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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention relates to a cam mechanism that
incorporates a highly precise bearing assembly capable
of significantly improving the dynamic and static posi-
tional stability of the cam mechanism's output shaft.

Description of the Current Art

[0002] Various types of intermittent indexing-type
cam mechanisms are currently known in the art. These
cammechanisms incorporate input and output shafts as
means of transferring torque into and out of the cam
mechanism, and two bearings, axially aligned with and
located at each of the input and output shafts as means
of supporting both thrust and radial loads applied during
operation of the cam mechanism. Tapered roller bear-
ings are generally used in cases where the input and
output shafts must operate with a high degree of preci-
sion.
[0003] Figures 20 and 21 show cam mechanism 1a in
which input shaft 4 is rotatably supported at both ends
by tapered roller bearings 3 mounted in housing 2. Glo-
boid cam 5 is axially formed on input shaft 4. Output
shaft 7, whose rotating axis is offset 90-degrees in rela-
tion to that of input shaft 4, is rotatably supported by ta-
pered roller bearings 6 mounted at both ends of the shaft
and supported by housing 2. Turret 9 is installed to or
integrally formed as part of output shaft 7 and incorpo-
rates cam followers 8 installed in a radial pattern on the
axial perimeter of shaft 7. Turret 9 and cam followers 8
are dimensioned so as to allow cam followers 8 to mesh
with spiral channel 10 of globoid cam 5. The rotation of
input shaft 4 results in the rotation of output shaft 7 by
means of cam followers 8 following the transverse
movement of globoid cam valley 10.
[0004] Figures 22 and 23 illustrate the structure of
cam mechanism 1b which, similar to cam mechanism
1a, incorporates input shaft 4 and output shaft 7. In cam
mechanism 1b, output shaft 7 is formed as a ring-type
structure that radially encompasses hollow cylindrical
part 11 integrally formed at the center of housing 2. Ra-
dial and thrust loads applied to output shaft 7 are born
by housing 2 as will be explained. Multiple first cam fol-
lowers 12 are installed in a radial pattern on the perim-
eter of the inwardly facing radial surface of input shaft
7. First cam followers 12 slide along cylindrical surface
13 provided by housing 2 as means of bearing radial
loads applied to input shaft 7. Second cam followers 8
are installed to the outwardly facing perimeter of output
shaft 7 and are located so as to mesh with cam valley
10 of globoid cam 5. Support piece 15, structured so as
not to interfere with the rotation of globoid cam 5, is in-
stalled within housing 2, and ring flange 16, formed as

part of housing 2, is located radially opposite to support
piece 15. Second cam followers 8 pass through the
space provided between support piece 15 and ring
flange 16, thus forming a structure whereby support
piece 15 and ring flange 15 are able to bear the thrust
loads applied to output shaft 7. Torque applied to input
shaft 4 is transferred to output shaft 7 through the rota-
tion of globoid cam 5 driving cam followers 8, thus pro-
viding a mechanism through which the desired rotation-
al position of output shaft 7 is controlled through the ro-
tation of input shaft 4.
[0005] Modern industry is being called upon to pro-
duce various types of components that must be made
smaller and to more precise dimensions. This require-
ment has resulted in a demand for cam mechanisms
that are able to operate with an extremely high degree
of precision. It is proving difficult to make conventional
cam mechanism structures operate with the degree of
precision now required by many industrial applications.
Even with the use of precision tapered roller bearings,
conventional cam mechanisms cannot provide the high
degree of operating precision called for in certain appli-
cations. This problem is the result of using standard
commercial grade bearings in the construction of the
cam mechanism, the difficulty of machining the housing,
turret, and output shaft flanges to extremely tight toler-
ances, the difficulty of maintaining the required dimen-
sions during assembly, and a general fall-off in dimen-
sional accuracy that results from a combination of prob-
lems encountered during the manufacturing process. As
a result, manufacturers often need to disassemble cam
mechanisms that don't performto specification, check
and re-machine components, and re-assemble the cam
mechanism to ascertain if the required operational spec-
ifications have been met.
[0006] A major problem encountered with the use of
standard roller bearings is that the bearing is unable to
deliver adequate performance after being installed as a
component of the cam mechanism. The following dis-
cussion will explain some of the shortcomings that can
be encountered when installing a roller bearing into the
cam mechanism.
[0007] 1: One problem is that gap can be generated
between the axial surface of output shaft (a) and the in-
ner circumference of the bearing race. Although the pe-
rimeter of output shaft (a) and the inner diameter of race
(c) may be fabricated to perfectly concentric shapes,
gap (d) can exist, as illustrated in Figure 24, after the
cam mechanism is assembled as a result of the diame-
ter of inner race (c) being fabricated to a slightly large
diameter. The operating precision of the cam mecha-
nism is thus adversely affected due to gap (d) causing
the misalignment of centerline (e) of output shaft (a) with
centerline (f) of bearing (b). Moreover, variations in the
radial load may continually change the position of gap
(d), thus creating abrasion between output shaft (a) and
inner race (c), a problem that results in a shortened serv-
ice life for the cam mechanism.
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[0008] 2 : There is also a problem in that the perimeter
of output shaft (a) cannot always be made to a perfectly
concentric shape. In order to prevent a gap from forming
between the output shaft and bearing race (see the pre-
ceding paragraph), some cam mechanisms utilize press
fit tolerances in the assembly of output shaft (a) to bear-
ing (b). As shown in Figure 25, an eccentrically shaped
cross section of output shaft (a) can be transferred the
inner race (c) of bearing (b) as a result of the press fit,
thus distorting bearing race surface (h) that was fabri-
cated to the specified shape and tolerances. As a result
of the distorted contours of bearing race surface (h), ex-
cessive pressure is applied to some rollers (g) while oth-
ers fail to contact the race surface, thus creating an ec-
centric roller path that degrades the bearing's rotating
accuracy and makes it difficult for the cam mechanism
to operate with a high degree of precision. Moreover,
excessive pressure applied between rollers (g) and race
surface (h) causes excessive wear that shortens the
service life of the cam mechanism.
[0009] 3: Another problem that can arise is an eccen-
tric shape of the inner surface of race (c) that results in
the inner contour of the race not accurately matching
the perimeter contour of output shaft (a). Figure 26 pro-
vides a view of bearing (b) before (Figure a) and after
(Figure b) insertion of output shaft (a) into the bearing
race. Even though output shaft (a) may be formed to
perfect concentricity, inserting the output shaft into the
eccentrically shaped internal diameter of race (c) will
transfer the eccentric shape to the race surface (h) and
thereby distort the race and bearing surface on which
the rollers ride (Figure b).
[0010] 4: Furthermore, it can prove difficult to maintain
an accurate 90-degree angle between output shaft (a)
and seating surface (i) of bearing (b). As shown in Figure
27, radial flange (j) is provided on output shaft (a) as
means of locating bearing (b). In cases where the ma-
chining process utilized to form flange (j) leaves metal
particles or other debris on the flange surface, bearing
(b) will not seat completely by becoming slightly cocked
on the shaft, a problem that will result in a falloff of the
rotating precision of the cam mechanism's output shaft
resulting from the misalignment of center (e) of output
shaft (a) and center (f) of bearing (b).
[0011] The preceding discussion explained the prob-
lems that can arise when mounting roller bearing (b) to
output shaft (a). These problems can occur even when
using high grade bearings, thus making it difficult to
maintain precision operation of the cam mechanism's
output shaft. In light of these shortcomings, there is a
pronounced need in the art for an improved bearing
structure that will assure and maintain high precision op-
eration of the cam mechanism.
[0012] US-A-3710640 discloses a worm gear in which
a cam mechanism comprises a cam-driven rotating
shaft mounted on a support structure and rotatably sup-
ported by a cross roller bearing assembly.

SUMMARY OF THE INVENTION

[0013] The invention puts forth a structure for a cam
mechanism whereby an improved bearing structure is
utilized as means of obtaining highly precise dynamic
rotation and static positioning of the cam mechanism's
output shaft.
[0014] Accordingly, the invention provides a cam
mechanism comprised of a cam-driven rotating shaft
mounted on a support structure and rotatably supported
by a cross roller bearing assembly characterised in that:

said cross roller bearing assembly is comprised of
an outer v-shaped race part, an inner v-shaped race
part, multiple rotatable rollers residing between and
located by said outer and inner race parts, and a
roller retainer part also residing between said outer
and inner race parts, and that,
either said outer or inner race part exists as a cir-
cumferential groove formed on a perimeter of said
rotating shaft.

[0015] Because the circumferential groove can be
formed in either the inner or outer race and concentri-
cally located around the rotating axis of the rotating
shaft, it becomes possible to machine the inner or outer
race concentrically to the same center as the rotating
shaft because the machining of the inner or outer race
can be executed together with the machining of the ro-
tating shaft itself with either one of the races attached
to the rotating shaft. This structure establishes a high
degree of concentricity between the bearing compo-
nents and rotating shaft and thus eliminates the need to
use of standard commercially available roller bearings
that often exhibit defects such as imperfectly formed
races and eccentrically shaped race surfaces. As the
inner or outer race can be machined together in the
same process applied to machine the rotating shaft, the
difficulty of obtaining the desired performance from a
cam mechanism using conventional roller bearings is
eliminated, thus allowing the manufacture of a cam
mechanism able to operate with a higher degree of pre-
cision.
[0016] An important advantage of the invention is that
the circumferential groove can be directly formed on the
outer or inner perimeter of the rotating shaft simultane-
ously with the machining of the rotating shaft itself. Dur-
ing the machining process the radial center of the inner
or outer races can be formed in perfect concentricity with
the radial center of the rotating shaft, thus creating a
bearing and rotating shaft structure capable of operating
with an extremely high degree of dynamic and static pre-
cision.
[0017] A preferred characteristic of the invention is
that the rollers, in addition to being located between the
inner and outer races, have their axial centers inclined
toward the axial center of the rotating shaft, and are ar-
ranged in a radial pattern in which the axial center of
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each roller is inclined toward the axial center of the ro-
tating shaft at an angle 90-degrees different than that of
the adjacent roller. This structure thus allows a single
cross roller bearing assembly to support both the thrust
and radial loads applied to the rotating shaft during the
operation of the cam mechanism. Moreover, the rela-
tively simple construction of the cross roller bearing
largely eliminates the possibility of assembly errors dur-
ing manufacture of the cam mechanism. A further ben-
efit is that the roller retainer is securely maintained in
position during rotation, without any play or looseness,
due to the rollers supporting the retainer through their
90-degree alternating axial centers.
[0018] The invention is preferably characterized by
the provision of oil channels formed in the inner and out-
er races as means of both supplying oil to and discharg-
ing oil away from the rollers.
[0019] The invention is preferably characterized by
the rotating shaft being made of a highly rigid material
that, due to its minimal distortion under load, allows the
inner or outer race to be machined to a high degree of
concentricity in relation to the rotating shaft because ei-
ther race is installed to the shaft, or be integrally ma-
chined as part of the shaft, during the machining proc-
ess. This structure and process are thus able to elimi-
nate the bearing distortion that can be encountered
when using a commercially available roller bearing as-
sembly with an imperfectly formed inner race.
[0020] The invention is preferably characterized by
the rollers being cylindrical shape with both ends being
flat and in parallel alignment.
[0021] The invention is preferably characterized by a
structure in which the inner and outer races provide
means of supporting and guiding the rotation of the roll-
ers through a particular structure wherein one side of
the V-shaped race contacts the load bearing surface of
the roller and the other side of the race does not contact
the roller, but establishes a gap between the race and
the end surface of the roller. This type of roller placement
provides for a highly precise low-friction rotating bearing
action between the rollers and races.
[0022] The invention is further preferably character-
ized by multiple pocket orifices formed within the bear-
ing retainer part, each pocket orifice providing means of
positionally maintaining a roller within the retainer part
and thus allowing the rollers to rotate without mutual
contact.
[0023] The internally facing edges of the pocket ori-
fices may be formed with chamfered lip parts that run
along the cylindrical bearing surface of the roller in-
stalled in the retainer part. This chamfered lip part es-
tablishes a specific path through which the roller can be
inserted at the appropriate angle into the retainer part,
and also provides a part that positionally supports the
roller within the retainer part. Moreover, the lip part elim-
inates the need for clearance between the internal edg-
es of the roller pocket and the roller, thus reducing play
between the rollers and retainer part and providing

means whereby the cam mechanism can operate with
a greater degree of precision.
[0024] The inwardly facing edge of the pocket orifice
is also concave in cross section, the concave part being
formed concentrically with the cylindrical bearing sur-
face of the installed roller. The roller may come into con-
tact with the concave edges of the pocket orifice, or else
uniform clearances can be established between the roll-
er and concave pocket edges as means of maintaining
an adequate oil film for bearing lubrication, thus further
enhancing the operating precision of the cam mecha-
nism.
[0025] A further preferred characteristic of the inven-
tion is that the outer race is formed as a ring-shaped
structure that surrounds the rotating shaft which is se-
cured to the support structure. In cases where it may be
difficult to form the outer race directly into the housing,
a ring shaped structure formed separately from the
housing may be utilized as an aid in fabricating the outer
race to a high degree of dimensional accuracy.
[0026] The separate ring-shaped structure may be
formed of multiple overlapping plates that constitute the
outer race, thus providing for an assembly process in
which the rollers canbe easily inserted between the in-
ner and outer races supported by the retainer part there
between.

BRIEF DESCRIPTION OF THE DRAWING

[0027]

Figure 1 is a cross sectional view of an embodiment
of the bearing structure of the invention.
Figure 2 is a plan view of the rollers and roller re-
tainer part of the bearing structure shown in Figure
1.
Figure 3 is a detailed cross sectional view of an em-
bodiment of the cross roller bearing structure shown
in Figure 1.
Figure 4 is a detailed cross sectional view of an em-
bodiment of the cross roller bearing structure shown
in Figure 1 differing from the embodiment shown in
Figure 3.
Figure 5 shows two types of bearing and retainer
assemblies for explanatory purposes.
Figure 6 shows the assembled roller bearing and
bearing retainer structure as presented in Figure 1.
Figure 7 shows two possible embodiments of the
assembled roller bearing and bearing retainer
structure presented in Figure 1.
Figure 8 shows one embodiment of the cam mech-
anism incorporating the bearing structure present-
ed in Figure 1.
Figure 9 is a cross sectional view of a different em-
bodiment of the cammechanism incorporated the
bearing structure presented in Figure 1.
Figure 10 is a plan view of a rotating table incorpo-
rated in the cam mechanism utilizing the bearing
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structure shown in Figure 1.
Figure 11 is a cross sectional view taken from line
Z-Z of Figure 10.
Figure 12 is an explanatory diagram of the assem-
bled bearing structure and output shaft of the cam
mechanism shown in Figure 8.
Figure 13 is a cross sectional view of the assembled
bearing structure and output shaft of the cam mech-
anism shown in Figure 8.
Figure 14 is an explanatory diagram of another type
of assembled bearing structure and output shaft of
the cam mechanism shown in Figure 8.
Figure 15 is a cross sectional view of another type
of assembled bearing structure and output shaft
that can be incorporated into the cam mechanism
shown in Figure 8.
Figure 16 is a cross sectional view of the assembled
bearing structure and output shaft of the cam mech-
anism shown in Figure 9.
Figure 17 is a cross sectional view of another type
of assembled bearing structure and output shaft
that can be incorporated into the cam mechanism
shown in Figure 9.
Figure 18 is a cross sectional view of another type
of assembled bearing and output shaft structure
that can be incorporated into the cam mechanism
shown in Figure 9.
Figure 19 is a cross sectional view of another type
of assembled bearing and output shaft structure
that can be incorporated into the cam mechanism
shown in Figure 9.
Figure 20 is a lateral cross section of the output
shaft assembly of a cam mechanism of the type cur-
rently known in the art.
Figure 21 is a plan cross section of the cam mech-
anism shown in Figure 20.
Figure 22 is a lateral cross section of the output
shaft assembly of another type of cam mechanism
currently known in the art.
Figure 23 is a lateral cross section of the cam mech-
anism shown in Figure 22.
Figure 24 is a diagram depicting one of the prob-
lems of a conventional bearing structure.
Figure 25 is a diagram depicting another problem
of a conventional bearing structure.
Figure 26 is a diagram depicting still another prob-
lem of a conventional bearing structure.
Figure 27 is a diagram depicting an additional prob-
lem of a conventional bearing structure.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0028] The following discussion will explain various
embodiments of the invention with reference to the at-
tached figures. Figures 1 through 4 depict the cross roll-
er bearing structure invention utilized by the cam mech-
anism
[0029] Generally, a cross roller bearing utilizes multi-

ple cylindrical rollers arranged in alternating axial posi-
tions to form a radial pattern. The rollers are uniformly
spaced and located between a rotating part and a sup-
porting part with the rotating part maintaining the sup-
porting part, thus forming a structure in which a radial
gap is established between the aforesaid rotating part
and supporting part. The rollers, for example, may rotate
against an inner race formed on an internal ring installed
to an internally located rotating part, and against an out-
er race formed on an external ring installed to an exter-
nally located supporting part. In cases where the rotat-
ing part radially encompasses the supporting part, the
inner ring may be installed to the supporting part, and
the outer ring to the externally located rotating part. In
a cross roller bearing assembly, the axial centerlines of
the rollers are inclined at a specific angle in relation to
the rotating part with the axial centerline of each roller
being inclined at a different angle in relation to that of
the adjacent rollers. A roller bearing retainer is used to
locate and support the rollers between the internal and
external races. The type of cross roller bearing structure
explained above is well known in the art.
[0030] Figures 1 through 4 provide a graphic illustra-
tion of the specific type of cross bearing structure uti-
lizedby the invention . Each of multiple rollers 23 incor-
porate cylindrical bearing surface 21 and parallel end
faces 22 located at both ends of cylindrical surface 21.
In this embodiment the rotating part is comprised of tur-
ret 9 to which cam followers 8 are installed circumferen-
tially on the radial axis. Rollers 23 are located between
turret 9 and space 24 of housing 2 in a radial pattern
with uniform spaces provided there between. Inner race
25 is formed on the radial circumference of turret 9. Ring
plate assembly 26, which incorporates outer race 27, is
fixedly attached to housing 2 within space 24 and sur-
rounds the radial circumference of inner race 25. Rollers
23 are in contact with and rotate between inner race 25
and outer race 27. Furthermore, as shown in Figures 3
and 4, axial centerline x1 of roller 23 is inclined toward
axial centerline x2 of turret 9, and axial centerline x1 of
the adj acent roller 23 is inclined in the opposite direction
toward axial centerline x2 of turret 9, thus forming a pat-
tern in which the axial centerline of each roller is inclined
in the opposite direction in relation to the adjacent roll-
ers. A space is provided between the circumference of
turret 9 and ring plate assembly 26 as means of provid-
ing clearance for the installation of thin cylindrical
shaped retainer 28 that supports rollers 23. Multiple uni-
formly spaced pocket orifices 29 are formed within re-
tainer 28 as means of locating each of rollers 23.
[0031] Although not completely shown in Figures 1
through 4, cam followers 8 are installed to the circum-
ference of turret 9 in a radial pattern at mutual uniform
intervals, and are located so as to mesh with a roller
gear cam part of the cam mechanism. Ring boss 30 is
fixedly installed to the exposed face of turret 9, its radial
perimeter located diametrically inward of the turret pe-
rimeter as means of providing a sealing surface for ring-
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shaped oil seal 31 which resides between perimeter ring
30 and ring plate assembly 26. Ring plate assembly 26
is comprised of outer ring plate 32 and inner ring plate
33, plate 33 being concentrically located and installed
beneath outer ring plate 32. Inner ring plate 33 is con-
centrically aligned within outer ring plate 32, and a gap
is maintained between the facing surfaces of the two
plates . Radial flange 34 extends from the perimeter of
outer ring plate 32 to provide means by which clamp
bolts 35 can be used to fixedly secure ring plate 32 to
housing 2. Ring-shaped oil seal 31 is in contact with the
inner perimeter of outer ring 32 and the outer perimeter
of flange 34. Inner ring plate 33 is secured to outer ring
plate 32 through bolts 36.
[0032] Outer race 27 is formed by the juxtaposition of
the chamfered inner edge of outer ring plate 32 and
chamfered outer edge of inner ring plate 33, the cham-
fered surfaces forming a V-shape in cross section. Outer
race 27 is inclined toward axial center x2 of turret 9 to
provide a contact face for the cylindrical surface of axi-
ally inclined roller 23, while race surface 22 maintains a
clearance from the radial end surface of roller 23. Race
27 is thus able to provide an external support path for
the rotation of roller 23.
[0033] Similarly, V-shaped inner race 25, formed on
the radial surface of turret 9 facing outer race 27, pro-
vides both race surface 21 on which axially inclined roll-
er 23 rotates, and surface 22 that maintains a clearance
from the radial end face of roller 23, thus providing an
internal support path for the rotation of roller 23. Internal
race 25 is structured as a circular channel, V-shaped in
cross section, formed directly into the circumferential
surface of turret 9.
[0034] Narrow circular channel 37 is provided at the
bottom of outer race 27 and inner race 25 as means of
supplying and discharging lubricating oil to and from roll-
er 23.
[0035] Pocket orifices 29 are provided in bearing re-
tainer 28, each pocket orifice incorporating a tapered lip
38 that extends over cylindrical surface 21 of roller 23
as means of partially supporting and locating roller 23.
When roller 23 is installed to retainer 28, cylindrical
bearing surface 21 is maintained in contact with tapered
lip 38 while radial end surface 22 is inclined toward ori-
fice 29. Moreover, as tapered lip 38 is oriented in an al-
ternate direction for each adjacent orifice 29, rollers 23
are only able to be inserted in the direction prescribed
by the orientation of the tapered lip, thus allowing inser-
tion of each roller 23 in only one specified and correct
orientation. In other words, the structure of the bearing
retainer establishes the correct orientation for the inser-
tion and.positioning of each roller, and maintains each
roller in the appropriate axial orientation for assembly to
the cam mechanism.
[0036] In a cam mechanism of the type that utilizes
cross roller bearing assembly 20, it is desirable that in-
ner race 25 be machining directly into the circumference
of turret 9 at the same time that turret 9 itself is being

machined. This method assures that the axial center of
inner race 25 will be concentric with rotating center x2
of turret 9. In other words, inner race 25 is machined to
the same center as turret 9 the same time that the turret
9 itself is machined.
[0037] Moreover, as turret 9 is fabricated from rigid
high-strength steel, inner race 25 can be formed to a
perfect circular shape with minimal process-induced
distortion. This fabrication method eliminates the imper-
fections and dimensional imprecision commonly found
in the inner races of standard commercially available
roller bearing assemblies.
[0038] This type of cross roller bearing assembly put
forth by the invention eliminates many of the deficien-
cies that have been responsible for the imprecise oper-
ation of conventional roller bearing assemblies, and al-
lows the fabrication of a cammechanism able to operate
with an extremely high degree of precision.
[0039] Furthermore, because roller rotating axis x1 is
inclined in relation to rotating axis x2 of turret 9, and be-
cause rotating axis x1 is inclined in an alternating direc-
tion for each successive roller, a single cross roller bear-
ing assembly is able to support both radial and thrust
loads applied to the turret, thus providing for a simplified
cam mechanism structure that can be fabricated with
fewer manufacturing errors.
[0040] Moreover, in regard to the structure of the
pocket orifice 29, Figure 5a shows a bearing retainer
pocket orifice formed larger than roller 23. This structure
allows the roller to res ide in the pocket in non-specific
orientation, so the roller is able to move within the pocket
orifice, thus resulting in a certain amount of bearing play.
Moreover, bearing play is also generated because the
pocket orifice is unable to restrain the position of the roll-
er. Furthermore, as shown in Figure 5b, the lubricating
oil film can be easily broken as a result of the narrow
line of contact between roller 23 and orifice 29.
[0041] Figure 6a illustrates the bearing retainer struc-
ture put forth by the invention in which tapered lip 38
largely eliminates the gap between the roller and retain-
er, thus better stabilizing the rotational movement of the
roller. Moreover, as shown in Figure 7, each tapered lip
in the retainer locates the roller on an axis different to
that of the adjacent roller, thus preventing both unnec-
essary movement of bearing retainer 28 and the possi-
bility of retainer 28 coming into contact with turret 9 or
ring plate assembly 26. Furthermore, as shown in Figure
6b, the end surface of lip 38 may be formed to a concave
shape in cross section, a shape that may closely follow
the round contour of the cylindrical bearing surface of
roller 23. This concave contour, which can be formed so
as to either contact the roller or establish a small clear-
ance around it, provides means by which the lubricating
oil film around the roller can be more effectively main-
tained. To summarize, the structures provide means by
which unnecessary movement of roller 23 and retainer
28 can be reduced while simultaneously maintaining an
adequate lubricating oil film around roller 23, thus allow-
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ing for the construction of a cam mechanism able to op-
erate with a higher degree of precision compared to con-
ventional types.
[0042] Figures 8 through 11 show cam mechanisms
1c and 1d that incorporate the cross roller bearing struc-
ture 20 put forth by the invention, and cam mechanism
61 that incorporates a rotating table.
[0043] Figure 8 illustrates cam mechanism 1c that in-
corporates cross roller bearing assembly 20 instead of
the conventional roller bearings used in cam mecha-
nism 1a shown in Figure 20 and 21. As a result of the
cross roller bearing's ability to withstand both radial and
thrust loads, turret 9 can be adequately supported on
one side by a single cross bearing assembly. An addi-
tional advantage is that turret 9 can be installed to hous-
ing 2 as part of an output shaft assembly consisting of
turret 9, cross roller bearing 20, and ring assembly 26.
The output shaft assembly can be quickly and easily in-
stalled through bolts 35 that secure outer ring plate 32
to housing 2.
[0044] Figure 9 illustrates cam mechanism 1d that in-
corporates a cross roller bearing type of output shaft
support structure instead of the support structure con-
sisting of cam followers 8 and 12 of cam mechanism 1b
(shown in Figures 22 and 23). The use of a cross roller
bearing makes it possible to adequately support output
shaft assembly 39 at a single location at the axial center
of the shaft's radial perimeter. Component 40 is an oil
seal.
[0045] Figures 10 and 11 depict an embodiment of the
invention incorporating rotating table unit 61. Drive shaft
62, which incorporates roller gear cam 64, is rotatably
supported in housing 63 by tapered roller bearings 60.
[0046] Revolving table 65, comprised of cross roller
bearing 20, outer ring plate 32, inner ring plate 33, rollers
23, and inner race 25 formed as an integral part of table
65, is rotatably supported within housing 63 by cross
roller bearing assembly 20. Bolts are utilized to fixedly
secure outer ring plate 32 to housing 63, and inner ring
plate 33 to outer ring plate 32. Multiple cam followers 67
are installed to the circumference of rotating table 65 in
a radial pattern, and are oriented so as to fit between
the spiral flanges of roller gear cam 64 on drive shaft 62.
Space 95 is provided within housing 63 as means of
holding lubricating oil for the lubrication of roller gear
cam 64 and cam followers 67. Seal 90 and 0-ring 80 are
provided to prevent oil from leaking out of the cam mech-
anism.
[0047] Although not shown in the figures, a motor or
like drive means is utilized to rotate drive shaft 62 and
roller gear cam 64. The traversing action of the cam
flanges is converted to a rotating movement of revolving
table 65 through the following movement of cam follow-
ers 67, thus resulting in the rotation of table 65 around
axial centerline 66.
[0048] Various embodiments of the turret attachment
structure are shown in Figures 12 through 22. Figures
12 through 15 illustrate variations of the turret attach-

ment structure that can be applied to cam mechanism
1c shown in Figure 8. Figures 16 through 19 illustrate
variations of the turret attachment structure that can be
applied to cam mechanism 1d shown in Figure 9.
[0049] Figure 12a depicts the same attachment struc-
ture previously shown in Figure 1, a structure in which
bolts 36, inserted through outer ring plate 32, are used
to secure inner ring plate 33 to the outer ring plate. After
output shaft assembly 39 is installed to housing 2 by
bolts 35, bolts 36 can be tightened to their final torque
specification to complete the assembly of cross bearing
unit 20 by establishing an adjustable gap between the
inner and outer ring plates.
[0050] Figure 12b depicts the same attachment struc-
ture shown previously in Figure 8, a structure in which
bolts 36, inserted up through inner ring plate 33, are
threaded into outer ring plate 32 as means of securing
inner ring plate 33 to plate 32. In this case, inner ring
plate 33 is completely assembled to outer ring plate 32
before the bearing assembly is installed to housing 2.
[0051] Figure 13 depicts an output shaft assembly
mounting structure in which outer ring plate 32 and
housing 2 are formed with inclined cone shaped contact
surfaces as means of aligning output shaft assembly 39
with the mounting 24 bore of housing 2.
[0052] Figure 14a illustrates an output shaft assembly
mounting structure in which both outer ring plate 32 and
inner ring plate 33 are secured to housing 2 through
bolts 35 installed through aligned holes provided in the
outer and inner plates, and threaded into tapped bores
in housing 2. This structure allows outer and inner ring
plates 32 and 33 and output shaft assembly 39 to be
assembled and installed to housing 2 simultaneously.
Radial flanges 42 and 43 are provided on ring plates 32
and 33 respectively as means of providing a surface
through which bolts 35 can be installed. Ring-shaped
spacer 44 can be installed between flanges 42 and 43
(Figure 14b) as means of adjusting the width of gap 37.
[0053] Figure 15 illustrates an output shaft assembly
in which inner ring plate 33 is a cylindrical structure that
resides within the output shaft mounting bore provided
in housing 2. Ring-shaped collar 45, formed as part of
outer ring plate 32, is located above the internal radial
surface of inner ring plate 33. Outer ring plate 32 is
formed with a large diameter circumferential male
thread that allows plate 32 to be screwed into a corre-
sponding female thread formed within inner ring plate
33, thus providing a threaded means of connecting the
two ring plates. Output shaft assembly 39 is installed to
housing 2 by means of radial flange 47, formed as an
extension of the perimeter of inner ring plate 33, being
fixedly secured to housing 2 by bolts 35. The large di-
ameter threaded connection between plate 32 and 33
allows the cross bearing assembly to be installed or re-
moved by simply screwing in or unscrewing collar 45.
[0054] Figures 16 through 19 depict various output
shaft structures that can be applied to the cam mecha-
nism shown in Figure 9 in which cross roller bearing 20
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is attached to and sealed within housing 2.
[0055] Figure 16 depicts a structure in which multiple
bolts 36 secure ring plate assembly 26 to housing 2 by
clamping assembly 26 to housing 2 through tapped
holes provided in housing 2, and in which bolts 36 also
fasten ring plate 32 to ring plate 33 by means of tapped
holes provided in plate 33, thus forming a structure
whereby ring plates 32 and 33 can be mutually assem-
bled at the same time that output shaft assembly 39 is
installed to housing 2.
[0056] In the structure shown in Figure 17, output
shaft assembly 39 is formed by ring plate 33 being
clamped to ring plate 32 by bolts 36 that insert inwardly
toward the axial center of output shaft 9 through ring
plate 33 and thread into tapped holes provided in ring
plate 32. Output shaft assembly 39 is attached to hous-
ing 2 by means of bolts 35 that pass through ring plate
assembly 26, in the opposite direction to bolts 36, and
screw into tapped holes provided in housing 2. In this
structure, ring plates 32 and 33 are joined together with
bolts 36 before ring assembly 26 is installed to housing
2.
[0057] In the structure shown in Figure 18, ring plate
32 is clamped to ring plate 33 by bolts 36 that run
through ring plate 32 and into threaded bores formed in
ring plate 33, thus forming output shaft assembly 39
which is secured to housing 2 through bolts 35 that
clamp radial flange 48 of ring plate 33 to housing 2 by
anchoring to tapped bores provided in housing 2. In this
structure, a gap is provided between the facing surfaces
of ring plates 32 and 33, thereby providing means of ad-
justing the size of the gap through the amount of torque
applied by bolts 36.
[0058] Figure 19 illustrates a modified version of the
structure shown in Figure 18. Ring plate 33 incorporates
conical surface 49 that mates with a corresponding con-
ical surface 49 formed on housing 2, thus providing
means of accurately positioning output shaft unit 39
within housing 2.
[0059] While the various embodiments of the cam-
mechanism put forth in this specification explain a de-
sign in which ring plate assembly 26 is structured so as
to radially encompass the perimeter of turret 9 with race
27 provided as the outer race, this structure by no
means limits the scope of the invention. The output shaft
may also take the form of housing 2 itself, and turret 9
may be structured so as to radially surround the rotating
output shaft. The inner race 25 may be provided on
housing 2, and the outer race 27 may be machined di-
rectly into turret 9.
[0060] The cross bearing assembly explained in this
specification provides a particular benefit when installed
to a cam mechanism in that the operating qualities of
the cross bearing structure allow the output shaft of the
cam mechanism to maintain its positional stability while
moving with an extremely high degree of dynamic pre-
cision. More specifically, the cross bearing assembly
can provide a significant increase in the operational sta-

bility and precision of cammechanisms of the type that
utilize a roller gear cam input shaft.

Claims

1. A cam mechanism comprised of a cam-driven ro-
tating shaft (9) mounted on a support structure and
rotatably supported by a cross roller bearing as-
sembly (20), characterised in that:

said cross roller bearing assembly is comprised
of an outer v-shaped race part (27), an inner v-
shaped race part (25), multiple rotatable rollers
(23) residing between and located by said outer
and inner race parts, and a roller retainer part
(28) also residing between said outer and inner
race parts, and that,
either said outer or inner race part (27, 25) ex-
ists as a circumferential groove formed on a pe-
rimeter of said rotating shaft (9).

2. A cam mechanism claimed in claim 1 wherein said
circumferential groove (25) is machined directly into
the perimeter of said rotating shaft (9) at the same
time that said shaft is machined in its entirety.

3. A cam mechanism claimed in claim 1 or 2 wherein
rotating axes of said rollers (23) are alternatively off-
set at different angles, whereby a roller (23) inclined
toward said rotating shaft (9) is located adjacent to
a roller (23) having an axis disposed 90-degrees dif-
ferently.

4. A cam mechanism claimed in any preceding claim
wherein a channel (37) is provided on said outer
and/or inner race part (27, 25) as means of supply-
ing oil to and discharging oil from said rollers (23).

5. A cam mechanism claimed in any preceding claim
wherein said rotating shaft (9) is formed from a high-
ly rigid material.

6. A cam mechanism claimed in any preceding claim
wherein said rollers (23) are cylindrical in shape and
incorporate mutually parallel flat end surfaces (21,
22).

7. A cam mechanism claimed in claim 6 wherein said
v-shaped outer or inner race part (27, 25) is in con-
tact with the cylindrical bearing surface of said roller
(23) and wherein a gap is formed between the said
race part and the flat end surface (21, 22) of said
roller (23).

8. A cam mechanism claimed in claim 6 wherein said
roller retainer part (28) incorporates multiple pocket
orifices (29) as means of separately supporting and
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locating each of said rollers.

9. A cam mechanism claimed in claim 8 wherein each
of said pocket orifices (29) incorporates a tapered
inner lip part that extends around the cylindrical
bearing surface of each said rollers (23), said ta-
pered inner lip part defining an insertion direction of
each of said rollers and supporting the cylindrical
bearing surface of each said rollers (23).

10. A cam mechanism claimed in claim 8 wherein each
of said pocket orifices (29) incorporates inner edge
extremities formed to a concave shape in cross sec-
tion, said concave cross section being concentric to
the cylindrical bearing surface of each of said rollers
(23).

11. A cam mechanism claimed in any preceding claim
wherein said outer race (27) is formed as an exter-
nal ring-shaped structure that is installed around the
perimeter of said rotating shaft (9) mounted on said
support structure.

12. A cam mechanism claimed in claim 11 wherein said
external ring-shaped structure is comprised of mul-
tiple overlapping plate parts.

Patentansprüche

1. Nockenmechanismus umfassend eine nockenge-
triebene rotierende Welle (9), die auf einem Stütz-
aufbau angebracht ist und rotierbar durch einen
Kreuzrollenlagerzusammenbau (20) gestützt wird,
dadurch gekennzeichnet, dass:

der Kreuzrollenlagerzusammenbau einen äus-
seren v-förmigen Laufflächenteil (27), einen in-
neren v-förmigen Laufflächenteil (25), mehrere
rotierbare Rollen (23), die sich zwischen den
äusseren und inneren Laufflächenteilen befin-
den und durch diese angeordnet sind, und ei-
nen Rollenkäfigteil (28), der sich ebenso zwi-
schen den äusseren und inneren Laufflächen-
teilen befindet, umfasst, und dadurch, dass ent-
weder der äussere oder der innere Laufflä-
chenteil (27, 25) als eine Umfangsrille vorliegt,
die auf einem Umfang der rotierenden Welle (9)
ausgebildet ist.

2. Nockenmechanismus gemäss Anspruch 1, wobei
die umlaufende Rille (25) direkt in den Umfang der
rotierenden Welle (9) zu der gleichen Zeit eingear-
beitet wird, in welcher die Welle in ihrer Gesamtheit
bearbeitet wird.

3. Nockenmechanismus gemäss Anspruch 1 oder 2,
wobei Rotationsachsen der Rollen (23) abwech-

selnd bei unterschiedlichen Winkeln versetzt sind,
wodurch eine Rolle (23), die zu der rotierenden Wel-
le (9) geneigt ist, benachbart zu einer Rolle (23) an-
geordnet ist, die eine Achse aufweist, die um 90°
unterschiedlich angeordnet ist.

4. Nockenmechanismus gemäss einem der vorherge-
henden Ansprüche, wobei ein Kanal (37) auf dem
äusseren und/oder inneren Laufflächenteil (27, 25)
als Mittel zur Zufuhr und Abgabe von Öl zu und von
den Rollen (23) vorgesehen ist.

5. Nockenmechanismus gemäss einem der vorherge-
henden Ansprüche; wobei die rotierende Welle (9)
aus einem hochfesten Material gebildet ist.

6. Nockenmechanismus gemäss einem der vorherge-
henden Ansprüche, wobei die Rollen (23) zylin-
drisch in ihrer Form sind und gegenseitig parallele,
flache Endoberflächen (21, 22) enthalten.

7. Nockenmechanismus gemäss Anspruch 6, wobei
der v-förmige äussere oder innere Laufflächenteil
(27, 25) in Berührung mit der zylindrischen Lager-
oberfläche der Rolle (23) steht und wobei ein Spalt
zwischen dem Laufflächenteil und der flachen
Endoberfläche (21, 22) der Rolle (23) ausgebildet
ist.

8. Nockenmechanismus gemäss Anspruch 6, wobei
der Rollenkäfigteil (28) mehrere Taschenöffnungen
(29) als Mittel zum separaten Stützen und Anord-
nen jeder der Rollen enthält.

9. Nockenmechanismus gemäss Anspruch 8, wobei
jede der Taschenöffnungen (29) einen zulaufenden
inneren Randteil enthält, der sich um die zylindri-
sche Lageroberfläche von jeder der Rollen (23) er-
streckt, wobei der zulaufende innere Randteil eine
Einsetzrichtung von jeder der Rollen festlegt und
die zylindrische Lageroberfläche von jeder der Rol-
len (23) stützt.

10. Nockenmechanismus gemäss Anspruch 8, wobei
jede der Taschenöffnungen (29) innere Kantenex-
tremitäten enthält, die im Querschnitt in konkaver
Form ausgebildet sind, wobei der konkave Quer-
schnitt konzentrisch zu der zylindrischen Lager-
oberfläche von jeder der Rollen (23) ist.

11. Nockenmechanismus gemäss einem der vorherge-
henden Ansprüche, wobei die äussere Lauffläche
(27) als ein äusserer ringförmiger Aufbau ausgebil-
det ist, der um den Umfang der rotierenden Welle
(9) angebracht ist, der auf dem Tragaufbau ange-
bracht ist.

12. Nockenmechanismus gemäss Anspruch 11, wobei
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der äussere ringförmige Aufbau mehrere überlap-
pende Plattenteile umfasst.

Revendications

1. Mécanisme à came constitué d'un arbre tournant
entraîné par came (9) monté sur une structure de
support et supporté de manière rotative par un en-
semble (20) de roulement à rouleaux transversaux,
caractérisé en ce que :

ledit ensemble de roulement à rouleaux trans-
versaux est constitué d'une partie extérieure
(27) de chemin de roulement en forme de V,
d'une partie intérieure (25) de chemin de rou-
lement en forme de V, de plusieurs rouleaux
mobiles en rotation (23) situés entre, et posi-
tionnés par, lesdites parties extérieure et inté-
rieure de chemin de roulement, et d'une partie
(28) de maintien de rouleaux située également
entre lesdites parties extérieure et intérieure de
chemin de roulement, et
l'une ou l'autre desdites parties extérieure ou
intérieure (27, 25) de chemin de roulement se
présente sous forme d'une rainure circonféren-
tielle formée sur un périmètre dudit arbre tour-
nant (9).

2. Mécanisme à came selon la revendication 1, dans
lequel ladite rainure circonférentielle (25) est usinée
directement dans le périmètre dudit arbre tournant
(9) en même temps que ledit arbre est usiné dans
sa totalité.

3. Mécanisme à came selon la revendication 1 ou 2,
dans lequel des axes de rotation desdits rouleaux
(23) sont décalés en alternance à des angles diffé-
rents, ce par quoi un rouleau (23) incliné vers ledit
arbre tournant (9) est situé adjacent à un rouleau
(23) dont un axe est orienté avec une différence de
90 degrés.

4. Mécanisme à came selon l'une quelconque des re-
vendications précédentes, dans lequel un canal
(37) est réalisé sur ladite partie extérieure et/ou in-
térieure (27, 25) de chemin de roulement en tant
que moyen de délivrance d'huile auxdits rouleaux
(23) et de décharge d'huile de ceux-ci.

5. Mécanisme à came selon l'une quelconque des re-
vendications précédentes, dans lequel ledit arbre
tournant (9) est constitué d'un matériau hautement
rigide.

6. Mécanisme à came selon l'une quelconque des re-
vendications précédentes, dans lequel lesdits rou-
leaux (23) ont une forme cylindrique et incorporent

des surfaces d'extrémité plates mutuellement pa-
rallèles (21, 22).

7. Mécanisme à came selon la revendication 6, dans
lequel la partie extérieure ou intérieure (27, 25) de
chemin de roulement en forme de V est en contact
avec la surface de roulement cylindrique dudit rou-
leau (23), et dans lequel un espace est formé entre
ladite partie de chemin de roulement et ladite sur-
face d'extrémité plate (21, 22) dudit rouleau (23).

8. Mécanisme à came selon la revendication 6, dans
lequel ladite partie (28) de maintien de rouleau in-
corpore plusieurs orifices (29) formant poche en
tant que moyen de support et de logement distinct
de chacun desdits rouleaux.

9. Mécanisme à came selon la revendication 8, dans
lequel chacun desdits orifices (29) formant poche
incorpore une partie intérieure de lèvre biseautée
qui s'étend autour de la surface de roulement cylin-
drique de chacun desdits rouleaux (23), ladite partie
de lèvre intérieure biseautée définissant un sens
d'introduction de chacun desdits rouleaux et sup-
portant la surface de roulement cylindrique de cha-
cun desdits rouleaux (23).

10. Mécanisme à came selon la revendication 8, dans
lequel chacun desdits orifices (29) formant poche
incorpore des extrémités de bord intérieur formées
pour avoir une forme concave en coupe, ladite cou-
pe concave étant concentrique à la surface de rou-
lement cylindrique de chacun desdits rouleaux (23).

11. Mécanisme à came selon l'une quelconque des re-
vendications précédentes, dans lequel ledit chemin
de roulement extérieur (27) est formé en tant que
structure extérieure de forme annulaire qui est ins-
tallée autour du périmètre dudit arbre tournant (9)
monté sur ladite structure de support.

12. Mécanisme à came selon la revendication 11, dans
lequel ladite structure extérieure de forme annulaire
est constituée de nombreuses parties de plaques
se chevauchant.
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