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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a continuously variable transmission (CVT) for traction drives which is used
to transmit rotation from an input side to an output side while continuously varying the speed by traction drive in a
power transmission device of an automobile, industrial machinery and so forth, and more particularly, to a rotary as-
sembly for traction drives which includes a rolling element having a traction contact surface which exhibits excellent
traction characteristics as surface properties.
[0002] Various researches have been conducted on CVTs because of their excellent motive power transmission
properties and absence of high-speed shock. In particular, researches have been conducted on systems (traction drive
systems: rolling systems) that transmit motive power between traction contact surfaces by means of traction oil for the
purpose of transmitting large motive power.
[0003] Traction drive systems which transmit motive power between traction contact surfaces by means of traction
oil have a mechanism applicable to high-power engines. As shown, for example, in Fig. 1, the basic structure of rotary
assembly 1 for traction drive type CVTs. Rotary assembly 1 includes two metal rolling elements, namely, two disks
(input disk 3 circumferentially fixed on input shaft 2 and output disk 5 circumferentially fixed on output shaft 4), and
power roller 6 interposed between the rolling elements and contacted therewith through a traction oil. Power roller 6
has a tiltable roller shaft such that power roller 6 is inclined relative to input and output disks 3 and 5 when the roller
shaft tilts. Owing to the inclination of power roller 6, the contact between power roller 6 and input and output disks 3
and 5 shifts. This changes the ratio of the torque radius of input disk 3 to that of output disk 5 to thereby continuously
change the transmission ratio. A half toroidal type CVT is one of traction drive CVTs.
[0004] Fig. 42 illustrates a toroidal type CVT which includes input shaft 101 and output shaft 102 coaxial with input
shaft 101 and rotatable relative thereto. An engine torque is supplied via fluid coupling 103 to input shaft 101. Forward
and reverse input gears 104 and 105 are disposed on input shaft 101 so as to make a unitary rotation therewith. Two
input disks 106 and 107 are drivingly connected with each other through hollow shaft 112 extending parallel to input
shaft 101. Two output disks 108 and 109 are arranged in an opposed relation to input disks 106 and 107 and connected
with each other via shaft 111 extending inside hollow shaft 112. Drive plate 110 is disposed between input disks 106
and 107 and drivingly connected therewith by loading cams 114 and 115. Gear 113 integrally formed with drive plate
110 is engageable with forward input gear 104. Two power rollers 116 are disposed between opposed input and output
disks 106 and 108 and in friction contact with traction contact surfaces 106a and 108a thereof. Two power rollers 117
are disposed between opposed input and output disks 107 and 109 and in friction contact with traction contact surfaces
107a and 109a thereof. Power rollers 116 and 117 are rotatable about axes 116a and 117a thereof to transmit the
torque from input disks 106 and 107 to output disks 108 and 109, respectively. Power rollers 116 and 117 are also
adapted to offset or swing in directions of axes 116b and 117b extending perpendicular to axes 116a and 117a, re-
spectively. Forward/reverse change mechanism 123 is disposed on final drive shaft 119 disposed coaxially with input
shaft 101. Gear 120 rotatably supported on final drive shaft 119 is engageable with reverse input gear 105. Forward/
reverse change mechanism 123 includes forward clutch 121 connecting final drive shaft 119 with output disk 109 and
reverse clutch 122 connecting final drive shaft 119 with gear 120. Final drive shaft 119 is also connected with output
shaft 102 via chain transmission mechanism 124. Such a toroidal type CVT is disclosed in Japanese Patent Application
First Publication No. 62-251559.
[0005] US-A-2 847 861 discloses a rotary assembly according to the preamble part of claim 1.

SUMMARY OF THE INVENTION

[0006] The rolling elements, namely, input disk 3, output disk 5, power roller 6, of rotary assembly 1 shown in Fig.
1, are required to have excellent traction characteristics and high rolling fatigue life characteristics under high temper-
ature and high bearing pressure. In addition, in consideration of the future burden on the environment, it is necessary
that vehicle weight be reduced to achieve further improvement of fuel economy. In order to accomplish this, the unit
size must be reduced, and in the case of units of the same size, it is necessary to increase the motive power that can
be transmitted.
[0007] In consideration of the problems of the prior art described above, the object of the present invention is to
provide a traction drive rotary assembly capable of transmitting large motive power and having excellent traction char-
acteristics.
[0008] This object is solved by the features of claim 1. The dependend claims contain preferred embodiments of the
invention.
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[0009] According to one aspect of the present invention, there is provided a rotary assembly for traction drives,
comprising:

a plurality of rolling elements having a rotation axis and traction contact surfaces around the rotation axis and
associating with each other to transmit a motive power between the rolling elements via a traction oil film formed
between the traction contact surfaces;
at least one of said traction contact surfaces having a microstructure with irregularities which sizes are larger than
a thickness of the traction oil film, wherein the microstructure is represented by an unfiltered primary profile curve
including alternately arranged recesses and top-flat lands.

[0010] According to a further aspect of the present invention, there is provided a rotary assembly for traction drives
comprising a plurality of rolling elements having a rotation axis and traction contact surfaces around the rotation axis
and associating with each other to transmit a motive power between the rolling elements via a traction oil film formed
between the traction contact surfaces, at least one of said traction contact surfaces having a microstructure with irreg-
ularities which sizes are larger than a thickness of the traction oil film, wherein the traction contact surface is formed
by a process, the process comprising:

subjecting a surface of the rolling element to shot peening to form recesses and projections therein; and
subsequent to the shot peening, machining the projections by either one of lapping, mirror polishing, super finishing,
cutting and grinding to

form the top-flat lands and thus produce the traction contact surface.
[0011] According to a still further aspect of the present invention, there is provided a rotary assembly for traction
drives comprising a plurality of rolling elements having a rotation axis and traction contact surfaces around the rotation
axis and associating with each other to transmit a motive power between the rolling elements via a traction oil film
formed between the traction contact surfaces, at least one of said traction contact surfaces having a microstructure
with irregularities which sizes are larger than a thickness of the traction oil film, the microstructure being represented
by an unfiltered primary profile curve including alternately arranged recesses and top-flat lands, wherein the traction
contact surface is produced by a process, the process comprising:

forming recesses each having a depth of 10 µm or less at equal intervals in a surface of the rolling element to form
alternate arrangement of the recesses and projections between the recesses; and
subsequent to the forming, machining the projections such that a height difference between a top of each top-flat
land and a bottom of each recess is within a range of 0.5-2.5 µm, to produce the traction contact surface.

[0012] According to a still further aspect of the present invention, there is provided a rotary assembly for traction
drives comprising a plurality of rolling elements having a rotation axis and traction contact surfaces around the rotation
axis and associating with each other to transmit a motive power between the rolling elements via a traction oil film
formed between the traction contact surfaces, at least one of said traction contact surfaces having a microstructure
with irregularities which sizes are larger than a thickness of the traction oil film, the microstructure being represented
by an unfiltered primary profile curve including alternately arranged recesses and top-flat lands, wherein the traction
contact surface is produced by a process, the process comprising:

making a surface roughness of a surface of the rolling element a ten-point mean roughness (Rz) of 100 nm or
less; and
subsequent to the making, forming recesses each having a depth of 0.5-2.5 µm at equal intervals in the surface
of the rolling element to form alternate arrangement of the recesses and top-flat lands between the recesses and
thus produce the traction contact surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Fig. 1 is an explanatory cross-sectional view showing the basic construction of a rotary assembly for a traction
drive continuously variable transmission (CVT);
Fig. 2 is a schematic diagram showing a two-cylinder rolling tester used for testing traction contact surfaces of
rolling elements of a rotary assembly useable for the traction drive CVT, according to the present invention;
Fig. 3 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
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elements that is used in Example 25;
Fig. 4 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements that is used in Example 26;
Fig. 5 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements that is used in Example 27;
Fig. 6 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements that is used in Example 28;
Fig. 7 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements that is used in Example 29;
Fig. 8 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements that is used in Example 30;
Fig. 9 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements that is used in Example 31;
Fig. 10 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements that is used in Example 32;
Fig. 11 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements that is used in Example 33;
Fig. 12 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements that is used in Example 34;
Fig. 13 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements that is used in Example 35;
Fig. 14 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements that is used in Comparative Example 8;
Fig. 15 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements that is used in Comparative Example 9;
Fig. 16 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements that is used in Comparative Example 10;
Fig. 17 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements that is used in Comparative Example 11;
Fig. 18 is a graph showing an unfiltered primary profile curve of the traction contact surface of the other of the
rolling elements that is used in Examples 25-35 and Comparative Examples 8-11;
Fig. 19 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements that is used in Comparative Example 12;
Fig. 20 is a graph showing an unfiltered primary profile curve of the traction contact surface of the other of the
rolling elements that is used in Comparative Example 12;
Fig. 21 is a side view of an apparatus that forms recesses in an outer surface of the rolling element in one embod-
iment of the present invention;
Fig. 22 is a side view of an apparatus that machines projections in the outer surface of the rolling element;
Fig. 23A is an explanatory diagram showing a profile of the recesses and projections formed with the apparatus
shown in Fig. 21;
Fig. 23B is an explanatory diagram showing a profile of the recesses and top-flat lands formed with the apparatus
shown in Fig. 22;
Fig. 24 is an explanatory diagram showing a side view of an apparatus that performs electrolytic polishing on the
outer surface of the rolling element in another embodiment of the present invention;
Fig. 25 is an explanatory diagram showing a side view of an apparatus that forms the recesses in the outer surface
of the rolling element after the electrolytic polishing of Fig. 24;
Fig. 26A is an explanatory diagram showing a side view of an apparatus and a tool which are used for simultane-
ously forming the recesses and the top-flat lands in the outer surface of the rolling element in still another embod-
iment of the present invention;
Fig. 26B is an enlarged side view of a blade tip portion of the tool;
Fig. 27 is an explanatory diagram showing a side view of an apparatus that forms the recesses in the outer surface
of the rolling element in still another embodiment of the present invention;
Fig. 28 is an explanatory diagram showing a side view of an apparatus that machines the projections after the
formation of the recesses in Fig. 27;
Figs. 29A-29C are explanatory diagrams showing different shapes of the profile of the traction contact surface of
the rolling element;
Figs. 30A-30B are explanatory diagrams similar to those of Figs. 29A-29C, but showing further different shapes
of the profile of the traction contact surface of the rolling element;
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Figs. 31A-31C are explanatory diagrams similar to those of Figs. 29A-29C and 30A-30C, but showing still further
different shapes of the profile of the traction contact surface of the rolling element;
Fig. 32 is a schematic diagram showing a four-cylinder rolling tester used for testing the traction contact surfaces
of the rolling elements;
Fig. 33 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements in Example 36;
Fig. 34 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements in Example 37;
Fig. 35 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements in Example 38;
Fig. 36 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements in Example 39;
Fig. 37 is a graph showing an unfiltered primary profile curve of the traction contact surface of the other of the
rolling elements in Examples 36-39;
Fig. 38 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements in Comparative Example 13;
Fig. 39 is a graph showing an unfiltered primary profile curve of the traction contact surface of the other of the
rolling elements in Comparative Example 13;
Fig. 40 is a graph showing an unfiltered primary profile curve of the traction contact surface of one of the rolling
elements in Example 40;
Fig. 41 is a graph showing an unfiltered primary profile curve of the traction contact surface of the other of the
rolling elements in Example 40; and
Fig. 42 is an explanatory diagram showing a toroidal type CVT.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The traction drive rotary assembly of the present invention includes rolling elements having a rotation axis
and traction contact surfaces around the rotation axis which associate with each other to transmit a motive power
between the rolling elements via a traction oil film formed between the traction contact surfaces, wherein at least one
of the traction contact surfaces has a microstructure with irregularities which sizes are larger than a thickness of the
traction oil film. The sizes of the irregularities can be effectively associated with the thickness of a traction oil film in
EHL (Elasto-Hydrodynamic Lubrication) that is formed upon rotation of the drive-side and driven-side rolling elements.
This contemplates improving coefficient of traction between the drive-side and driven-side rolling elements. There are
two mechanisms for improving the traction coefficient, as follows:

(1) The oil film is locally thinned at the projection of the traction contact surface so that shearing rate γ increases.
This shearing rate γ is expressed by the following formula:

wherein U1 indicates rotation speed (m/s) of the drive-side rolling element, U2 indicates rotation speed (m/s) of
the driven-side rolling element, and hc indicates central oil film thickness (µm) of in EHL. Since the shearing rate
γ is in proportion to an inverse number of the oil film thickness, the formation of recesses and projections on the
traction contact surface causes an average shearing rate to increase. As the shearing rate increases, viscous
friction of the traction oil increases so that coefficient of traction is improved.
(2) The formation of recesses and projections on the traction contact surface causes ununiformity of pressure in
the EHL oil film such that the pressure at the projections becomes higher. The viscosity η of the oil is expressed
by the formula:

wherein ηo indicates oil viscosity under atmospheric pressure, α indicates exponent of pressure viscosity, and P indi-
cates pressure at the contact portion. Since the viscosity η is in proportion to exponential function of the pressure P,
the formation of recesses and projections on the traction contact surface causes increase in the average oil viscosity
so that coefficient of traction is improved.
[0015] In the traction drive rotary assembly of the present invention, the microstructure of the traction contact surface

γ = (U1-U2)/hc

η = ηo · exp(α · P)
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is so configured to have an oil retention volume Vo of 7x10-6 to 3x10-4 mm3/mm2 and an oil retention depth ratio K
within the range of 0.9-2.0. The oil retention volume Vo and the oil retention depth ratio K are expressed by the following
formulas:

wherein Mr2 indicates material portion, Rvk indicates reduced valley depth, and Rk indicates core roughness depth,
as defined by DIN EN ISO 13565-2. With this arrangement, large traction force can be generated while holding metal
contact to a low level and large motive power can be transmitted.
[0016] In the traction drive rotary assembly of the present invention, the irregularities of the microstructure of the
traction contact surface are in the form of alternately arranged dimples and top-flat lands and the dimples include
dimples having a diameter of 5-30 µm and a depth of 0.1-1.0 µm that extends substantially perpendicular to the diameter,
and occupying 5-40% of a reference area of the traction contact surface. With the arrangement, large traction force
can be generated such that large motive power can be transmitted. If the surface area ratio of the dimples having the
diameter of 5-30 µm and the depth of 0.1-1.0 µm is less than 5%, traction characteristics do not greatly improve, while
if the surface area ratio exceeds 40%, it is likely that the metal contact will occur which will cause undesirable effect
on durability.
[0017] In the traction drive rotary assembly of the present invention, the microstructure of the traction contact surface
can exhibit more stable excellent traction characteristics by forming approximately 10-30 dimples per 100 µm2 which
have a diameter of 5-30 µm and a depth of 0.1-1.0 µm extending substantially perpendicular to the diameter. If the
number of the dimples is less than 10 per 100 µm2, traction characteristics do not greatly improve, while if the number
of the dimples is greater than 30 per 100 µm2, it is likely that the metal contact will occur which will cause undesirable
effect on durability.
[0018] In the traction drive rotary assembly of the present invention, excellent traction characteristics can be obtained
over a long period of time due to more stable excellent traction characteristics and satisfactory wear resistance by
making the surface roughness of the traction contact surface such that arithmetical mean roughness (Ra) is 0.07-0.15
µm or maximum height (Ry) is 0.4-1.0 µm. If the arithmetical mean roughness is less than 0.07 µm or the maximum
height is less than 0.4 µm, traction characteristics are not greatly improved. In addition, if the arithmetical mean rough-
ness is greater than 0.15 µm or the maximum height is greater than 1.0 µm, it is likely that the metal contact will occur
which will cause undesirable effect on durability.
[0019] In the traction drive rotary assembly of the present invention, excellent traction characteristics can be obtained
over a long period of time due to satisfactory wear resistance by making the surface hardness of the traction contact
surface a Vickers hardness of Hv850 or more.
[0020] In the traction drive rotary assembly of the present invention, the rolling element, which has satisfactory wear
resistance and excellent traction characteristics, can be easily produced by forming the traction contact surface having
the microstructure with alternately arranged dimples and top-flat lands which is produced by subjecting a surface of
the rolling element to shot-peening to form recesses and projections therein and then machining the projections by
either one of lapping, mirror polishing, super finishing, cutting or grinding to form the top-flat lands and thus produce
the traction contact surface.
[0021] In the traction drive rotary assembly of the present invention, the irregularities of the microstructure of the
traction contact surface are in the form of alternately arranged circumferentially extending grooves and top-flat lands,
in which the grooves have a width of 2-10 µm extending along the rotation axis of the rolling element, a pitch or interval
of 10-30 µm between the adjacent two grooves, and a depth of 0.1-1.0 µm extending from a bottom thereof in a direction
substantially perpendicular to the rotation axis of the rolling element. As a result, a large motive power can be transmitted
and excellent traction characteristics can be exhibited.
[0022] In the traction drive rotary assembly of the present invention, the surface roughness of the traction contact
surface is made such that an arithmetical mean roughness (Ra) is 0.03-0.13 µm or a maximum height (Ry) is 0.2-0.9
µm. This results in more stable and excellent traction characteristics and satisfactory wear resistance of the traction
contact surface, causing remarkable traction characteristics can be obtained over a long period of time. If the arith-
metical mean roughness is less than 0.03 µm or the maximum height is less than 0.2 µm, the improvement in traction
characteristics is not considerable. In addition, if the arithmetical mean roughness exceeds 0.13 µm or the maximum
height exceeds 0.9 µm, it is likely that the metal contact will occur which will cause undesirable effect on durability.
[0023] The traction drive rotary assembly of the present invention can exhibit better traction characteristics by making
a ratio (Sm/a) of a mean space (Sm) between the irregularities of the microstructure of the traction contact surface to

Vo= [(100-Mr2)xRvk(µm)] /200000(mm3/mm2)

K = Rvk/Rk
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a half (a) of a major axis diameter of a Hertzian contact ellipse 0.08 or less.
[0024] In the traction drive rotary assembly of the present invention, the microstructure of the traction contact surface
of the rolling element is represented by an unfiltered primary profile curve including alternately arranged recesses and
top-flat lands. The unfiltered primary profile curve is measured using a surface roughness tester (without passing
through a filter). A portion of each land higher than a center line with respect to the unfiltered primary profile curve,
namely, a line drawn at a mean height determined by integrally converting the unfiltered primary profile curve in the
direction of length, has either one shape selected from a generally trapezoidal shape, a generally trapezoidal shape
with rounded corners, a generally trapezoidal shape with chamfered corners, a generally crowning shape, a part of a
generally elliptic arc shape, a generally sinusoidal shape and a generally triangular shape with a rounded apex. This
can generate large traction force while holding metal contact to a low level, and transmit large motive power.
[0025] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which a height difference between a top of each land and a bottom of each recess is 0.5-2.5 µm. This can
transmit large motive power and exhibit excellent traction characteristics. If the height difference is less than 0.5 µm,
traction characteristics are not greatly improved, and if the height difference is greater than 2.5 µm, it is likely that the
metal contact will occur which will cause undesirable effect on durability.
[0026] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which a height difference between a top of each land and a bottom of each recess is 2.0-2.5 µm. This can exhibit
more stable and better traction characteristics. The traction drive rotary assembly of the present invention can further
lower concern over the occurrence of metal contact causing undesirable effect on durability and have better traction
characteristics, with an arrangement in which the height difference between the top of each land and the bottom of
each recess is 0.8-1.2 µm.
[0027] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which with respect to the center line separated into segments by crossing with the unfiltered primary profile
curve, a ratio of a total length of the segments corresponding to the recesses to a reference length of the center line
is within a range of 15-60%. Namely, a ratio of a length of the segment corresponding to the land to a length of the
segment corresponding to the recess is within a range of 5.7-0.6. This can demonstrate a large traction coefficient with
greater stability. If the ratio is less than 15%, traction characteristics are not greatly improved, and if the ratio is greater
than 60%, it is likely that the metal contact will occur which will cause undesirable effect on durability.
[0028] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which with respect to the center line separated into segments by crossing with the unfiltered primary profile
curve, a ratio of a total length of the segments corresponding to the recesses to a reference length of the center line
is within a range of 25-40%. Namely, a ratio of a length of the segment corresponding to the land to a length of the
segment corresponding to the recess is within a range of 3.0-1.5. This can exhibit better traction characteristics with
greater stability.
[0029] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which the ratio of a total length of the segments corresponding to the recesses to the reference length of the
center line is within a range of 27-35%. Namely, the ratio of a length of the segment corresponding to the land to a
length of the segment corresponding to the recess is within a range of 2.7-1.8. This can further lower concern over the
occurrence of metal contact causing undesirable effect on durability and have better traction characteristics.
[0030] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which the ratio of a total length of the segments corresponding to the recesses to the reference length of the
center line is within a range of 30-57%. Namely, the ratio of a length of the segment corresponding to the land to a
length of the segment corresponding to the recess is within a range of 2.3-0.8. This can exhibit better traction charac-
teristics with much greater stability.
[0031] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which with respect to the center line separated into segments by crossing with the unfiltered primary profile
curve, a pitch of the recesses is within a range of 10-150 µm. This can exhibit excellent traction characteristics with
greater stability. If the pitch is greater than 150 µm, traction characteristics are not greatly improved, and if the pitch is
less than 10 µm, it is likely that the metal contact will occur which will cause undesirable effect on durability.
[0032] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which the pitch of the recesses is within a range of 40-120 µm. This can exhibit better traction characteristics
with much greater stability.
[0033] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which the surface roughness (as measured with an interatomic microscope) of a top portion of each land is
made such that a ten-point mean roughness (Rz) is 100 nm or less. This can demonstrate a large traction coefficient.
If the surface roughness is such that Rz is greater than 100 nm, it is likely that the metal contact will occur which will
cause undesirable effect on durability.
[0034] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
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ture in which the surface roughness of the top portion of the land is made such that Rz is 40 nm or less. This can further
lower concern over the occurrence of metal contact causing undesirable effect on durability and exhibit better traction
characteristics.
[0035] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which a length (width) of each segment corresponding to each recess is within a range of 10-40 µm. This can
demonstrate a large traction coefficient. If the length of the recess is less than 10 µm, the improvement in traction
characteristics is not remarkable, and if the length of the recess is greater than 40 µm, it is likely that the metal contact
will occur which will cause undesirable effect on durability.
[0036] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which a ratio of a pitch of the recesses to a major axis diameter of a Hertzian contact ellipse made at a maximum
load, which extends perpendicular to a rotating direction of the rolling element, is within a range of 1.2-9%. This can
demonstrate a large traction coefficient with stability and lower concern over the occurrence of metal contact causing
undesirable effect on durability. The ratio of the pitch of the recesses to the major axis diameter of the Hertzian contact
ellipse made at the maximum load is preferably within a range of 2.4-6%. This can exhibit better traction characteristics
with greater stability.
[0037] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which, with respect to the center line separated into segments by crossing with the unfiltered primary profile
curve, a ratio of a length of each segment corresponding to each recess to the major axis diameter of the Hertzian
contact ellipse made at the maximum load, which extends perpendicular to the rotating direction of the rolling element,
is within a range of 0.6-2%. This can demonstrate a large traction coefficient with stability and lower concern over the
occurrence of metal contact causing undesirable effect on durability.
[0038] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which the ratio of a length of each segment corresponding to each recess to the minor axis diameter of the
Hertzian contact ellipse made at the maximum load, which extends parallel to the rotating direction of the rolling element,
is within a range of 0.8-3.2%. This can demonstrate a large traction coefficient with stability and lower concern over
the occurrence of metal contact causing undesirable effect on durability.
[0039] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which the recesses are grooves which are disposed substantially parallel to the rolling direction of the rolling
element. This can demonstrate a large traction coefficient. If the direction of the recesses is not substantially parallel
to the rolling direction of the rolling element, traction characteristics are not greatly improved.
[0040] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which the recesses are grooves which spirally extend along the rolling direction of the rolling element. This can
demonstrate a large traction coefficient and can produce efficiently in a short time by the formation of the continuous
recesses.
[0041] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which the recesses extend longer than at least a minor axis diameter of the Hertzian contact ellipse. This can
demonstrate a large traction coefficient. If the recesses extend shorter than the minor axis diameter of the Hertzian
contact ellipse, traction characteristics are not greatly improved.
[0042] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which a radius of curvature of a top portion of each top-flat land of the unfiltered primary profile curve measured
using the surface roughness tester which is set at equal longitudinal and lateral magnifications, is 0.1-170 mm. This
can demonstrate a larger traction coefficient. If the radius of curvature of the top portion of the projection is less than
0.1 mm, it is likely that the metal contact will occur which will cause undesirable effect on durability.
[0043] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which a radius of curvature of a top portion of each top-flat land of the unfiltered primary profile curve measured
using the surface roughness tester which is set at equal longitudinal and lateral magnifications, is 0.8-170 mm. This
can further lower concern over the occurrence of metal contact causing undesirable effect on durability and can dem-
onstrate a larger traction coefficient. If the radius of curvature of the top portion of the land is greater than 170 mm,
traction characteristics are not greatly improved.
[0044] In the traction drive rotary assembly of the present invention, the traction contact surface has the microstruc-
ture in which a radius of curvature of a top portion of the top-flat land of the unfiltered primary profile curve measured
using the surface roughness tester which is set at equal longitudinal and lateral magnifications, is 0.8-10 mm. This can
further lower concern over the occurrence of metal contact causing undesirable effect on durability and can demonstrate
a larger traction coefficient. If the radius of curvature of the top portion of the land is limited to 10 mm or less, better
traction characteristics can be obtained.
[0045] In the traction drive rotary assembly of the present invention, the traction contact surface of one of the drive-
side and driven-side rolling elements has the microstructure with irregularities, and the traction contact surface of the
other of the drive-side and driven-side rolling elements has an arithmetical mean roughness Ra of 0.05 µm or less.
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This can demonstrate a large traction coefficient with greater stability and cause little concern over the occurrence of
metal contact causing undesirable effect on durability.
[0046] In the traction drive rotary assembly of the present invention, the material of the rolling element and heat
treatment therefor is selected from carburizing-quenching-tempering of case hardening steel, carbonitriding-quench-
ing-tempering of case hardening steel, quenching-tempering of bearing steel, carburizing-quenching-tempering of
bearing steel and carbonitriding-quenching-tempering of bearing steel. This can exhibit satisfactory wear resistance
and excellent traction characteristics and transmit large motive power over a long period of time.
[0047] The traction drive rotary assembly of the present invention can be used as an element of a half-toroidal con-
tinuously variable transmission that is capable of transmitting large motive power, reducing unit size and weight, and
increasing power output per unit volume and unit weight. The traction drive rotary assembly of the invention includes
rotatably and coaxially arranged input and output disks, having opposed traction contact surfaces in the shape of an
annular concaved surface, and power rollers that are juxtaposed between the traction contact surfaces of the input
and output disks, formed with annular convexed traction contact surfaces rotatable relative to the traction contact
surfaces of the input and output disks, and have rotation axes inclinable relative to a rotation axis of the disks.
[0048] In the traction drive rotary assembly of the present invention, the at least one of the traction contact surfaces
of the rolling elements can be readily produced with high accuracy by forming recesses having a depth of 10 µm or
less in a surface of the rolling element at equal intervals to form alternate arrangement of the recesses and projections,
and, subsequent to the forming, machining the projections such that a height difference between a top of each top-flat
land of the unfiltered primary profile curve and a bottom of each recess thereof is within a range of 0.5-2.5 µm. As a
result, a shape of the top-flat lands of the unfiltered primary profile curve, a height difference between the recesses
and the lands of the unfiltered primary profile curve, a ratio of a total length of the segments of the center line which
correspond to the recesses of the unfiltered primary profile curve, to a reference length of the center line, a pitch of
the recesses and a surface roughness of the lands and the like, are formed to the predetermined shapes and values.
[0049] In the traction drive rotary assembly of the present invention, the at least one of the traction contact surfaces
of the rolling elements can be readily produced with high accuracy by making a surface roughness of a surface of the
rolling element a ten-point mean roughness Rz of 100 nm or less, and then by forming recesses each having a depth
of 0.5-2.5 µm at equal intervals in the surface of the rolling element to form alternate arrangement of the recesses and
top-flat lands between the recesses. By the former making of the surface roughness, top portions of the top-flat lands
has the roughness Rz of 100 nm or less. By the latter forming of the recesses, a shape of the lands of the unfiltered
primary profile curve, a height difference between the recesses and lands of the unfiltered primary profile curve, a ratio
of a total length of the segments of the center line, which correspond to the recesses of the unfiltered primary profile
curve, to a reference length of the center line, a pitch of the recesses and the like, are formed to the predetermined
shapes and values.
[0050] In the traction drive rotary assembly of the present invention, the at least one of the traction contact surfaces
of the rolling elements can be produced with high accuracy by forming recesses by at least one machining selected
from cutting, grinding, blasting, laser machining and etching and by forming top-flat lands by at least one machining
selected from super finishing, lapping, cutting, grinding and electrolytic polishing. A shape of the top-flat lands of the
unfiltered primary profile curve, a height difference between the recesses and the lands of the unfiltered primary profile
curve, a ratio of a total length of the segments of the center line, which correspond to the recesses of the unfiltered
primary profile curve, to a reference length of the center line, a pitch of the recesses and a surface roughness of the
lands and the like, are formed to the predetermined shapes and values. As a result, the high-accurately formed micro-
structure can be provided corresponding to variety of the irregularities by selecting the machining for the recesses and
the lands, respectively.
[0051] In the traction drive rotary assembly of the present invention, the at least one of the traction contact surfaces
of the rolling elements can be produced with high accuracy and in a short period of time, by forming recesses and
projections by at least one machining selected from shot peening, grinding, cutting and super finishing and by forming
the projections into top-flat lands having smoothened surfaces by roller burnishing. A shape of the top-flat lands of the
unfiltered primary profile curve, a height difference between the recesses and the lands of the unfiltered primary profile
curve, a ratio of a total length of the segments of the center line, which correspond to the recesses of the unfiltered
primary profile curve, to a reference length of the center line, a pitch of the recesses and a surface roughness of the
lands and the like, are formed to the predetermined shapes and values. The process by roller burnishing serves for
reducing the time required for forming the lands as compared with the process by lapping and mirror polishing, so that
the production cost can be lowered. Further, durability of the traction contact surface can be improved as a result of
compression residual stress generated in the surface of the rolling element during the working and work hardening
caused by the stress. Furthermore, the top-flat lands can be provided with the edges more rounded than the edges of
the lands formed by, for instance, lapping. This can considerably reduce occurrence of damage caused by the edges
of the lands onto the traction contact surface, further improving the durability.
[0052] In the traction drive rotary assembly of the present invention, the at least one of the traction contact surfaces
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of the rolling elements can be produced in which the recesses of a predetermined dimension are formed with high
accuracy using a tool having a blade tip end that has at least one shape selected from a single R (radius), a trapezoidal
shape, a V-shape and a complex R and a width of 4-150 µm at a location spaced from the blade tip end by 0.5-2.5 µm.
[0053] In the traction drive rotary assembly of the present invention, the at least one of the traction contact surfaces
of the rolling elements can be produced in which the recesses of a predetermined dimension are formed with high
accuracy by turning using a tool having a round blade tip end having an R of 0.2 mm or less.
[0054] In the traction drive rotary assembly of the present invention, the at least one of the traction contact surfaces
of the rolling elements can be formed in a short time by simultaneously forming recesses and top-flat lands using a
single tool that has cutting blades corresponding to the recesses and the lands, respectively, and has a dimensional
difference therebetween is 0.5-2.5 µm. As a result, a height difference between the recesses and the top-flat lands of
the unfiltered primary profile curve of the traction contact surface is within a range of 0.5-2.5 µm.
[0055] In the traction drive rotary assembly of the present invention, the at least one of the traction contact surfaces
of the rolling elements in which the ten-point mean roughness Rz of top portions of top-flat lands of the unfiltered
primary profile curve is 100 nm or less or 40 nm or less, can be formed by machining the lands using a fixed abrasive
grain tool having abrasive grains of a mean grain diameter of 9 µm or less.
[0056] In the traction drive rotary assembly of the present invention, the at least one of the traction contact surfaces
of the rolling elements in which the ten-point mean roughness Rz of top portions of the top-flat lands of the unfiltered
primary profile curve is 100 nm or less or 40 nm or less, can be produced by forming the lands using an elastic grindstone
having abrasive grains of a mean grain diameter of 30 µm or less.
[0057] In the traction drive rotary assembly of the present invention, the at least one of the traction contact surfaces
of the rolling elements can be produced in the following manner. The rolling element is rotated about a center axis and
at the same time the rolling element and a tool are relatively moved in at least one direction selected from a direction
of the center axis of the rolling element and a direction perpendicular to the center axis while being in contact with each
other. By the process, the microstructure of the traction contact surface can be formed in which the recesses are formed
continuously and in a short period of time along the rotating direction of the rolling element, and in the case of performing
grinding after forming the recesses, abrasive grains or cuttings can be smoothly discharged because the recesses are
spirally shaped, so that grinding can be performed with a good cutting edge at all times and finishing machining can
be performed efficiently.

Examples

[0058] Examples 1-10 and Comparative Example 1 are explained hereinafter.

Example 1

[0059] Two rolling elements (test pieces) 22 and 24 of the traction drive rotary assembly of the invention were pro-
duced in the following manner. One (flat test piece) 24 of the rolling elements was made of JIS SCM420H steel (chro-
mium molybdenum steel) subjected to carburizing-quenching-tempering and formed to a cylindrical shape having a
diameter of 40 mm and a thickness of 20 mm and a flat cylindrical outer surface which was to be formed as the traction
contact surface. After grinding and super finishing, the outer surface of rolling element (flat test piece) 24 was shot-
peened by a pneumatic shot-peening machine at an air pressure of 0.5 MPa and using steel balls having a Vickers
hardness of Hv750 and a mean particle diameter of 0.05 mm. At this time, the projector nozzle was oscillated in a
direction of the axis of rotation of rolling element (flat test piece) 24 while rotating rolling element (flat test piece) 24 so
that an amount of ball-projection was substantially uniform over the entire outer surface. Furthermore, the ball-projection
time was set at 20 sec. Random recesses and projections were formed in the outer surface of rolling element (flat test
piece) 24 by the shot peening. After the shot-peening treatment, the projections in the outer surface were cut away by
tape lapping. The traction contact surface of rolling element (flat test piece) 24 was thus formed, which had a micro-
structure in the form of a combination of dimples and top-flat lands. As a result of the following measuring of the traction
contact surface, among the dimples, dimples having a diameter of 5-30 µm and a depth of 0.1-1.0 µm occupied 38%
of a reference area of the traction contact surface, and the number of the dimples was 28 per 100 µm2. In addition,
the arithmetical mean roughness Ra described in JIS B0601-1994 of the traction contact surface was 0.121 µm and
the maximum height Ry described in JIS B0601-1994 was 0.780 µm.
[0060] The other rolling element (crowning test piece) 22 was made of JIS SCM420H steel subjected to carburizing-
quenching-tempering and formed to a cylindrical shape having a diameter of 40 mm and a thickness of 20 mm and a
crowning-shaped outer surface having an R (radius) 700 mm which was to be formed as the traction contact surface.
The outer surface of rolling element (crowning test piece) 22 was subjected to grinding and super finishing. The traction
contact surface of rolling element (crowning test piece) 22 was thus formed, in which the arithmetical mean roughness
Ra was 0.021 µm and the maximum height Ry was 0.155 µm.
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[0061] Thus-produced rolling elements (test pieces) 22 and 24 were installed in two-cylinder rolling tester 21 shown
in Fig. 2 and a rolling slipping test was conducted using two-cylinder rolling tester 21. The traction coefficient in Example
1 at the slide/roll ratio of 5% was calculated. The maximum bearing pressure was 0.53 GPa in a Hertzian contact and
the Hertzian contact ellipse had a minor axis diameter, i.e., a length extending parallel to the rotating direction of rolling
elements 22 and 24, of 0.18 mm and a major axis diameter, i.e., a length extending perpendicular to the rotating
direction of rolling elements 22 and 24, of 2.8 mm.
[0062] As illustrated in Fig. 2, two-cylinder rolling tester 21 includes driven shaft 25 that supports rolling element
(crowning test piece) 22, and main shaft 23 that supports rolling element (flat test piece) 24. Torque sensor 26 is
provided on main shaft 23. Main shaft timing belt 28 is spanned on main shaft 23 and motor shaft 27a of servo motor
27. Driven shaft 25 is fixed on sliding base 34 that is movable in a direction perpendicular to the axial direction through
bearing 29. Driven shaft timing belt 31 is spanned on driven shaft 25 and motor shaft 30a of servo motor 30 that is
also fixed on sliding base 34 with servo motor 30. Both of rolling elements (test pieces) 22 and 24 make rolling contact
by applying pressure to sliding base 34 with air cylinder 32. Traction coefficient can be calculated by measuring the
torque generated at main shaft 23 by torque sensor 26 provided in the motive power transmission system (main shaft
23) on the side of rolling element (flat test piece) 24. In the test of Examples 1-10 and Comparative Example 1, the
slide/roll ratio was 0-5%, the mean rotation velocity was 5.2 m/s, and the mean shaft rotation number was 500 rpm
(the sum of the rotation numbers of main shaft 23 and driven shaft 25 was 1000 rpm), and the rotation velocity was
assumed to be constant by uniformly applying a differential to main shaft 23 and driven shaft 25. The rolling contact
between one rolling element (crowning test piece) 22 and the other rolling element (flat test piece) 24 was conducted
in oil bath 33 containing a traction oil set at 100°C. Nissan CVT fluid KTF-1 (Extroid CVT-exclusive traction fluid) was
used as the traction oil. The vertical load generated by the pressure applied by air cylinder 32 was set at 147 N.

Example 2

[0063] Both rolling elements (test pieces) 24 and 22 were produced in the same manner as described in Example
1, except for different conditions as listed in Tables 1 and 2. Thus-produced rolling elements (test pieces) 24 and 22
in Example 2 were different from those in Example 1 with respect to the following points. The ratio of a total area of
dimples having a diameter of 5-30 µm and a depth of 0.1-1.0 µm to a reference area of the traction contact surface of
rolling element (flat test piece) 24 was 27%. The number of the dimples per 100 µm2 was 22. The arithmetical mean
roughness Ra of the traction contact surface of rolling element (flat test piece) 24 was 0.087 µm and the maximum
height Ry thereof was 0.507 µm. The arithmetical mean roughness Ra of the traction contact surface of rolling element
(crowning test piece) 22 was 0.012 µm and the maximum height Ry thereof was 0.093 µm. The rolling slipping test
was conducted in the same manner as described in Example 1 and the traction coefficient was calculated.

Example 3

[0064] Both rolling elements (test pieces) 24 and 22 were produced in the same manner as described in Example
1, except for different conditions as listed in Tables 1 and 2. Thus-produced rolling elements (test pieces) 24 and 22
of Example 3 were different from those of Example 1 with respect to the following points. The ratio of a total area of
dimples having a diameter of 5-30 µm and a depth of 0.1-1.0 µm to a reference area of the traction contact surface of
rolling element (flat test piece) 24 was 18%, and the number of the dimples per 100 µm2 was 16. The arithmetical
mean roughness Ra of the traction contact surface of rolling element (flat test piece) 24 was 0.093 µm and the maximum
height Ry thereof was 0.502 µm. The arithmetical mean roughness Ra of the traction contact surface of rolling element
(crowning test piece) 22 was 0.015 µm and the maximum height Ry was 0.100 µm. The rolling slipping test was con-
ducted in the same manner as described in Example 1 and the traction coefficient was calculated.

Example 4

[0065] Both rolling elements (test pieces) 24 and 22 were produced in the same manner as described in Example
1, except for different conditions as listed in Tables 1 and 2. Thus-produced rolling elements (test pieces) 24 and 22
in Example 4 were different from those in Example 1 with respect to the following points. The ratio of a total area of
dimples having a diameter of 5-30 µm and a depth of 0.1-1.0 µm to a reference area of the traction contact surface of
rolling element (flat test piece) 24 was 6%, and the number of the dimples per 100 µm2 was 11. The arithmetical mean
roughness Ra of the traction contact surface of rolling element (flat test piece) 24 was 0.076 µm and the maximum
height Ry thereof was 0.406 µm. The arithmetical mean roughness Ra of the traction contact surface of rolling element
(crowning test piece) 22 was 0.016 µm and the maximum height Ry thereof was 0.118 µm. The rolling slipping test
was conducted in the same manner as described in Example 1 and the traction coefficient was calculated.



EP 1 083 368 B1

5

10

15

20

25

30

35

40

45

50

55

13

Example 5

[0066] Rolling element (flat test piece) 24 was produced in the same manner as described in Example 2, except that
the tape lapping in Example 2 was changed to lapping. The target values were the same as those in Example 2. Rolling
element (crowning test piece) 22 was produced in the same manner as described in Example 2. Thus-produced rolling
elements (test pieces) 24 and 22 in Example 5 were different from those in Example 2 with respect to the following
points. The ratio of a total area of dimples having a diameter of 5-30 µm and a depth of 0.1-1.0 µm to a reference area
of the traction contact surface of rolling element (flat test piece) 24 was 22% and the number of the dimples per 100
µm2 was 19. The arithmetical mean roughness Ra of the traction contact surface of rolling element (flat test piece) 24
was 0.095 µm and the maximum height Ry thereof was 0.552 µm. The arithmetical mean roughness Ra of the traction
contact surface of rolling element (crowning test piece) 22 was 0.014 µm and the maximum height Ry thereof was
0.110 µm. The rolling slipping test was conducted in the same manner as described in Example 1 and the traction
coefficient was calculated.

Example 6

[0067] Rolling element (flat test piece) 24 was produced in the same manner as described in Example 2, except that
the tape lapping in Example 2 was changed to mirror polishing. The target values were the same as those in Example
2. Rolling element (crowning test piece) 22 was produced in the same manner as described in Example 2. Thus-
produced rolling elements (test pieces) 24 and 22 in Example 6 were different from those in Example 2 with respect
to the following points. The ratio of a total area of dimples having a diameter of 5-30 µm and a depth of 0.1-1.0 µm to
a reference area of the traction contact surface of rolling element (flat test piece) 24 was 25%, and the number of the
dimples per 100 µm2 was 20. The arithmetical mean roughness Ra of the traction contact surface of rolling element
(flat test piece) 24 was 0.081 µm and the maximum height Ry thereof was 0.473 µm. The arithmetical mean roughness
Ra of the traction contact surface of rolling element (crowning test piece) 22 was 0.013 µm and the maximum height
Ry thereof was 0.095 µm. The rolling slipping test was conducted in the same manner as described in Example 1 and
the traction coefficient was calculated.

Example 7

[0068] Rolling element (flat test piece) 24 was produced in the same manner as described in Example 2, except that
the heat treatment of carburization-quenching-tempering in Example 2 was changed to carbonitriding-quenching-tem-
pering. The target values were the same as those in Example 2. Rolling element (crowning test piece) 22 was made
of the same material and produced in the same manner as described in Example 2. Thus-produced rolling elements
(test pieces) 24 and 22 in Example 7 differed from those in Example 2 with respect to the following points. The ratio
of a total area of dimples having a diameter of 5-30 µm and a depth of 0.1-1.0 µm to a reference area of the traction
contact surface of rolling element (flat test piece) 24 was 20%, and the number of the dimples per 100 µm2 was 17.
The arithmetical mean roughness Ra of the traction contact surface of rolling element (flat test piece) 24 was 0.088
µm and the maximum height Ry thereof was 0.522 µm. The arithmetical mean roughness Ra of the traction contact
surface of rolling element (crowning test piece) 22 was 0.018 µm and the maximum height Ry thereof was 0.099 µm.
The rolling slipping test was conducted in the same manner as described in Example 1 and the traction coefficient was
calculated.

Example 8

[0069] Rolling element (flat test piece) 24 was produced in the same manner as described in Example 2, except that
the carburizing-quenching-tempering of JIS SCM420H steel in Example 2 was changed to quenching-tempering of JIS
SUJ2 steel (high carbon chromium bearing steel). The target values were the same as those in Example 2. Rolling
element (crowning test piece) 22 was made of the same material and produced in the same manner as described in
Example 2. Thus-produced rolling elements (test pieces) 24 and 22 in Example 8 differed from those in Example 2
with respect to the following points. The ratio of a total area of dimples having a diameter of 5-30 µm and a depth of
0.1-1.0 µm to a reference area of the traction contact surface of rolling element (flat test piece) 24 was 23%, and the
number of the dimples per 100 µm2 was 22. The arithmetical mean roughness Ra of the traction contact surface of
rolling element (flat test piece) 24 was 0.073 µm and the maximum height Ry thereof was 0.472 µm. The arithmetical
mean roughness Ra of the traction contact surface of rolling element (crowning test piece) 22 was 0.017 µm and the
maximum height Ry thereof was 0.104 µm. The rolling slipping test was conducted in the same manner as described
in Example 1 and the traction coefficient was calculated.



EP 1 083 368 B1

5

10

15

20

25

30

35

40

45

50

55

14

Example 9

[0070] Rolling element (flat test piece) 24 was produced in the same manner as described in Example 8, except that
the heat treatment in Example 8 was changed to carbonitriding-quenching-tempering. The target values were the same
as those in Example 8. Rolling element (crowning test piece) 22 was produced in the same manner as described in
Example 8. Thus-produced rolling elements (test pieces) 24 and 22 in Example 9 differed from those in Example 8
with respect to the following points. The ratio of a total area of dimples having a diameter of 5-30 µm and a depth of
0.1-1.0 µm to a reference area of the traction contact surface of rolling element (flat test piece) 24 was 27%, and the
number of the dimples per 100 µm2 was 27. The arithmetical mean roughness Ra of the traction contact surface of
rolling element (flat test piece) 24 was 0.095 µm and the maximum height Ry thereof was 0.634 µm. The arithmetical
mean roughness Ra of the traction contact surface of rolling element (crowning test piece) 22 was 0.018 µm and the
maximum height Ry thereof was 0.110 µm. The rolling slipping test was conducted in the same manner as described
in Example 1 and the traction coefficient was calculated.

Example 10

[0071] Rolling element (flat test piece) 24 was made of the same material and produced such that the process and
the target values were the same as described in Example 2. Rolling element (crowning test piece) 22 was made of the
same material as that of rolling element (flat test piece) 24, and produced by the same process as that of rolling element
(flat test piece) 24 except that shot peening and tape lapping were conducted after grinding and super finishing. The
microstructures of the traction contact surfaces of rolling elements (test pieces) 24 and 22 were the combination of
dimples and top-flat lands. Thus-produced rolling elements (test pieces) 24 and 22 in Example 10 differed from those
in Example 2 with respect to the following points. The ratio of a total area of dimples having a diameter of 5-30 µm and
a depth of 0.1-1.0 µm to a reference area of the traction contact surface of rolling element (flat test piece) 24 was 21%,
and the number of the dimples per 100 µm2 was 22. The arithmetical mean roughness Ra of the traction contact surface
of rolling element (flat test piece) 24 was 0.095 µm and the maximum height Ry thereof was 0.487 µm. On the other
hand, the ratio of a total area of dimples having a diameter of 5-30 µm and depth of 0.1-1.0 µm to a reference area of
the traction contact surface of rolling element (crowning test piece) 22 was 22%, and the number of the dimples per
100 µm2 was 20. The arithmetical mean roughness Ra of the traction contact surface of rolling element (crowning test
piece) 22 was 0.087 µm and the maximum height Ry thereof was 0.514 µm. The rolling slipping test was conducted
in the same manner as described in Example 1 and the traction coefficient was calculated.

Comparative Example 1

[0072] Rolling elements (test pieces) 22 and 24 were made of the same material as described in Example 1. Different
from each of Examples 1-10, rolling elements (test pieces) 22 and 24 were merely subjected to super finishing to be
formed with smooth traction contact surfaces without dimples therein. The arithmetical mean roughness Ra of the
traction contact surface of rolling element (flat test piece) 24 was 0.018 µm and the maximum height Ry thereof was
0.102 µm. The arithmetical mean roughness Ra of the traction contact surface of rolling element (crowning test piece)
22 was 0.021 µm and the maximum height Ry thereof was 0.120 µm. The rolling slipping test was conducted in the
same manner as described in Example 1 and the traction coefficient was calculated.
[0073] The production conditions and obtained characteristics of rolling elements (flat test pieces) 24 in Examples
1-10 and Comparative Example 1 are shown in Table 1, while the production conditions and obtained characteristics
of rolling elements (crowning test pieces) 22 in Examples 1-10 and Comparative Example 1 are shown in Table 2. The
ratios of the traction coefficients in respective Examples 1-10 to the traction coefficient in Comparative Example 1 are
shown in Table 3 based on the traction coefficients obtained in Examples 1-10 and Comparative Example 1 at the
slide/roll ratio of 5%.
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Table 1

Flat test piece

Material &
heat

treatment
*1

Machining
after heat
treatment

*2

Shot peening cond. Rollingsurface
microstructure

*5

Dimples *6 Dimple
distribution

Surface roughness Hv (200 g) *9

PD (mm) *3 AP (MPa)
*4

AR (%) *7 No. per
100 µm2 *8

Ra µm Ry µm

Ex.1 SCM420H
C,Q,T

G,SF,SPT
L

0.05 0.5 D-L comb. 38 28 Uniform 0.121 0.780 920

Ex.2 SCM420H
C,Q,T

G,SF,SPT
L

0.05 0.5 D-L comb. 27 22 Uniform 0.087 0.507 930

Ex.3 SCM420H
C,Q,T

G,SF,SPT
L

0.05 0.5 D-L comb. 18 16 Uniform 0.093 0.502 930

Ex.4 SCM420H
C,Q,T

G,SF,SPT
L

0.05 0.5 D-L comb. 6 11 Uniform 0.076 0.406 900

Ex.5 SCM420H
C,Q,T

G,SF,SPL 0.05 0.5 D-L comb. 22 19 Uniform 0.095 0.552 890

Ex.6 SCM420H
C,Q,T

G,SF,SPM
P

0.05 0.5 D-L comb. 25 20 Uniform 0.081 0.473 900

Ex.7 SCM420H
CN,Q,T

G,SF,SPT
L

0.05 0.5 D-L comb. 20 17 Uniform 0.088 0.522 910

Ex.8 SUJ2 Q,T G,SF,SPT
L

0.05 0.5 D-L comb. 23 22 Uniform 0.073 0.472 890

Note:
*1: C: Carburizing, Q: Quenching, T: Tempering, CN: Carbonitriding

*2: G: Grinding, SF: Super finishing, SP: Shot peening, TL: Tape lapping, L: Lapping, MP: Mirror polishing

*3: Particle diameter (mm)

*4: Air pressure (MPa)

*5: D-L Comb.: Combination of dimples and top-flat lands

*6: Dimples having diameter of 5-30 µm and depth of 0.1-1.0 µm

*7: Ratio of total area of dimples to reference area of traction contact surface

*8: Number of dimples per 100 µm2

*9: Hardness at location having depth of 3 µm
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Table 1 (continued)

Flat test piece

Material &
heat

treatment
*1

Machining
after heat
treatment

*2

Shot peening cond. Rollingsurface
microstructure

*5

Dimples *6 Dimple
distribution

Surface roughness Hv (200 g) *9

PD (mm) *3 AP (MPa)
*4

AR (%) *7 No. per
100 µm2 *8

Ra µm Ry µm

Ex.9 SUJ2 CN,
Q,T

G,SF,SPT
L

0.05 0.5 D-L comb. 27 27 Uniform 0.095 0.634 930

Ex.10 SCM420H
C,Q,T

G,SF,SPT
L

0.05 0.5 D-L comb. 21 22 Uniform 0.095 0.487 930

Com. Ex.1 SCM420H
C,Q,T

SF -- -- Cross-hatched
grinding marks

-- -- -- 0.018 0.102 750

Note:
*1: C: Carburizing, Q: Quenching, T: Tempering, CN: Carbonitriding

*2: G: Grinding, SF: Super finishing, SP: Shot peening, TL: Tape lapping, L: Lapping, MP: Mirror polishing

*3: Particle diameter (mm)

*4: Air pressure (MPa)

*5: D-L Comb.: Combination of dimples and top-flat lands

*6: Dimples having diameter of 5-30 µm and depth of 0.1-1.0 µm

*7: Ratio of total area of dimples to reference area of traction contact surface

*8: Number of dimples per 100 µm2

*9: Hardness at location having depth of 3 µm
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Table 2

Crowning test piece

Material &
heat

treatment
*1

Machining
after heat
treatment

*2

Shot peening cond. Rollingsurface
microstructure

*5

Dimples *7 Dimple
distribution

Surface roughness Hv (200 g) *9

PD (mm) *3 AP (MPa)
*4

AR (%) *7 No. per
100 µm2 *8

Ra µm Ry µm

Ex.1 SCM420H
C,Q,T

G,SF GM -- -- -- 0.021 0.155 740

Ex.2 SCM420H
C,Q,T

G,SF GM -- -- -- 0.012 0.093 760

Ex.3 SCM420H
C,Q,T

G,SF -- GM -- -- -- 0.015 0.100 750

Ex.4 SCM420H
C,Q,T

G,SF -- -- GM -- -- -- 0.016 0.118 750

Ex.5 SCM420H
C,Q,T

G,SF -- -- GM -- -- -- 0.014 0.110 740

Ex.6 SCM420H
C,Q,T

G,SF -- -- GM -- -- -- 0.013 0.095 730

Ex.7 SCM420H
CN,Q,T

G,SF -- -- GM -- -- -- 0.018 0.099 760

Ex.8 SCM420H
CN,Q,T

G,SF -- -- GM -- -- -- 0.017 0.104 740

Note:
*1: C: Carburizing, Q: Quenching, T: Tempering

*2: G: Grinding, SF: Super finishing, SP: Shot peening, TL: Tape lapping

*3: Particle diameter (mm)

*4: Air pressure (MPa)

*5: GM: Grinding marks in circumferential direction, D-L Comb.: Combination of dimples and top-flat lands

*6: Dimples having diameter of 5-30 µm and depth of 0.1-1.0 µm

*7: Ratio of total area of dimples to reference area of traction contact surface

*8: Number of dimples per 100 µm2

*9: Hardness at location having depth of 3 µm
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Table 2 (continued)

Crowning test piece

Material &
heat

treatment
*1

Machining
after heat
treatment

*2

Shot peening cond. Rollingsurface
microstructure

*5

Dimples *7 Dimple
distribution

Surface roughness Hv (200 g) *9

PD (mm) *3 AP (MPa)
*4

AR (%) *7 No. per
100 µm2 *8

Ra µm Ry µm

Ex.9 SCM420H
CN,Q,T

G,SF -- -- GM -- -- -- 0.018 0.110 740

Ex.10 SCM420H
C,Q,T

G,SF,SP
TL

0.05 0.5 D-L comb. 22 20 Uniform 0.087 0.514 910

Com. Ex.1 SCM420H
C,Q,T

SF -- -- GM -- -- -- 0.021 0.120 750

Note:
*1: C: Carburizing, Q: Quenching, T: Tempering

*2: G: Grinding, SF: Super finishing, SP: Shot peening, TL: Tape lapping

*3: Particle diameter (mm)

*4: Air pressure (MPa)

*5: GM: Grinding marks in circumferential direction, D-L Comb.: Combination of dimples and top-flat lands

*6: Dimples having diameter of 5-30 µm and depth of 0.1-1.0 µm

*7: Ratio of total area of dimples to reference area of traction contact surface

*8: Number of dimples per 100 µm2

*9: Hardness at location having depth of 3 µm
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[0074] As be apparent from the results shown in Table 3, satisfactory traction coefficients were exhibited in Examples
1-10. It will be appreciated that the satisfactory traction coefficients can be obtained by producing the microstructure
of the traction contact surface of each or one of rolling elements 24 and 22 in the form of the combination of dimples
and top-flat lands, making the ratio of the total area of dimples having the diameter of 5-30 µm and the depth of 0.1-1.0
µm to the reference area of the traction contact surface 5-40%, distributing the dimples substantially uniformly over
the entire traction contact surface and making the dimples mutually independent and the top-flat lands between the
dimples, and further by making the number of the dimples having the diameter of 5-30 µm and the depth of 0.1-1.0 µm
within the range of 10-30 per 100 µm2 and making the surface roughness of the traction contact surface such that the
arithmetical mean roughness Ra is 0.07-0.15 µm or the maximum height Ry is 0.4-1.0 µm.
[0075] In contrast, in Comparative Example 1, since both rolling elements were subjected to super finishing to be
formed with the flat traction contact surfaces, the traction coefficient was exhibited lower than the traction coefficient
in any of Examples 1-10.
[0076] Next, Examples 11-17 and Comparative Examples 2-6 are explained.

Example 11

[0077] Rolling element (flat test piece) 24 was made of JIS SCM420H subjected to carburizing-quenching-tempering
and formed to a cylindrical shape having a diameter of 40 mm, a thickness of 20 mm and a flat cylindrical outer surface
which was to be formed as the traction contact surface. After grinding and super finishing, the outer surface of rolling
element (test piece) 24 was shot-peened by a pneumatic shot-peening machine at an air pressure of 0.5 MPa and
using steel balls having a Vickers hardness of Hv750 and a mean particle diameter of 0.05 mm. At this time, the
projector nozzle was oscillated in a direction of the axis of rotation of rolling element (flat test piece) 24 while rotating
rolling element (flat test piece) 24, so that an amount of ball-projection of the steel balls was substantially uniform over
the entire outer surface. The ball-projection time was set at 20 sec. Recesses and projections between the recesses
were formed at random in the outer surface of rolling element (flat test piece) 24 by the shot peening. After the shot
peening, the projections in the outer surface were machined by tape lapping. The traction contact surface of rolling
element (flat test piece) 24 was thus formed, which had a microstructure in the form of a combination of dimples and
top-flat lands. The traction contact surface of rolling element (flat test piece) 24 was measured using a tracer type
surface roughness tester at a cutoff of 0.08 and a measuring length of 0.4 mm. The surface roughness tester was
Surfcom 1400A produced by Tokyo Seimitsu Co., Ltd. The ratio of a total area of the dimples to a reference area of
the traction contact surface was determined by image analysis. As a result, among the dimples, dimples having a
diameter of 5-30 µm and a depth of 0.1-1.0 µm occupied 38% of the reference area of the traction contact surface.
The arithmetical mean roughness Ra of the traction contact surface of rolling element (flat test piece) 24 was 0.121
µm and the maximum height Ry thereof was 0.780 µm.
[0078] Rolling element (crowning test piece) 22 was made of JIS SCM420H steel subjected to carburizing-quenching-
tempering and formed to a cylindrical shape having a diameter of 40 mm, a thickness of 20 mm and a crowning-shaped
outer surface having an R (radius) 700 mm which was to be formed as the traction contact surface. The outer surface

Table 3

Ratio of traction coefficient at slide/roll ratio of 5%

Example 1 1.70

Example 2 1.84

Example 3 1.95

Example 4 1.41

Example 5 1.89

Example 6 1.92

Example 7 1.86

Example 8 1.78

Example 9 1.76

Example 10 1.97

Comparative Example 1 1
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of rolling element (crowning test piece) 22 was subjected to grinding and super finishing so as to be formed to the
traction contact surface. The thus-formed traction contact surface of rolling element (crowning test piece) 22 had a
surface roughness in which the arithmetical mean roughness Ra was 0.021 µm and the maximum height Ry was 0.155
µm.
[0079] Thus-produced rolling elements (test pieces) 22 and 24 were installed in two-cylinder rolling tester 21 shown
in Fig. 2 and the rolling slipping test thereof was conducted under the same conditions as those in Example 1. The
traction coefficient and the oil film formation rate were calculated at the slide/roll ratio of 5%. The maximum bearing
pressure was 0.53 GPa in a Hertzian contact and the Hertzian contact ellipse had a minor axis diameter, i.e., a length
extending parallel to the rotating direction of rolling elements 22 and 24, of 0.18 mm and a major axis diameter, i.e., a
length extending perpendicular to the rotating direction of rolling elements 22 and 24, of 2.8 mm.

Example 12

[0080] Rolling element (flat test piece) 24 was produced in the same manner as described in Example 11, except
for different condition as listed in Table 4. Thus-produced rolling element (flat test piece) 24 of Example 12 was different
from that in Example 11 with respect to the following points. The ratio of a total area of dimples having a diameter of
5-30 µm and a depth of 0.1-1.0 µm to a reference area of the traction contact surface of rolling element (flat test piece)
24 was 30%. The arithmetical mean roughness Ra of the traction contact surface of rolling element (flat test piece) 24
was 0.087 µm and the maximum height Ry thereof was 0.507 µm. On the other hand, rolling element (crowning test
piece) 22 was produced in the same manner as described in Example 11. The rolling slipping test and the calculation
of traction coefficient and oil film formation rate was conducted in the same manner as described in Example 11.

Example 13

[0081] Rolling element (flat test piece) 24 was produced in the same manner as described in Example 11 through
the grinding and finishing, but after the grinding and finishing, rolling element (flat test piece) 24 was subjected to ultra-
precision cutting using a sintered cubic boron nitride (c-BN) tool having a round end having an R 200 µm under con-
ditions that the cutting speed was 250 m/min, the feeding speed was 0.05 mm/rev, and the cutting depth in the radial
direction was 0.003 mm. Thus, circumferential grooves and projections between the circumferential grooves were
formed in an outer surface of rolling element (flat test piece) 24. Next, the projections were machined by tape lapping
to form top-flat lands so that the circumferential grooves and the top-flat lands were formed in the traction contact
surface had. The thus-formed traction contact surface had a microstructure of a combination of the circumferential
grooves and the top-flat lands. The ratio of a total area of the grooves to a reference area of the traction contact surface
of rolling element (flat test piece) 24 was 25%. The arithmetical mean roughness Ra of the traction contact surface of
rolling element (flat test piece) 24 was 0.034 µm and the maximum height Ry thereof was 0.241 µm. Rolling element
(crowning test piece) 22 was produced in the same manner as described in Example 11. The rolling slipping test and
the calculation of traction coefficient and oil film formation rate were conducted in the same manner as described in
Example 11.

Example 14

[0082] Rolling element (flat test piece) 24 was produced in the same manner as described in Example 13, except
for different conditions of tape lapping. Thus-produced rolling element (flat test piece) 24 in Example 14 was different
from that in Example 13 with respect to the following points. The ratio of a total area of circumferential grooves to a
reference area of the traction contact surface of rolling element (flat test piece) 24 was 10%. The arithmetical mean
roughness Ra of the traction contact surface of rolling element (flat test piece) 24 was 0.084 µm and the maximum
height Ry thereof was 0.880 µm. Rolling element (crowning test piece) 22 was produced in the same manner as
described in Example 11. The rolling slipping test and the calculation of traction coefficient and oil film formation rate
were conducted in the same manner as described in Example 11.

Examples 15-17 and Comparative Examples 2 and 4-6

[0083] Rolling elements (flat test pieces) 24 were produced in the same manner as described in Example 11, except
that the shot peening step and the tape lapping step after the super finishing step were omitted and a time of the super
finishing was changed. Grinding marks formed in the grinding step was removed by the super finishing. Thus-produced
rolling elements (flat test pieces) 24 in Examples 15-17 and Comparative Examples 2 and 4-6 were different from that
in Example 11. In Example 15, the arithmetical means roughness Ra of the traction contact surface was 0.026 µm and
the maximum height Ry thereof was 0.180 µm. In Example 16, the arithmetical mean roughness Ra of the traction
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contact surface was 0.020 µm and the maximum height Ry thereof was 0.134 µm. In Example 17, the arithmetical
mean roughness Ra of the traction contact surface was 0.033 µm and the maximum height Ry thereof was 0.313 µm.
In Comparative Example 2, the arithmetical mean roughness Ra of the traction contact surface was 0.017 µm and the
maximum height Ry thereof was 0.102 µm. In Comparative Example 4, the arithmetical mean roughness of the traction
contact surface was 0.033 µm and the maximum height Ry thereof was 0.275 µm. In Comparative Example 5, the
arithmetical mean roughness Ra of the traction contact surface was 0.068 µm and the maximum height Ry thereof
was 0.203 µm. In Comparative Example 6, the arithmetical mean roughness Ra of the traction contact surface was
0.054 µm and the maximum height Ry thereof was 0.313 µm.
[0084] Rolling elements (crowning test pieces) 22 were produced in the same manner as described in Example 11.
The rolling slipping test and the calculation of traction coefficients and oil film formation rates were conducted in the
same manner as described in Example 11.

Comparative Example 3

[0085] Rolling element (flat test piece) 24 was produced in the same manner as described in Example 11 except
that the tape lapping step after the shot peening step was omitted. The arithmetical mean roughness Ra of the traction
contact surface of thus-produced rolling element (flat test piece) 24 was 0.125 µm and the maximum height Ry thereof
was 0.686 µm. Rolling element (crowning test piece) 22 was produced in the same manner as described in Example
11. The rolling slipping test and the calculation of traction coefficient and oil film formation rate were conducted in the
same manner as described in Example 11.
[0086] The production conditions and obtained characteristics of rolling elements (flat test pieces) 24 in Examples
11-17 and Comparative Examples 2-6 are shown in Table 4, while the production conditions and obtained characteristics
of rolling elements (crowning test pieces) 22 therein are shown in Table 5. The ratios of the traction coefficients in
respective Examples 11-17 and Comparative Examples 2-6 to the traction coefficient in Comparative Example 2 are
shown in Table 4 based on the traction coefficients obtained in Examples 11-17 and Comparative Examples 2-6 at the
slide/roll ratio of 5%. The ratios of the oil film formation rates in respective Examples 11-17 and Comparative Examples
2-6 to the oil film formation rate in Comparative Example 2 are also shown in Table 4 based on the oil film formation
rates obtained in Examples 11-17 and Comparative Example 2-6 at the slide/roll ratio of 5%.
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[0087] As be apparent from Table 4, in Examples 11-17, the oil retention volume Vo of the traction contact surface
(the parameter of the special bearing curve according to DIN EN ISO 13565-1 and DIN EN ISO 13565-2) was within
the range of 7x10-6 (mm3/mm2) to 3x10-4 (mm3/mm2), and the oil retention depth ratio K was within the range of 0.9-2.0.
The oil retention volume Vo and the oil retention depth ratio K are expressed by the following formulas:

Table 5

Crowning test piece

Mach.
step aft .

HT *1

SP cond. *3 Rolling
surface
micro-

structure

Surface roughness *7 K Vo mm3/
mm2

PD (mm)
* 4

AP
(MPa)

*5

AR *8
(%)

Ra (µm) Ry (µm)

Ex.
11-17
Com.

Ex. 2-6

G,SF *2 -- -- GM in cir.
dirct. *6

-- 0.021 0.155 0.63 1.6E-06

Note: *1: Machining step after heat treatment

*2: G: Grinding, SF: Super finishing

*3: Shot peening conditions

*4: Particle diameter (mm)

*5: Air pressure (MPa)

*6: Grinding marks in circumferential direction

*7: Surface roughness for dimples having diameter of 5-30 µm and depth of 0.1-1.0 µm

*8: Ratio of total area of dimples to reference area of traction contact surface
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wherein Mr2 indicates material portion, Rvk indicates reduced valley depth, and Rk indicates core roughness depth,
as defined by DIN EN ISO 13565-2. Further, the satisfactory traction coefficients were exhibited.
[0088] In addition, as be apparent from Table 4, in Examples 11-14, it has been found that the traction coefficient
can be improved while holding metal contact to a low level by employing the combination of dimples and top-flat lands
or the combination of circumferential grooves and top-flat lands for the microstructure of the traction contact surface
of the rolling element.
[0089] Moreover, as be apparent from Table 4, in Examples 13 and 14, it has been found that the traction coefficient
can be further improved by making the ratio Sm/a of the mean space Sm between the irregularities of the traction
contact surface as described as the parameter according to JIS B0601-1994, to a half a of a major axis diameter of a
Hertzian contact ellipse, 0.08 or less.
[0090] In contrast, in Comparative Examples 2-6, the oil retention volume Vo was less than 7x10-6 (mm3/mm2) and
the oil retention depth ratio K was less than 0.9. As a result, the traction coefficients in Comparative Examples 2-6
were lower than those in Examples 11-17.
[0091] Next, Examples 18-24 and Comparative Example 7 are explained.

Examples 18-24

[0092] Rolling elements (flat test pieces) 24 were made of JIS SCM420H steel subjected to carburizing-quenching-
tempering and formed to have a cylindrical shape having a diameter of 40 mm, a thickness of 20 mm and a flat cylindrical
outer surface. After grinding and super finishing, the outer surface of each rolling elements (flat test pieces) 24 was
subjected to ultra-precision cutting using a sintered cubic boron nitride (c-BN) tool having a round end having an R
(radius) 200 µm under conditions that the cutting speed was 250 m/min, the feeding speed was 0.01-0.03 mm/rev, and
the cutting depth in the radial direction was 0.003 mm. Subsequently, projections formed on the ground outer surface
were machined by tape lapping to form the traction contact surface with the microstructure in the form of a combination
of circumferential grooves parallel to the rotating direction of rolling element (flat test piece) 24 and top-flat lands. The
production conditions and obtained characteristics of the traction contact surface of rolling element (flat test piece) 24
are shown in Table 6.
[0093] Rolling elements (crowning test pieces) 22 were made of JIS SCM420H steel subjected to carburizing-quench-
ing-tempering and formed to a cylindrical shape having a diameter of 40 mm, a thickness of 20 mm and a crowning-
shaped outer surface having an R 700 mm. The outer surface of each rolling element (crowning test piece) 22 was
subjected to grinding and super finishing to form the traction contact surface which had an arithmetical mean roughness
Ra of 0.021 µm and a maximum height Ry of 0.155 µm as shown in Table 7.
[0094] Thus-produced rolling elements (test pieces) 24 and 22 in Examples 18-24 were installed in the two-cylinder
rolling tester 21 shown in Fig. 2 and the rolling slipping test was conducted under the same conditions as those in
Example 1. The traction coefficients and oil film formation rates in Examples 18-24 were calculated at the slide/roll
ratio of 5%. The maximum bearing pressure was 0.53 GPa in a Hertzian contact and the Hertzian contact ellipse had
a minor axis diameter, i.e., a length extending parallel to the rotating direction of rolling elements 22 and 24, of 0.18
mm and a major axis diameter, i.e., a length extending perpendicular to the rotating direction of rolling elements 22
and 24, of 2.8 mm.

Comparative Example 7

[0095] Rolling element (flat test piece) 24 was produced in the same manner as described in Example 18 except
that the ultra-precision cutting and tape lapping steps after the super finishing step were omitted. The arithmetical mean
roughness Ra of the traction contact surface of thus-produced rolling element (flat test piece) 24 and the maximum
height Ry thereof are shown in Table 6. Rolling element (crowning test piece) 22 was produced in the same manner
as described in Example 18. The rolling slipping test and the calculation of traction coefficient and oil film formation
rate were conducted in the same manner as described in Examples 18-24.
[0096] The ratios of the traction coefficients in respective Examples 18-24 to the traction coefficient in Comparative
Example 7 are shown in Table 6 based on the traction coefficients obtained in Examples 18-24 and Comparative
Example 7 at the slide/roll ratio of 5%. The ratios of the oil film formation rates in respective Examples 18-24 to the oil
film formation rate in Comparative Example 7 are also shown in Table 6 based on the oil film formation rates obtained

Vo= [(100-Mr2)xRvk(µm)] /200000(mm3/mm2)

K = Rvk/Rk
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in Examples 18-24 and Comparative Example 7 at the slide/roll ratio of 5%.
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[0097] As be apparent from Table 6, in Examples 18-24, the microstructure of the traction contact surface of rolling
element (flat test piece) 24 was in the form of the combination of circumferential grooves parallel with the rotating
direction of rolling element (flat test piece) 24 and top-flat lands. The circumferential grooves had the width of 2-10 µm,
the pitch of 10-30 µm and the depth of 0.1-1.0 µm. The oil retention volume Vo was within the range of 7x10- 6 to 3x10-4

(mm3/mm2), and the oil retention depth ratio K was within the range of 0.9-2.0. Thus, the satisfactory traction coefficients
were exhibited.
[0098] In addition, as a result of the surface roughness of the traction contact surface being such that the arithmetical
mean roughness Ra is 0.03-0.13 µm or the maximum height Ry is 0.2-0.9 µm, the traction coefficient can be further
improved and the effects can be sustained over time.
[0099] In contrast, in Comparative Example 7, the microstructure of the traction contact surface of rolling element
(flat test piece) 24 was in the form of discontinuous grooves, the oil retention volume Vo was less than 7x10-6 (mm3/
mm2), and the oil retention depth ratio K was less than 0.9. The traction coefficient was exhibited as lower than those
in Examples 18-24.
[0100] Next, Examples 25-35 and Comparative Examples 8-12 are explained.

Table 7

Crowning test piece

Machining steps
after heat treatment

Rolling surface
microstructure

Surface roughness K Vo mm3/mm2

Ra (µm) Ry (µm)

Ex. 18-24, Com. Ex.
7

Grinding, Super
finishing

Circumferential
grinding marks

0.021 0.155 0.63 1.6E-06
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Examples 25-35 and Comparative Examples 8-11

[0101] Rolling elements (flat test pieces) 24 were made of JIS SCr420H steel (chromium steel) subjected to carbu-
rizing-quenching-tempering, JIS SCM420 steel subjected to carburizing-quenching-tempering, JIS SCM420H steel
subjected to carbonitriding-quenching-tempering, JIS SUJ2 steel subjected to quenching-tempering and JIS SUJ2
steel subjected to carbonitriding-quenching-tempering. Rolling elements (flat test pieces) 24 were formed to a cylindrical
shape having a diameter of 40 mm, a thickness of 20 mm and a flat cylindrical outer surface. After grinding, the outer
surfaces of rolling elements (flat test pieces) 24 were subjected to precision groove cutting using polycrystalline c-BN
tools having tool blade tips as indicated in Table 8, to form circumferential grooves and projections between the grooves
therein. The circumferential grooves were in the form of a spiral groove extending along the rotating direction of rolling
element (flat test piece) 24 at equal intervals. Subsequently, the projections formed on the outer surface were machined
by tape lapping to form top-flat lands of a desired shape. The traction contact surface of rolling element (flat test piece)
24 was thus obtained.
[0102] Rolling elements (crowning test pieces) 22 were made of JIS-SUJ2 steel subjected to quenching-tempering
and formed to a cylindrical shape having a diameter of 40 mm, a thickness of 20 mm and a crowning-shaped outer
surface having an R (radius) 700 mm. After grinding, the outer surface was finished by tape lapping to form a traction
contact surface that had an arithmetical mean roughness Ra of 0.01 µm and a maximum height Ry of 0.1 µm.
[0103] The unfiltered primary profile curves of the traction contact surfaces of rolling elements (test pieces) 24 and
22 in Examples 25-35 and Comparative Examples 8-11 were measured using the surface roughness tester as used
in Example 11, which was set at equal longitudinal and lateral magnifications. The unfiltered primary profile curves of
the traction contact surfaces of rolling elements (flat test pieces) 24 in Examples 25-35 are shown in Figs. 3-13, while
the unfiltered primary profile curves of the traction contact surfaces of rolling elements (flat test pieces) 24 in Compar-
ative Examples 8-11 are shown in Figs. 14-17. In addition, the unfiltered primary profile curves of the traction contact
surfaces of rolling elements (crowning test pieces) 22 in Examples 25-35 and Comparative Examples 8-11 are shown
in Fig. 18.
[0104] Thus-produced rolling elements (test pieces) 22 and 24 in Examples 25-35 and Comparative Examples 8-11
were subjected to the rolling slipping test using two-cylinder rolling tester 21 shown in Fig. 2. The structure of two-
cylinder rolling tester 21 is described above and therefore a detailed explanation thereof is omitted. In the test, the
slide/roll ratio was 0-5%, the mean rotation velocities were 1.1 m/s and 5.2 m/s, and the mean shaft rotation numbers
were 500 rpm and 2500 rpm (the sum of the rotation numbers of main shaft 23 and driven shaft 25 were 1000 rpm and
5000 rpm, respectively), and the rotation velocity was constant by uniformly applying a differential to main shaft 23 and
driven shaft 25. The rolling contact between both rolling elements (test pieces) 22 and 24 was conducted in oil bath
33 containing a traction oil set at 100°C. Nissan CVT fluid KTF-1 (Extroid CVT-exclusive traction fluid) was used as
the traction oil. The vertical load generated by the pressure applied by air cylinder 32 was set at 150 N. The maximum
bearing pressure was 0.53 GPa in a Hertzian contact and the Hertzian contact ellipse had a minor axis diameter, i.e.,
a length extending parallel to the rotating direction of rolling elements 22 and 24, of 0.18 mm and a major axis diameter,
i.e., a length extending perpendicular to the rotating direction of rolling elements 22 and 24, of 2.8 mm. The traction
coefficients in Examples 25-35 and Comparative Examples 8-11 were calculated at the slide/roll ratio of 5%.

Comparative Example 12

[0105] Rolling element (flat test piece) 24 was made of JIS SUJ2 steel subjected to quenching-tempering and formed
to a cylindrical shape having a diameter of 40 mm, a thickness of 20 mm and a flat cylindrical outer surface. After
grinding, the outer surface was subjected to super finishing to form a traction contact surface. The unfiltered primary
profile curve of the traction contact surface of rolling element (flat test piece) 24 was obtained in the same manner as
described in Examples 25-35 and Comparative Examples 8-11. The unfiltered primary profile curve is shown in Fig. 19.
[0106] Rolling element (crowning test piece) 22 was made of JIS SUJ2 steel subjected to quenching-tempering and
formed to a cylindrical shape having a diameter of 40 mm, a thickness of 20 mm and a crowning-shaped outer surface
having an R (radius) 700 mm. After grinding, the outer surface was subjected to super finishing to form a traction
contact surface. The unfiltered primary profile curve of the traction contact surface of the traction contact surface of
rolling element (crowning test piece) 22 was obtained in the same manner as described in Examples 25-35 and Com-
parative Examples 8-11. The unfiltered primary profile curve is shown in Fig. 20. The rolling slipping test and the
calculation of traction coefficient were conducted in the same manner as described in Examples 25-35 and Comparative
Examples 8-11.
[0107] The production conditions and obtained characteristics of rolling element (flat test piece) 24 in Examples
25-35 and Comparative Examples 8-12 are shown in Table 8. The production conditions and obtained characteristics
of rolling element (crowning test piece) 22 in Examples 25-35 and Comparative Examples 8-12 are shown in Table 9.
The traction coefficients obtained in Examples 25-35 and Comparative Examples 8-12 at the slide/roll ratio of 5% also
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are shown in Table 9.
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[0108] As be apparent from Table 8, the height difference between the top of each top-flat land and the bottom of
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each recess of the unfiltered primary profile curve in Examples 25-35 was within a range of 0.5-2.5 µm. The radius of
curvature at the top portion of each top-flat land of the unfiltered primary profile curve in Examples 25-35 was within
a range of 0.1-170 mm. The radius of curvature is preferably within a range of 0.8-170 mm, and more preferably within
a range of 0.8-10 mm.
[0109] As be apparent from Table 9, the satisfactory traction coefficients were exhibited in Examples 25-35. In con-
trast, the traction coefficients lower than those in Examples 25-35 were exhibited in Comparative Examples 8-12.
[0110] Next, Examples 36-41 and Comparative Example 13 are explained.

Examples 36-39

[0111] Driven-side rolling elements (flat test pieces) 52 were made of JIS SUJ2 steel subjected to quenching-tem-
pering, JIS SCM420 steel subjected to carburizing-quenching-tempering, JIS SCr420H steel subjected to carburizing-
quenching-tempering, JIS SUJ2 steel subjected to carbonitriding-quenching-tempering, respectively, as shown in Table
10. Driven-side rolling elements (flat test pieces) 52 were formed to a cylindrical shape having a diameter of 60 mm,
a thickness of 10 mm and a flat cylindrical outer surface. After grinding, the outer surfaces of driven-side rolling elements
(flat test pieces) 52 were subjected to precision groove cutting using polycrystalline c-BN tools having tool blade tips
as indicated in Table 10, respectively, to form circumferential grooves and projections between the grooves therein.
The circumferential grooves were spirally formed along the rotating direction of rolling element (flat test pieces) 52 at
equal intervals, after which the projections were machined by tape lapping to form top-flat lands of desired shapes as
indicated in Table 10. The traction contact surfaces of rolling elements (flat test pieces) 52 were thus obtained. The
unfiltered primary profile curves of the traction contact surfaces of driven-side rolling elements (flat test pieces) 52 in
Examples 35-39 are shown in Figs. 33-36.
[0112] Drive-side rolling elements (crowning test pieces) 54a-54c were made of JIS-SUJ2 steel subjected to quench-
ing-tempering and formed to a cylindrical shape having a diameter of 60 mm, a thickness of 10 mm and a crowning-
shaped outer surface having an R (radius) 30 mm. After grinding, the outer surface was finished by tape lapping to
form a traction contact surface that had an arithmetical mean roughness Ra of 0.01 µm. The traction contact surfaces
of rolling elements (crowning test pieces) 54a-54c were thus obtained.
[0113] The unfiltered primary profile curve of the traction contact surface of one of drive-side rolling elements (crown-
ing test pieces) 54a-54c in Examples 36-39 is shown in Fig. 37.
[0114] Thus-produced rolling elements (test pieces) 52 and 54a-54c in Examples 36-39 were subjected to the rolling
slipping test using four-cylinder rolling ) tester shown in Fig. 32. The traction coefficients in Examples 36-39 were
calculated at the slide/roll ratios of 1% and 3%.
[0115] As illustrated in Fig. 32, the four-cylinder rolling tester includes rotating shaft 51 supporting driven-side rolling
element 52, and three parallel rotating shafts 53a-53c respectively supporting three drive-side rolling elements 54a-
54c. An outer circumferential surface of driven-side rolling element 52 is urged to be in contact with outer circumferential
surfaces of drive-side rolling elements 54a-54c by applying load to one (rotating shaft 53a) of rotating shafts 53a-53c
using a pressure-applying mechanism. The pressure-applying mechanism includes three arms 55a-55c arranged to
form a T-shape and swingably supported in a vertical direction. Two arms 55a and 55b are linearly disposed such that
inner ends thereof are mutually overlapped in alignment relation. Outer ends of arms 55a and 55b suspend weights
56. Remaining arm 55c has one end disposed on an upper side of the overlapped inner ends of arms 55a and 55b
and an opposite end contacted with pressure-applying portion 57 provided on rotating shaft 53a supporting drive-side
rolling element 54a. In the thus-constructed four-cylinder rolling tester, right and left weights 56 as viewed in Fig. 32
act on pressure-applying portion 57 via arms 55a-55c so that drive-side rolling elements 54a-54c are pressed onto the
outer circumferential surface of driven-side rolling element 52. The traction coefficient can be calculated by measuring
the torque generated on rotating shaft 51 supporting driven-side rolling element 52. In the test of Examples 35-39, the
rotation velocity was 30 m/s, the shaft rotation number was 10000 rpm and the slide/roll ratio was 0-3% and a differential
was applied to the driven side. The maximum bearing pressure was 2.82 GPa in a Hertzian contact and the Hertzian
contact ellipse had a minor axis diameter, i.e., a length extending parallel to the rotating direction of rolling elements
52 and 54a-54c, of 1.3 mm and a major axis diameter, i.e., a length extending perpendicular to the rotating direction
rolling elements 52 and 54a-54c, of 2.1 mm. The oil temperature of Nissan CVT fluid KTF-1 (Extroid CVT-exclusive
traction fluid) was 150°C.

Example 40

[0116] Driven-side rolling element (flat test piece) 52 was made of JIS SCM420H steel subjected to carburizing-
quenching-tempering and produced in the same manner as indicated in Example 39 in Table 10. The traction contact
surface of driven-side rolling element (flat test piece) 52 was thus obtained. The unfiltered primary profile curve of the
traction contact surface of driven-side rolling element (flat test piece) 52 is shown in Fig. 40. Drive-side rolling elements
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(crowning test pieces) 54a-54c were made of the same material as that of driven-side rolling element (flat test piece)
52 and produced in the same manner as in Examples 36-39 except that the outer surface was subjected to super
finishing after grinding so that the traction contact surface had an arithmetical mean roughness Ra of 0.03 µm. The
traction contact surfaces of drive-side rolling elements (crowning test pieces) 54a-54c were thus obtained. One of the
unfiltered primary profile curves of the traction contact surfaces of drive-side rolling elements (crowning test pieces)
54a-54c is shown in Fig. 41. The rolling slipping test and the calculation of traction coefficients were conducted in the
same manner as described in Examples 36-39.

Example 41

[0117] Driven-side rolling element (flat test piece) 52 was made of the same material as that used in Example 40
and produced in the same manner as described in Example 40. The traction contact surface of driven-side rolling
element (flat test piece) 52 was thus obtained. Drive-side rolling elements (crowning test pieces) 54a-54c were made
of the same material as that of driven-side rolling element (flat test piece) 52 and produced in the same manner as
described in Example 40 except that the traction contact surface had an arithmetical mean roughness Ra of 0.05 µm
by the super finishing after grinding. The traction contact surfaces of drive-side rolling elements (crowning test pieces)
54a-54c were thus obtained. The rolling slipping test and the calculation of traction coefficients were conducted in the
same manner as described in Examples 36-39.

Comparative Example 13

[0118] Driven-side rolling element (flat test piece) 52 was made of JIS SUJ2 steel subjected to quenching-tempering
and formed to a cylindrical shape having a diameter of 60 mm, a thickness of 10 mm and a flat cylindrical outer surface.
After grinding, the outer surface was subjected to super finishing to form a traction contact surface. The unfiltered
primary profile curve of the traction contact surface of rolling element (flat test piece) 52 is shown in Fig. 38. Drive-side
rolling elements (crowning test pieces) 54a-54c were made of JIS-SUJ2 steel subjected to quenching-tempering and
formed to a cylindrical shape having a diameter of 60 mm, a thickness of 10 mm and a crowning-shaped outer surface
having an R 30 mm. After grinding, the outer surface was subjected to super finishing to form a traction contact surface.
One of the unfiltered primary profile curves of the traction contact surfaces of rolling elements (crowning test pieces)
54a-54c is shown in Fig. 39. The rolling slipping test and the calculation of traction coefficients were conducted in the
same manner as described in Examples 36-39.
[0119] The production conditions, obtained characteristics and traction coefficients in Examples 36-41 and Compar-
ative Example 13 are shown in Table 10.
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[0120] As be seen from Table 10, the good traction coefficients in Examples 36-41 were exhibited and the traction
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coefficients in Comparative Example 13 which were lower than those in Examples 36-41 were exhibited. Further, it
has been found that the ratio of the pitch of the grooves to the major axis diameter of the Hertzian contact ellipse made
at the maximum load, which extends perpendicular to the rotating direction of the rolling element, is within the range
of 1.2-9%. The ratio of the pitch of the grooves to the major axis diameter of the Hertzian contact ellipse made at the
maximum load is preferably within a range of 2.4-6%. It has been also found that, with respect to the center line
separated into segments by crossing with the unfiltered primary profile curve, the ratio of the length of each segment
corresponding to the groove to the major axis diameter of the Hertzian contact ellipse made at the maximum load,
which extends perpendicular to the rotating direction of the rolling element, is within the range of 0.6-2%. Further, it
has been found that the ratio of the length of the segment corresponding to the groove to the minor axis diameter of
the Hertzian contact ellipse made at the maximum load, which extends parallel to the rotating direction of the rolling
element, is within the range of 0.8-3.2%. Furthermore, it has been noted that the recesses extend longer than at least
the minor axis diameter of the Hertzian contact ellipse.
[0121] Example 42 now is explained.

Example 42

[0122] Two driven-side rolling elements (flat test pieces) 52 were produced so as to have a cylindrical shape having
a flat cylindrical outer surface. One of driven-side rolling elements 52 was subjected to super finishing to form a traction
contact surface having an arithmetical mean roughness Ra of 0.08. The other of driven-side rolling elements 52 was
subjected to super finishing to form the outer surface having an arithmetical mean roughness Ra of 0.1-0.12. After
that, the outer surface of the other of driven-side rolling elements 52 was subjected to roller burnishing and observed
at intervals with respect to the surface roughness and repeatedly subjected to roller burnishing until the arithmetical
mean roughness Ra thereof became 0.08. The other of driven-side rolling elements 52 had thus-formed traction contact
surface having the arithmetical mean roughness Ra of 0.08. Drive-side rolling elements (crowning test pieces) 54a-
54c were produced so as to have the crowning-shaped traction contact surface having an R 5 mm and the arithmetical
mean roughness Ra of 0.02.
[0123] The rolling slipping test was conducted using the four-cylinder rolling tester shown in Fig. 32 under the following
conditions. The mean bearing pressure was 0.71 GPa. The traction oil temperature was 150°C. The rotation velocity
was 30 m/s. The slide/roll ratio was 3%. The traction coefficients in rolling elements (test pieces) 52 and 54a-54c were
calculated. As a result, the traction coefficient in one of driven-side rolling elements (flat test pieces) 52 was 0.059,
while the traction coefficient in the other of driven-side rolling elements (flat test pieces) 52 was 0.08. It has been found
that the traction coefficient can be improved by forming the traction contact surface smoothened by roller burnishing.
[0124] In addition, an endurance test of Example 42 was conducted using the four-cylinder rolling tester shown in
Fig. 32. The test conditions were that the mean bearing pressure was 3.51 GPa, the traction oil temperature was 120°C,
the rotation velocity was 30 m/s, and the slide/roll ratio was 3%. As a result, it has been found that the life of the other
of driven-side rolling elements (flat test pieces) 52 was 1.4 times the life of one of driven-side rolling elements (flat test
pieces) 52.
[0125] Figs. 21, 22, 23A and 23B show one embodiment of the rolling element of the traction drive rotary assembly
of the invention and a process for the rolling element, according to the present invention. In Figs. 21-23B, rolling element
11 is in the form of a cylinder an outer circumferential surface of which is formed into a traction contact surface. Fig.
23A shows a schematic profile of the outer circumferential surface of rolling element 11 and Fig.23B shows a schematic
profile of the traction contact surface of rolling element 11.
[0126] As illustrated in Fig. 23A, recesses 12 having a depth D are formed at equal intervals in the outer circumfer-
ential surface of rolling element 11. The depth D is 10 µm or less. Alternately arranged recesses 12 and projections
14 are thus formed. Specifically, as shown in Fig. 21, one end of rolling element 11 is rotatably supported by chuck
21A of main pillow block 21, and the other end of rolling element 11 is rotatably supported by center 22A of tail stock
22. Tool 23 for cutting or grinding is fed at a constant speed in the direction of a center axis of rolling element 11, while
rotating rolling element 11 around the center axis. To this end, recesses 12 are formed in a spiral groove shape in the
outer circumferential surface of rolling element 11. Thus, recesses 12 and projections 14 are alternately formed at
equal intervals in the outer circumferential surface of rolling element 11. At this time, a polycrystalline c-BN tool having
a sharp blade tip end (e.g., R (radius) 50 µm), diamond tool or coating tool covered with TiN or the like, may be used
as tool 23. The blade tip end of tool 23 may be of at least one shape selected from a single R (radius), a trapezoidal
shape, a V-shape and a complex R. Tool 23 may have a width of 4-150 µm at a location spaced from the blade tip end
by 0.5-2.5 µm. Tool 23 also may have a round blade tip end having R of 0.2 mm or less. Although recesses 12 and
projections 14 are shown to an enlarged scale in Fig. 21, they are actually fine irregularities. The broken lines in Figs.
23A and 23B denote the profile of the outer circumferential surface before recesses 12 and projections 14 are formed.
Subsequently, projections 14 of the outer circumferential surface of rolling element 11 are machined to form top-flat
lands 13 such that the height difference H shown in Fig. 23B, between recesses 12 and top-flat lands 13 is 0.5-2.5 µm,
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and preferably 0.8-1.2 µm. Specifically, as shown in Fig. 22, lapping film 26 having aluminum oxide particles having a
particle diameter of 3 µm is stretched over a pair of feed rollers 24 and 25. The outer circumferential surface of rolling
element 11 is brought into contact with lapping film 26, and at the same time lapping film 26 is pressed against rolling
element 11 by back shoe 27. Rolling element 11 is rotated around the center axis as indicated by the arrows in Fig.
22, while lapping film 26 is fed in one direction indicated by the arrows, by feed rollers 24 and 25. To this end, the
traction contact surface having recesses 12 and top-flat lands 13 is formed on rolling element 11. By the grinding using
lapping film 26, the top portion of each land 13 may of a flat profile shape or a crowning profile shape on one side
thereof. If necessary, the profile shape of top-flat lands 13 can be suitably adjusted by reversing the feeding direction
of lapping film 26 or the rotating direction of rolling element 11. In the traction contact surface of thus-obtained rolling
element 11, recesses 12 and top-flat lands 13 are continuously formed along the direction of rotation of rolling element
11, namely, the circumferential direction thereof, and recesses 12 and top-flat lands 13 are alternately formed at equal
intervals. In the alternate arrangement, the height difference between recesses 12 and top-flat lands 13, is 0.5-2.5 µm.
Recesses 12 are formed such that, with respect to center line C shown in Fig. 23B, which is separated into segments
by crossing with the unfiltered primary profile curve, a ratio of a total length of the segments corresponding to the
recesses 12 to a reference length of center line C, is within the range of 15-60%. Center line C is a line drawn at an
average height determined by integrating the unfiltered primary profile curve in the direction of length. Further, recesses
12 are formed such that pitch P thereof shown in Fig. 23B is 10-150 µm and length (width) W thereof shown in Fig.
23B is 10-40 µm. Pitch P is a length extending between bottoms of adjacent recesses 12 along center line C. Length
W is a length of the segment of center line C which corresponds to recess 12 of the unfiltered primary profile curve.
Top-flat lands 13 are formed such that the top portions have a ten-point mean roughness Rz of 100 nm or less, and
more preferably 40 nm or less. As a result, in comparison with conventional rolling elements which have on their surface
random grinding marks formed by machining such as super finishing, rolling element 11 has excellent traction charac-
teristics allowing the transmission of large motive power.
[0127] Further, in the case of this embodiment, recesses 12 are formed in a spiral groove shape in advance of the
following grinding. The formation of spiral groove-shaped recesses 12 can facilitate crushing and dropping of abrasive
particles along with discharge of cuttings during the subsequent grinding step so that the grinding also can be conducted
efficiently with a good cutting edge at all times. Moreover, the trapezoidal lands 13 having chamfered corners and
crowning-shaped lands 13 can be formed with high accuracy without being affected by the magnitude of the intervals
between recesses 12.
[0128] Figs. 24 and 25 illustrate another embodiment of the rolling element and a process therefor, according to the
present invention.
[0129] As shown in Fig. 24, the outer circumferential surface of rolling element 11 is formed by electrolytic polishing
so as to have a ten-point mean roughness Rz of 100 nm or less, and preferably 40 nm or less. Specifically, rolling
element 11 is rotatably supported by chuck 21A of main pillow block 21 and center 22A of tail stock 22 and disposed
on the anode side. Electrolyte 30 is supplied to the outer circumferential surface of rolling element 11 from electrolyte
supply unit 29 with grindstone 28 on the cathode side. The outer circumferential surface of rolling element 11 thus is
subjected to mirror polishing. In this case, the surface roughness of the outer circumferential surface of rolling element
11 is measured with an interatomic microscope. By thus forming the outer circumferential surface of rolling element
11, top-flat lands 13 to be formed in the following recess-forming step, have top portions having a ten-point mean
roughness Rz of not more than 100 nm or not more than 40 nm.
[0130] Subsequently, as shown in Fig. 25, recesses 12 are formed in the outer circumferential surface of rolling
element 11. Recesses 12 are formed at equal intervals in the direction of the center axis of rolling element 11 using,
for example, thin-blade grindstone 31 having a generally circular arc shape in section, such that recesses 12 have a
depth of 0.5-2.5 µm. Rolling element 11 and grindstone 31 are moved relative to each other in the direction of the
center axis of rolling element 11 and in the direction perpendicular to the center axis, while rolling element 11 is rotated
around the axis of rotation with chuck 21A of main pillow block 21 and center 22A of tail stock 22. The generally circular
arc shape may include arc portions of two circles having different centers and joined together. In Fig. 25, each recess
12 is in the form of a groove continuously extending in the circumferential direction of rolling element 11. Recess 12
may also be in the form of a spiral groove. The traction contact surface having alternately arranged recesses 12 and
top-flat lands 13 thus is formed in rolling element 11. Rolling element 11 of the traction drive rotary assembly thus can
be obtained in this embodiment, which has excellent traction characteristics as well as the above-described embodi-
ment does.
[0131] Figs. 26A and 26B show still another embodiment of the rolling element and a process therefor, according to
the present invention.
[0132] As illustrated in Fig. 26A, recesses 12 and top-flat lands 13 are simultaneously formed in a spiral shape in
an outer circumferential surface of rolling element 11 using tool 32 having cutting blades 32A and 32B shown in Fig.
26B, respectively corresponding to recesses 12 and top-flat lands 13, while rotating rolling element 11 around the axis
of rotation with chuck 21A of main pillow block 21 and center 22A of tail stock 22. As illustrated in Fig. 26B, there is a
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step S between cutting blades 32A and 32B. The step S is 0.5-2.5 µm and extends in a direction perpendicular to the
center axis of rolling element 11. In this embodiment, rolling element 11 having excellent traction characteristics can
be obtained as described in the above embodiments and recesses 12 and top-flat lands 13 having a predetermined
dimensional relationship can be efficiently formed in a short period of time.
[0133] Figs. 27 and 28 show still another embodiment of the rolling element and a process therefor, according to the
present invention.
[0134] Rolling element 11 has an outer circumferential surface having an arcuate cross-section recessed toward the
center axis of rolling element 11. As shown in Fig. 27, rolling element 11 is rotatably supported on both sides thereof
by a pair of holders 33 and 34. Recesses 12 are formed in a spiral groove shape in the outer circumferential surface
of rolling element 11 using a cutting or grinding tool 35. Grinding tool 35 and rolling element 11 are relatively moved in
the direction of the center axis of rolling element 11 with keeping the contact therebetween, while rolling element 11 is
rotated around the axis of rotation. To this end, projections 14 are formed between recesses 12 on the outer circum-
ferential surface of rolling element 11. Subsequently, projections 14 are subjected to super finishing using elastic grind-
stone 36 shown in Fig. 28, containing a phenol-based binder and having a mean abrasive grain diameter of 12 µm,
while rotating rolling element 11 around the axis of rotation with holders 33 and 34. Thus, top-flat lands 13 are formed
and the traction contact surface having alternately arranged recesses 12 and top-flat lands 13. Similar to the above-
explained embodiments, rolling element 11 produced in this embodiment can exhibit excellent traction characteristics.
[0135] The process for recesses 12 and top-flat lands 13 are not limited to the processes described in the above
embodiments. Recesses 12 may be formed by shot peening, grinding, cutting, blasting, laser machining or etching.
Top-flat lands 13 may be formed by lapping, mirror polishing, super finishing, cutting, grinding, electrolytic polishing or
roller burnishing. In particular, top-flat lands 13 may be formed using a fixed abrasive grain tool, such as a grindstone
or lapping film, having abrasive grains of a mean grain diameter of 9 pm or less, or using an elastic grindstone bound
with rubber or an elastic grindstone bound with a resin such as epoxy resin or PVA, having a mean abrasive grain
diameter of 30 µm or less.
[0136] Figs. 29A-31C show examples of shapes of recesses 12 and top-flat lands 13 of the unfiltered primary profile
curve of the traction contact surface of rolling element 11. Examples of shapes of top-flat lands 13 located higher than
center line C include a generally trapezoidal shape shown in Fig. 29A, a generally trapezoidal shape with rounded
corners shown in Fig. 29B, a generally elliptic arc or sinusoidal shape shown in Fig. 29C, and a generally triangular
shape with a rounded apex shown in Fig. 30A. Examples of shapes of top-flat lands 13 also include a generally trap-
ezoidal shape with chamfered corners shown in Fig. 31A, a generally crowning shape shown in Fig. 31B, and the one-
sided crowning shape formed by lapping shown in Fig. 31C. There are no limitations on a shape of bottoms of recesses
12, and the shape of bottoms thereof may have fine irregularities shown in Fig. 30B.
[0137] Further, in the traction contact surface of rolling element 11, the height difference H between the top of top-
flat land 13 and the bottom of recess 12 of the unfiltered primary profile curve is 0.5-2.5 µm, and preferably 0.8-1.2
µm, and also preferably 2.0-2.5 µm. With respect to center line C separated into segments by crossing with the unfiltered
primary profile curve, the ratio of a total length of the segments corresponding to recesses 12 to a reference length of
center line C is within a range of 15-60%, preferably 30-57%, more preferably 25-40% and further more preferably
27-30%. The pitch P of recesses 12 along center line C is within a range of 10-150 µm, and preferably 40-120 µm.
The surface roughness of top portions of top-flat lands 13 is within a range of Rz 100 nm or less, and preferably Rz
40 nm or less. The length (width) W of recess 12, namely, a length of the segment of center line C, which corresponds
to recess 12, is 10-40 µm. With the arrangement of recesses 12 and top-flat lands 13 as described above, rolling
elements 11 can transmit a large motive power and exhibit excellent traction characteristics.
[0138] This application is based on Japanese Patent Applications No. 11-252574 filed on September 7, 1999, No.
2000-147364 filed on May 19, 2000, and No. 2000-258160 filed on 28 August, 2000.

Claims

1. A rotary assembly for traction drives, comprising:

a plurality of rolling elements having a rotation axis and traction contact surfaces around the rotation axis and
associating with each other to transmit a motive power between the rolling elements via a traction oil film
formed between the traction contact surfaces;
at least one of said traction contact surfaces having a microstructure with irregularities which sizes are larger
than a thickness of the traction oil film, characterized in that the microstructure is represented by an unfiltered
primary profile curve including alternately arranged recesses and top-flat lands.

2. A rotary assembly as claimed in claim 1, wherein the microstructure is configured to have an oil retention volume



EP 1 083 368 B1

5

10

15

20

25

30

35

40

45

50

55

42

Vo of 7x10-6 to 3x10-4 mm3/mm2 and an oil retention depth ratio within a range of 0.9-2.0, said oil retention volume
Vo and said oil retention depth ratio K being expressed by the following formulas:

wherein Mr2 indicates material portion, Rvk indicates reduced valley depth, and Rk indicates core roughness
depth, as defined by DIN EN ISO 13565-2.

3. A rotary assembly as claimed in claim 1 or 2, wherein said recesses including dimples which have a diameter of
5-30 pm and a depth of 0.1-1.0 µm extending substantially perpendicular to the diameter and occupy 5-40% of a
reference area of the traction contact surface.

4. A rotary assembly as claimed in claim 3, wherein the number of dimples having a diameter of 5-30 µm and a depth
of 0.1-1.0 µm extending substantially perpendicular to the diameter is approximately 10 to 30 per 100 µm2.

5. A rotary assembly as claimed in any one of claims 1-4, wherein the traction contact surfaces have a surface
roughness expressed by either one of an arithmetical mean roughness (Ra) of 0.07-0.15 µm and a maximum
height (Ry) of 0.4-1.0 µm.

6. A rotary assembly as claimed in any one of claims 1-5, wherein the traction contact surfaces have a Vickers
hardness of not less than Hv850.

7. A rotary assembly as claimed in any one of claims 1-6, wherein the traction contact surface is formed by a process,
said process comprising:

subjecting a surface of the rolling element to shot peening to form recesses and projections therein; and
subsequent to the shot peening, machining the projections by either one of lapping, mirror polishing, super
finishing, cutting and grinding to form the top-flat lands and thus produce the traction contact surface.

8. A rotary assembly as claimed in claim 1 or 2, wherein said recesses are in the form of alternately arranged cir-
cumferentially extending grooves, said grooves having a width of 2-10 µm extending along the rotation axis of the
rolling element, a pitch of 10-30 µm between the adjacent two grooves, and a depth of 0.1-1.0 µm extending from
a bottom thereof in a direction substantially perpendicular to the rotation axis.

9. A rotary assembly as claimed in claim 8, wherein the traction contact surfaces have a surface roughness expressed
by either one of an arithmetical mean roughness (Ra) of 0.03-0.13 µm and a maximum height (Ry) of 0.2-0.9 µm.

10. A rotary assembly as claimed in any one of claims 1-9, wherein a ratio (Sm/a) of a mean space (Sm) between the
irregularities to a half (a) of a major axis diameter of a Hertzian contact ellipse is 0.08 or less.

11. A rotary assembly as claimed in claim 1, wherein the unfiltered primary profile curve is measured using a surface
roughness tester, each of said lands of the unfiltered primary profile curve including a portion located higher than
a center line with respect to the unfiltered primary profile curve, said portion having either one shape selected from
a generally trapezoidal shape, a generally trapezoidal shape with rounded corners, a generally trapezoidal shape
with chamfered corners, a generally crowning shape, a generally elliptic arc shape, a generally sinusoidal shape
and a generally triangular shape with a rounded apex.

12. A rotary assembly as claimed in claim 1, wherein a height difference between a top of each land and a bottom of
each recess is within a range of 0.5-2.5 µm.

13. A rotary assembly as claimed in claim 12, wherein the height difference is within a range of 2.0-2.5 µm.

14. A rotary assembly as claimed in claim 12, wherein the height difference is within a range of 0.8-1.2 µm.

Vo= [(100-Mr2)xRvk(µm)] /200000(mm3/mm2)

K = Rvk/Rk
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15. A rotary assembly as claimed in any one of claims 12-14, wherein with respect to the center line separated into
segments by crossing with the unfiltered primary profile curve, a ratio of a total length of the segments correspond-
ing to the recesses to a reference length of the center line is 15-60%.

16. A rotary assembly as claimed in any one of claims 12-15, wherein with respect to the center line separated into
segments by crossing with the unfiltered primary profile curve, a ratio of a total length of the segments correspond-
ing to the recesses to a reference length of the center line is 25-40%.

17. A rotary assembly as claimed in claim 16, wherein the ratio of a total length of the segments corresponding to the
recesses to the reference length of the center line is 27-35%.

18. A rotary assembly as claimed in claim 15, wherein the ratio of a total length of the segments corresponding to the
recesses to the reference length of the center line is 30-57%.

19. A rotary assembly as claimed in any one of claims 11-17, wherein with respect to the center line separated into
segments by crossing with the unfiltered primary profile curve, a pitch of the recesses is within a range of 10-150 µm.

20. A rotary assembly as claimed in claim 19, wherein a pitch of the recesses is within a range of 40-120 µm.

21. A rotary assembly as claimed in any one of claims 11-20, wherein the top-flat land includes a top portion having
a ten-point mean roughness (Rz) of 100 nm or less.

22. A rotary assembly as claimed in claim 21, wherein the top-flat land includes a top portion having a ten-point mean
roughness (Rz) of 40 nm or less.

23. A rotary assembly as claimed in any one of claims 11-22, wherein with respect to the center line separated into
segments by crossing with the unfiltered primary profile curve, a length of each segment corresponding to each
recess is within a range of 10-40 µm.

24. A rotary assembly as claimed in any one of claims 11-23, wherein a ratio of a pitch of the recesses to a major axis
diameter of a Hertzian contact ellipse made at a maximum load, which extends perpendicular to the rotating di-
rection of the rolling element, is within a range of 1.2-9%.

25. A rotary assembly as claimed in claim 24, wherein the ratio of a pitch of the recesses to the major axis diameter
of the Hertzian contact ellipse made at a maximum load is within a range of 2.4-6%.

26. A rotary assembly as claimed in any one of claims 11-25, wherein with respect to the center line separated into
segments by crossing with the unfiltered primary profile curve, a ratio of a length of each segment corresponding
to each recess to a major axis diameter of a Hertzian contact ellipse made at a maximum load, which extends
perpendicular to the rotating direction of the rolling element, is within a range of 0.6-2%.

27. A rotary assembly as claimed in any one of claims 11-26, wherein with respect to the center line separated into
segments by crossing with the unfiltered primary profile curve, a ratio of a length of each segment corresponding
to each recess to a minor axis diameter of a Hertzian contact ellipse made at a maximum load, which extends
parallel to the rotating direction of the rolling element, is within a range of 0.8-3.2%.

28. A rotary assembly as claimed in any one of claims 11-19, wherein the recesses are grooves which are disposed
substantially parallel to the rotating direction of the rolling element.

29. A rotary assembly as claimed in claim 20, wherein the recesses are grooves which spirally extend along the rotating
direction of the rolling element.

30. A rotary assembly as claimed in any one of claims 11-21, wherein the recesses extend longer than at least a minor
axis diameter of a Hertzian contact ellipse.

31. A rotary assembly as claimed in any one of claims 11-22, wherein a top portion of each top-flat land of the unfiltered
primary profile curve measured by the surface roughness tester that is set at equal longitudinal and lateral mag-
nifications, has a radius of curvature of 0.1-170 mm.
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32. A rotary assembly as claimed in claim 31, wherein a top portion of each top-flat land of the unfiltered primary profile
curve measured by the surface roughness tester that is set at equal longitudinal and lateral magnifications, has a
radius of curvature of 0.8-170 mm.

33. A rotary assembly as claimed in claim 32, wherein a top portion of each top-flat land of the unfiltered primary profile
curve measured by the surface roughness tester that is set at equal longitudinal and lateral magnifications, has a
radius of curvature of 0.8-10 mm.

34. A rotary assembly as claimed in any one of claims 1 or 11-25, wherein the rolling elements include a drive-side
rolling element and a driven-side rolling element, the traction contact surface of one of the drive-side and driven-
side rolling elements has the microstructure as claimed in any one of claims 11-25 and the traction contact surface
of the other of the drive-side and driven-side rolling elements has a surface roughness expressed by an arithmetical
mean roughness (Ra) of 0.05 µm or less.

35. A rotary assembly as claimed in any one of claims 1-34, wherein a combination of a material of the rolling element
and a heat treatment therefor is selected from case hardening steel and carburizing-quenching-tempering thereof,
case hardening steel and carbonitriding-quenching-tempering thereof, bearing steel and quenching-tempering
thereof, bearing steel and carburizing-quenching-tempering thereof, and bearing steel and carbonitriding-quench-
ing-tempering thereof.

36. A rotary assembly as claimed in any one of claims 1-35, wherein the rotary assembly is an element of a half-
toroidal type continuously variable transmission, said rotary assembly including rotatably and coaxially arranged
input and output disks having opposed and annular concaved traction contact surfaces and power rollers juxta-
posed between the traction contact surfaces of the input and output disks and formed with annular convexed
traction contact surfaces rotatable relative to the traction contact surfaces of the input and output disks, each of
said power rollers having an axis of rotation inclinable relative to an axis of rotation of the input and output disks.

37. A rotary assembly as claimed in any one of claims 11-36, wherein the traction contact surface is produced by a
process, said process comprising:

forming recesses each having a depth of 10 pm or less at equal intervals in a surface of the rolling element
to form alternate arrangement of the recesses and projections between the recesses; and
subsequent to the forming, machining the projections such that a height difference between a top of each top-
flat land and a bottom of each recess is within a range of 0.5-2.5 µm, to produce the traction contact surface.

38. A rotary assembly as claimed in any one of claims 11-36, wherein the traction contact surface is produced by a
process, said process comprising:

making a surface roughness of a surface of the rolling element a ten-point mean roughness (Rz) of 100 nm
or less; and
subsequent to the making, forming recesses each having a depth of 0.5-2.5 µm at equal intervals in the surface
of the rolling element to form alternate arrangement of the recesses and top-flat lands between the recesses
and thus produce the traction contact surface.

39. A rotary assembly as claimed in claim 37 or 38, wherein the recesses are formed by at least one machining selected
from cutting, grinding, blasting, laser machining and etching and the top-flat lands are formed by at least one
machining selected from super finishing, lapping, cutting, grinding and electrolytic polishing.

40. A rotary assembly as claimed in claim 37 or 38, wherein the recesses and the projections are formed by at least
one machining selected from shot peening, grinding, cutting and super finishing and the projections are formed
into the top-flat lands having smoothened surfaces by roller burnishing.

41. A rotary assembly as claimed in any one of claims 37-39, wherein the recesses are formed using a tool having a
blade tip end having at least one shape selected from a single R (radius), a trapezoidal shape, a V-shape and a
complex R, said tool having a width of 4-150 µm at a location spaced from the blade tip end by 0.5-2.5 µm.

42. A rotary assembly as claimed in any one of claims 37-41, wherein the recesses are formed by turning using a tool
having a round blade tip end having a radius of 0.2 mm or less.
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43. A rotary assembly as claimed in any one of claims 11-36, wherein the recesses and the top-flat lands are simul-
taneously formed using a tool having cutting blades corresponding to the recesses and the top-flat lands, respec-
tively, said cutting blades having a dimensional difference therebetween within a range of 0.5-2.5 µm.

44. A rotary assembly as claimed in any one of claims 37-42, wherein the top-flat lands are formed using a fixed
abrasive grain tool having abrasive grains of a mean grain diameter of 9 µm or less.

45. A rotary assembly as claimed in any one of claims 37-42, wherein the top-flat lands are formed using an elastic
grindstone having abrasive grains of a mean grain diameter of 30 µm or less.

46. A rotary assembly as claimed in any one of claims 37-45, wherein the recesses are formed so as to extend spirally
by rotating the rolling element about a center axis thereof and at the same time relatively moving the rolling element
and a tool in at least one direction selected from a direction of the center axis and a direction perpendicular to the
center axis while contacting the rolling element with the tool.

Patentansprüche

1. Rotationseinheit für Reibantrieb, umfassend:

eine Vielzahl von Wälzkörpern, welche eine Drehachse und Reibkontaktflächen um die Drehachse aufweisen
und einander zugeordnet sind, um eine Triebkraft zwischen den Wälzkörpern über einen Reibölfilm, der zwi-
schen den Reibkontaktflächen ausgebildet ist, zu übertragen;

wobei mindestens eine der Reibkontaktflächen einen Mikroaufbau aufweist mit Unregelmäßigkeiten, deren Größen
größer sind als eine Dicke des Reibölfilms, dadurch gekennzeichnet, dass der Mikroaufbau dargestellt wird
durch eine ungefilterte Primärprofilkurve einschließlich abwechselnd angeordneter Vertiefungen und oben abge-
flachter Kontaktflächen.

2. Rotationseinheit nach Anspruch 1, wobei der Mikroaufbau so ausgelegt ist, dass er ein Ölspeichervolumen Vo von
7x10-6 bis 3x10-4 mm3/mm2 und ein Ölspeicher-Tiefenverhältnis innerhalb eines Bereichs von 0,9 - 2,0 aufweist,
wobei das Ölspeichervolumen Vo und das Ölspeicher-Tiefenverhältnis K durch folgende Gleichungen ausgedrückt
werden:

wobei Mr2 den Materialbereich bezeichnet, Rvk die reduzierte Taltiefe bezeichnet, und Rk die Kernrauheittiefe
bezeichnet, wie durch DIN EN ISO 13565-2 definiert.

3. Rotationseinheit nach Anspruch 1 oder 2, wobei die Vertiefungen Dellen umfassen, die einen Durchmesser von
5-30 µm und ein Tiefe von 0,1 - 1,0 µm, die sich im Wesentlichen senkrecht zum Durchmesser erstreckt, aufweisen
und 5-40 % eines Referenzbereichs der Reibkontaktoberflächen belegen.

4. Rotationseinheit nach Anspruch 3, wobei die Anzahl der Dellen mit einem Durchmesser von 5 - 30 µm und einer
Tiefe von 0,1 - 1,0 µm, die sich im Wesentlichen senkrecht zum Durchmesser erstreckt, ungefähr 10 bis 30 pro
100 µm2 beträgt.

5. Rotationseinheit nach einem der Ansprüche 1 bis 4, wobei die Reibkontaktflächen eine Oberflächenrauheit auf-
weisen, die entweder durch eine arithmetische Durchschnittsrauheit (Ra) von 0,07 - 0,15 µm oder ein maximale
Höhe (Ry) von 0,4 - 1,0 µm ausgedrückt wird.

6. Rotationseinheit nach einem der Ansprüche 1 bis 5, wobei die Reibkontaktflächen eine Vickershärte von nicht
weniger als Hv850 aufweisen.

Vo = [(100-Mr2)xRvk(µm)]/200000(mm3/mm2)

K = Rvk/Rk
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7. Rotationseinheit nach einem der Ansprüche 1 bis 6, wobei die Reibkontaktfläche durch ein Verfahren gebildet wird,
wobei das Verfahren umfasst:

Kugelstrahlen einer Oberfläche des Wälzkörpers, um Vertiefungen und Vorsprünge darin zu bilden; und
nach dem Kugelstrahlen, Bearbeiten der Vorsprunge entweder durch Läppen, Hochglanzpolieren, Superfinish,
Schneiden oder Schleifen, um oben abgeflachte Kontaktflächen zu bilden und somit die Reibkontaktfläche zu
erzeugen.

8. Rotationseinheit nach Anspruch 1 oder 2, wobei die Vertiefungen die Form von abwechselnd angeordneten, sich
in Umfangsrichtung erstreckenden Nuten aufweisen, wobei die Nuten eine Breite von 2 - 10 µm, sich erstreckend
entlang der Drehachse des Wälzkörpers, einen Abstand von 10 - 30 µm zwischen den benachbarten zwei Nuten,
und eine Tiefe von 0,1 - 1,0 µm, sich erstreckend von einem Boden derselben in einer Richtung im Wesentlichen
senkrecht zur Drehachse, aufweisen.

9. Rotationseinheit nach Anspruch 8, wobei die Reibkontaktflächen eine Oberflächenrauheit aufweisen, die entweder
durch eine arithmetische Durchschnittsrauheit (Ra) von 0,03-0,13 µm oder eine maximale Höhe (Ry) von 0, 2 - 0,
9 µm ausgedrückt wird.

10. Rotationseinheit nach einem der Ansprüche 1 bis 9, wobei ein Verhältnis (Sm/a) eines mittleren Abstands (Sm)
zwischen den Unregelmäßigkeiten zu einer Hälfte (a) eines Hauptachsendurchmessers einer Hertzschen Kontak-
tellipse 0,08 oder weniger ist.

11. Rotationseinheit nach Anspruch 1, wobei die ungefilterte Primärprofilkurve gemessen wird unter Verwendung eines
Oberflächenrauheitprüfers, wobei jede der Kontaktflächen der ungefilterten Primärprofilkurve einen Bereich ent-
hält, der höher ist als eine Mittellinie in Bezug auf die ungefilterte Primärprofilkurve, wobei der Bereich eine Form
aufweist, ausgewählt aus den Formen allgemein trapezförmig, allgemein trapezförmig mit gerundeten Ecken, all-
gemein trapezförmig mit abgerundeten Ecken, allgemein ballig, allgemein elliptisch gebogen, allgemein sinusför-
mig oder allgemein dreieckig mit abgerundetem Scheitelpunkt.

12. Rotationseinheit nach Anspruch 1, wobei eine Höhendifferenz zwischen einem oberen Ende jeder Kontaktfläche
und einem Boden jeder Vertiefung innerhalb eines Bereichs von 0,5-2,5 µm liegt.

13. Rotationseinheit nach Anspruch 12, wobei die Höhendifferenz innerhalb eines Bereichs von 2,0 - 2,5 µm liegt.

14. Rotationseinheit nach Anspruch 12, wobei die Höhendifferenz innerhalb eines Bereichs von 0,8 - 1,2 µm liegt.

15. Rotationseinheit nach einem der Ansprüche 12 bis 14, wobei in Bezug auf die Mittellinie, getrennt in Segmente
durch Kreuzen mit der ungefilterten Primärprofilkurve, ein Verhältnis einer totalen Länge der Segmente entspre-
chend den Vertiefungen zu einer Referenzlänge der Mittellinie 15 - 60 % ist.

16. Rotationseinheit nach einem der Ansprüche 12 bis 15, wobei in Bezug auf die Mittellinie, getrennt in Segmente
durch Kreuzen mit der ungefilterten Primärprofilkurve, ein Verhältnis einer totalen Länge der Segmente entspre-
chend den Vertiefungen zu einer Referenzlänge der Mittellinie 25 - 40 % ist.

17. Rotationseinheit nach Anspruch 16, wobei das Verhältnis einer Gesamtlänge der Segmente entsprechend den
Vertiefungen zur Referenzlänge der Mittellinie 27 - 35 % ist.

18. Rotationseinheit nach Anspruch 15, wobei das Verhältnis einer Gesamtlänge der Segmente entsprechend den
Vertiefungen zur Referenzlänge der Mittellinie 30 - 57 % ist.

19. Rotationseinheit nach einem der Ansprüche 11 bis 17, wobei in Bezug auf die Mittellinie, getrennt in Segmente
durch Kreuzen mit der ungefilterten Primärprofilkurve, ein Abstand der Vertiefungen innerhalb eines Bereichs von
10-150 µm liegt.

20. Rotationseinheit nach Anspruch 19, wobei ein Abstand der Vertiefungen innerhalb eines Bereichs von 40 - 120
µm liegt.

21. Rotationseinheit nach einem der Ansprüche 11 bis 20, wobei die oben abgeflachte Kontaktfläche einen oberen
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Bereich mit einer Zehnpunkt-Durchschnittsrauheit (Rz) von 100 nm oder weniger aufweist.

22. Rotationseinheit nach Anspruch 21, wobei die oben abgeflachte Kontaktfläche einen oberen Bereich mit einer
Zehnpunkt-Durchschnittsrauheit (Rz) von 40 nm oder weniger aufweist.

23. Rotationseinheit nach einem der Ansprüche 11 bis 22, wobei in Bezug auf die Mittellinie, getrennt in Segmente
durch Kreuzen mit der ungefilterten Primärprofilkurve, eine Länge jedes Segments entsprechend jeder Vertiefung
innerhalb eines Bereichs von 10 - 40 µm liegt.

24. Rotationseinheit nach einem der Ansprüche 11 bis 23, wobei ein Verhältnis eines Abstandes der Vertiefungen zu
einem Hauptachsendurchmesser einer Hertzschen Kontaktellipse bei einer maximalen Last, welche sich senkrecht
zur Drehrichtung des Wälzelements erstreckt, innerhalb eines Bereichs von 1,2 - 9 % liegt.

25. Rotationseinheit nach Anspruch 24, wobei das Verhältnis eines Abstandes der Vertiefungen zum Hauptachsen-
durchmesser der Hertzschen Kontaktellipse bei einer maximalen Last innerhalb eines Bereichs von 2,4 - 6 % liegt.

26. Rotationseinheit nach einem der Ansprüche 11 bis 25, wobei in Bezug auf die Mittellinie, getrennt in Segmente
durch Kreuzen mit der ungefilterten Primärprofilkurve, ein Verhältnis einer Länge jedes Segmentes entsprechend
jeder Vertiefung zu einem Hauptachsendurchmesser einer Hertzschen Kontaktellipse bei einer maximalen Last,
welche sich senkrecht zur Drehrichtung des Wälzkörpers erstreckt, innerhalb eines Bereichs von 0,6 - 2 % liegt.

27. Rotationseinheit nach einem der Ansprüche 11 bis 26, wobei in Bezug auf die Mittellinie, getrennt in Segmente
durch Kreuzen mit der ungefilterten Primärprofilkurve, ein Verhältnis einer Länge jedes Segmentes entsprechend
jeder Vertiefung zu einem Nebenachsendurchmesser einer Hertzschen Kontaktellipse bei einer maximalen Last,
welche sich parallel zur Drehrichtung des Wälzkörpers erstreckt, innerhalb eines Bereichs von 0,8 - 3,2 % liegt.

28. Rotationseinheit nach einem der Ansprüche 11 bis 19, wobei die Vertiefungen Nuten sind, welche im Wesentlichen
parallel zur Drehrichtung des Wälzkörpers angeordnet sind.

29. Rotationseinheit nach Anspruch 20, wobei die Vertiefungen Nuten sind, die sich spiralförmig entlang der Drehrich-
tung des Wälzkörpers erstrecken.

30. Rotationseinheit nach einem der Ansprüche 11 bis 21, wobei die Vertiefungen sich weiter erstrecken als zumindest
ein Nebenachsendurchmesser einer Hertzschen Kontaktellipse.

31. Rotationseinheit nach einem der Ansprüche 11 bis 22, wobei ein oberer Bereich jeder oben abgeflachten Kontakt-
fläche der ungefilterten Primärprofilkurve, gemessen durch den Oberflächenrauheitprüfer, der auf gleiche längs-
seitige und laterale Vergrößerungen eingestellt ist, einen Krümmungsradius von 0,1 bis 170 mm aufweist.

32. Rotationseinheit nach Anspruch 31, wobei ein oberer Bereich jeder oben abgeflachten Kontaktfläche der ungefil-
terten Primärprofilkurve, gemessen durch den Oberflächenrauheitprüfer, der auf gleiche längsseitige und laterale
Vergrößerungen eingestellt ist, einen Krümmungsradius von 0,8 bis 170 mm aufweist.

33. Rotationseinheit nach Anspruch 32, wobei ein oberer Bereich jeder oben abgeflachten Kontaktfläche der ungefil-
terten Primärprofilkurve, gemessen durch den Oberflächenrauheitprüfer, der auf gleiche längsseitige und laterale
Vergrößerungen eingestellt ist, einen Krümmungsradius von 0,8 bis 10 mm aufweist.

34. Rotationseinheit nach einem der Ansprüche 1 oder 11 bis 25, wobei die Wälzkörper einen Wälzkörper auf der
Antriebsseite und einen Wälzkörper auf der angetriebenen Seite umfassen, die Reibkontaktfläche des Wälzkörpers
auf der Antriebsseite oder des Wälzkörpers auf der angetriebenen Seite einen Mikroaufbau, wie in einem der
Ansprüche 11 bis 25 beansprucht, aufweist und die Reibkontaktfläche des anderen Wälzkörpers auf der Antriebs-
seite oder der angetriebenen Seite eine Oberflächenrauheit aufweist, die durch eine arithmetische Durchschnitts-
rauheit (Ra) von 0,05 µm oder weniger ausgedrückt wird.

35. Rotationseinheit nach einem der Ansprüche 1 bis 34, wobei eine Kombination eines Materials des Wälzkörpers
und eine Wärmebehandlung dafür ausgewählt wird aus Einsatzstahl und Karburieren und Quenchen und Tempern
desselben, Einsatzstahl und Karbonitrieren und Quenchen und Tempern desselben, Lagerstahl und Vergüten des-
selben, Lagerstahl und Karburieren und Vergüten desselben, und Lagerstahl und Karbonitrieren und Vergüten
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desselben.

36. Rotationseinheit nach einem der Ansprüche 1 bis 35, wobei die Rotationseinheit ein Bestandteil eines stufenlos
einstellbaren Getriebes vom Halbtoroidtyp ist, wobei die Rotationseinheit drehbare und koaxial angeordnete Ein-
gangs- und Ausgangsscheiben aufweist mit gegenüberliegenden und ringförmig konkaven Reibkontaktflächen
und Kraftrollen, die zwischen den Reibkontaktflächen der Eingangs- und Ausgangsscheiben gegenübergestellt
sind und mit ringförmig konvexen Reibkontaktflächen ausgebildet sind, die relativ zu den Reibkontaktflächen der
Eingangs- und Ausgangsscheiben drehbar sind, wobei jede der Kraftrollen eine Drehachse aufweist, die relativ
zu einer Drehachse der Eingangs- und Ausgangsscheiben neigbar ist.

37. Rotationseinheit nach einem der Ansprüche 11 bis 36, wobei die Reibkontaktfläche durch ein Verfahren gebildet
wird,
wobei das Verfahren umfasst:

Ausbilden von Vertiefungen, wobei jede eine Tiefe von 10 µm oder weniger aufweist, in gleichen Abständen
in einer Oberfläche des Wälzkörpers, um eine abwechselnde Anordnung der Vertiefungen und der Vorsprünge
zwischen den Vertiefungen zu bilden; und
nach dem Ausbilden, Bearbeiten der Vorsprunge, so dass eine Höhendifferenz zwischen einer oberen Fläche
jeder oben abgeflachten Kontaktfläche und einem Boden jeder Vertiefung in einem Bereich von 0, 5 bis 2,5
µm liegt, um die Reibkontaktfläche zu erzeugen.

38. Rotationseinheit nach einem der Ansprüche 11 bis 36, wobei die Reibkontaktfläche durch ein Verfahren gebildet
wird,
wobei das Verfahren umfasst:

Herstellen einer Oberflächenrauheit einer Oberfläche des Wälzkörpers mit einer Zehnpunkt-Durchschnitts-
rauheit (Rz) von 100 nm oder weniger; und
nach dem Herstellen, Ausbilden von Vertiefungen, wobei jede eine Tiefe von 0,5 bis 2,5 µm aufweist, in glei-
chen Abständen in der Oberfläche des Wälzkörpers, um eine abwechselnde Anordnung der Vertiefungen und
der oben abgeflachten Kontaktflächen zwischen den Vertiefungen zu bilden und somit die Reibkontaktfläche
zu erzeugen.

39. Rotationseinheit nach Anspruch 37 oder 38, wobei die Vorsprünge durch zumindest eine Bearbeitung geformt
werden, ausgewählt aus spanabhebendem Bearbeiten, Schleifen, Sprengen, Laserbearbeitung und Ätzen, und
die oben abgeflachten Kontaktflächen werden gebildet durch zumindest eine Bearbeitung ausgewählt aus Super-
finish, Läppen, spanabhebendem Bearbeiten, Schleifen und elektrolytischem Polieren.

40. Rotationseinheit nach Anspruch 37 oder 38, wobei die Vertiefungen und die Vorsprünge gebildet sind durch zu-
mindest eine Bearbeitung ausgewählt aus Kugelstrahlen, Schleifen, Schneiden und Superfinish und die Vorsprün-
ge werden zu oben abgeflachten Kontaktflächen geformt, die geglättete Oberflächen aufweisen durch Pollierrollen.

41. Rotationseinheit nach einem der Ansprüche 37 bis 39, wobei die Vertiefungen geformt werden unter Verwendung
eines Werkzeugs mit einem Klingenspitzenende mit zumindest einer Form ausgewählt aus einer Einfach-R(Ra-
dius)-Form, einer Trapezform, eine V-Form und einer Mehrfach-R-Form, wobei das Werkzeug eine Breite von 4
- 150 µm aufweist an einer Stelle um 0,5 - 2,5 µm vom Klingenspitzenende entfernt.

42. Rotationseinheit nach einem der Ansprüche 37 bis 41, wobei die Vorsprünge gebildet werden durch Drehen unter
Verwendung eines Werkzeugs mit einem runden Klingenspitzenende mit einem Radius von 0,2 mm oder weniger.

43. Rotationseinheit nach einem der Ansprüche 11 bis 36, wobei die Vertiefungen und die oben abgeflachten Kon-
taktflächen gleichzeitig ausgebildet werden unter Verwendung eines Werkzeugs mit Schneidklingen entsprechend
den Vertiefungen bzw. den oben abgeflachten Kontaktflächen, wobei die Schneidklingen eine Abmessungsdiffe-
renz dazwischen innerhalb eines Bereichs von 0,5 - 2,5 µm aufweisen.

44. Rotationseinheit nach einem der Ansprüche 37 bis 42, wobei die oben abgeflachten Kontaktflächen ausgebildet
werden unter Verwendung eines feststehenden Schleifwerkzeugs mit Schleifkörnern mit einem mittleren Korn-
durchmesser von 9 µm oder weniger.
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45. Rotationseinheit nach einem der Ansprüche 37 bis 42, wobei die oben abgeflachten Kontaktflächen ausgebildet
werden unter Verwendung eines elastischen Schleifsteins mit Schleifkörnern mit einem mittleren Korndurchmesser
von 30 µm oder weniger.

46. Rotationseinheit nach einem der Ansprüche 37 bis 45, wobei die Vertiefungen so ausgebildet sind, dass sie sich
spiralförmig erstrecken durch Drehen des Wälzkörpers um eine Mittelachse desselben und zur gleichen Zeit re-
latives Bewegen des Wälzkörpers und eines Werkzeugs in zumindest einer Richtung ausgewählt aus einer Rich-
tung der Mittelachse und einer Richtung senkrecht zur Mittelachse, während der Wälzkörper das Werkzeug be-
rührt.

Revendications

1. Ensemble rotatif pour transmission d'un dispositif de déplacement comprenant :

une pluralité d'éléments roulants ayant un axe de rotation et des surfaces de contact de traction autour de
l'axe de rotation et s'associant les uns avec les autres pour transmettre une force motrice entre les éléments
roulants par l'intermédiaire d'un film d'huile de traction formé ente les surfaces de contact de traction ;
au moins une desdites surfaces de contact de traction présentant une microstructure avec des irrégularités
dont les tailles sont plus grandes qu'une épaisseur du film d'huile de traction, caractérisé en ce que la mi-
crostructure est représentée par un profil principal non filtré comprenant des encastrements et des surfaces
de tête agencés de manière alternative.

2. Ensemble rotatif selon la revendication 1, dans lequel la microstructure est configurée pour avoir un volume de
rétention d'huile Vo de 7 x 10-6 à 3 x 10-4 mm3/mm2 et un rapport de profondeur de rétention d'huile dans une
gamme de 0,9 - 2,0, ledit volume de rétention d'huile Vo et ledit rapport de profondeur de rétention d'huile K étant
exprimés par les formules suivantes :

dans lequel Mr2 indique la partie de matériau, RvK indique la profondeur de dépression réduite et Rk indique
la profondeur de rugosité du noyau tel que défini par la norme DIN EN ISO 13565-2.

3. Ensemble rotatif selon la revendication 1 ou 2, dans lequel lesdits encastrements comprennent des alvéoles qui
ont un diamètre de 5 - 30 µm et une profondeur de 0,1-1,0 µm s'étendant sensiblement perpendiculairement au
diamètre et occupent 5 - 40 % d'une superficie de référence de la surface de contact de traction.

4. Ensemble rotatif selon la revendication 3, dans lequel le nombre d'alvéoles présentant un diamètre de 5 - 30 µm
et une profondeur de 0,1 - 1,0 µm s'étendant sensiblement perpendiculairement au diamètre est approximative-
ment de 10 à 30 par 100 µm2.

5. Ensemble rotatif selon l'une quelconque des revendications 1 à 4, dans lequel les surfaces de contact de traction
présentent une rugosité de surface exprimée par l'un des éléments de rugosité de moyenne arithmétique (Ra) de
0, 07 - 0, 15 µm et de hauteur maximale (Ry) de 0,4 - 1,0 µm.

6. Ensemble rotatif selon l'une quelconque des revendications 1 à 5, dans lequel les surfaces de contact de traction
présentent une dureté Vickers non inférieure à Hv850.

7. Ensemble rotatif selon l'une quelconque des revendications 1 à 6, dans lequel la surface de contact de traction
est formée par un procédé, ledit procédé consistant à :

soumettre une surface de l'élément roulant à un grenaillage afin de former des encastrements et des saillies
à l'intérieur ; et
ultérieurement au grenaillage, usiner les saillies par l'un des procédés de rodage, de brillantage, de surcalan-

Vo = [(100 - Mr2) x Rvk (µm)] / 200 000 (mm3/mm2)

K = Rvk/Rk
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drage, de découpe et de meulage pour former les surfaces de tête et ainsi produire la surface de contact de
traction.

8. Ensemble rotatif selon la revendication 1 ou 2, dans lequel lesdits encastrements sont sous la forme de rainures
s'entendant de manière périphérique agencées alternativement, lesdites rainures ayant une largeur de 2 - 10 µm
s'étendant le long de l'axe de rotation de l'élément roulant, un pas de 10 - 30 µm entre les deux rainures adjacentes
et une profondeur de 0,1 - 1,0 µm s'étendant depuis un fond de celui-ci dans une direction sensiblement perpen-
diculaire à l'axe de rotation.

9. Ensemble rotatif selon la revendication 8, dans lequel les surfaces de contact de traction présentent une rugosité
de surface exprimée par l'un des éléments de rugosité de moyenne arithmétique (Ra) de 0,03 - 0,13 µm et de
hauteur maximale (Ry) de 0,2 - 0,9 µm.

10. Ensemble rotatif selon l'une quelconque des revendications 1 à 9, dans lequel un rapport (Sm/a) d'un espace
moyen (Sm) entre les irrégularités sur une moitié (a) d'un diamètre d'axe majeur d'une ellipse de contact hertzien
est de 0,08 ou moins.

11. Ensemble rotatif selon la revendication 1, dans lequel la courbe de profil principal non filtré est mesurée à l'aide
d'un testeur de rugosité de surface, chacune desdites surfaces de la courbe de profil principal non filtré comprenant
une partie située plus haut qu'une ligne centrale par rapport à la courbe de profil principal non filtré, ladite partie
ayant l'une ou l'autre des formes sélectionnées à partir d'une forme généralement trapézoïdale, une forme géné-
ralement trapézoïdale avec des coins arrondis, une forme généralement trapézoïdale avec des coins chanfreinés,
une forme généralement bombée, une forme d'arc généralement elliptique, une forme généralement sinusoïdale
et une forme généralement triangulaire avec un sommet arrondi.

12. Ensemble rotatif selon la revendication 1, dans lequel une différence de hauteur entre un sommet de chaque
surface et un fond de chaque encastrement est dans une gamme de 0,5 - 2,5 µm.

13. Ensemble rotatif selon la revendication 12, dans lequel la différence de hauteur est dans une gamme de 2,0 - 2,5
µm.

14. Ensemble rotatif selon la revendication 12, dans lequel la différence de hauteur est dans une gamme de 0,8 - 1,2
µm.

15. Ensemble rotatif selon l'une quelconque des revendications 12 à 14, dans lequel par rapport à la ligne centrale
séparée en segments par intersection avec la courbe de profil principal non filtré, un rapport d'une longueur totale
des segments correspondant aux encastrements sur une longueur de référence de la ligne centrale est de 15 -
60 %.

16. Ensemble rotatif selon l'une quelconque des revendications 12 à 15, dans lequel par rapport à la ligne centrale
séparée en segments par intersection avec la courbe de profil principal non filtré, un rapport d'une longueur totale
des segments correspondant aux encastrements sur une longueur de référence de la ligne centrale est de 25 -
40 %.

17. Ensemble rotatif selon la revendication 16, dans lequel le rapport d'une longueur totale des segments correspon-
dant aux encastrements sur la longueur de référence de la ligne centrale est de 27 - 35 %.

18. Ensemble rotatif selon la revendication 15, dans lequel le rapport d'une longueur totale des segments correspon-
dant aux encastrements sur la longueur de référence de la ligne centrale est de 30 - 57 %.

19. Ensemble rotatif selon l'une quelconque des revendications 11 à 17, dans lequel par rapport à la ligne centrale
séparée en segments par intersection avec la courbe de profil principal non filtré, un pas des encastrements est
dans la gamme de 10 - 150 µm.

20. Ensemble rotatif selon la revendication 19, dans lequel un pas des encastrements est dans la gamme de 40-120
µm.

21. Ensemble rotatif selon l'une quelconque des revendications 11 à 20, dans lequel la surface de tête comprend une
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partie supérieure ayant un rugosité moyenne de dix points (Rz) de 100 nm ou moins.

22. Ensemble rotatif selon la revendication 21, dans lequel la surface de tête comprend une partie supérieure ayant
un rugosité moyenne de dix points (Rz) de 40 nm ou moins.

23. Ensemble rotatif selon l'une quelconque des revendications 11 à 22, dans lequel par rapport à la ligne centrale
séparée en segments par intersection avec la courbe de profil principal non filtré, une longueur de chaque segment
correspondant à chaque encastrement est dans la gamme de 10 - 40 µm.

24. Ensemble rotatif selon l'une quelconque des revendications 11 à 23, dans lequel un rapport d'un pas des encas-
trements sur un diamètre d'axe majeur d'une ellipse de contact hertzien créée à une charge maximale, qui s'étend
perpendiculairement à la direction de rotation de l'élément roulant est dans une gamme de 1,2 - 9 %.

25. Ensemble rotatif selon la revendication 24, dans lequel un rapport d'un pas des encastrements sur un diamètre
d'axe majeur d'une ellipse de contact hertzien créée à une charge maximale, qui s'étend perpendiculairement à
la direction de rotation de l'élément roulant est dans une gamme de 2,4 - 6 %.

26. Ensemble rotatif selon l'une quelconque des revendications 11 à 25, dans lequel par rapport à la ligne centrale
séparée en segments par intersection avec la courbe de profil principal non filtré, un rapport d'une longueur de
chaque segment correspondant à chaque encastrement sur un diamètre d'axe majeur d'une ellipse de contact
hertzien à une charge maximale, qui s'étend perpendiculairement à la direction de rotation de l'élément roulant
est dans une gamme de 0,6 - 2 %.

27. Ensemble rotatif selon l'une quelconque des revendications 11 à 26, dans lequel par rapport à la ligne centrale
séparée en segments par intersection avec la courbe de profil principal non filtré, un rapport d'une longueur de
chaque segment correspondant à chaque encastrement sur un diamètre d'axe majeur d'une ellipse de contact
hertzien à une charge maximale, qui s'étend perpendiculairement à la direction de rotation de l'élément roulant
est dans une gamme de 0,8 - 3,2 %.

28. Ensemble rotatif selon l'une quelconque des revendications 11 à 19, dans lequel les encastrements sont des
rainures qui sont disposées sensiblement parallèlement à la direction de rotation de l'élément roulant.

29. Ensemble rotatif selon la revendications 20, dans lequel les encastrements sont des rainures qui s'étendent en
spirale le long de la direction de rotation de l'élément roulant.

30. Ensemble rotatif selon l'une quelconque des revendications 11 à 21, dans lequel les encastrements s'étendent
plus longuement qu'au moins un diamètre d'axe mineur d'une ellipse de contact hertzien.

31. Ensemble rotatif selon l'une quelconque des revendications 11 à 22, dans lequel une partie supérieure de chaque
surface de tête de la courbe de profil principal non filtré mesurée par le testeur de rugosité de surface qui est
réglée à des grandissements longitudinaux et latéraux égaux, présente un rayon de courbure de 0,1 - 170 mm.

32. Ensemble rotatif selon la revendication 31, dans lequel une partie supérieure de chaque surface de tête de la
courbe de profil principal non filtré mesurée par le testeur de rugosité de surface qui est réglée à des grandisse-
ments longitudinaux et latéraux égaux, présente un rayon de courbure de 0,8 - 170 mm.

33. Ensemble rotatif selon la revendication 32, dans lequel une partie supérieure de chaque surface de tête de la
courbe de profil principal non filtré mesurée par le testeur de rugosité de surface qui est réglée à des grandisse-
ments longitudinaux et latéraux égaux, présente un rayon de courbure de 0,8 - 10 mm.

34. Ensemble rotatif selon l'une quelconque des revendications 11 à 25, dans lequel les éléments roulants compren-
nent un élément roulant à coté de commande et un élément roulant à coté entraîné, la surface de contact de
traction d'un des éléments roulants à coté de commande et à coté entraîné présente la microstructure selon l'une
quelconque des revendications 11 à 25 et la surface de contact de traction de l'autre des éléments roulants à coté
de commande et à coté entraîné présente la rugosité de surface exprimée par une rugosité moyenne arithmétique
(Ra) de 0,05 µm ou moins.

35. Ensemble rotatif selon l'une quelconque des revendications 1 à 34, dans lequel une combinaison de matériau de
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l'élément roulant et d'un traitement thermique pour celui-ci est sélectionnée à partir d'acier de cémentation et de
cémentation-trempe-recuit de celui-ci, de l'acier de cémentation et de carbinitruration-trempe-recuit de celui-ci,
d'acier à roulements et de cémentation-trempe-recuit de celui-ci et d'acier à roulement et de carbunitruration-
trempe-recuit de celui-ci.

36. Ensemble rotatif selon l'une quelconque des revendications 1 à 35, dans lequel l'ensemble rotatif est un élément
d'une transmission variable continuellement de type demi-toroïdale, ledit ensemble rotatif comprenant des disques
d'entrée et de sortie agencés de manière rotative et coaxiale ayant des surfaces de contact de traction annulaires
concaves et opposées et des vérins juxtaposés entre les surfaces de contact de traction des disques d'entrée et
de sortie et formés avec des surfaces de contact de traction annulaires convexes pouvant pivoter par rapport aux
surfaces de contact de traction des disques d'entrée et de sortie, chacun desdits vérins ayant un axe de rotation
inclinable par rapport à un axe de rotation des disques d'entrée et de sortie.

37. Ensemble rotatif selon l'une quelconque des revendications 11 à 36, dans lequel la surface de contact de traction
est produite par un procédé, ledit procédé consistant à :

former des encastrements chacun ayant une profondeur de 10 µm ou moins à intervalle égal dans une surface
de l'élément roulant afin de former une agencement alternatif des encastrements et des saillies entre les
encastrements ; et
ultérieurement au formage, usiner les saillies de telle manière qu'une différence de hauteur entre un sommet
de chaque surface de tête et un fond de chaque encastrement soit dans une gamme de 0,5 - 2,5 µm, afin de
produire la surface de contact de traction.

38. Ensemble rotatif selon l'une quelconque des revendications 11 à 36, dans lequel la surface de contact de traction
est produite par un procédé, ledit procédé consistant à :

faire d'une rugosité de surface d'une surface de l'élément roulant une rugosité moyenne de dix points (Rz) de
100 nm ou moins ; et
ultérieurement à la création, former des encastrements chacun ayant une profondeur de 0,5 - 2,5 µm à inter-
valle égal dans la surface de l'élément roulant afin de former un agencement alternatif des encastrements et
des surfaces de tête entre les encastrements et ainsi produire la surface de contact de traction.

39. Ensemble rotatif selon la revendication 37 ou 38, dans lequel les encastrements sont formés par au moins un
usinage sélectionné à partir de la découpe, du meulage, du grenaillage, de l'usinage au laser et de l'attaque
chimique et les surfaces de tête sont formées par au moins un usinage sélectionné à partir de surcalandrage,
rodage, découpe, meulage, polissage électrolytique.

40. Ensemble rotatif selon la revendication 37 ou 38, dans lequel les encastrements et les saillies sont formés par au
moins un usinage sélectionné à partir de grenaillage, meulage, découpe et surcalandrage et les saillies sont for-
mées à l'intérieur des surfaces de tête présentant des surfaces adoucies par galetage.

41. Ensemble rotatif selon l'une quelconque des revendications 37 à 39, dans lequel les encastrements sont formés
à l'aide d'un outil ayant une pointe de lame ayant au moins une forme sélectionnée à partir d'un R unique (rayon),
une forme trapézoïdale, une forme en V et un R complexe, ledit outil ayant une largeur de 4 - 150 µm à un em-
placement espacé de la pointe de lame de 0,5 - 2,5 µm.

42. Ensemble rotatif selon l'une quelconque des revendications 37 à 41, dans lequel les encastrements sont formés
par tournage à l'aide d'un outil ayant une pointe de lame arrondie ayant un rayon de 0,2 mm ou moins.

43. Ensemble rotatif selon l'une quelconque des revendications 11 à 36, dans lequel les encastrements et les surfaces
de tête sont formés simultanément à l'aide d'un outil ayant des lames de coupe correspondant aux encastrements
et aux surfaces de tête, respectivement, lesdites lames de coupe présentant une différence de dimension entre
elles dans une gamme de 0,5 - 2,5 µm.

44. Ensemble rotatif selon l'une quelconque des revendications 37 à 42, dans lequel les surfaces de tête sont formées
à l'aide d'un grain d'abrasif fixe ayant des grains d'un diamètre moyen de grain de 9 µm ou moins.

45. Ensemble rotatif selon l'une quelconque des revendications 37 à 42, dans lequel les surfaces de tête sont formées
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à l'aide d'une meule élastique ayant des grains abrasifs d'un diamètre moyen de grain de 30 µm ou moins.

46. Ensemble rotatif selon l'une quelconque des revendications 37 à 45, dans lequel les encastrements sont formés
de manière à s'étendre en spirale en faisant tourner l'élément roulant autour d'un axe central de celui-ci et dans
le même temps en déplaçant relativement l'élément roulant et un outil dans au moins une direction sélectionnée
à partir d'une direction d'axe central et une direction perpendiculaire à l'axe central tout en faisant entrer en contact
l'élément roulant et l'outil.
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