Office de la Proprieté Canadian CA 2411883 C 2007/03/13

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 41 1 883
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2001/05/11 (51) CLInt./Int.Cl. F16H 15/42 (2006.01)

(87) Date publication PCT/PCT Publication Date: 2001/12/13 | (72) Inventeur/Inventor:
(45) Date de délivrance/lssue Date: 2007/03/13 TUAN, JING, US
: : : . (73) Proprietaire/Owner:
(85) Entree phase nationale/National Entry: 2002/12/05 THE GATES CORPORATION. US
(86) N° demande PCT/PCT Application No.: US 2001/015461 |
o o (74) Agent: FETHERSTONHAUGH & CO.
(87) N° publication PCT/PCT Publication No.: 2001/094811

(30) Priornte/Priority: 2000/06/07 (US60/210,138)

(54) Titre : ACCOUPLEMENT A COURONNE DENTEE
(54) Title: GEARED DRIVE RING COUPLER

105

10

)

5

DA J}
3\
/)

[I
)

103

N
A
|

My

B
\a— ‘//“W 7y
"2 2277727 /
205 //ff'”’”"‘ﬂy/
%’Z‘Eﬁ/ = 7~
W R, |
|

7R
PANVD
>

-

Al
Zrses

|
C

(57) Abréegée/Abstract:
The iInvention comprises a geared drive ring coupler. The geared drive ring coupler comprises two pairs of adjacent drive rings (1,

2, 3, 4) rotatably connected to each end of a frame (5). Each pair of drive rings (1, 2, 3, 4) Is meshed together with the cooperating
pair of drive rings (1, 2, 3, 4) on the opposing end of the frame (5). The relative spatial arrangement of the axis of rotation of each
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(57) Abrege(suite)/Abstract(continued):

set of drive rings (1, 2, 3, 4) Is maintained by the frame (5), which In turn holds the drive rings (1, 2, 3, 4) In a predetermined
relationship between the pulley sheaves. The drive rings (1, 2, 3, 4) on the driver pulley turn in the same direction as the driver
pulley through frictional contact with the sides of the CVT driver pulley sheaves. The drive rings on the driven pulley side rotate In
the opposite direction to the drive rings on the driver pulley, since they are meshed together. The driven drive rings (1, 2, 3, 4) are
then In frictional contact with the sides of the driven pulley sheaves, thereby driving the driven pulley. The effective diameter or
radius of each pulley is adjusted by movement of the pulley sheaves. Movement of the pulley sheaves causes the axis of rotation of
each set of drive rings (1, 2, 3, 4) to move eccentrically with respect to the axis of rotation of their respective pulley. Since the drive

rngs (1, 2, 3, 4) are mechanically connected, the drive rings (1, 2, 3, 4) move with the frame (5) as a unit in response to the
movement of the pulley sheaves, thereby changing the effective gear ratio of the transmission.
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(57) Abstract: The invention comprises a geared drive
ring coupler. The geared drive ring coupler comprises two
pairs of adjacent drive rings (1, 2, 3, 4) rotatably con-
nected to each end of a frame (5). Each pair of drive rings
(1, 2, 3, 4) is meshed together with the cooperating pair
of drive rings (1, 2, 3, 4) on the opposing end of the frame
(5). The relative spatial arrangement of the axis of rota-
tion of each set of drive rings (1, 2, 3, 4) is maintained
by the frame (5), which in turn holds the drive rings (1, 2,
3, 4) in a predetermined relationship between the pulley
sheaves. The drive rings (1, 2, 3, 4) on the driver pul-
ley turn in the same direction as the driver pulley through
frictional contact with the sides of the CVT driver pulley
sheaves. The drive rings on the driven pulley side rotate in
the opposite direction to the drive rings on the driver pul-
ley, since they are meshed together. The driven drive rings
(1, 2, 3, 4) are then in frictional contact with the sides of
the driven pulley sheaves, thereby driving the driven pul-
ley. The effective diameter or radius of each pulley is ad-
justed by movement of the pulley sheaves. Movement of
the pulley sheaves causes the axis of rotation of each set of
drive rings (1, 2, 3, 4) to move eccentrically with respect
to the axis of rotation of their respective pulley. Since the
drive rings (1, 2, 3, 4) are mechanically connected, the
drive rings (1, 2, 3, 4) move with the frame (5) as a unit in
response to the movement of the pulley sheaves, thereby
changing the effective gear ratio of the transmission.
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Title

Geared Drive Ring Coupler

Field of the Invention

The invention relates to geared power ‘transmission
systems, and more particularly, to geared drive «ring
couplers comprising drive rings’ that cooperate with a
driver and driven pulley on a CVT transmission and wherein

the drive rings mesh together and are connected by a

bearing frame.

Background of the Invention
It is well known in the art that a gear type

transmission may be used for operating a motor vehicle,
motorcycle or the like. The transmission connects the
motor to the drive wheels. Transmissions generally
comprise a finite number of gears, usually three or four.
Only one of the gears is most efficient, so operating the

motor in one of the other gears necessarily reduces

‘efficiency. For the purposes of improving fuel efficiency,
a continuously variable transmission, or CVT, 1s
preferable.

A CVT is infinitely variable so a wide range of gear

ratios is made available as compared ‘to a gear type

transmission. The CVT transmission generally comprises a
driver and driven pulley. The pulleys are connected by a
belt trained around each. Various types of belts have Dbeen

developed for use in continuously variable transmissions.
Generally, the CVT Belts have a silhouette similar to
that of a conventional V-belt. In particular, they are

broad at the top and narrow at the bottom and designed to
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fit between the sheaves of the pulley that defines an
angular groove. . The pulley on which the belt is trained
comprises a moveable sheave and a fixed sheave, both having
a truncated cone shape. Generally, one of the sheaves moves
while the other remains fixed.

Moving one sheave in relation to the other effectively
varies the effective diameter, ¢, of the pulley within which

the belt operates. Consequently, belt linear speed is a
function of the effective diameter of the pulley which is
in turn a functlion of the axial position of the sheaves
relative to each other.

Although the prior art CVT belts are flexible, each
also has characteristics not found in other power
transmission belts. For example, the belts are required to
have transverse rigidity. This allows the belt to run at a

particular effective diameter without being crushed between
|

the pulley sheaves.

A drive ring may be used in a variable diameter pulley
to change an effective diameter. A belt is then trained
over tﬁe drive ring.

Regarding the prior art relationship between the
pulley and the belt, US patent 5,709,624 to 'Donowskl
discloses a variable diameter pulley. A single drive ring
runs in the sheaves of the pulley. A flexible belt runs on
the drive ring through the pulley. As ' the sheaves move
with respect to each other, the effective diameter .of the
pulley 1s changed. Since the drive ring bears the
transverse or compressive forces between the sheaves, the
belt need not be designed to accommodate these forces.
However, the Donowskili devlice comprises a single drive ring

used as a part of an auxiliary drive system of an internal
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combustion engine. A stabilizing member is also required
to maintain the axis of rotation of the drive ring as least
substantially parallel to the axis of rotation of the
sheave members. The Donowski device does not lend itself to
use in a CVT transmission.

Also representative of the prior art is . US patent
4,875,894 to Clark, which discloses a continuously variable
transmission. The transmission ‘comprises an 1nput and
output shaft, each having a rotary disk assembly. The
rotary disk assemblies each have contact pads that form

circles having continuously variable diameters. The two

"rotary disk assemblies are connected by a coupling

mechanism, such 'as a single rigid coupling ring. Power

transmission occurs between each pulley through rotation of
the ring. This device does not offer the option of using
flexible belts for power transmission, requiring instead
the rigid ring to connect the two disks. This limits the
space that the device can operate within, generally to a
square or circular space defined by the extreme outer
dimension of the pulleys.

What 1s needed is a geared drive ring coupler having
co-operating drive rings that transmit power by gear
interaction. What is needed is a geared drive ring coupler
that has a frame for mechanically connecting and spatially
orienting the drive rings. The present- invention. meets

these needs.

Summary of the Invention

The primary aspect of the invention is to provide a
geared drive ring coupler having cooperating drive rings

that transmit power by gear interaction.
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Another aspect of the invention is to provide a geared
drive ring coupler that has a frame for mechanically
connecting and spatially orienting the drive rings.

Other aspects of the invention will be pointed out or
made obvious by the following description of the invention
and the accompan?ing drawings.

The invention comprises a geared drive ring coupler.
The geared drive ring coupler 'comprises two pairs of

adjacent drive rings rotatably connected to each end of a

frame. Each pair of drive rings is meshed together with

the cooperating pair of drive rings on the opposing end of

the frame. The relative spatial arrangement of the axis of

rotation of each set of drive rings is maintained by the
frame, which in turn holds the drive rings in a pre-
determined relationship between the pulley sheaves. The
drive"rings on the driver pulley turn in the same direction
as the driver pulley through frictional contact with the
sides of the CVT driver pulley sheaves. The drive rings on
the driven pulley side rotate in the opposite direction to
the drive rings on the driver pulley, since they are meshed
together. The driven drive rings are then in frictional
contact with the sides of the driven pulley sheaves,
thereby driving the driven pulley. The effective diameter
or radius of each pulley is adjusted by movement of the
pulley sheaves. Movement of the pulley sheaves causes the
axis of rotation of each set of drive riﬁgs to move
eccentrically with respect to the axis of rotation of their
respective pulley. Since the drive rings are mechanically

connected, the drive rings move with the frame as a unit in

response to the movement of the pulley sheaves, thereby

changing the effective gear ratio of the transmission.



10

15

20

25

30

CA 02411883 2006-01-19

25145-340

According to one aspect the invention provides a

geared drive ring coupler comprising: a first ring having a
bearing surface; a second ring having a bearing surface; a
third ring having a bearing surface; a fourth ring having a

bearing surface; a frame having a first end and a second end

Ld

and having a frame major axis; the first ring and the second

ring each describe the same angle (o) to the frame major

axis; the first ring and the second ring are rotatably
mounted to the first end; and the third ring and the fourth

ring are rotatably mounted to the second end.

According to another aspect the invention provides

a geared drive ring coupler comprising: a frame having a

first end and a second end and having a frame major axilis; a
first rotating member rotationally mounted to the first end;
the first rotating member having a first bearing surface; a
second rotating member rotationally mounted to the second

end; the second rotating member having a second bearing

surface; the first rotating member and the second rotating

member describe the same angle (a) with respect to the frame

major axis; the first bearing surface and the second bearing

surface describe an included angle; the first rotating
member and the second rotating member are coupled; a third
rotating member rotationally mounted to the first end and

adjacent to the first rotating member; a fourth rotating
member rotationally mounted to the second end and adjacent

to the second rotating member; and the third rotating member

and the fourth rotating member are coupled.

According to another aspect the invention provides
a geared drive ring coupler comprising: a first ring having
a bearing surface; a second ring having a bearing surface; a
third ring having a bearing surface; a fourth ring having a

bearing surface; a frame having a first end and a second end

43
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and having a frame major axis; the first ring and the third
ring each describe the same angle (o) with respect to the
frame major axis; the first ring and the second ring are
rotatably mounted to the first end; the third ring and the
fourth ring are rotatably mounted to the second end; the
first ring is coupled to the third ring; and the second ring

is coupled to the fourth ring.

According to another aspect the 1nvention provides

a geared drive ring coupler comprising: a first member
having a bearing surface; a second member having a bearing
surface; a frame having a first end and a second end and
having a frame major axis; the first member describing an
angle (o) with respect to the frame major axis; the second
member describing the same angle (&) with respect to the
frame major axis; the first member rotatably mounted to the

first end; the second member rotatably mounted to the second

end; and the first member coupled to the second member.

4b
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Brief Description of the Drawings

The accompanying drawings, which are incorporated in
and form a part of the specification, illustrate preferred
embodiments of the present invention, and together with a
description, serve to explain the principles of the
invention.

Fig. 1 is a perspective view of the invention.

Fig. 2 is a cross-sectional perspéctive view of the geared

drive ring coupler in the CVT pulleys.

Fig. 3 1s a side elevation view of the geared drive ring

system.

Fig. 4 1s a top plan view of the geared drive ring system.

Fig. 5 i1s a perspective view of the bearing frame.
Fig. 6 1s a side -elevation view of the bearing frame.
Fig} 7 1s a top plan view of the bearing frame.

Detailed Description of the Preferred Embodiment

Fig. 1 1s a perspective view of the invention. The
geared drive ring CVT comprises rings 1, 2, 3, and 4.
Rings 1, 2 are rotatably coupled to rings 3, 4 respectively
by meshing or gear surfaces.

The rings or ring gears are rotatably mounted to frame

5. Frame 5 comprises bearing retainer 9 and 10 at each end

respectively. Bearings 6, 7 are mounted to retainer 9 and
bearings 11, 12 are mounted to retainer 10. Support.13 of
frame 5 holds retainers 9 and 10 in proper relation. In

turn, ring gear 1 is mounted upon bearing 6, ring gear 2 1is
mounted upon bearing 7, ring gear 3 is mounted upon bearing
12, and ring gear 4 is mounted upon bearing 1l1l. Each ring
1, 2, 3, 4 has an axis of rotation. Bearings 6, 7 and 11,
12 may comprise any sultable bearing type known in the art,

including but not limited to ball, needle or sleeve.



10

15

20

25

30

CA 02411883 2002-12-05
WO 01/94811 PCT/US01/15461

Fig. 2 1s a cross-sectional perspective view of the
geared drive ring coupler in the CVT pulleys. The
inventive system is shown installed between a driver pulley
100 and a driven pulley 200. Pulley sheaves 101, 102 move
axially Ml in order to increase or decrease the spacing
between the sheaves. Pulley sheaves 201, 202 move axially
M2 in order to increase or decrease the spacing between the
sheaves. In each case, each sheave moves cooperatively
together or apart. Movement of the CVT pulley sheaves 1is
accomplished by means known in the art. Movements M1l and

M2 are made with respect to fixed axis C, meaning each

- sheave section moves toward or away from axis C an equal

but opposite amount compared to its co-operating sheave
section.

In operation, pulley 100 rotates in direction R1 and
pulley 200 rotates in direction R2. The axis of pulley 100
projects through retainer 9. The axis of pulley 200
projects through retainer 10. Surface 33 of ring gear 1,
see Fig.’s 3, 4, bears on sheave surface 103 at 105.
Surface 31 of ring gear 2, see Fig.’s 3, 4, bears on sheave
surface 104 at 106. This contact causes ring gears 1, 2 to
rotate in direction R3 in concert with pulley 100. As ring
gears 1, 2 rotéte, they are meshed or rotatably coupled
with ring gears 3, 4 respectively, thereby causing ring
gears 3, 4 to rotate in direction R4. Surface 34 of ring
gear 3, see Fig.’s 03, 4, bears on sheave surface ?03 at
205. Surface 32 of ring gear 4, see Fig.’s 3, 4, bears on
sheave surface 204 at 206. This contact drives pulley 200
causing it to rotate in direction R2 in concert with and as
driven by ring gears 3, 4. Surfaces 31, 32, 33, 34. each
describe an angle to allow each to properly bear upon

surface 104, 204, 103, 203 respectively.
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It is known in the art that the effective radius of
each ring of the geared drive ring CVT is determined by the
relative position of the sheave sections. As the sheave
sections of a given pulley move together, the effective
radius will increase as the axis of rotation of the ring
gears is forced to move away from the axis of rotation of
the pulley. Conversely, as the sheave sections move apart;
the effective radius will decrease as the rotational axis
of the ring gears moves toward the axis of rotation of the
pulley.

Fig. 3 1is a side elevation view of the geared drive

'ring coupler. Bearing surface 31 contacts a sheave surface

104, see Fig. 2. Bearing surface 32 contacts a sheave
surface 204. Ring gear 2 runs on bearing 7. Ring gear 4

runs on bearing 11.

Fig. 4 is a top plan view of the geared drive ring
coupler. Ring gear 1 comprises gear surface 21. Ring gear 2
comprises 'gear surface 22. Ring gear 3 comprises dgear
surface 23. Ring gear 4 comprises gear surface 24. Support
13 fixedly connects retainer 9 to retainer 10, thereby
holding ring gears 1, 2 in proper meshed relation with ring
gears 3, 4 respectively. Surfaces 21, 22, 23, and 24 may
comprise any gear profile known in the art, including but
not limited to helical, spur, or bevel.

In an alternate embodiment, surfaces 21, 22, 23, 24
are flat. In this alternate embodiment, the roi:_atably
coupled ring surfaces transmit power by way of a high
friction co~efficient on each surface.

Fig. 5 1is a perspective view of the bearing frame.

Frame S5 comprises retainer 9 and retainer 10 fixedly
connected by support 13. Retainer 9 comprises bearing

mounting surfaces 41, 42 wupon which bearings 6, 7 are
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mounted, respectively. Retainer 10 comprises bearing
mounting surfaces 43, 44 upon which bearings 12, 11 are
mounted, respectively.

Fig. 6 is a side elevation view of the bearing frame.
Retainer 9 and retainer 10 are axially aligned with and :

connected to support 13.

Fig. 7 is a top plan view of the bearing frame. Outer
edge 45, 46 of retainer O describé an angle o to the major
axis A. Outer edges 47, 48 of retainer 10 also describe an
angle o to the major axis A. Angle o is slightly less than

s the value of an included angle between the inner surfaces

.of a pulley sheave in which the coupler operates 1in order

to assure the proper contact between the gear ring and
pulley sheave. 'That 1s, this angled relationshlp assures

proper contact at 105, 106 and 205, 206 as shown in Fig. 2.
Angle o may be specified to accommodate the physical

characteristics of a particular pulley.

Although a singlé form of the invention has been
described herein, it will be obvious to those skilled in
the art that variations may be made in the construction and
relation of parts without departing from the spirit and

scope of the invention described herein.
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CLAIMS:
1. A geared drive ring coupler comprising:
a first ring having a bearing surface;
a second ring having a bearing surface;
5 a third ring having a bearing surface;

a fourth ring having a bearing surface;

a frame having a first end and a second end and

having a frame major axis;

the first ring and the second ring each descrilbe

10 the same angle () to the frame major axis;

the first ring and the second ring are rotatably

mounted to the first end; and

the third ring and the fourth ring are rotatably

mounted to the second end.

15 2. The geared drive ring coupler as in claim 1,

wherein:

the first ring is coupled to the third ring; and
the second ring is coupled to the fourth ring.

3. The geared drive ring coupler as 1in claim 2,

20 wherein:

the third ring bearing surface and the fourth ring

bearing surface each describe an included angle.

q . The geared drive ring coupler as in claim 3,

wherein:
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the first ring and the second ring are adjacent to

each other; and

the third ring and the fourth ring are adjacent to

each other.

5 O. The geared drive ring coupler as in claim 4,

wherein:

the first ring and the third ring are coupled to

each other by meshing surfaces; and

the second ring and the fourth ring are coupled to

10 each other by meshing surfaces.

0. The geared drive ring coupler as 1n claim 4,

whereiln:

the first ring and the third ring are coupled to

each other by frictional surfaces; and

15 the second ring and the fourth ring are coupled to

each other by frictional surfaces.
7. A geared drive ring coupler comprising:

a frame having a first end and a second end and

having a frame major axis;

20 a first rotating member rotationally mounted to

the first end;

the first rotating member having a first bearing

surface;

a second rotating member rotationally mounted to

25 the second end;

10
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the second rotating member having a second bearing

surface;

the first rotating member and the second rotating
member describe the same angle (&) with respect to the frame

5 major axils;

the first bearing surface and the second bearing

surface describe an included angle;

the first rotating member and the second rotating

member are coupled;

10 a third rotating member rotationally mounted to

the first end and adjacent to the first rotating member;

a fourth rotating member rotationally mounted to
the second end and adjacent to the second rotating member;

and

15 the third rotating member and the fourth rotating

member are coupled.

8. The coupler as in claim 7, wherein:

the third rotating member further comprises a

third bearing surface; and

20 the fourth rotating member further comprises a

fourth bearing surface.

9. The coupler as in claim 8, whereiln:

the third bearing surface and the fourth bearing

surface describe an included angle.

25 10. The coupler as 1n claim 9 wherein:

11
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p—

an axis of rotation of the first rotating member

and an axis of rotation of the third rotating member

describe an angle; and

an axis of rotation of the second rotating member

P

and an axis of rotation of the fourth rotating member

describe an angle.

11. The geared drive ring coupler as in claim 10,

wherein:

the first rotating member and the second rotating

member are adjacent to each other; and

the third rotating member and the fourth rotating

member are adjacent to each other.

12. The geared drive ring coupler as in claim 11,

wherein:

the first rotating member and the third rotating

member are coupled to each other by meshing surfaces; and

the second rotating member and the fourth rotating

member are coupled to each other by meshing surfaces.

13. The geared drive ring coupler as in claim 11,

whereiln:

the first rotating member and the third rotating

member are coupled to each other by frictional surfaces; and

the second rotating member and the fourth rotating

member are coupled to each other by frictional surfaces.

14. A geared drive ring coupler comprising:

a first ring having a bearing surface;

12
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a second ring having a bearing surface;
a third ring having a bearing surface;
a fourth ring having a bearing surface;

a frame having a first end and a second end and

5 having a frame major axis;

the first ring and the third ring each describe

the same angle (o) with respect to the frame major axis;

the first ring and the second ring are rotatably

mounted to the first end;

10 the third ring and the fourth ring are rotatably

mounted to the second end;

the first ring is coupled to the third ring; and

the second ring is coupled to the fourth ring.

15. The geared drive ring coupler as in claim 14,

15 wherein:

the first ring and the third ring are coupled to

each other by meshing surfaces; and

the second ring and the fourth ring are coupled to

each other by meshing surfaces.

20 1o. The geared drive ring coupler as 1in claim 14,

wherein:

the first ring and the third ring are coupled to

each other by frictional surfaces; and

the second ring and the fourth ring are coupled to

25 each other by frictional surfaces.

13
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17. A geared drive ring coupler comprilsing:

a first member having a bearing surface;

a second member having a bearing surface;

a frame having a first end and a second end and

having a frame major axils;

the

first member describing an angle (o) with

respect to the frame major axis;

the

second member describing the same angle ()

with respect to the frame major axis;

the
end;

the
end; and

the
18. The

the

to each other

19. The

the

to each other

first member rotatably mounted to the first

second member rotatably mounted to the second

first member coupled to the second member.

coupler as in claim 17, wherein:

first member and the second member are coupled

by meshing surfaces.

coupler as in claim 17, wherein:

first member and the second member are coupled

by frictional surfaces.

FETHERSTONHAUGH & CO.

OTTAWA, CANADA

PATENT AGENTS

14



CA 02411883 2002-12-05

PCT/US01/15461

WO 01/94811




WO 01/94811

10;

202

CA 02411883 2002-12-05

2/4

PCT/US01/15461



CA 02411883 2002-12-05

PCT/US01/15461

WO 01/94811

H
[\ QN
S\ Ay
N % o NN
Xy 4

.,y‘

A

T T~ 1
ST T T am~—=UT T T Tl

E—— - ]
///,,,,m”______._ﬂ.m_____ iAot

N <H
Ty
QN

23

Y~

=

T T g

o o -P
I

41

43

Figure b

3/4



CA 02411883 2002-12-05

PCT/US01/15461

WO 01/94811

»

WTT e S A T
~t——[ L T T =TT T T LU0

N\

z_ﬁ_mm.l'-s

25

1L —t
il

.

Heem

L]

H

™
\ o

oo
<H

S
™\
4

I
1 | | /]

p——

®

4/4



105
10

103

101
100

~106

206



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - abstract drawing

