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S (57) Abstract: A wedge loading mechanism (1) for an eccentric planetary traction drive in which a roller having a flexibly mounted
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WEDGE LOADING MECHANISM FOR TRACTION DRIVES

Cross-Reference to Related Applications

This application is related to United States Provisional Patent
Application No. 60/414,134 filed September 27, 2002 from which priority
is claimed.

Technical Field

This invention relates in general to a wedge loading mechanism
for traction drives, and, more particularly, to a wedge loading mechanism
having an increased normal force for the contact points of a loading
roller wedged between two raceways that form a convergent wedge.
Background Art

Traction drives use frictional force to transmit torque and power.

Because the power is transmitted between two smooth surfaces, often
through a thin layer of lubricant, a traction drive possesses unique
characteristics that are not readily attainable by gear drives. These
characteristics include quietness, high-efficiency, high rotational
accuracy, and zero-backlash.

Generating adequate normal force at the contact is essential for
traction drives. Various loading mechanisms have been proposed.
These mechanisms have lead to a host of designs. Perhaps the
simplest means to generate torque responsive load is using eccentric
planetary drives as was disclosed by Dieterich U.S. Patent Number
1,093,922 in 1914. Over the years, various improvements have been
proposed. See for example, U.S. Patent Numbers 3,945,270,
4,481,842, 4,555,963, and ~foreign patent numbers JP10-311398, EP
0,856,462 A2. However, these devices sometimes tend to overload
rollers and raceways when the wedge angle is small resulting in
inefficient transmission of torque and power.

A common practice is to use tapered surfaces along the axial
direction. By moving these surfaces axially, a radial displacement and
thus normal force are generated. Examples of such designs are
disclosed in U.S. Patent Numbers 3,475,993 and 3,375,739.

PCT/US2003/030127
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Since the envelopes of the tapered surfaces in most designs do
not necessarily converge to a common point, this results in a so-called
spin motion at contacting surfaces. The spin motion not only offsets the
high-efficiency otherwise provided by the traction drive, but also causes
component wear and high break away torque.

Recently, a design of zero-spin planetary traction drive has been
proposed by Ai as disclosed in the U.S. Patent Number 6,095,940. This
design employs the on-apex concept similar to that of tapered roller
bearings. Two rows of planetary rollers are used to balance the internal
axial force on the planetary rollers. This design offers torque actuated
loading mechanism and greater torque capability.

The cylindrical planetary traction drive is also able to achieve
zero-spin motion. However, generating sufficient normal force at the
contacts has been a challenge. Designs proposed in the past have
offered various means to pre-load the drive either by mechanically
deforming the outer rings or by thermal assembling the drive. The pre-
load generated by such means, in general, can not be adjusted during
operation. For partial load application, traction drives are unnecessarily
overloaded. This has negative impacts on transmission efficiency and
service life.

As mentioned above, wedge loading provides a simple means to
generate normal force. Most of the wedge loading arrangements in prior
art were based on a specified friction coefficient, requiring a certain
wedge angle corresponding to the friction coefficient. This imposes a
restriction to the traction drive design.

Therefore, it is desirable to provide a simple loading mechanism
that relieves the restriction on wedge angles, thereby giving improved
flexibility for traction drive design.

Summary of the Invention

The present invention relates to a wedge loading mechanism for
traction drives, and, more particularly, to a wedge loading mechanism in

the form of a uniquely designed roller wedged between two races that

PCT/US2003/030127
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provides increased normal loads at the contact points between the
loading roller and the races.

An eccentric planetary traction drive often contains a loading
roller that is wedged between an outer ring member and an eccentrically
located sun roller member. Either the ring member or the sun member
can serve as the driving member. As the driving member rotates, it
drives the loading roller into the converged wedge formed between outer
ring and the sun roller, thus generating normal forces at contacts
between the loading roller and the sun roller and between the loading
roller and the outer ring.

To ensure an adequate normal load at the contacts, the following

relationship is often required,
tan—< u (1)

where § is the wedge angle (Fig. 1(b)) and x is the maximum available
friction coefficient at the contacts.

For traction drives restricted to operate under small wedge
angles, the drive is unnecessarily overloaded. This could lead to a low
transmission efficiency and short service life.

To obtain the highest possible efficiency of the traction drive, the

wedge angle § has to be large enough to make tan% close to the

maximum available friction coefficient 4. ldeally, it requires,

0 =2-arctan u (2a)
In the past, however, this may put an undesirable geometry constraint
on previous traction drive designs.
In accordance with the new present invention, for eccentric
planetary traction drive it can be shown (Fig. 1(b)) that wedge angle ¢ is
determined by the internal geometry (R4, Rz, and e) of a traction drive

and by the azimuth position ¢ of the loading roller as,
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8 = arccos (R +r) +(R, 1) —e (3a)
2R, + 7R, - 7)

where
R, is the radius of the first cylindrical raceway of the sun roller
member;
R, is the radius of the second cylindrical raceway of the outer ring
member;
e represents the eccentricity between the first cylindrical raceway
and the second cylindrical raceway; and
ris the effective radius of the loading roller at this azimuth

position and is expressed in terms of a as:

R —R? —e* +2eR, cosa

Z(R2 + R, —ecosa )

(3b)

r=

As can be appreciated in the following example, for a normal
friction coefficient of x = 0.06, the optimal wedge angle is about 6§ =7
degrees. If it is assumed that Ry =10 mm and Rz = 50 mm and e = 10
mm, then the required azimuth position of the loading load is at about «
= 18 degrees. This can be excessive for some applications particularly
for applications where the drive is used in bi-directional operation and a
single loading roller is used for loading in both directions. In addition,
traction drives designed under constraint of equation (1) have no
overload protection. The normal load at the contacts continues to
increase in proportion to the traction force at contact as the applied
torque increases.

The present invention provides a loading mechanism that allows
for a traction drive to operate under a small wedge angle without having
the traction drive become unnecessarily loaded thereby improving the

efficiency of the traction drive. The present traction drive also provides a
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loading mechanism that improves the dynamic stability of the traction
drive and which offers protection when the drive is overloaded.

Brief Description of Drawings

FIG. 1 is a front view of a typical eccentric planetary traction drive
that would incorporate the present invention.

FIG. 2 is a generally longitudinal sectional view of the typical
eccentric planetary traction drive.

FIG. 3 is a generally transverse sectional view of the typical
eccentric planetary traction drive.

FIG. 4 is a diagram showing the geometric relationship between
the wedge angle and the rollers in the form of an eccentric planetary
traction drive embodiment of the present invention.

FIG. 5 is a diagram showing the present invention of a wedge
loading mechanism in the form of an eccentric planetary traction drive
embodiment of the present invention.

FIG. 6 is a force diagram showing the relationship between the
contact load and the geometry/traction coefficient of the present
invention.

FIG. 7 is a chart showing the relationship between the effective
stiffness ratio and the wedge angle of the present invention.

Corresponding reference characters indicate corresponding parts
throughout the several views of the drawings.

Best Mode for Carrying Out the Invention

Now, referring to the drawings, FIG. 1, FIG. 2, and FIG. 3 depict a
typical eccentric planetary traction drive having an eccentric sun roller
and three planetary rollers, at least one of which is a loading planetary
roller. In this typical traction drive, the present invention of a wedge
loading mechanism 1 is a planetary roller that acts as the loading roller
in this typical eccentric planetary traction drive. The wedge loading
mechanism 1 is located between a first raceway 2, and a second
raceway 3. The wedge loading mechanism 1 comprises a suppdrting

shaft 4 (FIG. 5), a rubber insert 5, a bearing 6, and a loading roller ring

PCT/US2003/030127
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7. Shaft 4 is fixed to the wedge loading mechanism 1. The wedge
loading mechanism 1 is positioned between and in contact with the first
and second raceways 2 and 3. In FIG. 6, the tangential line OA at
contact point A between the second raceway 3 and the wedge loading
mechanism 1 lies at an angle of § with respect to the tangential line OB
at contact point B between the first raceway 2 and the wedge loading
mechanism 1. Thus the two tangent lines form a converged wedge
AOB.

Raceway 2 is the driving member and the contact point B on
raceway 2 has a tendency to move along the tangent line BO toward
point O with respect to the contact point B on the loading roller ring 7
during the operation of the wedge mechanism 1. A friction force F is
thus generated at contact point B. The friction force tends to rotate the
roller ring 7, making the contact point A on the loading roller ring 7 move
along the tangent line OA from point O with respect to the corresponding
contact point A on the second raceway 3. Similarly, a friction force £ at
contact A is generated. The friction forces at contact points A and B both
drives the loading roller ring 7 further into the converged wedge, making
the loading roller ring 7 push firmly against the raceways at the contact
points A and B and against the supporting shaft 4.

The friction forces F at contact points A and B are balanced by
normal contact forces N at contact points A and B and a supporting force
Fo at supporting shaft 4.

The overall deflection, including surface and structural
deflections, normal to the contact surface under normal load can be
characterized by an effective stiffness at the contact. The effective
stiffness at contact points A and B is denoted by Kr and the effective
stiffness at the contact area between the loading roller ring 7 and
supporting shaft 4 is denoted by Ks. Thus as the loading roller ring 7 is
driven by the friction forces F at contact points A and B into the
converged wedge along OC, the normal contact forces N and supporting
contact Fp are estimated as:

PCT/US2003/030127
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F,=Kl (4)
E
N=K, -lsin%— (5)

*
Where sin%~ is a mean value when & is a variable that varies with /,

that is,
L O0* 1g. 0
sm—z- =7 J:smzdl (5a)

and where / is the distance that the center C of loading roller ring 7 (not
the center of the supporting shaft 4) moves along line OC under the
friction forces at contact points A and B. FIG. 7 is a chart showing the
relationship between the stiffness ratio Ks/Kgr and the wedge angle & *.

The operating friction coefficient at the contact is 4, , the friction

force is expressed as
F=u, N (6)
Under static equilibrium conditions,

E, 6 . 0
Y = . COS— — il 7
v e 2 "

This equation can be expressed in terms of effective stiffness Ks and Kgr
by substituting equations (4) and (5) into this equation.

K

6 . O o*
f=2 cos— —sin— |sin— 8a
(uo 5 sin 2]sm 5 (8a)

R

>~

In cases where variation in & is small, then 6 <& * and equation (8a)

becomes
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Figure 7 shows effective stiffness ratio Ks/Kr as a function of wedge

angle § for different operating friction coefficients 4, .

A zero stiffness ratio at a non-zero wedge angle indicates no

supporting force Fy, which leads to the following condition
0 =2-arctan u, (2b)

Negative stiffness ratio means direction change in force Fy. In other
words, shaft 4 is now pushing the loading roller ring 7 into the converged
wedge.

It can be appreciated that a traction drive with the current wedge
loading mechanism 1 can be operated under any small wedge angle &
while still having the traction drive being operated at or close to the

maximum available friction coefficient x4 so long as the stiffness ratio is

appropriately chosen. That is,

%
&=2(,u0 cosé—sinéjsiné—s;zsiné'—ZSinz(é) (9)
K, 2 T 2) 2 2

The proper support stiffness Ks of the wedge loading mechanism
1 is achieved through rubber insert 5 (FIG. 5), bearing 6, and shaft 4.
Other means are also possible. For instance, the supporting shaft can
be mounted to the traction drive through deflectable mounting devices
such as springs, and/or washers. In this case, the loading roller ring 7
may take the form of a solid roller.

The flexible support of the wedge loading mechanism 1 can also
serve as a device to provide a necessary force pushing loading roller
into the wedge contacts thus to improve system dynamic stability.

PCT/US2003/030127
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With predetermined allowable travel range of the loading roller,
the wedge loading mechanism 1 can also serve as an overload
protecting device. When driving torque is at its maximum allowable
level, the wedge loading mechanism 1 is pushed into the wedge toward
the limit of the predetermined travel range. Any additional increase in
torque cannot further push the wedge loading mechanism 1 into the
wedge, thus limiting the maximum available friction forces. Under such
conditions, slippage occurs at contacts between the wedge loading
mechanism 1 and raceways 2 and 3.

While the above description describes various embodiments of
the present invention, it will be clear that the present invention may be
otherwise easily adapted to fit any configuration where a wedge
mechanism for traction drives may be utilized. As various changes
could be made in the above constructions without departing from the
scope of the invention, it is intended that all matter contained in the
above description or shown in the accompanying drawings shall be

interpreted as illustrative and not in a limiting sense.

PCT/US2003/030127
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Claims

1. A wedge loading mechanism for a planetary traction drive
comprising a roller positioned between and in frictional contact with two
raceways that form a convergent wedge such as to communicate motion
between the two raceways, wherein the roller includes a flexible
mounting that generates a difference between an effective supporting
stiffness Ks of the roller and an effective contact stiffness Kr at a contact
point A where the roller contacts at one of the two raceways and at a
contact point B where the roller contacts the other of the two raceways.

2. The wedge loading mechanism of Claim 1 further
comprising a loading roller ring and wherein the flexible mounting
comprises a supporting shaft, an elastic insert, and a bearing.

3. The wedge loading mechanism of Claim 2 where, as the
loading roller ring is driven by friction forces F at contact points A and B
into a converged wedge between the two raceways, a normal contact
force N and a supporting force Fy are characterized by:

Fy=K-l

. 0 .0
N=K, -lsmE = K, .[sm—z—dl

where | is the distance that the center of loading roller ring moves within
the converged wedge in response to the friction forces at contact points
A and B, and & is the wedge angle between the two raceways
measured at the contact points.

4. The wedge loading mechanism of Claim 3 where an

operating friction coefficient at a contact is u, and a supporting force

under static equilibrium conditions is characterized by:

F, 5§ .6
—— = MU, COS——S8IN—
2N 2 2
5. The wedge loading mechanism of Claim 4 wherein under

static equilibrium conditions an effective stiffness ratio between Ks and

Kr as characterized by:

PCT/US2003/030127
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ES
X, Lo cosé _sind siné—s,usiné - Zsinz[éj
K 2 2 2 2

R

where u is the maximum available friction coefficient at the contacts.

6. The wedge loading mechanism of Claim 5 where in the
situation where the stiffness ratio has a negative value, there is a
direction change in the force F; indicating the supporting shaft is pushing
the loading roller ring into the converged wedge.

7. The wedge loading mechanism of Claim 6 wherein wedge
loading mechanism incorporated into the planetary traction drive can be
operated under any small wedge angle § while still having the traction
drive being operated at or close to the maximum available friction

coefficient © so long as the stiffness ratio is appropriately chosen, as

characterized by:

*
-ISS—=2(;¢0 cosé—sinéjsinis,usiné' - Zsinz(é
K 2 2 2 2

R

8. A wedge loading mechanism for a planetary traction drive
comprising a planetary roller positioned between and in frictional contact
with an outer ring member and a sun roller member of a planetary
traction drive such as to communicate rotational motion between the
outer ring member and the sun roller member, wherein the planetary
roller includes means for flexibly mounting a support shaft within the
planetary roller such that said means generates an effective supporting
stiffness Kg of the planetary roller and an effective contact stiffness Kg at
a contact point A where the planetary roller contacts the sun roller
member and at a contact point B where the planetary roller contacts the
outer ring member, wherein the ratio of Ks to Kgr results in a more
efficient transmission of power and torque between the two raceways
than other ratios of Ks to Kg.

9. The wedge loading mechanism of Claim 8 wherein the said
means for flexibly mounting a support shaft within the planetary roller

PCT/US2003/030127
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comprises a elastic insert and a bearing, wherein the supporting shaft is
located in the elastic insert and the elastic insert is located in the
bearing.

10. A method of transmitting rotational motion and torque
within a traction drive device comprising the steps of:

manufacturing a wedge loading mechanism having a flexibly
mounted supporting shaft;

installing the wedge loading mechanism into a traction device
having a sun roller member into an outer ring member such that the sun
roller member is eccentric to the outer ring member and a wedge gap is
formed between the sun roller member and the outer ring member and
the wedge loading mechanism is located within the wedge gap;

'installing the planetary roller member into the wedge gap such
that the planetary roller member is between and in contact with the sun
roller member and the outer ring member; and

wedging the wedge loading mechanism between the outer ring
member and the sun roller member by rotation of at least one of either
the sun roller member or the outer ring member such that rotation and
torque is transmitted from the outer ring member and the sun roller

member.

PCT/US2003/030127



PCT/US2003/030127

WO 2004/029480




WO 2004/029480 PCT/US2003/030127

2/4




WO 2004/029480

3/4




WO 2004/029480 PCT/US2003/030127

4/4

0.020 —
0.015
0.010 —— — "% 115
STIFFNESS /"’—‘\ =0.13
RATIO /% ____k=0.
——_\
Ks/Kr 0.005 ////' Qi‘”o'“
Z —————%Q\\\ =0 olg
0.000— [~
. % \\”Fo ol7
::::::::?\\\\\\ |
N e=0.05
-0.005 ‘\\\;:: I
1£=0.03
~0.010 |
0.0 2.0 4.0 6.0 8.0 10.0

WEDGE ANGLE (DEGREE)

FIG.7



INTERNATIONAL SEARCH REPORT

dication No

PCT/US 03/30127

Internatione

A. CLASSIFICATION OF S| _lellECT MATTER

IPC 7  F16H13

According 1o International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 Fl6H

Minimum documentation searched {classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, PAJ

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ©

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 1 093 922 A (DIETERICH)
21 April 1914 (1914-04-21)
cited in the application
page 2, Tine 111,112

X US 3 945 270 A (NELSON BERTEL
23 March 1976 (1976-03-23)
cited in the application
figure 3

X EP 0 877 181 A (NSK LTD)

11 November 1998 (1998-11-11)
cited in the application
abstract

X US 4 709 589 A (KRAUS CHARLES
1 December 1987 (1987-12-01)
figure 3

1-4,8-10

S ET AL)

1-4,8,10

1-4,8,10

E) 1-4,8,10

-f—

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special caiegories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particular relevance

earlier document bui published on or after the International
filing date

document which may throw doubts on priority claim(s) or
which s ciled lo establish the publication date of another
citation or other special reason (as specified)

*0O" document referring to an oral disclosure, use, exhibition or

other means

*P* document published prior to the international filing date but
later than the priority date claimed

e

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of parlicular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
m?ms, such combination being obvious 1o a person skilled
inthe art.

*&' document member of the same patent family

Date of the actual completion of the international search

27 January 2004

Date of mailing of the international search report

05/02/2004

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Goeman, F

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Internationa ication No

PCT/US 03/30127

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

X WO 01 92759 A (BUTSCH MICHAEL :ALPHA
GETRIEBEBAU GMBH (DE))
6 December 2001 (2001-12-06)

figure 3
X US 3 380 312 A (WILLI BARSKE ULRICH MAX)
30 April 1968 (1968-04-30)
figure b
A US 4 481 842 A (NELSON BERTEL S)

13 November 1984 (1984-11-13)
cited in the application

1-4,8,10

1-4,8,10

Fomm PCT/IS&/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Internation:

lication No

PCT/US 03/30127

Patent document

Publication

Patent family

Publication

cited in search report date member(s) date

US 1093922 A NONE

US 3945270 A 23-03-1976  NONE

EP 0877181 A 11~11-1998 4P 10311398 A 24-11-1998
JP 10325449 A 08-12-1998
DE 69807777 D1 17-10-2002
DE 69807777 T2 30-01-2003
EP 0877181 Al 11-11-1998
us 5931759 A 03-08-1999

Us 4709589 A 01-12-1987 JP 2085804 C 23-08-1996
JP 7122453 B 25-12-1995
JP 63072961 A 02-04-1988

WO 0192759 A 06~12-2001 W0 0192759 Al 06-12-2001
DE 10192284 D2 15-05-2003
EP 1285183 Al 26-02-2003
JP 2003535286 T 25-11-2003

Us 3380312 A 30~04-1968 GB 1118782 A 03-07-1968
CH 457067 A 31-05-1968
DE 1500337 Al 04-06-1969

US 4481842 A 13-11-1984 US 4555963 A 03-12-1985

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

