting links 32, and the transmission control links 54 are
relatively angularly movably supported on the first pivot
shaft 34. Therefore, though two bearings are provided
and three links are supported on one pivot support, the
size of the first pivot shaft 34 in the in the direction of
the axis of rotation of the input shaft 15 on which the
drive links 31, the transmitting links 32, and the trans-
mission control links 54 are supported is reduced be-
cause the two needle bearings 40, 63 have no retainers
and the bearings 40, 63 are stacked radially on the first
pivot shaft 34.

[0091] The needles 40c, 41a, 63a of the needle bear-
ings 40, 41, 63 are prevented from moving axially by the
drive links 31 or the transmission links 32 supported by

10

15

20

25

30

35

40

45

50

55

12

22

the first and second pivot shafts 34, 35 having the nee-
dle bearings 40, 41, 63. Therefore, the needles 40c,
41a,63a are reliably prevented from being displaced out
of position without involving an increase in the number
of parts used.

[0092] The transmitting mechanism M5 for transmit-
ting the control force for a speed change operation to
the third pivot shaft 53 converts the torque Ta generated
based on the component F of the drive force that is
transmitted through the transmission control links 54 to
actuate the link units U1 through U4, into an assistive
force for assisting the control force. Therefore, based
on the reciprocating movement of the drive links 31 that
are actuated by the drive force produced by the input
shaft 15 which is rotated by the crankshaft 12, the con-
trol force required for a speed change operation at the
time the driver pushes the pedals 13 to rotate the crank-
shaft 12 is reduced, making it possible to perform the
speed change operation lightly.

[0093] Since the transmitting mechanism M5 has the
two-way clutch 58 for preventing the support shaft 59
from angularly moving under a force applied from the
transmission mechanism M3 and allowing the support
shaft 59 to angularly move under a control force applied
from the control lever, the continuously variable trans-
mission T is capable of reliably making speed changes
while the bicycle B is running as well as it is being
stopped.

[0094] The drive link 31 of the link unit U1 on the right
end, which is one of the drive links 31 pivotally mounted
on the input shaft 15 is disposed between the first drive
gear 22 and the third drive gear 26, which make a pair
of respective speed increasing stages of the speed in-
creasing mechanism M1, in the transverse direction of
the bicycle, and is disposed in a position overlapping the
firstdrive gear 22 and the third drive gear 26 in the radial
direction of the main shaft 12a. Consequently, the con-
tinuously variable transmission T is reduced in size in
the transverse direction of the bicycle. Furthermore, the
interaxial distance between the crankshaft 12 and the
input shaft 15 can be reduced, also contributing to a re-
duction in the size of the continuously variable transmis-
sion T.

[0095] The control force for continuously varying the
rotational speed of the output shaft 16 is transmitted to
the pivot shaft 53 mounted on the support member 51
and on which the transmission control links 54 are piv-
otally mounted, through the second intermediate link 62
of the link mechanism pivotally mounted on the pivot
shaft 53. Therefore, as the control force for swinging the
pivot shaft 53 is directly applied to the pivot shaft 53 on
which the transmission control links 54 are pivotally
mounted, thus swinging the pivot shaft 53 with the sup-
port member 51 around the central shafts 52, the sup-
port member 51 is not required to have a portion for
bearing the control force, so that the support member
51 and hence the continuously variable transmission T
can be reduced in size and weight. By suitably setting
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the lengths of the first and second intermediate links 60,
62 of the link mechanism, the support member 51 is not
required to have its size and weight increased even
when the speed change ratio is varied over a wide
range. In addition, the range in which the pivot shaft 53
swings can easily be increased, and the speed at which
the pivot shaft 53 swings can be increased, so that the
speed change ratio can quickly be varied.

[0096] In order to array all the transmission control
links 54 supported on the third pivot shaft 53 at equally
spaced intervals in the transverse direction of the bicy-
cle, the collar 70 and the second intermediate link 62
supported on the third pivot shaft 53 are used to keep
adjacent ones of the transmission control links 54
spaced from each other. Consequently, the number of
collars for use as spacers is reduced, and the width of
the support member 51 which supports the third pivot
shaft 53 and the length of the input shaft 15 in the trans-
verse direction of the bicycle are reduced, resulting in a
reduction in the sizes of the support member 51 and the
input shaft 15 and hence the continuously variable
transmission T in the transverse direction of the bicycle.
[0097] The one-way clutch 82 has the clutch springs
82e for exerting resilient forces between the outer race
82a and the retainer 82d in order to bring the rollers 82c
into the unlocked state except when the outer race 82a
rotates in the normal direction A0, and the holding
means for holding the retainer 82d to lock the rollers 82c
when the outer race 82a elastically deforms the clutch
springs 82e and is allowed to rotate through the angle
03 in the normal direction AO with respect to the retainer
82d immediately after having started rotating in the nor-
mal direction AO. The one-way clutch 82 is engaged im-
mediately after the outer race 82a actuated by the chain
19 has started rotating from a stop through the angle 63
in the normal direction AO, allowing the inner race 82b
and the retainer 82d to rotate with the outer race 82a in
the normal direction A0. When the rotation of the outer
race 82a in the normal direction AO is stopped, the driv-
en sprocket 18 is rotated back in a direction opposite to
the normal direction AO by an angular interval commen-
surate with a slack in the chain 19 under the resiliency
of the clutch springs 82e, and at the same time only the
rear hub 80 rotates in the normal direction, thus unlock-
ing the rollers 82c. When the bicycle B is moved back-
ward with the driver not riding thereon, the rear wheel
Wpis rotated backward. Since the rollers 82¢c have been
in the unlocked state under the resiliency of the clutch
springs 82e, the one-way clutch 82 is disengaged. The
rotation of the rear wheel Wg is transmitted to the outer
race 82a, but not to the continuously variable transmis-
sion T and also to the crankshaft 12. The continuously
variable transmission T is thus protected.

[0098] The backward rotation of the rear wheel Wy is
not transmitted to the continuously variable transmis-
sion T and the crankshaft 12. The holding means for
holding the retainer 82d in order to engage the one-way
clutch 82 immediately upon rotation of the driven
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sprocket 18 in the normal direction A0 can be construct-
ed of a simple structure using the cover 83 covering the
opening of the one-way clutch 82 and the friction spring
85 and utilizing frictional forces between the cover 83
and the friction spring 85.

[0099] Because the protrusions n of the retainer 82d
and the clutch springs 82e are accommodated in the re-
cesses 82f defined in the inner circumferential surface
of the outer race 82a of the one-way clutch 82, the one-
way clutch 82 is prevented from increasing its size due
to the clutch springs 82e.

[0100] Anembodiment based on a modification of the
arrangement of the embodiment described above will
be described below with respect to the modified ar-
rangement.

[0101] In the above embodiment, the variable-speed
rotation transmitting mechanism M2 comprises noncir-
cular gears. However, the variable-speed rotation trans-
mitting mechanism M2 may comprise members for pro-
ducing variable-speed rotation, such as eccentric gears
or the like. The speed increasing mechanism M1 may
have a plurality of speed increasing stages except three
speed increasing stages or may have a single speed
increasing stage. The bicycle may be a bicycle other
than a downhill bicycle or may be replaced with a tricy-
cle. The endless transmission belt and the drive and
driven rotors of the transmitting mechanism may be a
belt and pulleys, respectively.

[0102] Inthe above embodiment, the supportring51a
comprises a single member having the pair of sides
51a1 andthe joint 51a2. However, the support ring 51a
may be a joined assembly of the pair of sides and the
joint which are provided as three separator members.
[0103] The invention provides a continuously variable
transmission for bicycles which provides better bicycle
maneuverability, suffers almost no danger of contacting
the ground, and can be reduced in cost.

[0104] Inthe invention, a continuously variable trans-
mission T for bicycles has a transmission mechanism
having a plurality of link units for converting rotary mo-
tion of an input shaft rotated by a pedal-operated crank-
shaft 12 into swinging motion, and a one-way clutch for
converting the swinging motion into rotary motion of an
output shaft 16. The link units have drive links pivotally
mounted on an eccentric ring which rotates in unison
with the input shaft. The continuously variable transmis-
sion T is disposed between a front wheel Wi and a rear
wheel Wy of a bicycle B in the longitudinal direction
thereof and disposed either upwardly of a hypothetical
plane H2 which contains the axes of rotation of the front
wheel Wi and the rear wheel Wg or upwardly of a posi-
tion below and near the hypothetical plane H2.

Claims

1. A continuously variable transmission for bicycles
which comprises:
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a transmission mechanism (M3) having a plu-
rality of link units (U1 - U4), each comprising a
plurality of transmission links (31, 32, 33), for
converting rotary motion of an input shaft (15)
rotated by a pedal-operated crankshaft (12) in-
to swinging motion;

a one-way clutch (36) coupled to each of said
link units (U1 - U4) for converting the swinging
motion of the link units (U1 - U4) into rotary mo-
tion of an output shaft (16); and

a transmission control mechanism (M4) for
moving an end of a transmission control link
(54) having an opposite end pivotally coupled
to each of said link units (U1 - U4) thereby to
continuously vary the rotational speed of said
output shaft (16), characterized in that a drive
link (31) of said transmission links of each of
said link units (U1 - U4) is pivotally supported
on an eccentric ring (38) coupled to said input
shaft (15) for rotation in unison therewith, said
continuously variable transmission (T) being
disposed between front and rear wheels (W,
Wp) of a bicyle (B) in a longitudinal direction
thereof and either upwardly of a hypothetical
plane (H2) which contains the axis of rotation
of said front wheel and the axis of rotation of
said rear wheel (WR) or upwardly of a position
below and near said hypothetical plane (H2).

A continuously variable transmission according to
claim 1, characterized in that a drive rotor (17) on
which an endless transmission belt (19) for trans-
mitting power is trained is coupled to an end of said
output shaft (16) outside of a case (11) of the con-
tinuously variable transmission (T), said drive rotor
(17) and said continuously variable transmission (T)
being disposed upwardly of a lowermost end of a
bicycle frame (R).

A continuously variable transmission according to
claim 1 or 2, characterized in that said crankshaft
(12), an idle shaft (14) disposed parallel to said
crankshaft (12), and a speed increasing gear train
(22 - 27) which is mounted on said crankshaft (12)
and said idle shaft (14) for increasing the rotational
speed of said crankshaft (12) and transmitting the
rotation at the increased speed to said input shaft
(15) are disposed in a case (11) of the continuously
variable transmission (T).
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