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SWIVEL CAP

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to provisional U.S. patent application entitled,
Swivel Cap, filed April 12, 2013, having a serial number 61/811,575, the disclosure of which

is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] This patent disclosure relates generally to actuators and, more particularly, to

swivel caps for rods used in actuators to reduce bending moments and reduce side movement.

BACKGROUND

[0003] An actuator is a mechanism often used to lift or move an object or to clamp an
object to prevent motion. An actuator may introduce linear or non-linear motion. Examples
of actuators include hydraulic cylinders, pneumatic cylinders, electrical motors, etc.
Actuators are used in many applications, including construction equipment, engineering
vehicles and manufacturing machinery. For example, the hydraulic cylinder is a mechanical
actuator that may provide a unidirectional force through a unidirectional stroke. The
hydraulic cylinder consists of a cylinder barrel in which a piston connected to a rod moves
back and forth.

[0004] Actuators suffer from disadvantages or drawbacks associated with the
misalignment of the rod. This misalignment may be the result of setting poorly balanced or
off-center loads on the cylinder. This may occur for example, when the rod contacts an
uneven surface. This problem may cause damage to the cylinder and the cylinder may
ultimately fail.

[0005] Much effort has been made by manufacturers of hydraulic cylinders to reduce
or eliminate the side loading of cylinders created as a result of misalignment. It is almost

impossible to achieve perfect alignment of a hydraulic cylinder, even though the alignment of
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the cylinder has a direct impact on the longevity of the hydraulic cylinder. Actuators for
many applications are custom made and expensive so prolonging their life and operation can
represent significant savings.

[0006] These prior art methods and systems, however, have not sufficiently reduced
or eliminated bending moments that cause stress on the rod and ultimately lead to rod failure.
Therefore, there is a need for actuators that can operate to reduce bending moments that can
potentially cause the cylinder assembly to fail.

[0007] The presently disclosed system and method is directed at overcoming one or

more of these disadvantages in currently available actuators.

SUMMARY

[0008] In accordance with some embodiments of the present disclosure, an actuator
is provided. The actuator includes a rod having a socket portion at one distal end of the rod
and a swivel cap. The swivel cap includes a base portion having an inner surface, an outer
surface having an origin of the radius at the center of the plane that defines the outer surface
of the base portion, and a raised domed portion disposed on the inner surface of the base
portion. The raised domed portion is mounted in the socket portion of the rod. A raised
region is located on at least one of the raised domed portion or the socket portion. The swivel
cap tilts relative to the rod in response to angular misalignment with a load to a tilt angle.

[0009] In accordance with some embodiments of the present disclosure, a method of
assembling an actuator is provided. The method includes the steps of forming a rod having a
socket portion at one distal end of the rod and forming a swivel cap. The swivel cap formed
includes a base portion having an inner surface, an outer surface having an origin of the
radius at the center of the plane that defines the outer surface of the base portion, and a raised
domed portion. The raised domed portion is disposed on the inner surface of the base portion
and mounted in the socket portion of the rod. A raised region is located on at least one of the
raised domed portion or the socket portion. The swivel cap tilts relative to the rod in

response to angular misalignment with a load to a tilt angle.
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[0010] In accordance with some embodiments of the present disclosure, an actuator
that includes a means for forming a rod having a socket portion at one distal end of the rod
and a means for forming a swivel cap is provided. The swivel cap includes a base portion
having an inner surface and an outer surface having an origin of the radius at the center of the
plane that defines the outer surface of the base portion, and a raised domed portion. The
raised domed portion is disposed in the inner surface of the base portion and mounted on the
socket portion of the rod. A raised region is located on at least one of the raised domed
portion or the socket portion. The swivel cap tilts relative to the rod in response to angular
misalignment with a load to a tilt angle.

[0011] In this respect, before explaining at least one embodiment of the invention in
detail, it is to be understood that the invention is not limited in its application to the details of
construction and to the arrangements of the components set forth in the following description
or illustrated in the drawings. The invention is capable of aspects in addition to those
described and of being practiced and carried out in various ways. Also, it is to be understood
that the phraseology and terminology employed herein, as well as the abstract, are for the
purpose of description and should not be regarded as limiting.

[0012] As such, those skilled in the art will appreciate that the conception upon which
this disclosure is based may readily be utilized as a basis for the designing of other structures,
methods and systems for carrying out the several purposes of the invention. It is important,
therefore, that the claims be regarded as including such equivalent constructions insofar as

they do not depart from the spirit and scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 presents a cross sectional view of an actuator showing the rod and the
socket portion in accordance with the present disclosure.
[0014] FIG. 2 presents a side view of a swivel cap shown with the rod in accordance

with the present disclosure.
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[0015] FIG. 3 presents a cross-sectional view of a swivel cap in accordance with the
present disclosure.
[0016] FIG. 4 presents a top view of the socket portion of the rod in accordance with

the present disclosure.

DETAILED DESCRIPTION

[0017] Referring now to FIG. 1, a cross sectional view of an actuator 10 according to
the present disclosure is shown. The actuator 10 shown and discussed below is a hydraulic
cylinder assembly. Although, the disclosure is not meant to be limited to a hydraulic
cylinder. The principles of the disclosure may be applied to other types of actuators, such as
hydraulic, pneumatic, electric and any other type of actuator.

[0018] The hydraulic cylinder assembly 10 has a barrel 20 and a rod 30. The rod 30
is slidably received in the barrel 20 and extends through the barrel 20. The rod 30 has two
ends 32, 34. The rod 30 has a socket portion 40 at one end 32. The actuator 10 has a base 50
near the end 34 opposing the socket portion 40. In some embodiments according to the
present disclosure, the rod 30 may be cylindrical. Other geometries, however, may be used
for the rod 30. In the present disclosure, the term rod 30 is used to refer to the rod and is also
used to refer to a single piece that combines the piston and rod. The socket portion 40 of the
rod 30 may be a separate attachment to the rod 30. Alternatively, the rod 30 may be
fabricated as a single piece with the socket portion 40.

[0019] The hydraulic cylinder assembly 10 also has a swivel cap 60. A perspective
view of the swivel cap 60 and a distal end the rod 30 is shown in FIG. 2. A cross-sectional
view of the swivel cap 60 with a distal end of the rod 30 is shown in FIG. 3.

[0020] The swivel cap 60 includes a base portion 70 and a raised dome portion 80.
The base portion 70 of the swivel cap 60 has an inner surface 72 and an outer surface 74.
As shown in FIGS. 3 and 4, the raised domed portion 80 of the swivel cap 60 is disposed on
the inner surface 72 of the base portion 70. The raised domed portion 80 may be mounted in
the socket portion 40 of the rod 30. The base portion 70 and the raised dome portion 80 are

typically formed from a metal such as steel and may be formed from the same material that is
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used to form the rod 30. Other materials, however, may be used to form the base portion 70
and the raised dome portion 80 as long as the materials selected have sufficient strength for
the cylinder assembly 10 application. The base portion 70 may be circular.

[0021] The raised domed portion 80 is dome-shaped or hemispherical and is shaped
to accommodate the socket portion 40 (See FIG. 4) of the rod 30. The raised domed portion
80 of the swivel cap 60 has a central axis that is positioned generally in line with the axis A
of the rod 30. The raised domed portion 80 has an origin of the radius 85, which is located on
the plane that defines the outer surface 74 of the base portion 70. This particular location of
the origin of the radius 85 provides zero side movement during the rotation of the swivel cap
60 and reduces the bending moments in the rod 30. The origin of the radius 85 of the raised
domed portion 80 is along the central axis at the center of the plane that defines the outer
surface of the base portion. The origin of the radius 85 is shown in FIGS. 3 and 4. The axis
A is shown in FIG. 3.

[0022] In some embodiments according to the present disclosure, the base portion 70
is circular and the rod 30 is cylindrical. FIGS. 2 and 3 show a cylindrical rod 30 and a
circular base portion 70. In some embodiments, the diameter of the base portion 70 Iess then,
greater than, or equal to the diameter of the outer diameter of the rod 30. In FIGS. 2 and 3,
the diameter of the base portion 70 is greater than the outer diameter of the rod 30.

[0023] It is generally desirable to have a base portion 70 that is larger than the planar
face 36 of the rod 30 because the larger base portion 70 can protect the object that the
actuator is acting upon. Often when an actuator 10 is in operation, the object that it is lifting,
moving, or clamping may be damaged by stress and deformation by rod 30. The large base
portion 70, however, can prevent this damage. Because the diameter of the circular base
portion 70 is at least as large as the outer diameter of the cylindrical rod 30, the base portion
70 protects the distal end of the rod 30 and in particular the planar face 36 of the rod 30 at the
distal end of the rod 30. Furthermore, given the geometry of the swivel cap 60 according to
the present disclosure and the contact area of the dome portion 80, the size of base portion 70
will not affect the rating of the hydraulic cylinder assembly 10 nor will it adversely affect the

performance of the hydraulic cylinder assembly 10. In some embodiments of the present
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disclosure, the ratio of the surface area of the base portion 70 to surface area of the planar
face 36 of the rod 30 may vary from 1:1 to 2:1 or more.

[0024] As described above, hydraulic cylinder assemblies 10 experience difficulties
due to angular misalignment of the load applied to the rod 30. This may be caused for
example by overloading due to misalignment of the rod 30 during operation of the hydraulic
cylinder assembly 10, which may be partly due to the direction of the load changing during a
lift. The angular misalignment of the rod 30 causes bending moments in the rod 30 which
will cause the rod 30 to fail and the cylinder assembly 10 to fail. Therefore, it is important to
climinate or at least reduce bending moments in the rod 30, such that the rod 30 does not fail
and the hydraulic cylinder assembly 10 is operational for as long as possible.

[0025] The hydraulic cylinder assembly 10 includes a swivel cap 60, which is
designed to protect the rod 30 from this damage due to angular misalignment. The swivel
cap 60 is mounted to the end 32 of the rod 30. The swivel cap 60 tilts relative to the rod 30 in
response to angular misalignment with a load to a tilt angle. In some embodiments according
to the present disclosure, the tilt angle of the swivel cap 60 is less than or equal to 5 degrees.
In other embodiments, cylinders may be designed for tilt angles exceeding 5 degrees.

[0026] The socket portion 40 is sized to accommodate the raised domed portion 80 of
the swivel cap 60 and vice versa. FIG. 4 illustrates a top view of the socket portion 40 of the
rod 30 in accordance with the present disclosure. The socket portion 40, however, is not
shaped or sized to exactly fit the raised domed portion 80. For example, FIG. 3 shows that a
gap 90 is formed between the planar face 36 of the end 32 of the rod 30 and the inner surface
72 of the swivel cap 60.

[0027] The gap 90 provides a visual indication for the user of the hydraulic cylinder
assembly 10 to know when the maximum tilt angle has been violated. This is important
because the rod 30 may become damaged if the rod 30 is operated at a tilt angle beyond the
maximum tilt angle. As the swivel cap 60 tilts in response to the angular misalignment of the
rod 30, a portion of the inner surface 72 of the base portion 70 will contact the planar face 36
of the rod 30 when the swivel cap 60 tilts at or exceeds the maximum tilt angle. The gap 90

will close where the contact occurs between the inner surface 72 of the base portion 70 and
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the planar face 36 of the rod 30. A gap 90, however, remains between the remaining portions
of the inner surface 72 of the base portion 70 (i.e., the portions that do not contact the planar
surface of the rod) and the planar face 36 of the rod 30. In other words, the gap 90 will not be
uniform between the base portion 70 and the planar face 36 of the rod as the swivel cap 60
rotates.

[0028] The user of the hydraulic assembly 10 will be able to visually detect during
operation whether or not the maximum tilt angle has been reached or exceeded because the
gap 90 will disappear at some portion of the inner surface 72 of the base portion 70. This
feature allows the user to stop the operation of the hydraulic cylinder assembly 10 before the
rod 30 is damaged.

[0029] If the rod 30 is operated such that the swivel cap 60 tilts at a tilt angle that is
greater than the maximum tilt angle, then the inner surface 72 of the base portion 70 will
form a dent or depression in the planar face 36 of the rod 30. Alternatively, the dent or
depression may occur on the inner surface 72 of the base portion 70. This dent or depression
is caused by the contact between the base portion 70 and the planar surface of the rod 30.
Alternatively, the dent or depression may occur on the inner surface 72 of the base portion
70. The magnitude of the dent will be a function of the load and the amount of misalignment.
The rod’s planar surface and/or the base portion’s inner surface 72 can then be inspected to
reveal whether or not the hydraulic cylinder assembly 10 was operated beyond its load
specifications.

[0030] Therefore, the gap 90 ultimately provides two advantages for the user of the
hydraulic cylinder assembly 10. First, the user of the hydraulic cylinder assembly 10 has a
visual indicator for the maximum tilt during use. Second, the dent or depression provided on
the rod 30 will indicate that rod 30 was operated beyond its load specifications. Knowing
whether or not, a rod 30 is being operated within its design specifications can be useful
information for both the user and the manufacturer. For example, if the rod 30 is being
operated within its design specifications, then there will be no dent and any failure in the rod

may be due to manufacturing defect. On the other hand, a dent indicates that the load



WO 2014/169194 PCT/US2014/033772

specifications for the hydraulic cylinder assembly 10 have been violated and any rod failure
was caused by the user.

[0031] The swivel cap 60 according to the present disclosure is designed to have a
minimal amount of contact with the rod 30. The raised domed portion 80 of the swivel cap
60 contacts the rod 30 at the socket portion 40. The contact between the socket portion 40
and the raised domed portion 80 is limited to a certain area within the socket portion 40 of the
rod 30. The contact area 80A is located within the socket portion 40 of the rod and can be
seen in FIG. 3.

[0032] The swivel cap 60 may further include a raised region 100 that is located on
cither the raised domed portion 80 or the socket portion 40. In some embodiments, the raised
region 100 is on the raised domed portion 80. In other embodiments, the raised region 100
may be on the socket portion 40 as shown in FIG. 3. The raised region 100 may have a
center portion 81 located at about one half the length (1/2) of the radius (r) from the axis A of
the swivel cap 60. The size and specific geometry of the raised region 100 may vary
depending on how much contact is desired between the swivel cap 60 and the socket portion
40 of the rod 30.

[0033] The raised region 100 may be a region of the raised domed portion 80 that is
raised from the outer surface of the raised domed portion 80. Alternatively, the raised region
100 may be a region within the socket portion 40 that is raised from the surface 79 of the
socket portion 40. The raised region 100 is significant because it facilitates reducing the
contact between the socket portion 40 and the raised domed portion 80. As explained further
below, minimizing and controlling this contact area controls the bending moments and
ultimately prolongs the service of the rod 30.

[0034] If the contact area was, for example, the entire surface area of the socket
portion 40 of the rod 30, then the rod 30 would experience more bending moments and there
would be a greater chance the rod 30 would fail under the stress of the bending moments.
However, by minimizing the contact area between the raised domed portion 80 of the swivel
cap 60 and the socket portion 40 of the rod 30, the bending moments are controlled and the

rod 30 experiences less stress thereby reducing the chance of rod 30 failure.
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[0035] The swivel cap 60 is able to tilt to a certain extent relative to the rod 30 in
response to a load. This tilting may take place about the origin of the radius 85 and between
the contact surfaces 80A. The swivel cap 60 is able to keep the loads in the center of the rod
30, through the contact surface 80A. The contact surface 80A controls or limits the bending
moment through the cylinder assembly 30, thereby reducing the chances that the rod 30 will
become damaged or fail.

[0036] The axis (as shown by axis A of FIG. 3) of raised domed portion 80 of the
swivel cap 60 is positioned generally coaxial with the axis A of the rod 30. The origin of the
radius 85 of the raised domed portion 80 is along axis A and positioned on the outer surface
74 of the base portion 70.

[0037] There may be one or more tilt indicators 110 that are located on the outer
surface of the raised domed portion some distance above the contact surface 80A. In some
embodiments, there may be two tilt indicators 110 that is a circular groove as shown in FIG.
3. Because the tilt indicators 110 are located outside of the contact surface 80A, any sign of
damage or stress above the tilt indicator 110 shows that the hydraulic cylinder assembly 10
has been operated beyond its load specifications. Conversely, any sign of damage or stress
below the tilt indicators 110 shows that the hydraulic cylinder assembly 10 has been operated
within load specifications.

[0038] In some embodiments according to the present disclosure, the hydraulic
cylinder assembly 10 may include a seal (not shown). The seal may be an annular
contamination seal and may be disposed around the raised domed portion 80. The seal may
be useful to prevent the entry of dirt or debris from entering socket portion 40 and raised
domed portion 80.

[0039] The many features and advantages of the disclosure are apparent from the
detailed specification, and, thus, it is intended by the appended claims to cover all such
features and advantages of the disclosure which fall within its true spirit and scope. Further,
since numerous modifications and variations will readily occur to those skilled in the art, it is

not desired to limit the disclosure to the exact construction and operation illustrated and
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described, and, accordingly, all suitable modifications and equivalents may be resorted to that

fall within the scope of the disclosure.
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CLAIMS
What is claimed is:
1. An actuator comprising:
a rod having a socket portion at one distal end of the rod; and
a swivel cap including:
a base portion having an inner surface and an outer surface having an origin of
the radius at the center of the plane that defines the outer surface;
a raised domed portion disposed on the inner surface of the base portion and
mounted in the socket portion of the rod; and
a raised region located on at least one of the raised domed portion or the
socket portion;
wherein the swivel cap tilts relative to the rod in response to angular misalignment

with a load to a tilt angle.

2. The actuator of claim 1, wherein the raised region is on the raised domed portion of

the swivel cap.

3. The actuator of claim 1, wherein the raised region is on the socket portion of the

rod.

4. The actuator of claim 1, further comprising a gap between the planar face of the

distal end of the rod and the base portion of the swivel cap.

5. The actuator of claim 1, wherein the tilt angle is less than or equal to 5 degrees.

6. The actuator of claim 1, wherein the raised region has a center portion located at

half the length of the radius from a center axis of the swivel cap.
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7. The actuator of claim 1, further including tilt indicator notches on the raised

portion.

8. The actuator of claim 1, wherein the base portion of the swivel cap is circular.

9. The actuator of claim 1, wherein the base portion of the swivel cap is circular and

has a diameter that is equal to or greater than the outer diameter of the rod.

10. The actuator of claim 1, wherein the inner surface of the base portion contacts the
planar face of the distal end of the rod and mar at least one of the base portion and planar face

when the tilt angle is equal to or greater than 5 degrees.

11. The actuator of claim 8, wherein the base portion of the swivel cap is circular and

has a diameter that is equal to or greater than the outer diameter of the rod.

12. A method of assembling an actuator comprising:
forming a rod having a socket portion at one distal end of the rod and
forming a swivel cap including;
a base portion having an inner surface and an outer surface having an origin of
the radius at the center of the plane that defines the outer surface;
a raised domed portion disposed in the inner surface of the base portion and
mounted on the socket portion of the rod, and
a raised region located on at least one of the raised domed portion or the
socket portion;
wherein the swivel cap tilts relative to the rod in response to angular

misalignment with a load to a tilt angle.

13. The method of claim 12, further comprising forming a gap between the planar

face of the distal end of the rod and the base portion of the swivel cap.
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14. The method of claim 12, wherein the tilt angle is less than or equal to 5

degrees.

15. The method of claim 12, further comprising forming a seal disposed around

the domed portion of the swivel cap.

16. The method of claim 12, wherein the rod is a cylindrical rod.
17. The method of claim 12, wherein the base portion of the swivel cap is circular.
18. The method of claim 12, wherein the base portion of the swivel cap is circular

and has a diameter that is, smaller than, equal to or greater than the outer diameter of the rod.

19. The method of claim 12, wherein the inner surface of the base portion contacts
the planar face of the distal end of the rod when the tilt angle is equal to or greater than 5

degrees.

20. A hydraulic cylinder assembly comprising:
a means for forming a rod having a socket portion at one distal end of the rod and
a means for forming a swivel cap including:
a base portion having an inner surface an outer surface having an origin of the
radius at the center of the plane that defines the outer surface of the base portion;
a raised domed portion disposed in the inner surface of the base portion and
mounted on the socket portion of the rod, and
a raised region located on at least one of the raised domed portion or the
socket portion;
wherein the swivel cap tilts relative to the rod in response to angular

misalignment with a load to a tilt angle.
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