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FRICTION DRIVE DEVICE
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to Japanese Patent Application No. 2005-
209701. The entire disclosure of Japanese Patent Application No. 2005-209701 is hereby
incorporated herein by reference.
BACKGROUND OF THE INVENTION
Field of the Invention
[0002] The present invention relates to a friction drive device that is equipped a pair of
rollers being préssed to contact with each other via a cam member so as to transfer
mechanical power between them at a reduction ratio or an overdrive speed ratio.
Background Information
[0003] Some conventional art friction drive devices are provided with a wedge roller
disposed between a drive roller and a driven roller, so as to automatically generate a
pressing force proportional to a transmission force by maintaining the wedge roller at an
angle in the direction of a tangent line at the contact point of the rollers (see, e.g., Japanese
Laid-Open Patent Publication No. 2002-349654).
[0004] In view of the above, it will be apparent to those skilled in the art from this
disclosure that there exists a need for an improved friction drive device. This invention
addresses this need in the art as well as other needs, which will become apparent to those
skilled in the art from this disclosure.
SUMMARY OF THE INVENTION
[0005] When the pressing force increases in conjunction with an increase in a
transmission force, the contact parts of the rollers are elastically deformed and the angle
relative to the wedge roller is reduced. In other words, a problem arise in that an excessive
pressing force is applied to the roller when the transmission force increases, such that the
service life of the rollers and support bearings are reduced, and power transmission
efficiency is adversely affected.
[0006] In view of these problems, one object of the present invention is to provide a
friction drive device capable of improving service life and power transmission efficiency
by preventing the generation of excessive pressing force even when the transmission force

is large via a simple construction that only uses a bearing roller and an actuator.

-1-

CONFIRMATION COPY



WO 2007/010364 PCT/IB2006/001972

[0007]  In accordance with one aspect of the present invention, a friction drive device
is provided that basically comprises a first roller, a second roller and a cam member. The
first roller includes a roller support part. The second roller is rotatably engaged with the
first roller to receive a press force from the first roller at a contact point between the first
and second rollers to transmit mechanical power between the first and second rollers. The
cam member supports the first roller through the roller support part. The cam member
includes a cam surface having an angle relative to a tangent line at the contact point of the
first and second rollers such that the cam surface presses against the roller support part to
transmit a drive force between the first and second rollers via friction generated at the
contact point. The first and second rollers having first and second center axes,
respectively that are spaced apart by prescribed radial distance. The first and second
rollers are further configured and arranged relative to an x y coordinate system when the
first and second rollers are not under load such that the x y coordinate system has an x-axis
and a y-axis with an origin corresponding to the first center axis of the first roller, and the
y-axis passes through the second center axis of the second roller. The cam surface is
located in a first quadrant of the x y coordinate system. The cam surface has a concaved
cross sectional shape lying in a plane perpendicular to the first center axis that forms a
concave arc with a single radius, such that the concave arc of the cam surface has a center
located in a third quadrant of the x y coordinate system near or on an imaginary arc
defined by the prescribed radial distance extending from the first center axis of the first
roller.
[0008]  These and other objects, features, aspects and advantages of the present
invention will become apparent to those skilled in the art from the following detailed
description, which, taken in conjunction with the annexed drawings, discloses a preferred
embodiment of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Referring now to the attached drawings which form a part of this original
disclosure:
[0010] Figure 1 is a schematic diagram of a friction drive device according to a first

embodiment of the present invention;
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[0011] Figure 2 is a schematic diagram of a relative friction drive device with a linear
cam surface that shows the relationships of forces and torque acting on a drive roller of the
friction drive device;
[0012] Figure 3 is a schematic diagram of the relative friction drive device with the
linear cam surface illustrated in Figure 2, showing the change in the contact point of the
rollers at high torque and low torque;
[0013] Figure 4 is a graph illustrating the characteristics of the relationship of the
generated pressing force relative to the transmission force in the relative friction drive
device illustrated in Figures 2 and 3;
[0014] Figure 5 is a diagram of a mathematically curve shows the difficulty of
examination and processing of the relative friction drive device illustrated in Figures 2 and
3; )
[0015] Figure 6 is a diagram of the movement of the drive roller and the change of the
center coordinates of the drive roller in accordance with the first embodiment of the
present invention, |
[0016] Figure 7 is a schematic diagram of the friction drive device according to a
second embodiment of the present invention in which the center of the cam surface arc is
set slightly inside or outside the circumference of radius ro; and
[0017] Figure 8 is a graph illustrating the characteristics of the relationship of the
generated pressing force relative to the transmission force in the friction drive device in
the friction drive device of the second embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0018] Selected embodiments of the present invention will now be explained with
reference to the drawings. It will be apparent to those skilled in the art from this
disclosure that the following descriptions of the embodiments of the present invention are
provided for illustration only and not for the purpose of limiting the invention as defined
by the appended claims and their equivalents.
[0019] Referring initially to Figure 1, a schematic diagram of a friction drive device in
accordance with a first embodiment of the present invention. Thé friction drive device
basically includes a drive roller 1 and a driven roller 2, which are pressed against (pressing
contact) each other a roller contact point P between the rollers 1 and 2. Thus, mechanical

power can be transmitted between the rollers 1 and 2 by friction force generated at the
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roller contact point P between the rollers 1 and 2. The drive roller 1 corresponds to a first
roller of the present invention, while the driven roller 2 corresponds to a second roller of
the present invention.

[0020] Basically, the drive roller 1 is integrally formed at its center with a roller shaft
3 that acts as an inner race of a first roller bearing 4. The first roller bearing 4 has an outer
race 4a that is supported by a frame member 5 at an upper portion of the frame member 5
5o that the drive roller 1 can rotate relative to the frame member 5. Hence, the first roller
bearing 4 is made up of the roller shaft 3, the outer race 4a (cam follower), and a plurality
of balls arranged between them. Similarly, the driven roller 2 is integrally formed at its
center with a roller shaft that acts as an inner race of a second roller bearing. The second
roller bearing has an outer race that is supported by the frame member 5 at a lower portion
of the frame member 5 so that the driven roller 2 can rotate relative to the frame member 5.
Hence, the second roller bearing is made up of the roller shaft, the outer race, and a

- plurality of balls arranged between them.

[0021] The roller shaft of the driven roller 2 is suppbrted by the frame member 5 in a
position-regulated state, i.e. such that the center axis O, of the driven roller 2 remains
stationary with respect to the frame member 5. The roller shaft 3 of the drive roller 1 is
rotatably supported on the frame member 5 by the first roller bearing 4 to pivot about the
center axis O, of the driven roller 2 such that the drive roller 1 moves with respect to the
frame member 5. The frame member 5 corresponds to a rotation supporting part having a
cam member with a cam surface 51 that is configured and arranged in accordance.with the
present invention as explained below. The roller bearing 3 corresponds to a roller support
part of the drive roller 1 in accordance with the present invention as explained below.
[0022] The cam surface 51 includes a concave curve with a cam slope that is formed
so that the slope angle changes smoothly relative to a tangent line C at the roller contact
point P of the drive roller 1 and the driven roller 2, where the slope angle is an angle
between a tangent line at a point on the cam surface 51 contacting the drive roller 1 and
the tangent line at the roller contact point P of the drive roller 1 and the driven roller 2. As
a result, the direction in which the cam surface 51 applies a force to the drive roller 1 will
change and the way the drive roller 1 presses against the driven roller 2 will change.
[0023] When the drive roller 1 has a center axis O; of rotation, while the driven roller

2 having a center axis O, of rotation that is spaced from the center axis O; of the drive
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roller 1 by a prescribed radial distance 1o, as seen in Figure 1. When the rollers 1 and 2 are
not under load (i.e., the no torque position shown in Figure 1), the rollers 1 and 2 are
configured and arranged relative to an x y coordinate system having an x-axis and a y-axis
with an origin of the x y coordinate system corresponding to the center Oy of the drive
roller 1, the y-axis passes through the center axis O, of the driven roller 2. The cam
surface 51 is located in a first quadrant of the x y coordinate system. The cam surface 51
has a concave cross sectional shape or profile lying in a plane perpendicular to the center
axis O; of the drive roller 1. This concave cross sectional shape or profile of the cam
surface 51 forms a single concave cam surface arc with a single radius having a center
point of the concave cam surface arc of the cam surface 51 located in the third quadrant of
the X y coordinate system near or on an imaginary arc defined by the prescribed radial
distance 1o extending from the center axis O; of the drive roller 1.

[0024] As a result, service life and power transmission efficiency are improved by
preventing the generation of excessive pressing force even when the drive force is large

via a simple construction that only uses a roller and an actuator. Furthermore, processing
of the cam surface 51 and shape inspections of finished parts are easy and excellent utility
is provided since the cam profile can be simply calculated from the x and y functions

alone.

[0025] The basic operation of friction drive devices will now be briefly described with
reference to Figure 2, which illustrates a friction drive device that basically corresponds to
selected friction drive devices disclosed in U.S. Patent Publication No. 2005/0143211 (See,
Figs. 1-16 and Japanese Patent Application No. 2003-433910). In this relative friction
drive device, a pressing force that is proportional to the transmission torque is applied
between the rollers by supporting one roller at a cam surface having an angle relative to a
tangent line at the contact point of the rollers. In general, since the ratio of the pressing
force and the transmission force (i.e., the friction or traction coefficient) is nearly constant,
an optimum pressing force that is neither excessive nor insufficient is applied insofar as

the transmission force and the pressing force are proportional. In this friction drive device,
the roller contact point is elastically deformed when the pressing force increases in
conjunction with an increase in the transmission force. In order to absorb this, when the
roller contact point moves on the cam surface, the roller contact point moves as shown in

Figure 3 to change the direction of the transmission force. Since the angle of the cam
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surface is fixed, when both angle o decreases and the ratio of the pressing force relative to
the transmission force increases (Figure 4). Thus, an excessive pressing force may be
applied to the roller.

[0026] Another friction drive device is disclosed in U.S. Patent Publication No.
2005/0143211 (See, Figs. 17-21 and Japanese Patent Application No. 2004-57639). In
particular, the ratio of the pressing force and the transmission force can be set to be
normally constant by specifying the configuration of the cam profile (cam cross sectional
surface shape) expressed by Equations (1) and (2) below. In the Equations (1) and (2), the
coordinates (X, yc) are the coordinates of the cam surface, the angle o is the angle of the
cam surface pressing force and the roller pressing force at the initial position at which the
transmission force is not working, and the angle 0 is the angle of movement of the roller

relative to the center axis O,.

Bsec(o+ 0)sin o,
cos0+sinOtan(ou+0)

X, =1, exp{— }sin6+rc sin(c.+0) n

X, =1y expy— esec(q+9)sinoc cos®~1 |+7, cos(ci +6) @)
cosO+sin0 tan(oc + 6)

[0027] Because of the complication of the Equations (1) and (2), the values of the
angle 0 and the coordinates x and y may become discretized values that require
interpolation, such that the curvature departed from that shown in Figure 5.

[0028] In contrast, as mentioned above, the cam surface 51 of the friction drive device
of the first embodiment of the present invention is located in the first quadrant of the
designated coordinate system (x, y), with the cam surface 51 having a concave cross
sectional surface shape or profile forming the single concave cam surface arc with a single
radius and a center point of the concave cam surface arc of the cam surface 51 located in
the third quadrant in the x y coordinate system near or on the arc prescribed by the radial
distance 1y from the center axis O; of the drive roller 1.

[0029] In Figure 1, when the center coordinate of the drive roller 1 is designated (x, ),

the center distance r of the driven roller 2 can be represented by Equation 3 below.

r=w/x2+(y+r0)2 3)

[0030] When the cam surface 51 has the cam surface arc with the radius R, the

contact angle of the cam follower (the outer race 4a) at the initial position is designated as
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angle o, and the radius of the cam follower (the outer race 4a) is designated as radius r,

then the center coordinates (%o, Vo) of the cam surface 51 can be represented by Equations

(4) and (5) below.
xp=—(R;—rc)sina (€))
yo = —(R; —rc) cos o 5)

[0031] As seen in Figure 6, when the drive roller 1 has moved just an angle @ relative
to the center of the cam surface 51, the center coordinates of the drive roller 1 change as
shown in Equations (6) and (7) below.

x = (R —1¢) sin(a + @) + xp = (R, —rc){sin(o + @)—sin a.} 6)

y = (R, —71.) cos(a + @) +xp = (Rc —rc){cos (o + @)—cos a} @) |
[0032] At this time, the angle B fqrmed by a straight line passing through the centers
of the rollers 1 and 2 and a straight line passing through the contact point of the drive
roller 1 against the cam surface 51 and the center of the arc of the cam surface 51, can be

represented by Equation (8) below.
B=oc+(p—arcsin§ (8)

[0033] When the ratio of the roller pressing force relative to the increase of the
transmission force is constant and the angle B equals the angle o, then the function shown

in Equation (9) must be satisfied.
X |
¢ —arcsin—=0 )
y

[0034] By solving simultaneous Equations (3), (6), (7), (9) the following Equation (10)

below can be derived.

2cos(ou+@/2)cos(p/2)cos 20 . )
R — =y .__4 L —_
=T, ;0{ 5 cos( ) cos? ~sin(ot+@/2)sin (10)

[0035]  In this case, although the angle o exists in the function p=tan o with regard to
the roller traction or friction coefficient \, where W is normally less than 0.1 and the angle
o is several times larger. The deformation occurring at the roller contact point P is quite
small and on the order of microns, and the angle @ is also a small value at several microns:

Therefore, the sine is 0 and the cosine is near 1 relative to the angles o and ¢ and their
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(unchanged order) functions. When these values are substituted in Equation (10),
Equation (11) below is obtained. A

R —1, =1 (11)
[0036] The term (R, —r.) on the left side of Equation (11) is equal to the distance from
the center axis O; to the center of the cam surface. Therefore, the ratio of the transmission
force and the roller pressing force is nearly constant since the cam surface 51 has a cam
surface arc with the radius R, the center of the cam surface arc lies on a straight line from
the center axis Oj, and on the arc defined by the prescribed radius ry extending from the
center axis Oj.
[0037] Referring now to Figures 7 and 8, a friction drive device in accordance with a
SCCOi’ld embodiment will now be explained. In view of the similarity between the first and
second embodiments, the parts of the second embodirﬂent that are identical to the parts of
the first embodiment will be given the same reference numerals as the parts of the first
embodiment. Moreover, the descriptions of the parts of the second embodiment that are
identical to the parts of the first embodiment may be omitted for the sake of brevity.
[0038] Figure 7 is a schematic diagram of the friction drive device according to a
second embodiment of the present invention in which the center of the cam surface arc is
set slightly inside or outside the circumference of radius ro. Figure 8 is a graph illustrating
the characteristics of the relationship of the generated pressing force relative to the
transmission force in the friction drive device in the friction drive device of the second
embodiment.
[0039] Although the characteristics of the pressing force change relative to the
transmission force, as shown in Figure 8, when the center of the cam surface arc slightly
inside or oﬁtside the circle of radius Io (i‘.e., when R, —r, is somewhat less or somewhat
greater than ro as shown in Figure 7), the amplitude of this change is quite small.
Therefore, the center of the cam surface arc can also be on or near the circumference of
radius ro with a center at the center axis O;.
[0040] One preferred effect obtained by the friction drive device of the present
invention is that the ratio of the transmission force and the pressing force is nearly
constant regardless of the magnitude of the transmission force. As a result, service life

and power transmission efficiency are improved by preventing the generation of excessive
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pressing force even when the drive force is large via a simple construction that only uses a
wedge roller and an actuator.

[0041] Furthermore, the processing of the cam surface and the examination of the
shape of the completed parts is easy and utility is excellent since the cam profile is simply
calculated by the functions of x and y alone with regard to the friction drive device for
determining a cam profile by interpolating the discretized values of x, y, and 0 using
complex equations such as Equations (1) and (2) used in the some of the embodiments
disclosed in U.S. Patent Publication No. 2005/0143211 (See, Figs. 17-21 and Japanese
Patent Application No. 2004-57639).

[0042] In these embodiments, the angle formed by a tangent at the contact point of the
cam surface 51 and the roller support part (the outer race 4a of the roller bearing 4) is set
at less than 6 degrees. The angle formed by the straight line Rc and the y axis of the
coordinate system (i.e., the transmission force is at the roller contact point P, and the angle
o formed by a tangent line at the contact point of the cam surface 51 and the roller support
part (the outer race 4a of the roller bearing 4), is set at less than 6 degrees.

[0043] This action provides that although the traction coefficient differs depending on
the type of oil and driving conditions, they remain in a certain range. According to Hata et
al. (“Idemitsu Tribo Review” No. 12, p. 36 (1986)), this value was 0.1 at maximum.
Therefore, if the ratio of the transmission force and the pressing force is less than 0.1, a
lack of power transmission due to insufficient pressing force will not occur. In this case,
since 3 = o when the angle o is set at a value of less than 6 degrees, the ratio of the
transmission force and the pressing force becomes tanq, and the ratio of the transmission
force and the pressing force can be less than 0.1.

[0044] In particular, since the drive roller 1 and the driven roller 2 transmit power by
oil film shear resistance, the transmission force is at the roller contact point P of the rollers
1 and 2, and the angle o formed by a tangent line at the contact point of the cam surface
41 and the roller support paﬁ is set less than 6 degrees, slipping due to insufficient
pressing force is forestalled and the resulting reduction in power transmission efficiency is
prevented. Thus, in addition to effect mentioned above, an additional effect is obtained in
the friction drive device of the present invention of preventing slippage due to insufficient

pressing force and the resulting reduction in power transmission efficiency.
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GENERAL INTERPRETATION OF TERMS
[0045]  In understanding the scope of the present invention, the term “comprising” and
its derivatives, as used herein, are intended to be open ended terms that specify the
presence of the stated features, elements, components, groups, integers, and/or steps, but
do not exclude the presence of other unstated features, elements, components, groups,
integers and/or steps. The foregoing also applies to words having similar meanings such

19

as the terms, "including", "having" and their derivatives. Also, the terms “part,” “section,”

6L

“portion,” “member” or “element” when used in the singular can have the dual meaning of
a single part or a plurality of parts. Also as used herein to describe the above
embodiment(s), the following directional terms “forward, rearward, above, downward,
vertical, horizontal, below and transverse” as well as any other similar directional terms
refer to those directions of a vehicle equipped with the present invention. Accordingly,
these terms, as utilized to describe the present invention should be interpreted relative to a
vehicle equipped with the present invention. Moreover, terms that are expressed as
"means-plus function” in the claims should include any structure that can be utilized to
carry out the function of that part of the present invention. The terms of degree such as
“substantially”, “about” and “approximately” as used herein mean a reasonable amount of
deviation of the modified term such that the end result is not significantly changed. For
example, these terms can be construed as including a deviation of at least + 5% of the
modified term if this deviation would not negate the meaning of the word it modifies.
[0046] While only selected embodiments have been chosen to illustrate the present
invention, it will be apparent to those skilled in the art from this disclosure that various
changes and modifications can be made herein without departing from the scope of the
invention as defined in the appended claims. For example, the size, shape, location or
orientation of the various components can be changed as needed and/or desired.

[0047]  Moreover, for example, the simple radius part of the cam surface can be the
main part of pressure contact with the rollers alone, and the other part can have another
shape such a linear or the like for convenience of processing. The friction drive device of
the present invention is not limited to application to transmissions and
acceleration/deceleration devices in vehicles inasmuch as the present invention is also

applicable to wide-ranging uses in industrial equipment and the like that requires

acceleration functions, deceleration functions, and transmission gears. Furthermore,
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although the first and second embodiments have been described by way of examples of a
friction drive device having a speed-up function by a drive roller and a driven roller, the
device is also applicable as a friction drive device of a planetary roller-type transmission
via a plurality of rollers arranged on an input shaft, or a plurality of driven rollers and a
plurality of sets of planet rollers.

[0048]  Also components that are shown directly connected or contacting each other
can have intermediate structures disposed between them. The functions of one element
can be performed by two, and vice versa. The structures and functions of one embodiment
can be adopted in another embodiment. It is not necessary for all advantages to be present
in a particular embodiment at the same time. Every feature which is unique from the prior
art, alone or in combination with other features, also should be considered a separate
description of further inventions by the applicant, including the structural and/or
functional concepts embodied by such feature(s).

[0049]  Thus, the foregoing descriptions of the embodiments according to the present
invention are provided for illustration only, and not for the purpose of limiting the

invention as defined by the appended claims and their equivalents.
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CLAIMS

1. A friction drive device comprising:

a first roller including a roller support part;

a second roller rotatably engaged with the first roller to receives a press force from
the first roller at a contact point between the first and second rollers to transmit mechanical
power between the first and second rollers; and

a cam member supporting the first roller through the roller support part, the cam
member including a cam surface having a slope angle relative to a tangent line at the
contact point between the first and second rollers such that the cam surface presses against
the roller support part to transmit a drive force between the first and second rollers via
friction generated at the contact point;

the first and second rollers having first and second center axes, respectively that
are spaced apart by prescribed radial distance, the first and second rollers being further
configured and arranged relative to an X y coordinate system when the first and second
rollers are not under load such that the x y coordinate system has an x-axis and a y-axis
with an origin corresponding to the first center axis of the first roller, and the y-aiis passes
through the second center axis of the second roller,

the cam surface beirig located in a first quadrant of the x y coordinate system, and
the cam surface having a concaved cross sectional shape lying in a plane perpendicular to
the first center axis that forms a concave arc with a single radius, such that the concave arc
of the cam surface has a cam surface center located in a third quadrant of the x y
coordinate system near or on an imaginary arc defined by the prescribed radial distance

extending from the first center axis of the first roller.

2. The friction drive device according to claim 1, wherein

the first and second rollers are further arranged such that the transmission force at
the contact point between the first and second rollers and the angle formed by the tangent
line at the contact point of the cam surface with the roller support part is set at léss than 6

degrees.

-12-



WO 2007/010364 PCT/IB2006/001972

3. The friction drive device according to claim 1, wherein
the cam surface center of the cam surface lies on the imaginary arc defined by the

prescribed radial distance extending from the first center axis of the first roller.

4. The friction drive device according to claim 1, wherein
the cam surface center of the cam surface lies outside of the imaginary arc defined

by the prescribed radial distance extending from the first center axis of the first roller.

5. The friction drive device according to claim 1, wherein
the cam surface center of the cam surface lies inside of the imaginary arc defined

by the prescribed radial distance extending from the first center axis of the first roller.

6. A friction drive device comprising:

first roller means for transmitting rotation;

second roller means for transmitting rotation that is engaged with the first roller
means to receives a press force from the first roller means at a contact point between the
first and second roller means to transmit mechanical power between the first and second
roller means; and

cam means for supporting the first roller means for arcuate movement relative to
the second roller means, the cam means including a cam surface having a slope angle
relative to a tangent line at the contact point between the first and second roller means
such that the cam surface presses against the first roller means to transmit a drive force
between the first and second roller means via friction generated at the contact point;

the first and second roller means having first and second center axes, respectively
that are spaced apart by prescribed radial distance, the first and second roller means being
further configured and arranged relative to an x y coordinate system when the first and
second roller means are not under load such that the x y coordinate system has an x-axis
and a y-axis with an origin corresponding to the first center axis of the first roller, and the
y-axis passes through the second center axis of the second roller means,

the cam surface being located in a first quadrant of the x y coordinate system, and -
the cam surface having a concaved cross sectional shape lying in a plane perpendicular to

the first center axis that forms a concave arc with a single radius, such that the concave arc

-13 -



WO 2007/010364 PCT/IB2006/001972
of the cam surface has a cam surface center located in a third quadrant of the x y

coordinate system near or on an imaginary arc defined by the prescribed radial distance

extending from the first center axis of the first roller means.
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