a9 United States

a2 Reissued Patent
Miller

(10) Patent Number:
(45) Date of Reissued Patent:

USOORE41892E

US RE41,892 E
*QOct. 26, 2010

(54) CONTINUOUSLY VARIABLE
TRANSMISSION

(75) Inventor: Donald C. Miller, Fallbrook, CA (US)

(73) Assignee: Fallbrook Technologies Inc., San

Diego, CA (US)

(*) Notice: This patent is subject to a terminal dis-
claimer.
(21) Appl. No.: 11/330,425

(22) Filed: Jan. 11, 2006
Related U.S. Patent Documents
Reissue of:
(64) Patent No.: 6,676,559
Issued: Jan. 13, 2004
Appl. No.: 10/016,116
Filed: Oct. 30,2001

U.S. Applications:

(63) Continuation of application No. 09/823,620, filed on Mar.
30, 2001, now Pat. No. 6,322,475, which is a continuation of
application No. 09/133,284, filed on Aug. 12, 1998, now Pat.
No. 6,241,636.

(60) Provisional application No. 60/062,860, filed on Oct. 16,
1997, provisional application No. 60/056,045, filed on Sep.
2, 1997, provisional application No. 60/062,620, filed on
Oct. 22, 1997, and provisional application No. 60/070,044,
filed on Dec. 30, 1997.

(51) Imt.ClL
FI16H 15/00 (2006.01)
(52) US.CL .ot 476/38; 476/36; 476/62
(58) Field of Classification Search .................... 476/36,
476/38, 62
See application file for complete search history.
(56) References Cited
U.S. PATENT DOCUMENTS
719,595 A 2/1903 Huss

1,121,210 A 12/1914 Techel

1,175,677 A 3/1916 Barnes
1,380,006 A 5/1921 Nielson
1,629,902 A 5/1927 Arter et al.
1,686,446 A 10/1928 Gilman
1,858,696 A 5/1932 Weiss
1,903,228 A 3/1933 Thomson
2,086,491 A 7/1937 Dodge
2,152,796 A 4/1939  Erban
2,469,653 A 5/1949 Kopp
2,675,713 A 4/1954  Acker
2,748,614 A 6/1956 Weisel
2,868,038 A 1/1959 Billeter
2,913,932 A 11/1959 Oehru

(Continued)

FOREIGN PATENT DOCUMENTS

CN 1157379 8/1997

(Continued)
OTHER PUBLICATIONS

International Search Report for PCT/US05/35164 dated Jun.
27,2007, 12 pages.

Primary Examiner—William C Joyce
(74) Attorney, Agent, or Firm—Knobbe Martens Olson &
Bear LLP

(57) ABSTRACT

A continuously variable transmission. The transmission
includes a plurality of power adjusters, such as spherical
balls, frictionally interposed between a driving and a driven
member. The driving and the driven member are each rotat-
ably disposed over a main shaft. The spherical balls are con-
figured to rotate about a modifiable axis and thereby provide
a continuously variable shifting capability by adjusting the
ratio between the angular velocity of the driving member in
relation to the driven member. The system includes auto-
matic and manual shifting gearing for adjusting the speed of
the transmission. The system also includes a support a sup-
port member which is rotatably disposed over the main shaft
and frictionally engaged to each of the spherical balls.

33 Claims, 10 Drawing Sheets




US RE41,892 E

Page 2
U.S. PATENT DOCUMENTS 6,340,067 Bl 1/2002 Fujiwara
6,390,946 Bl 5/2002 Hibi et al.
2,931,234 A 4/1960 Hayward 6,406,399 Bl 6/2002 Xioalan
2,931,235 A 4/1960 Hayward 6,419,608 Bl 7/2002 Miller
3,184,983 A * 5/1965 Kraus ....cccccevvervenuennnnns 476/41 6,499,373 B2  12/2002 Van Cor
3,216,283 A 11/1965 General 6,679,109 B2 1/2004 Gierling et al.
3,248,960 A 5/1966 Schottler 6,931,316 B2 8/2005 Joe et al.
3,273,468 A 9/1966 Allen 7,086,979 B2 8/2006 Frenken
3,464,281 A 9/1969 Hiroshi et al. 7,197,915 B2 4/2007 Luh et al.
3,487,726 A 1/1970 Burnett 7,246,672 B2 7/2007 Shirai et al.
3,487,727 A 1/1970 Gustafsson 7,275,610 B2 10/2007 Kuang et al.
3,707,888 A 1/1973 Schottler 2001/0008192 Al 7/2001 Morisawa
3,727.474 A 4/1973 Fullerton 2003/0022753 Al 1/2003 Mizuno et al.
3,769,849 A 11/1973 Hagen 2003/0221892 Al  12/2003 Matsumoto et al.
3,984,129 A 10/1976 Hege 2005/0227809 Al  10/2005 Bitzer et al.
3,996,807 A 12/1976 Adams 2006/0108956 Al 5/2006 Clark
4,382,186 A 5/1983 Cronin 2006/0180363 Al 8/2006 Uchisasai
4,391,156 A 7/1983 Tibbals, Jr.
4,464,952 A 8/1984 Stubbs FOREIGN PATENT DOCUMENTS
4,628,766 A 12/1986 De Br_ie Perry DE 498 701 5/1930
4,735,430 A 4/1988 Tomkinson
DE 2310880 9/1974
4,744,261 A 5/1988 Jacobson
DE 2136243 1/1975
4,756,211 A 7/1988 Fellows
DE 3940919 6/1991
4,856,374 A 8/1989 Kreuzer
DE 10155372 Al 5/2003
4,857,035 A 8/1989 Anderson
.. EP 0432742 12/1990
4,900,046 A 2/1990 Aranceta-Angoitia
EP 635639 Al 1/1995
4,909,101 A 3/1990 Terry
EP 1136724 A2 9/2001
4,961,477 A 10/1990 Sweeney
FR 2590638 5/1987
5,020,384 A 6/1991 Kraus
. GB 592320 9/1947
5,037,361 A 8/1991 Takahashi
GB 906 002 1/1959
5,230,258 A 7/1993 Nakano
. GB 919430 A 2/1963
5,236,403 A 8/1993 Schievelbusch
. GB 1376 057 12/1974
5,273,501 A 12/1993 Schievelbusch
GB 2035482 6/1980
5,318,486 A 6/1994 Lutz
GB 2080452 2/1982
5,330,396 A 7/1994 Lohr et al.
Jp 55135259 4/1979
5,355,749 A 10/1994 Obara et al.
Jp 63219953 9/1988
5,375,865 A 12/1994 Terry, Sr.
Jp 02271142 6/1990
5,746,676 A 5/1998 Kawase et al.
. . Jp 08170706 A 7/1996
5,846,155 A 12/1998 Taniguchi et al.
Jp 09024743 A 1/1997
5,899,827 A 5/1999 Nakano et al.
) Jp 411063130 3/1999
6,045,481 A 4/2000 Kumagai
> Jp 8-247245 9/2004
6,053,833 A 4/2000 Masaki
Jp 2005/240928 A 9/2005
6,053,841 A 4/2000 Kolde et al.
Jp 03-149442 1/2009
6,071,210 A 6/2000 Kato
: NE 98467 7/1961
6,095,940 A 8/2000 Ai et al.
WO W099/20918 4/1999
6,119,800 A 9/2000 McComber WO WO 0138758 52001
6,159,126 A 12/2000 Oshidan
6,243,638 B 6/2001 Abo et al. * cited by examiner



US RE41,892 E

Sheet 1 of 10

Oct. 26, 2010

U.S. Patent




US RE41,892 E

Sheet 2 of 10

Oct. 26, 2010

U.S. Patent

JeLY

¢ -

1
GZr! C84




US RE41,892 E

Sheet 3 of 10

Oct. 26, 2010

U.S. Patent

a4

14

otr ., G5/ V27
sor \ 7 / %Nw\ﬁ 991 744 804 g1y

gor A 1744
\:::2tifta\w\i;ﬁw\ 24
. DI 7704
L7/ 4

cir
09/

O 207

roz

.ﬁ//////////

O N N N W N N N L N A TUTUTT ﬁ\

A N zo/

£9/ , _ i
1t S / oL7

z8/

107 o7/ cos | oL/ 79/
60/ éos 22

Py YNN\RQM.\ ey

]

17774

£ I

goss LEL op5/




U.S. Patent Oct. 26, 2010 Sheet 4 of 10 US RE41,892 E
100
7444
1304 1224 )7,
507\, (o 72 f 10 | 108 w07
762 \MT IV ONITIRT
470 7
165
/86
102 R 5
204% \\\\\\\\T‘]‘
202
500
/6'07 \
w5 | 206
40
160~ Y N
726~ , 766 | 7228 154
/%) w1 s 1368 777
. 1426
100
f 744
1344 T 1204 107 109
764 el 770\ 30z 720 407
/62
172
470
163
186
204/@ AAE AL oy SO -
202— \ S0
/60 N
472 N s
470
60—~ N s
(207108 174 166 | 12\ | o 154 770
r/G. 6 1348 1428



US RE41,892 E

Sheet 5 of 10

2010

9

Oct. 26

U.S. Patent

gocs
& IS
pst 02/ gers | gzz1
ort v i NMM
/
07 ro/ : TOXTIT k:\:mmn‘ é %..\‘Q\N\
N \ o
w08 R i
(
\ V7]
AIHN NN
m& 20/
cri 981
op QW M y 0 14 /¥1
e/ 918 Yags o/
vezs 908
228 208 u
0L
rozs

7124

KEL

V)71




US RE41,892 E

Sheet 6 of 10

Oct. 26, 2010

U.S. Patent

av/s4

oct 444 822/

a4 /%.QM. / \ 2L/
or/ / P75/ 80/ _ 97/
Y277, Q \ /

§~7) 4 Y dj::::_.t ::;Nm«ﬁﬂ” o/ 08/
! or?
P 2 \\ Zip
M /
M NI
2o/
NN
474 ‘ .// Py
v /\NQ
MM“\\ 918 yoss oL
pzet” Zos MMM b
206

2

74

geos 8051 HEL 561 2964
\ L i

\

\
/

4

G806 -]
&85

gzz/-\o

GPEL T

GLE/ T
946—
e/

574
4914

(o]
S 222/
0806
o851
p \ ~ 220/
= =25
- of [ooss 2os
(727
o)
POE
veEs «id
\NN\\ A / ros/
Zor : Veos L
/6 005



U.S. Patent Oct. 26, 2010 Sheet 7 of 10 US RE41,892 E

204 Vaxa TTTTIONS |
202 N
160
472 “we
410 S
180
1228) \/ 104
106 174 7% 1 0s 15¢ 110
1428, ),
7200
¢ 08 120
06 /224
170 1364 4 7444
186 \ 1206
1204 7 s
< 1210
N "
e
1208 [/ / - s12
7272
~
N
102 3 N
N
7270 w6
180 7777 / ; IS
3
s = |
/7;70 /juuuu 11‘- TN 704 2z
105 Sy 176 170
1368 154

Joz 1228 1428

FIG. 72



US RE41,892 E

Sheet 8 of 10

Oct. 263 2010

U.S. Patent

TR/

g2/ \k‘* — IZZI
"k%’, NJ».OV‘&; 1777

751
“M\\Wﬁﬁb

905X C
915 P



US RE41,892 E

Sheet 9 of 10

Oct. 26, 2010

U.S. Patent

LY/4 4

&/5/

05/

&5/

ZiIs/
PES/

riss

95t

205/

o058/

ocs/

&05/

9557

c£s/

N

aos/



U.S. Patent Oct. 26, 2010 Sheet 10 of 10 US RE41,892 E

754

FIG.17



US RE41,892 E

1

CONTINUOUSLY VARIABLE
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.

RELATED APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 09/823,620, filed Mar. 30, 2001 now U.S. Pat. No.
6,322,475, which is a continuation of U.S. application Ser.
No. 09/133,284, filed Aug. 12, 1998 now U.S. Pat. No.
6,241,636, which in turn claims priority to U.S. Provisional
Application No. 60/062,860, filed on Oct. 16, 1997; U.S.
Provisional Application No. 60/056,045, filed on Sep. 2,
1997; U.S. Provisional Application No. 60/062,620, filed on
Oct. 22, 1997 and U.S. Provisional Application No. 60/070,
044 filed on Dec. 30, 1997, all of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The field of the invention relates to transmissions. More
particularly the invention relates to continuously variable
transmissions.

2. Description of the Related Art

In order to provide an infinitely variable transmission,
various traction roller transmissions in which power is trans-
mitted through traction rollers supported in a housing
between torque input and output disks have been developed.
In such transmissions, the traction rollers are mounted on
support structures which, when pivoted, cause the engage-
ment of traction rollers with the torque disks in circles of
varying diameters depending on the desired transmission
ratio.

However, the success of these traditional solutions have
been limited. For example, in U.S. Pat. No. 5,236,403 to
Schievelbusch, a driving hub for a vehicle with a variable
adjustable transmission ratio is disclosed. Schievelbusch
teaches the use of two iris plates, one on each side of the
traction rollers, to tilt the axis of rotation of each of the
rollers. However, the use of iris plates can be very compli-
cated due to the large number of parts which are required to
adjust the iris plates during shifting the transmission.
Another difficulty with this transmission is that it has a guide
ring which is configured to be predominantly stationary in
relation to each of the rollers. Since the guide ring is
stationary, shifting the axis of rotation of each of the traction
rollers is difficult. Yet another limitation of this design is that
it requires the use of two half axles, one on each side of the
rollers, to provide a gap in the middle of the two half axles.
The gap is necessary because the rollers are shifted with
rotating motion instead of sliding linear motion. The use of
two axles is not desirable and requires a complex fastening
system to prevent the axles from bending when the transmis-
sion is accidentally bumped, is as often the case when a
transmission is employed in a vehicle. Yet another limitation
of this design is that it does not provide for an automatic
transmission.

Therefore, there is a need for a continuously variable
transmission with a simpler shifting method, a single axle,
and a support ring having a substantially uniform outer sur-
face. Additionally, there is a need for an automatic traction
roller transmission which is configured to shift automati-
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2

cally. Further, the practical commercialization of traction
roller transmissions requires improvements in the reliability,
ease of shifting, function and simplicity of the transmission.

SUMMARY OF THE INVENTION

The present invention includes a transmission, comprising
three or more spherical power adjusters, each power adjuster
having a cylindrical hole extending through its center and
three or more cylindrical spindles with each spindle posi-
tioned in the hole of one power adjuster. There may be at
least one stationary support with an aperture at its center and
a rotatable support member having first and second sides.
The rotatable support member can be located between the
power adjusters and frictionally engaged with the plurality
of power adjusters. The rotatable support member can have a
substantially uniform outer diameter, and is capable of axial
movement. The rotatable support member may have at least
two areas that are bearing surfaces to control axial move-
ment of the rotatable support member. Interacting with the
rotatable support member is a first annular bearing, capable
of axial movement, is positioned on the first side of the sup-
port member and a second annular bearing capable of axial
movement, positioned on the second side of the support
member. A first planar platform capable of axial movement,
is positioned so that the first annular bearing is between the
rotatable support member and the first planar platform. A
second planar platform, capable of axial movement, is posi-
tioned so that the second annular bearing is between the
rotatable support and the second planar platform. A ratio
changer operably connected to the cylindrical spindles
causes the cylindrical spindles to change their axes of rota-
tion.

One embodiment includes a transmission, comprising a
drive sleeve with three or more ramped surfaces on the drive
sleeve that face the rotatable driving member. Three or more
rollers are positioned to roll on the three or more ramped
surfaces of the drive sleeve and also roll on the rotatable
driving member. A roller cage positions the three or more
rollers. The three or more ramped surfaces of the drive
sleeve are configured so that when the three or more rollers
rotate they compress the rotatable driving member against
the three or more spherical power adjusters upon an increase
in torque and decompress the rotatable driving member upon
a decrease in torque. The embodiment may have at least one
stationary support with an aperture at its center.

Yet another embodiment includes a plurality of legs rig-
idly attached to the at least one stationary support. The plu-
rality of legs extend in a direction from the at least one
stationary support towards the spherical power adjusters.
The plurality of legs are designed to assist in holding the
spherical power adjusters in a stationary position.

Another embodiment includes a shifting member having
an end that extends outside of the transmission. The shifting
member is positioned along the axis of the rotatable support
member and is operably engaged with the rotatable support
member. An adjustment in the position of the shifting mem-
ber causes the rotatable support member, the first annular
bearing, the second annular bearing, the first planar
platform, and the second planar platform to all move simul-
taneously and a substantially equal distance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partial perspective view of the transmission of
the present invention.

FIG. 2 is a partial exploded view of the transmission of
FIG. 1.
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FIG. 3 is an end cutaway elevational view of the transmis-
sion of FIG. 1.

FIG. 4 is a cutaway side elevational view of the transmis-
sion of FIG. 1.

FIGS. 5 and 6 are cutaway side elevational views of the
transmission of FIG. 1 illustrating the transmission of FIG. 1
shifted into different positions.

FIG. 7 is an end cutaway view of an alternative embodi-
ment of the transmission of the invention wherein the trans-
mission shifts automatically.

FIG. 8 is a side elevational view of the transmission of
FIG. 7.

FIG. 9 is an end cutaway view of an alternative embodi-
ment of the transmission of the invention wherein the trans-
mission includes a stationary hub shell.

FIG. 10 is a cutaway side elevational view of the transmis-
sion of FIG. 9.

FIG. 11 is a cutaway side elevational view of an alterna-
tive embodiment of the transmission of FIG. 1 wherein the
transmission has two thrust bearings.

FIG. 12 is a cutaway side elevational view of an alterna-
tive embodiment of the invention wherein a first and second
one way rotatable driver provides an input torque to the
transmission.

FIG. 13 is a schematic cutaway end elevational view of
another alternative embodiment of the transmission of the
invention.

FIG. 14 is a schematic cutaway front elevational view of
the transmission of FIG. 13.

FIG. 15 is a schematic end view of a housing for the
transmission of FIGS. 13 and 14.

FIG. 16 is a schematic cutaway front elevational view of
another alternative embodiment of the transmission of the
invention.

FIG. 17 is a side elevational view of an alternative
embodiment of a support member.

DETAILED DESCRIPTION OF THE INVENTION

The following detailed description is directed to certain
specific embodiments of the invention. However, the inven-
tion can be embodied in a multitude of different ways as
defined and covered by the claims. In this description, refer-
ence is made to the drawings wherein like parts are desig-
nated with like numerals throughout.

The present invention includes a continuously variable
transmission that may be employed in connection with any
type of machine that is in need of a transmission. For
example, the transmission may be used in (i) a motorized
vehicle such as an automobile, motorcycle, or watercraft, (ii)
a non-motorized vehicle such as a bicycle, tricycle, scooter,
exercise equipment or (iii) industrial power equipment, such
as a drill press.

FIGS. 1 through 4 disclose one embodiment of the present
invention. FIG. 1 is a partial perspective view of a transmis-
sion 100. FIG. 2 is an exploded view of the transmission 100
of FIG. 1. FIG. 3 shows a partial cross sectional end view of
the transmission 100. FIG. 4 shows a cutaway side eleva-
tional view of the transmission 100.

Referring generally to FIGS. 1 through 4, a hollow main
shaft 102 is affixed to a frame of a machine (not shown). The
shaft 102 may be threaded at each end to allow a fastener
(not shown) to be used to secure the transmission 100 on the
main shaft 102 and/or to attach the main shaft 102 to a
machine. A rotatable driver 401 (FIG. 4) comprising a
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sprocket or a pulley is rotatably affixed to the main shaft 102,
s0 as to provide an input torque to the transmission 100. A
drive sleeve 104 is coaxially coupled to the rotatable driver
401 (FIG. 4) and rotatably disposed over the main shaft 102.
A surface 106 (FIG. 2) of the drive sleeve 104 opposite the
rotatable driver 401 (FIG. 4), can include a plurality of shal-
low grooves 108.

A first roller cage assembly 110 is coaxially coupled to the
drive sleeve 106 opposite the rotatable driver 401 and also
rotatably disposed over the main shaft 102. The first roller
cage assembly 110 has a plurality of cylindrical rollers 112
radially arranged about a midpoint of the roller cage assem-
bly 110. Each of the cylindrical rollers 112 are rotatably
mounted on the first roller cage assembly 110 such that each
of the rollers may rotate about its lengthwise axis.
Preferably, a one-to-one correlation exists between each of
the shallow grooves 108 and each of the cylindrical rollers
112. Optionally, the cylindrical rollers 112 may be replaced
with rollers of an alternative geometric shape, such as with
spherical rollers.

A tension inducer 118 (FIG. 2), such as a spring, is rotat-
ably disposed over the main shaft 102 and frictionally coaxi-
ally coupled to the first roller cage assembly 110 opposite to
the drive sleeve 104. Further, a rotatable driving member 120
is rotatably affixed to the main shaft 102 and coaxially
coupled to a side of the first roller cage assembly 110 oppo-
site the drive sleeve 104. A surface 107 (FIG. 4) of the rotat-
able driving member 120 opposed to the drive sleeve 104
includes a plurality of shallow grooves 109 (FIG. 4). Rela-
tive rotation of the roller cage 110 with respect to the drive
sleeve 104 causes the cylindrical rollers 112 to roll on the
shallow grooves 108, 109 and move the shallow grooves
108, 109 toward or away from each other along the axis of
the main shaft 102.

A plurality of spherical power adjusters 122A, 122B,
122C are in frictional contact with a side of the rotatable
driving member 120 opposite the roller cage assembly 110.
In one embodiment of the invention, the power adjusters
122A, 122B, 122C are spheres made of hardened steel;
however, the power adjusters 122A, 122B, 122C may alter-
natively include other shapes and be manufactured from
other materials. A plurality of spindles 130A, 130B, 130C
(FIG. 2) respectively extend through multiple passages
128A, 128B, 128C (FIG. 2) in the power adjusters 122A,
122B, 122C. Radial bearings (not shown) may be disposed
over each of the spindles 130A, 130B, 130C (FIG. 2) to
facilitate the rotation of the power adjusters 122A, 122B,
122C.

A plurality of pivot supports 134A, 134B, 134C respec-
tively hold the spindles 130A, 130B, 130C (FIG. 2). The
support 134A includes two legs 135A and 137A for connec-
tion to a ratio changer 166 which is discussed in further
detail below. Similarly, the support 134B includes two legs
135B and 137B, and the pivot support 134C includes two
legs 135C and 137C.

The pivot supports 134A, 134B, 134C respectively
include pivot rings 136A, 136B, 136C. The pivot ring 136A
has four apertures 138A, 140A, 142A, 144A (FIG. 2).
Similarly, the pivot support 134B has four apertures 138B,
1408, 142B, and 144B, and the pivot support 134C has four
apertures 138C, 140C, 142C, and 144C (FIG. 2). The aper-
tures 138A, 138B, 138C are respectively located opposite to
the apertures 140A, 140B, 140C on the pivot rings 136A,
1368, and 136C. Together, the apertures 138A, 138B, 138C,
and the apertures 140A, 140B, 140C are respectively config-
ured to receive the spindles 130A, 130B, 130C (FIG. 2).



US RE41,892 E

5

The apertures 142A, 142B, 142C (FIG. 2) are respectively
located opposite to the apertures 144A, 144B, 144C (FIG. 2)
on the pivot rings 136A, 136B, 136C. Together, the apertures
142A, 142B, 142C and the apertures 144A, 1448, 144C are
configured to receive multiple immobilizers 150A, 1508,
150C (FIG. 2). In one embodiment of the invention, the
immobilizers 150A, 150B, 150C are each cylindrical rigid
rods, slightly angled at each end. A central portion of each of
the immobilizers 150A, 150B, 150C are affixed to one of
multiple legs 153 (FIG. 2) of a stationary support 152 (FIG.
2). The stationary support 152 is fixedly attached to the main
shaft 102.

A support member 154 is slidingly and rotatably disposed
over the main shaft 102 proximate to a side of the stationary
support 152 (FIG. 2) which is opposite to the rotatable driv-
ing member 120. The support member 154 is in frictional
contact with each of the power adjusters 122A, 122B, 122C.
In one embodiment of the invention, the support member
154 is a cylindrical ring having a substantially uniform outer
circumference from an end cross-sectional view. In another
embodiment of the invention, the support member 154 is a
cylindrical ring having a first and second flange (not shown)
which respectively extend radially outwardly from a first and
second end of the support member 154 so as to prevent the
power adjusters 122A, 122B, 122C from disengaging from
the support member 154. In yet another embodiment of the
invention, the support member 154 is a cylindrical ring hav-
ing a nominally concavical outer surface (FIG. 17).

The support member 154 may contact and rotate upon the
main shaft 102, or may be suspended over the main shaft 102
without substantially contacting it due to the centering pres-
sures applied by the power adjusters 122A, 122B, 122C.

Referring in particular to FIG. 2, a shifting member 160,
such as an inflexible rod, is slidingly engaged to an inner
passage of the main shaft 102. Two extensions 162, 164
perpendicularly extend from the shifting member 160
through an opening 165 in the main shaft 102. A first end
161 of the shifting member 160 proximate to the drive side
of the transmission 100 is connected to a linkage 163, such
as a cable. The linkage 163 is connected at an end opposite
to the main shaft 102 to a shifting actuator (not shown). A
tension member 202, such as a spring, is connected to a
second end of the shifting member 160 by a fastener 204.

Still referring in particular to FIG. 2, the extensions 162,
164 connect to the ratio changer 166. The ratio changer 166
includes a planar platform 168 and a plurality of legs 171A,
171B, 171C which perpendicularly extend from a surface of
the platform 168 proximate to the support member 154. The
leg 171A includes two linkage pins 172A, 173A. Similarly,
the leg 171B includes two linkage pins 172B and 173B, and
the leg 171C includes two linkage pins 172C and 173C. The
linkage pins 172A, 172B, 172C, and the linkage pins 173A,
173B, 173C are used to couple the ratio changer 166 to each
of the pivot supports 134A, 134B, and 134C.

In regard to the coupling of the support 134 A and the ratio
changer 166, the linkage pin 172A engages an end of the leg
137A of the support 134 A opposite the pivot ring 136 A, and
the linkage pin 172B engages an end of the leg 135A oppo-
site the pivot ring 136A. Further, in regard to the coupling
between the pivot support 134B and the ratio changer 166,
the linkage pin 173B engages an end of the leg 137B oppo-
site the pivot ring 136B, and the linkage pin 172C engages
an end of the leg 135B opposite the pivot ring 136B. Finally,
in regard to the coupling between the pivot support 134C and
the ratio changer 166, the linkage pin 173C engages an end
of'the leg 137C opposite the pivot ring 136C, and the linkage
pin 173 A engages an end of the leg 137B opposite the pivot
ring 136C.
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Although only three power adjusters 122A, 122B, 122C
are disclosed, the transmission 100 of the invention may be
configured with fewer (e.g., 2) or more (e.g., 4, 5, 6 or more)
power adjusters. Further, the number of legs on the ratio
changer 166, the number of legs on the stationary support
152, the number of immobilizers, the number of pivot sup-
ports in the transmission may all be correspondingly
adjusted according to the number of power adjusters that are
employed.

Referring again in general to FIGS. 1-4, a rotatable driven
member 170 is rotatably engaged to the main shaft 102
proximate to the ratio changer 166 (FIG. 2). The rotatable
driven member 170 is in frictional contact with each of the
power adjusters 122A, 122B, 122C. A surface 174 of the
rotatable driven member 170 opposite the power adjusters
122A, 122B, 122C, includes a plurality of shallow grooves
176. The rotatable driven member 170 is in frictional coaxial
contact with a second tension inducer 178 (FIG. 2), such as a
spring, and a second roller cage assembly 180 that is similar
in design to the roller cage assembly 110. The second ten-
sion inducer 178 (FIG. 2) and the second roller cage assem-
bly 180 are rotatably disposed over the main shaft 102. A
hub driver 186 (FIG. 4) is rotatably disposed over the main
shaft 102 and coaxially engaged to a side of the second roller
cage assembly 180 opposite the rotatable driven member
170. The hub driver 186 (FIG. 4) may be affixed to a hub
shell 302 (FIGS. 3 and 4) using any traditional gearing
mechanism. In one embodiment of the invention, the hub
driver 186 extends proximate to the hub shell 302 and is
connected to a one way rotatable driver 300, such as a one
way roller clutch. The one way rotatable driver 300 (FIGS. 3
and 4) is rotatably coupled to the hub shell 302 (FIGS. 3 and
4).

Note that the power adjusters 122A, 122B, 122C are sus-
pended in tight three-point frictional contact with the drive
member 120, the support member 154, and the driven mem-
ber 170.

The hub shell 302 (FIGS. 3 and 4) has a plurality of holes
304 (FIG. 3) which provide a means for attaching the hub
shell 302 to a wheel, propeller or other propulsion means.
The hub shell 302 is supported and is free to rotate on the
main shaft 102 by means of hub bearings 410 (FIG. 4) which
fit into slots in the hub driver 186. A washer 412 (FIG. 4) is
affixed to the main shaft 102 proximate to a side of the hub
driver 186 opposite the second roller cage assembly 180 to
facilitate the rotation of the hub bearings 410 (FIG. 4).

FIGS. 5 and 6 are a cutaway side elevational views of the
transmission of FIG. 1 illustrating the transmission of FIG. 1
in two different shifted positions. With reference to FIGS. 5
and 6, a method of shifting the transmission 100 is disclosed
below.

Upon an input force, the drive sleeve 104 begins to rotate
in a clockwise direction. (It should be noted that the trans-
mission 100 is also designed to be driven in a counterclock-
wise direction.) At the beginning of the rotation of the drive
sleeve 104, nominal axial pressure is supplied by the tension
inducers 118, 178 (FIG. 2) to ensure that the rotatable driv-
ing member 120, the rotatable driven member 170, and the
support member 154 are in tractive contact with the power
adjusters 122A, 122B, 122C.

The rotation of the drive sleeve 104 in a clockwise direc-
tion engages the first roller cage assembly 110 to rotate in a
similar direction. At a low torque, the rollers 112 remain
centered between the shallow grooves 108, 109 of the rotat-
able driving member 120 and the drive sleeve 104. As addi-
tional torque is applied, the rollers 112 ride up the sloping
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sides of the grooves 108 and force the drive sleeve 104 and
the rotatable driving member 120 farther apart. The same
action occurs on the opposite end of the transmission 100
wherein the rotatable driven member 170 engages the hub
driver 186 though the second roller cage assembly 180.
Thus, the first roller cage assembly 110 and second roller
cage assembly 180 compress the rotatable driving member
120 and the rotatable driven member 170 together against
the power adjusters 122A, 122B, 122C, which increases the
frictional contact of the power adjusters 122A, 122B, 122C
against the support member 154, the drive member 120, and
the driven member 170.

As the first rotatable driving member 120 is rotated in a
clockwise direction by the roller cage assembly 110, the
roller cage assembly 110 frictionally rotates the power
adjusters 122A, 122B, 122C. The clockwise rotation of the
power adjusters 122A, 122B, 122C causes a clockwise rota-
tion of the rotatable driven member 170. The clockwise rota-
tion of the rotatable driven member 170 engages the second
roller cage assembly 180 to rotate in a clockwise direction.
In turn, the clockwise rotation of the second roller cage
assembly 180 engages the hub driver 186 (FIG. 4) to drive in
a clockwise direction. The clockwise rotation of the hub
driver 186 causes the one way rotatable driver 300 to rotate
clockwise. The one way rotatable driver 300 then drives the
hub shell 302 (FIGS. 3 and 4) to rotate in a clockwise direc-
tion.

The shifting member 160 is used to modify the axis of a
rotation for the power adjusters 122A, 122B, 122C. To shift
the transmission 100, the shifting actuator (not shown) slides
the shifting member 160 in a first direction 500 (FIG. 5). A
release in tension of the linkage 163 by the shifting actuator
(not shown) causes the shifting member 160 to slide in a
second and opposite direction 600 (FIG. 6) by the tension
member 202. The particular construction of the present
transmission 100 provides for much easier shifting than
prior art traction roller designs.

When the shifting member 160 is moved in either direc-
tion by a user, the extensions 162, 164 engage the ratio
changer 166 to axially move across the main shaft 102.
Referring to FIG. 5, when the shifting member 160 is
moved, the ratio changer 166 pivots the supports 134A,
134B, 134C. The pivoting of the supports 134 A, 134B, 134C
tilts the ball spindles 130A, 130B, 130C and changes the
axis of rotation of each of the power adjusters 122A, 122B,
and 122C. When the shifting member 160 is moved in the
direction 500, the axis of rotation of each of the power
adjusters 122A, 122B, 122C is modified such that the rotat-
able driving member 120 contacts a surface of power
adjuster, 120A, 120B, 120C closer to the axis of rotation of
the power adjusters 120A, 120B, 120C. Further, the rotat-
able driven member 170 contacts the power adjuster at a
point on a surface of the each of the power adjusters 120A,
120B, 120C further away from the axis of rotation of the
power adjusters 120A, 120B, 120C. The adjustment of the
axis of rotation for the power adjusters 122A, 122B, 122C
increases an output angular velocity for the transmission 100
because for every revolution of the rotatable driving member
120, the rotatable driven member 170 rotates more than
once.

Referring to FIG. 6, the transmission 100 of the invention
is shown in a position which causes a decrease in the output
angular velocity for the transmission 100. As the shifting
member 160 is directed in the direction 600, opposite the
first direction 500, the axis of rotation of each of the power
adjusters 122A, 122B, 122C is modified such that the rotat-
able driven member 170 contacts a surface of each of the
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power adjusters 122A, 122B, 122C closer to the axis of rota-
tion of each of the power adjusters 122A, 122B, 122C.
Further, the rotatable driving member 120 contacts each of
the power adjusters 122A, 122B, 122C at a point on a sur-
face of each of the power adjusters 122A, 122B, 122C fur-
ther away from the axis of rotation of each of the power
adjusters 122A, 122B, 122C. The adjustment of the axis of
rotation for the power adjusters 122A, 122B, 122C
decreases an output angular velocity for the transmission
100 because for every revolution of the rotatable driving
member 120, the rotatable driven member 170 rotates less
than once.

FIGS. 7 and 8 illustrate an automatic transmission 700 of
the present invention. For purposes of simplicity of
description, only the differences between the transmission
100 of FIGS. 1-6 and the automatic transmission 700 are
described. FIG. 7 is a partial end elevational view of the
transmission 700, and FIG. 8 is partial side elevational view
of the transmission 700.

A plurality of tension members 702A, 702B, 702C, which
may each be a spring, interconnect each of the pivot rings
136A, 1368, 136C. The tension member 702A is connected
at a first end to the pivot ring 136A and at a second end
opposite the first end to the pivot ring 136B. Further, the
tension member 702B is connected at a first end to the pivot
ring 136B proximate to the aperture 138B and at a second
end opposite the first end to the pivot ring 136C proximate to
the aperture 138C. Further, the tension member 702C is con-
nected at a first end to the pivot ring 136C proximate to the
aperture 138C and at a second end opposite the first end to
the pivot ring 136A proximate to the aperture 138A.

The transmission 700 also includes flexible extension
members 708A, 708B, 708C respectively connected at a first
end to the pivot rings 136A, 136B, 136C. The transmission
700 also includes a first annular bearing 806 and a second
annular bearing 816 to assist in the shifting of the transmis-
sion 700. The first annular bearing 806 is slidingly attached
to the hub shell 302 such that first the annular bearing 806
can further be directed toward the rotatable driving member
120 or the rotatable driven member 170. The second annular
bearing 816 also is configured to be slid toward either the
rotatable driving member 120 or the rotatable driven mem-
ber 170; however, the second annular bearing 816 is not
rotatable about the main shaft 102, unlike the first annular
bearing 806. The first annular bearing 806 and the second
annular bearing 816 supports multiple bearing balls 808. A
second end of each the extension members 708A, 708B,
708C connects to the second annular bearing 816 (FIG. 8).

Multiple extension members 718A, 718B, 718C respec-
tively connect the first annular bearing 806 to multiple
weights 720A, 720B, 720C. Optionally, a plurality of pul-
leys 822 may be used to route the extension members 718A,
718B, 718C from the second annular bearing 816 to the
weights 720A, 720B, 720C, and route the extension mem-
bers 708A, 708B, 708C to the first annular bearing 806.

Still referring to FIGS. 7 and 8, a method of operation for
the transmission 700 is disclosed. Similar to the embodiment
of'the invention disclosed in FIG. 1, a clockwise input torque
causes clockwise rotation of the drive sleeve 104, the first
roller cage assembly 110, and the rotatable driving member
120. The rotatable driving member 120 engages the power
adjusters 122A, 122B, 122C to rotate, and thereby drives the
rotatable driven member 170. The rotation of the rotatable
driven member 170 drives the second roller cage assembly
180 and produces an output torque.

However, to be distinguished from the transmission 100
illustrated in FIG. 1, the ratio of rotation between the rotat-
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able driving member 120 and the rotatable driven member
170 is adjusted automatically by a centrifugal outward
movement of the weights 720A, 720B, 720C. As the weights
720A, 720B, 720C extend outwardly, the extensions 718A,
718B, 718C pull the first annular bearing 806 toward the
rotatable driving member 120. The movement of the first
annular bearing 806 toward the rotatable driving member
120 similarly causes the movement of the bearings 808 and
the second annular bearing 816 toward the rotatable driving
member 120.

The movement of the first annular bearing 806 toward the
rotatable driving member 120 causes the extension members
708A, 708B, 708C to respectively pivot the pivot rings
306A, 306B, 306C and adjust the axis of rotation of each of
the power adjusters 122A, 122B, 122C. After the
adjustment, the rotatable driven member 170 contacts a sur-
face of power adjusters 120A, 120B, 120C closer to the axis
of rotation of each of the power adjuster 122A, 122B, 122C.
Conversely, the rotatable driving member 120 contacts the
power adjusters 122A, 122B, 122C at a point on a surface of
the each of the power adjusters 122A, 122B, 122C further
away from the axis of rotation of the power adjusters 122A,
122B, 122C. The adjustment of the axis of rotation for the
power adjusters 122A, 122B, 122C decreases an output
angular velocity for the transmission 100 because for every
revolution of the rotatable driving member 120, the rotatable
driven member 170 rotates less than once. When the hub
shell 302 rotates more slowly, the compression members
702A, 702B, 702C adjust the axis of rotation of the power
adjusters 122A, 122B, 122C to provide to a lower output
angular velocity in comparison to the input angular velocity.

FIGS. 9 and 10 illustrate an alternative embodiment of the
invention. For purposes of simplicity of description, only the
differences between the transmission 100 of FIG. 1 and a
transmission 900 of FIGS. 9 and 10 are described. FIG. 9 is a
partial end elevational view of the transmission 900, and
FIG. 10 is partial side elevational view of the transmission
900.

The transmission 900 includes flexible extension mem-
bers 908 A, 908B, 908C respectively connected at a first end
to the pivot rings 136A, 136B, 136C. A second end of the
extension members 908A, 908B, 908C connects to a syn-
chronization member 912. Further each of the extension
members 908A, 908B, 908C are slidingly engaged to a plu-
rality of pulleys 916 (FIG. 9) which are affixed to the hub
shell 302. It is noted that the number and location of the each
of the pulleys 916 (FIG. 9) may be varied. For example, a
different pulley configuration may be used to route the
extension members 908A, 908B, 908C depending on the
selected frame of the machine or vehicle that employs the
transmission 900. Additionally, the pulleys 916 and exten-
sion members 908A, 908B, 908C may be located inside the
hub shell 302.

The hub shell 302 of the transmission 900 is non-
rotational. Further, the hub shell 302 includes a plurality of
apertures (not shown) which are used to guide the extension
members 908A, 908B, 908C to the synchronization member
912.

To be noted, according to the embodiment of the invention
illustrated in FIGS. 9 and 10, the shifting assembly of the
transmission 100 of FIG. 2 may be eliminated, including the
main shaft 102 (FIG. 2), the tension member 202 (FIG. 2),
the extensions 162, 164 (FIG. 2) and the shifting actuator
(not shown).

Still referring to FIGS. 9 and 10, a method of operation for
the transmission 900 is disclosed. Similar to the embodiment

20

25

30

35

40

50

60

65

10

of the invention disclosed in FIG. 1, an input torque causes a
clockwise rotation of the drive sleeve 104, the first roller
cage assembly 110, and the rotatable driving member 120.
The rotatable driving member 120 engages the power adjust-
ers 122A, 122B, 122 to rotate, and thereby drive the rotat-
able driven member 170. The rotation of the rotatable driven
member 170 drives the second roller cage assembly 180 and
produces an output torque.

In the transmission 900, the ratio of rotation between the
rotatable driving member 120 and the rotatable driven mem-
ber 170 is adjusted by the manipulation of the synchroniza-
tion member 912. As the synchronization member 912 is
outwardly directed from the hub shell 302, the extension
members 908A, 908B, 908C respectively pivot the pivot
rings 136A, 136B, 136C such that the axis of rotation of
each of the power adjusters 122A, 122B, and 122C is simi-
larly pivoted. The axis of rotation of each of the power
adjusters 122A, 122B, 122C is modified such that the rotat-
able driving member 120 contacts a surface of power adjust-
ers 122A, 122B, 122C further away from the axis of rotation
of each of the power adjusters 122A, 122B, 122C.
Conversely, the rotatable driven member 170 contacts the
power adjusters 122A, 122B, 122C at a point on a surface of
the each of the power adjusters 122A, 122B, 122C closer to
the axis of rotation of each of the power adjusters 122A,
122B, 122C. The adjustment of the axis of rotation for the
power adjusters 122A, 122B, 122C decreases an output
angular velocity for the transmission 100 because for every
revolution of the rotatable driving member 120, the rotatable
driven member 170 rotates less than once.

When the synchronization member 912 is directed toward
the hub shell 302, the tension members 702A, 7028, 702C
compress. This compression causes an end of the pivot rings
136 A, 136B, 136C proximate to the rotatable driven member
170 to pivot toward the main shaft 102. The pivoting of the
pivot rings 136A, 136B, 136C causes the axis of rotation of
each of the power adjusters 122A, 122B, 122C to be modi-
fied such that the rotatable driven member 170 rotates slower
than the rotatable driving member 120.

FIG. 11 illustrates another alternative embodiment of the
invention including a transmission 1100 having a first thrust
bearing 1106 and a second thrust bearing 1108. The first
thrust bearing 1106 is rotatably disposed over the main shaft
102 and is positioned between the support member 154 and
the extensions 162, 164. The second thrust bearing 1108 is
disposed over the main shaft 102 on a side of the support
member 154 opposite the first thrust bearing 1106. The
transmission 1100 may optionally also include a second
ratio changer, such as ratio changer 1110, which is disposed
over the main shaft 102 and is axially slidable.

When the ratio changers 166, 1110 slide axially to cause a
shift in the transmission 1100, the ratio changers 166, 1110
also slide the thrust bearings 1106, 1108. The sliding of the
thrust bearings 1106, 1108 forces the support member 154 to
slide in unison with the ratio changers 166, 1110. A small
amount of play is provided between the support member 154
and the thrust bearings 1106, 1008 so that the thrust bearings
1106, 1108 do not contact the support member 154 except
when the transmission 1100 is in the process of shifting.

FIG. 12 illustrates an alternative embodiment of the
invention. FIG. 12 illustrates a transmission 1200 that oper-
ates similarly to the embodiment of the invention disclosed
in FIG. 10; however, the transmission 1200 of FIG. 12
includes two rotatable drivers 1204, 1206 and a rotatable
driving shaft 1212. The rotatable driving shaft 1212 is fix-
edly attached to the drive sleeve 104.
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Still referring to FIG. 12, the first rotatable driver 1204
includes a one way clutch 1208 that is configured to rotate
the rotatable driving shaft 1212 upon the rotation of the
rotatable driver in a first direction. The second rotatable
driver 1206 includes a one way clutch 1210. The second
rotatable driver 1206 is configured to engage the drive sleeve
104 upon the rotation of the second rotatable driver 1206 in a
second direction, which is opposite to the activation direc-
tion of the first rotatable driver 1204. The second rotatable
driver 1206 is fixedly attached to the drive sleeve 104.

FIG. 13 schematically illustrates another alternative
embodiment of the invention having a transmission 1300
that is configured to shift automatically. Three pulleys 1306,
1308, 1310 are respectively connected to the pivot rings
136A, 1368, and 136C. A cable 1312 is guided around the
pulley 1306 and connects at a first end to the main shaft 102
and connects at a second end to an annular ring (not shown),
similar to the annular ring 816 of FIG. 8. Similarly, a cable
1314 is guided around the pulley 1308 and connects to the
main shaft 102 at a first end and connects at a second end to
the annular ring (not shown) Lastly, a cable 1316 is guided
around the pulley 1310 and connects at a first end to the main
shaft 102 and connects at a second end to the annular ring
(not shown).

FIG. 14 schematically illustrates the transmission 1300 of
FIG. 13 from a front end. A plurality of tension members
1404, 1406, 1408 interconnect each of the pivot rings 136 A,
1368, and 136C. The tension member 1404 connects at a
first end to the pivot ring 136 A and connects at a second end
opposite the first end to the pivot ring 136B. The tension
member 1406 connects at a first end to the pivot ring 136B
and connects at a second end opposite the first end at the
pivot ring 136C. The tension member 1408 connects at a first
end to the pivot ring 136 A and connects at a second end
opposite the first end at the pivot ring 136C.

FIG. 15 schematically illustrates a housing 1500 for the
transmission 1300 of FIGS. 13 and 14. The housing 1500
includes three hollow guide tubes 1504, 1506, and 1508.
Each of the hollow guide tubes 1504, 1506, 1508 connect at
a first end to a hub shell 1512 that holds the transmission
1300 and at a second end opposite the first end to a transmis-
sion wheel 1514. Three tension members 1516, 1518, 1520
are respectively disposed within the guide tubes 1504, 1506,
1508 and are connected at a first end to the transmission
wheel 1514. A second end of the tension members 1516,
1518, 1520 opposite the transmission wheel 1514 are
respectively connected with spherical weights 1526, 1528,
1530. In alternative embodiments of the invention, the
weights 1526, 1528, 1530 may be adapted to other geomet-
ric shapes.

Multiple linkage members 1532, 1534, 1536, respectively
extend from the weights 1526, 1528, 1530 to an annular
member (not shown), such as the annular member 806 of
FIG. 8.

Turning to the method of operation of the housing 1500 of
FIG. 15, the rotation of the hub shell 1512 causes the rota-
tion of the hollow guide tubes 1504, 1506, 1508. As the
guide tubes 1504, 1506, 1058 rotate, the weights 1526, 1528,
1530 extend outwardly toward the transmission wheel 1514.
The outward movement of the weights 1526, 1528, 1530
causes a shifting of the axis of rotation of the power adjusters
122A, 122B, 122C of FIGS. 13 and 14.

FIG. 16 is another alternative embodiment of the inven-
tion. FIG. 16 is a schematic illustration of a manual version
of the transmission 1300 shown in FIGS. 13 and 14. For
purposes of simplicity of description, only the differences
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between the transmission 1600 of FIG. 16 and the transmis-
sion 1300 of FIGS. 13 and 14 are described. The transmis-
sion 1600 includes a flexible cable 1602 that connects at a
first end to a shifting actuator (not shown). The cable 1602
extends from the shifting actuator (not shown), through the
central passageway of the main shaft 102 and then extends
through an aperture (not shown) on the main shaft 102. From
the aperture (not shown) the cable 1602 extends around the
pulley 1308. From the pulley 1308, the cable is guided
around the pulley 1306. From the pulley 1306, the cable
extends to the pulley 1308. Finally, from the pulley 1308, the
cable 1602 connects to the main shaft 102.

Still referring to FIG. 16, as the cable 1602 is directed
toward the shifting actuator (not shown), the cable 1602
pulls on the pulleys 1304, 1306, 1308 thereby causing a shift
in the axis of rotation of each of the power adjusters 122A,
122B, 122C. Conversely, when the shifting actuator (not
shown) releases the cable 1602, the tension members 1404,
1406, 1408 cause each of the axis of rotation of the power
adjusters 122A, 122B, 122C to shift in a second and opposite
direction.

The present invention provides a novel transmission
which provides a continuously variable input/output angular
velocity ratio offering up to a 900% range of input/output
angular velocity. Further, the transmission can be actuated
either manually or automatically.

Further, the transmission of the invention provides a
simple design which requires a minimal number of parts to
implement, and is therefore simple to manufacture, compact,
light and produces very little friction. The transmission
eliminates duplicate, overlapping, or unusable gears which
are found in geared transmissions. The transmission elimi-
nates the need for clutches which are traditionally used for
changing gears. Lastly, the transmission can save energy or
gasoline by providing an ideal input to output angular speed
ratio.

While the above detailed description has shown,
described, and pointed out novel features of the invention as
applied to various embodiments, it will be understood that
various omissions, substitutions, and changes in the form
and details of the device or process illustrated may be made
by those skilled in the art without departing from the spirit of
the invention. The scope of the invention is indicated by the
appended claims rather than by the foregoing description.
All changes which come within the meaning and range of
equivalency of the claims are to be embraced within their
scope.

What is claimed is:

1. A continuously variable transmission, comprising:

three or more spherical power adjusters, each power
adjuster having a cylindrical hole extending through its
center;

three or more cylindrical spindles, each spindle positioned
in the hole of one power adjuster;

at least one stationary support with an aperture at its cen-
ter;

a rotatable support member having first and second sides,
the rotatable support member located between the
power adjusters and frictionally engaged with the plu-
rality of power adjusters, wherein the rotatable support
member has a substantially uniform outer diameter,
wherein the rotatable support member is capable of
axial movement, and wherein the rotatable support
member has at least two areas that are bearing surfaces
to control axial movement of the rotatable support
member;
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a first annular bearing capable of axial movement, posi-
tioned on the first side of the support member;

a second annular bearing capable of axial movement,
positioned on the second side of the support member;

a first planar platform capable of axial movement, posi-
tioned so that the first annular bearing is between the
rotatable support member and the first planar platform;

a second planar platform capable of axial movement,
positioned so that the second annular bearing is
between the rotatable support and the second planar
platform; and

a ratio changer operably connected to the cylindrical
spindles, wherein an adjustment in the ratio changer
causes the cylindrical spindles to change their axes of
rotation.

2. A continuously variable transmission, comprising:

a rotatable driving member;

three or more spherical power adjusters, each power
adjuster having a cylindrical hole extending through its
center;

three or more cylindrical spindles, each spindle positioned
in the hole of one power adjuster;

a drive sleeve;

three or more ramped surfaces on the drive sleeve that face
the rotatable driving member;

three or more rollers positioned to roll on the three or
more ramped surfaces of the drive sleeve and also roll
on the rotatable driving member;

a roller cage positioning the three or more rollers;

the three or more ramped surfaces of the drive sleeve con-
figured so that when the three or more rollers rotate
they compress the rotatable driving member against the
three or more spherical power adjusters upon an
increase in torque and decompress the rotatable driving
member upon a decrease in torque;

a rotatable support member located between the power
adjusters that has first and second sides, and is friction-
ally engaged with the three or more power adjusters,
wherein the rotatable support member has a substan-
tially uniform outer diameter, wherein the rotatable
support member is capable of axial movement, and
wherein the rotatable support member has at least two
areas that are bearing surfaces to control axial move-
ment of the rotatable support member;

a first annular bearing capable of axial movement, posi-
tioned on the first side of the support member;

a second annular bearing capable of axial movement,
positioned on the second side of the support member;

a first planar platform capable of axial movement, posi-
tioned so that the first annular bearing is between the
rotatable support member and the first planar platform;

a second planar platform capable of axial movement,
positioned so that the second annular bearings is
between the rotatable support and the second planar
platform;

at least one stationary support with an aperture at its cen-
ter; and

wherein the rotatable support member, the first annular
bearing, the second annular bearing, the first planar
platform, and the second planar platform are all capable
of simultaneous axial movement.

3. The transmission of claim 2 wherein the ramped sur-

faces of the drive sleeve are linear.

4. The transmission of claim 2 wherein the rollers are

cylindrical.
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5. The transmission of claim 2, further comprising a hol-
low shaft and a shifting member positioned in the shaft,
wherein the shifting member is configured to actuate an
adjustment in an axis of rotation of each of the power adjust-
ers.

6. A continuously variable transmission, comprising:

a shaft;

a rotatable driving member rotatably mounted over the

shaft;

a rotatable driven member rotatably mounted over the
shaft;

a plurality of spherical power adjusters frictionally inter-
posed between the rotatable driving member and the
rotatable driven member and adapted to transmit power
from the rotatable driving member to the rotatable
driven member, each power adjuster having a cylindri-
cal hole extending through its center;

a plurality of cylindrical spindles, each spindle positioned
in the hole of one power adjuster;

a rotatable support member located between the power
adjusters and frictionally engaged with the plurality of
power adjusters so that the power adjusters each are in
frictional contact with each of the driving member, the
driven member, and the rotatable support member;

a first annular bearing positioned on a first side of the
support member;

a second annular bearing positioned on a second side of
the support member;

at least one stationary support with an aperture at its cen-
ter; and

a plurality of legs attached to the at least one stationary
support.

7. The transmission of claim 6, wherein the legs are rig-
idly attached to the at least one stationary support and assist
holding the power adjusters in a stationary position to pre-
vent them from orbiting around the axis of the rotatable
support member.

8. The transmission of claim 7, wherein the plurality of
legs extend substantially perpendicular from the at least one
stationary support.

9. The transmission of claim 6, wherein the shaft is
hollow, and the transmission further includes a shifting
member in the shaft, the shifting member configured to actu-
ate an adjustment in an axis of rotation in each of the plural-
ity of power adjusters.

10. A continuously variable transmission, comprising:

a rotatable driving member;

three or more spherical power adjusters, each power
adjuster having a cylindrical hole extending through its
center;

three or more cylindrical spindles, each spindle positioned
in the hole of one power adjuster;

at least one stationary support with an aperture at its cen-
ter;

a rotatable support member located between the power
adjusters having first and second sides, and frictionally
engaged with the plurality of power adjusters, wherein
the rotatable support member has a substantially uni-
form outer diameter, wherein the rotatable support
member is capable of axial movement, and wherein the
rotatable support member has at least two areas that are
bearing surfaces to control axial movement of the rotat-
able support member;

a first annular bearing capable of axial movement, posi-
tioned on the first side of the support member;
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a second annular bearing capable of axial movement,
positioned on the second side of the support member;

a first planar platform capable of axial movement, posi-
tioned so that the first annular bearing is between the
rotatable support member and the first planar platform;

a second planar platform capable of axial movement,
positioned so that the second annular bearing is
between the rotatable support and the second planar
platform;

a shifting member, having an end that extends outside of
the transmission, that is positioned along the axis of the
rotatable support member and is operably engaged with
the rotatable support member; and

wherein an adjustment in the position of the shifting
member causes the rotatable support member, the first
annular bearing, the second annular bearing, the first
planar platform, and the second planar platform to all
move simultaneously and a substantially equal dis-
tance.

11. The transmission of claim 10, further comprising a
linkage having first and second ends attached at the first end
to the shifting member and at the second end to a shifting
actuator.

12. The transmission of claim 10, further comprising a
tension member biasing the shifting member towards a first
position.

13. The transmission of claim 10, further comprising a
ratio changer, the ratio changer operably engaged with the
cylindrical spindles.

14. The transmission of claim 10, wherein at least one
point on the surface of each of the power adjusters undergoes
an arcuate travel in the axis of rotation of the spindle that is
longer than the axial movement of the rotatable support
member when the transmission is shifted.

15. A continuously variable transmission, comprising:

three or more spherical power adjusters, each power
adjuster having a cylindrical hole extending through its
center;

three or more cylindrical spindles, each spindle posi-
tioned in the hole of one power adjuster;

at least one stationary support;

a rotatable support member having first and second sides,
the rotatable support member located between the
power adjusters and frictionally engaged with the plu-
rality of power adjusters, wherein the rotatable support
member has a substantially uniform outer diameter,
wherein the rotatable support member is capable of
axial movement, and wherein the rotatable support
member has at least two areas that are bearing surfaces
to control axial movement of the rotatable support
member;

a first annular bearing capable of axial movement, posi-
tioned on the first side of the rotatable support member;

a second annular bearing capable of axial movement,
positioned on the second side of the rotatable support
member;

a first planar platform capable of axial movement, posi-
tioned so that the first annular bearing is between the
rotatable support member and the first planar plat-
form;

a second planar platform capable of axial movement,
positioned so that the second annular bearing is
between the rotatable support and the second planar
platform; and

a ratio changer operably connected to the cylindrical
spindles, wherein an adjustment in the ratio changer
causes the cylindrical spindles to change their axes of
rotation.
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16. A continuously variable transmission, comprising:

a rotatable driving member;

three or more spherical power adjusters, each power
adjuster having a cylindrical hole extending through its
center;

three or more cylindrical spindles, each spindle posi-
tioned in the hole of one power adjuster;

a drive sleeve;

three or more ramped surfaces on the drive sleeve that
face the rotatable driving member;

three or more rollers positioned to voll on the three or
move ramped surfaces of the drive sleeve and also roll
on the rotatable driving member;

a roller cage positioning the three or more rollers;

the three or more ramped surfaces of the drive sleeve
configured so that when the three or more rollers rotate
they compress the rotatable driving member against the
three or more spherical power adjusters upon an
increase in torque and decompress the rotatable driv-
ing member upon a decrease in torque;

a rotatable support member located between the power
adjusters that has first and second sides, and is friction-
ally engaged with the three or more power adjusters,
wherein the rotatable support member has a substan-
tially uniform outer diameter, wherein the rotatable
support member is capable of axial movement, and
wherein the rotatable support member has at least two
areas that arve bearing surfaces to control axial move-
ment of the rotatable support member;

a first annular bearing capable of axial movement, posi-
tioned on the first side of the rotatable support member;

a second annular bearing capable of axial movement,
positioned on the second side of the rotatable support
member;

a first planar platform capable of axial movement, posi-
tioned so that the first annular bearing is between the
rotatable support member and the first planar plat-
form;

a second planar platform capable of axial movement,
positioned so that the second annular bearings is
between the rotatable support and the second planar
platform;

at least one stationary support; and

wherein the rotatable support member, the first annular
bearing, the second annular bearing, the first planar
platform, and the second planar platform are all
capable of simultaneous axial movement.

17. The transmission of claim 16 wherein the ramped sur-

faces of the drive sleeve are linear.

18. The transmission of claim 16, wherein the rollers are
cylindrical.

19. The transmission of claim 16, further comprising a
hollow shaft and a shifiing member positioned in the shaft,
wherein the shifiing member is configured to actuate an
adjustment in an axis of rotation of each of the power adjust-
ers.

20. A continuously variable transmission, comprising:

a shaft;

a rotatable driving member rotatably mounted over the

shaft;

a rotatable driven member rotatably mounted over the

shaft;

a plurality of spherical power adjusters frictionally inter-

posed between the rotatable driving member and the
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rotatable driven member and adapted to transmit
power from the rotatable driving member to the rotat-
able driven member, each power adjuster having a
cylindrical hole extending through its center;

a plurality of cylindrical spindles, each spindle positioned
in the hole of one power adjuster;

a rotatable support member located between the power
adjusters and frictionally engaged with the plurality of
power adjusters so that the power adjusters each are in
frictional contact with each of the driving member, the
driven member, and the rotatable support member;

a first annular bearing positioned on a first side of the
rotatable support member;

a second annular bearing positioned on a second side of
the rotatable support member;

at least one stationary support; and

a plurality of legs attached to the at least one stationary
Support.

21. The transmission of claim 20, wherein the legs are
rigidly attached to the at least one stationary support and
assist holding the power adjusters in a stationary position to
prevent them from orbiting around the axis of the rotatable
support member.

22. The transmission of claim 21, wherein the plurality of
legs extend substantially perpendicular from the at least one
stationary support.

23. The transmission of claim 20, wherein the shaft is
hollow, and the transmission further includes a shifting
member in the shaft, the shifting member configured to actu-
ate an adjustment in an axis of votation in each of the plural-
ity of power adjusters.

24. A continuously variable transmission, comprising:

a rotatable driving member;

three or more spherical power adjusters, each power
adjuster having a cylindrical hole extending through its
center;

three or more cylindrical spindles, each spindle posi-
tioned in the hole of one power adjuster;

at least one stationary support;

a rotatable support member located between the power
adjusters having first and second sides, and frictionally
engaged with the plurality of power adjusters, wherein
the rotatable support member has a substantially uni-
form outer diameter, wherein the rotatable support
member is capable of axial movement, and wherein the
rotatable support member has at least two areas that
are bearing surfaces to control axial movement of the
rotatable support member;

a first annular bearing capable of axial movement, posi-
tioned on the first side of the rotatable support member;

a second annular bearing capable of axial movement,
positioned on the second side of the rotatable support
member;

a first planar platform capable of axial movement, posi-
tioned so that the first annular bearing is between the
rotatable support member and the first planar plat-
form;

a second planar platform capable of axial movement,
positioned so that the second annular bearing is
between the rotatable support and the second planar
platform;

a shifting member, having an end that extends outside of
the transmission, that is positioned along the axis of the
rotatable support member and is operably engaged
with the rotatable support member; and
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wherein an adjustment in the position of the shifting mem-
ber causes the rotatable support member, the first annu-
lar bearing, the second annular bearing, the first pla-
nar platform, and the second planar platform to all
move simultaneously and a substantially equal dis-
tance.

25. The transmission of claim 24, further comprising a
linkage having first and second ends attached at the first end
to the shifting member and at the second end to a shifting
actuator.

26. The transmission of claim 24, further comprising a
tension member biasing the shifting member towards a first
position.

27. The transmission of claim 24, further comprising a
ratio changer, the ratio changer operably engaged with the
cylindrical spindles.

28. The transmission of claim 24, wherein at least one
point on the surface of each of the power adjusters under-
goes an arcuate travel in the axis of rotation of the spindle
that is longer than the axial movement of the rotatable sup-
port member when the transmission is shifted.

29. A continuously variable transmission, comprising:

three or more spherical power adjusters, each power
adjuster having a cylindrical hole extending through its
center;

three or more cylindrical spindles, each spindle posi-
tioned in the hole of one power adjuster;

a rotatable driving member adjacent to and in contact
with each of the power adjusters;

a rotatable driven member adjacent to and in contact with
each of the power adjusters;

a cylindrical rotatable support member having first and
second sides and a substantially uniform outer
diameter, the rotatable support member located radi-
ally between and in contact with the plurality of power
adjusters, wherein the rotatable support member is
capable of axial movement; and

a shift rod operably connected to the support member and
adapted move axially and control axial movement of
the support member in order to control the ratio of the
transmission.

30. A continuously variable transmission comprising:

a drive sleeve;
a driving member;

a first voller cage, the first voller cage assembly interposed
between the drive sleeve and the driving member,
whereby a torque applied to the drive sleeve is trans-
ferred via the roller cage assembly to the driving mem-
ber;

a driven member;

a plurality of power adjusters in contact with each of the
driving member and the driven member, whereby
torque is transferred from the driving member to the
driven member via, at least in part, the power adjust-
ers;

a hub driver;

a second roller cage assembly, the second roller cage
assembly interposed between the driven member and
the hub driver, whereby torque is transferred from the
driven member to the hub driver through the second
roller cage assembly;

a hub shell coupled to the hub driver;

a support member interposed between the driving mem-
ber and the driven member, wherein each power
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adjuster contacts the support member at a point that is
radially inward relative to the points where the power
adjusters contact the driving member and the driven
member; and
a hollow shaft adapted to support the driving member, the
driven member, and the support member.
31. The transmission of claim 30, further comprising a
shifting member positioned in the hollow shaft, wherein the
shifting member and the support member are operationally

20
coupled so that an axial movement of the shifting member
results in an axial movement of the support member.
32. The transmission of claim 31, wherein the driving
member and the driven member each comprises grooves.
33. The transmission of claim 32, wherein the drive sleeve
and the hub driver each comprises grooves.



