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54) Cylinder having a floating piston, low profile swivel cap, and lubricated rod.

5^ A swivel assembly for an actuator includes: a rod defining a socket, the rod defining an arcuate surface at the floor 
of the socket; a cap dimensioned to fit into the socket, the cap defining a convex arcuate surface dimensioned to 
correspond to the arcuate surface of the floor of the socket; a first extended surface defined by the rod, the first 
extended surface, defined at least in part, by side portions of the socket providing depth to the socket; a second 
extended surface defined by the cap providing an extended length to the cap to allow the cap to extend out of the 
socket when the convex arcuate surface of the cap contacts the arcuate surface of the floor of the socket; and a 
cylinder assembly operatively connected to a piston and the cap to permit the piston and cap to move axially along 
a longitudinal axis of the cylinder assembly to move inwardly and outwardly of the cylinder assembly.

N
L B

1 2
01

64
06

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en 
schriftelijke opinie. Het octrooischrift wijkt af van de oorspronkelijk ingediende stukken. Alle ingediende stukken 
kunnen bij Octrooicentrum Nederland worden ingezien.
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Title: CYLINDER HAVING A FLOATING PISTON, LOW PROFILE SWIVEL CAP, AND 

LUBRICATED ROD

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Patent Application Number 14/643,940, 

entitled “Cylinder Having a Floating Piston, Swivel Cap and Lubricated Rod” filed March 10, 

2015, which claims priority to and is a continuation-in-part application of pending U.S. 

Patent Application Number 14/338,102 entitled “Cylinder Having a Floating Piston, Swivel 

Cap and Lubricated Rod” filed July 22, 2014 which, in turn, claims priority to and is a 

continuation-in-part of U.S. Patent Application Number 14/250,615 entitled “Swivel Cap” filed 

April 11, 2014 which, in turn, claims priority to and the benefit of provisional U.S. Patent 

Application Number 61/811,575, entitled “Swivel Cap” filed April 12, 2013. Application 

number 14/643,940 also claims the benefit of provisional U.S. Patent Application Number 

62/027,350, entitled, “Actuation Rod Lubrication System and Method” filed July 22, 2014 and 

provisional U.S. Patent Application Number 62/027,289 entitled, “A Floating Piston” filed 

July 22, 2014. Priority to each of these applications is claimed and the disclosures of each 

of these applications are hereby incorporated by reference in their entirety.

TECHNICAL FIELD

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

caps and floating pistons 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, and 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 in which a piston connected to a rod moves back and forth. 

[0004] Actuators suffer from disadvantages or drawbacks associated with the misalignment
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of the load in relation to the centerline or axis of the cylinder. This misalignment may be 

the result of setting poorly balanced or off-center loads with respect to the centerline or axis of 

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 

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] Many hydraulic cylinders involve an internal piston that is moved back and forth along 

the length of the cylinder. An actuation rod is often attached to the cylinder and the rod moves 

in and out of the cylinder as the piston moves. The actuation rod is often connected to the 

structure outside of the cylinder that moves when the rod moves. Often, a wiper is located 

near the end of the piston into which the rod enters. The wiper is used to clean the rod of 

dirt, debris, and any foreign matter before the rod enters the hydraulic cylinder.

[0007] Inside of the hydraulic cylinder is a seal that is often used to seal against the rod 

and prevent hydraulic fluid from the hydraulic cylinder from moving out the hydraulic cylinder 

along with the rod. However, a drawback of the seal is that the rod is dried once it moves past 

the seal and therefore is not lubricated as the rod moves past or rubs the structure of the 

hydraulic cylinder as it moves in and out of the cylinder.

[0008] A lack of lubrication along the rod, as it moves past the structure of the hydraulic 

cylinder, can create wear on the surface of the rod. This wear problem can be exacerbated 

when the rod is subject to side loads. Side loads may occur where forces acting on the rod in a 

direction not axial with the rod. These side loads can cause the rod to rub against the 

structure of the hydraulic cylinder as the rod moves in and out of the hydraulic cylinder.

[0009] Accordingly, it is desirable to provide a method and apparatus that provides lubrication 

for the rod.

[0010] 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.

[0011] The presently disclosed system and method is directed at overcoming one or more

of these disadvantages in currently available actuators.
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[0012] In accordance with some embodiments of the present disclosure, a swivel assembly for 

an actuator includes: a rod defining a socket, the rod defining an arcuate surface at the floor 

of the socket; a cap dimensioned to fit into the socket, the cap defining a convex arcuate 

surface dimensioned to correspond to the arcuate surface of the floor of the socket; a first 

extended surface defined by the rod, the first extended surface, defined at least in part, by side 

portions of the socket providing depth to the socket; a second extended surface defined by the 

cap providing an extended length to the cap to allow the cap to extend out of the socket when 

the convex arcuate surface of the cap contacts the arcuate surface of the floor of the socket; 

and cylinder assembly operatively connected to a piston and the cap to permit the piston 

and the cap to move axially along a longitudinal axis of the cylinder assembly to move 

inwardly and outwardly of the cylinder assembly.

[0013] In accordance with some embodiments of the present disclosure, a method of reducing 

a bending moment in a cylinder assembly includes: providing a first extended surface to 

elongated socket to give the socket additional depth into a rod; providing a second extended 

surface on a cap having a convex arcuate surface and dimensioning the second extended 

surface and the convex arcuate surface to fit into the socket; placing the cap into the socket; 

providing a top surface on the cap; operatively connecting the first and cap to a piston and 

cylinder assembly wherein the piston has a bearing surface against the sidewall of the 

cylinder assembly; and orienting the socket to minimize a distance between the top surface of 

the cap and the bearing surface of the piston when the cap is located in the socket.

[0014] In accordance with some embodiments of the present disclosure, a swivel assembly for 

an actuator includes: a rod defining a socket, the rod defining an arcuate surface at the floor 

of the socket; a cap dimensioned to fit into the socket, the cap defining a convex arcuate 

surface dimensioned to correspond to the arcuate surface of the floor the socket; a means for 

extending a depth of the socket; a means for extending the convex arcuate surface to allow 

the cap to fit within the extended socket; and means for extending and contracting the first 

and second bodies away from and toward an actuating cylinder.

[0015] 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
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description and should not be regarded as limiting.

[0016] 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

[0017] FIG. 1 presents a cross sectional view of an actuator showing the rod and the 

socket portion in accordance with the present disclosure.

[0018] FIG. 2 presents a side view of a swivel cap shown with the rod in accordance with the 

present disclosure.

[0019] FIG. 3 presents a cross-sectional view of a swivel cap in accordance with the present 

disclosure.

[0020] FIG. 4 presents a top view of the socket portion of the rod in accordance with the present 

disclosure.

[0021] FIG. 5 is a cross-sectional view illustrating a hydraulic cylinder, piston, and rod where 

the piston is in a first position.

[0022] FIG. 6 is a cross-sectional view illustrating a hydraulic cylinder, piston, and rod where 

the piston is in a second position.

[0023] FIG. 7 is a partial cross-sectional view of a hydraulic piston retainer in accordance with 

an embodiment in accordance with the disclosure.

[0024] FIG. 8 is a partial cross-sectional view of a hydraulic piston retainer, and associated 

components in accordance with the disclosure.

[0025] FIG. 9 is a partial cross-sectional view of a hydraulic piston retainer, and associated 

components in accordance with an embodiment having a second oiler in accordance with the 

disclosure.

[0026] FIG. 10 is a partial cross-sectional view of a cylinder assembly showing additional detail;

[0027] FIG.11 is a partial cross-sectional view of a cylinder assembly; and

[0028] FIG. 12 is a partial cross-sectional view of a cylinder assembly.

[0029] FIG. 13 is a cross-sectional view of a partial cylinder assembly having a swivel cap and

socket in accordance with another embodiment.
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[0030] FIG. 14 is a cross-sectional view of a partial cylinder assembly having a swivel cap and 

socket in accordance with another embodiment.

[0031] FIG. 15 is a cross-sectional view of a partial cylinder assembly having a swivel cap and 

socket in accordance with another embodiment.

[0032] FIG. 16 is a cross-sectional view of a partial cylinder assembly having a swivel cap 

and socket in accordance with another embodiment.

[0033] FIG. 17 is a cross-sectional view of a cylinder assembly having a swivel cap and 

socket in accordance with another embodiment.

DETAILED DESCRIPTION

[0034] 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.

[0035] The hydraulic cylinder assembly 10 has a barrel or cylinder 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.

[0036] 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.

[0037] 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 

used to form the rod 30. Other materials, however, may be used to form the base portion 70
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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.

[0038] 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.

[0039] 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 less 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.

[0040] 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 

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.

[0041] 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
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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 eliminate 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.

[0042] 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.

[0043] 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.

[0044] 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 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/tilts.

[0045] 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.

[0046] 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 
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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.

[0047] 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 specifications for the 

hydraulic cylinder assembly 10 have been violated and any rod failure was caused by the 

user.

[0048] 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.

[0049] The swivel cap 60 may further include a raised region 100 that is located on either 

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 (r/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.

[0050] 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 



5

10

15

20

25

30

9

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 life of various components of the cylinder assembly 10 (See FIG. 1).

[0051] 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.

[0052] 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 10, thereby reducing the chances that the rod 30 will become 

damaged or fail.

[0053] 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.

[0054] 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.

[0055] 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.

[0056] An embodiment in accordance with the present invention provides lubrication to a rod 

when the rod is urging against a bearing surface. In some embodiments, the lubrication 

system is configured so that neither the seal nor the wiper removes lubrication from the rod
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before the rod urges against the bearing surface of a retainer.

[0057] An embodiment of the present inventive apparatus is illustrated in FIGS. 5 and 6. 

FIGS. 5 and 6 illustrate a cross-sectional view of a hydraulic cylinder assembly 111. The 

hydraulic cylinder assembly 111 includes a hydraulic cylinder 112 having a housing 113. The 

hydraulic cylinder housing 113 defines an interior space 114. The hydraulic cylinder 112 

contains a plug 120 and a retainer 122 to define a substantially fluid tight interior 114. The 

retainer 122 need not be a separate piece from the cylinder 112, but may be part of the 

cylinder 112 or housing 113 or some other feature. A first port 116 and a second port 118 

provide inlet/outlets for hydraulic fluid to enter or leave the interior 114 of the hydraulic 

cylinder 112.

[0058] When hydraulic fluid enters the second port 118 and exits the first port 116, the 

piston 124 is pushed upward as shown in FIG. 5. This causes the rod or shaft 126 to move 

out of the hydraulic cylinder 112. When hydraulic fluid enters the first port 116 and exits the 

second port 118, the piston is pushed downward as shown in FIG. 6. This causes the rod 

or shaft 126 to move into the hydraulic cylinder 112.

[0059] As the rod or shaft 126 moves in and out of the hydraulic cylinder 112, the rod 126 

slides against the retainer 122. Often, the rod 126 is subjected to side loads or, in other words, 

loads that are not in line with the longitudinal axis of the rod 126. Side loads cause the rod 126 

to urge against the retainer 122. Wear of the surface 128 of the rod 126 against the retainer 

122 can cause damage to the surface 128 of the rod 126 and/or retainer 122. In order to reduce 

this wear, various embodiments in accordance with the present disclosure provide a method 

and system for lubricating the surface 128 of the rod 126.

[0060] In some embodiments in accordance with the disclosure, a lubrication system is 

located in the retainer 122 to lubricate the surface 128 of the rod 126. FIG. 7 is a partial cross- 

sectional view of the retainer 122. One of ordinary skill in the art will understand that the 

retainer 122 is generally annular in shape. However, only a partial cross-sectional view is 

present in FIG. 7. The cross-sectional view shown in FIGS. 1 and 2 will communicate to one 

of ordinary skill in the art after reviewing this disclosure the annular shape of the retainer 122.

[0061] Returning to FIG. 7, a wiper recess 132 is illustrated in the retainer 122. The wiper 

recess 132 is located just above a retaining lip 134. The retaining lip 134 provides structure in 

the retainer 122 to retain a seal 138 (as shown in FIG. 8) in place. FIG. 7 illustrates a 

recess 136 located in the retainer 122 into which the seal 138 (as shown in FIG. 8) resides. 

The retainer 122 includes a bearing surface 142. It is the bearing surface 142 which contacts 

and rubs against the surface 128 of the rod or shaft 126 (not shown in FIG. 7).
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[0062] In some embodiments, in accordance with the present disclosure, the rod 126 does 

not rub against any other portion of the retainer 122 then the bearing surface 142.

[0063] As shown in FIG. 7, the bearing surface 142 and the retainer 122 define a cutout 

or groove 146. It is in the cutout or groove 146 that a lubrication system resides for lubricating 

the surface 128 of the rod 126.

[0064] FIG. 8 is a partial cross-sectional view of the retainer 122 along with other 

components set with in the retainer 122. In addition, the retainer 122 is shown placed in the 

hydraulic cylinder 112. The housing 113 is shown as well as in the rod 126. The surface 

128 of the rod 126 is shown to be adjacent to the bearing surface 142 of the retainer 122.

[0065] A wiper 130 is illustrated in the wiper recess 132 of the retainer 122. The wiper 130 

provides the function of cleaning off any dirt, debris, or any other foreign matter from the 

surface 128 of the rod 126 as the rod 126 enters the hydraulic cylinder 112. As shown in 

FIG. 8, the wiper 130 may have a step shape, thus providing a stepped portion 148 of the 

wiper recess 132.

[0066] The retainer lip 134 can be seen as located below the wiper 130. The retainer lip 

134 provides structure within the retainer 122 to prevent the seal 138 from being forced out of 

the hydraulic cylinder 112 due to hydraulic pressure within the interior 114 of the hydraulic 

cylinder 112 or due to friction from the rod 126 moving out of the hydraulic cylinder 112.

[0067] The seal 138 resides in the seal recess 136 within the retainer 122. The seal 138 

prevents hydraulic fluid from moving along the surface 128 of the rod 126 to exit the hydraulic 

cylinder 112. The seal 138 and the wiper 130 may be relatively well-known in the art and do 

not merit further discussion herein.

[0068] FIG. 8 also illustrates a lubrication system 144. In some embodiments, the lubrication 

system 144 simply consists of felt impregnated or saturated with a lubricant. The lubrication 

system 144 may simply be referred to as an oiler 144. In some embodiments, the lubricant may 

be lubricating oil. In other embodiments, the lubricant may be a hydraulic fluid used in the 

hydraulic cylinder 112. The oiled felt 144 resides in the lubricating system cutout 146 within 

the retainer 122. As shown in FIG. 8, the oiled felt 144 contacts the surface 128 of the rod 

126. The oiled felt 144 is located below both the wiper 130 and the seal 138. This location 

results in the surface 128 of the rod being lubricated by the oiled felt 144 before the rod 126 

moves in an outwardly direction illustrated by arrow A. Because the exterior 128 of the rod 126 

is lubricated before the exterior 128 contacts the bearing surface 142, the exterior 128 of the 

rod 126 is lubricated as it moves out of the hydraulic cylinder 112 along the direction 

illustrated by arrow A.
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[0069] In particular, the surface 128 of the rod 126 that is lubricated by various embodiments in 

accordance with the present disclosure, is illustrated in FIG. 8. FIG. 8 is a partial cross- 

sectional view of the retainer 122 showing also part of the rod 126 and the hydraulic cylinder 

housing 113.

[0070] The embodiment shown in FIG. 8 is suitable for single acting cylinders 112 where the 

single acting hydraulic cylinder 112 urges against a load when the rod 126 moves out of the 

hydraulic cylinder 112. The oiled felt 144 only applies a lubricant to the surface 128 of the 

rod 126 prior to the surface 128 of the rod 126 contacting the bearing surface 142 when 

the rod 126 is moving out of the hydraulic cylinder 112 as shown by arrow A. When such 

a hydraulic cylinder 112 has the rod 126 moving in towards the hydraulic cylinder 112, in the 

direction opposite of arrow A, then the lubricant or oil is not applied to the rod 126 prior to the 

rod 126 sliding along the bearing surface 142.

[0071] A dual acting hydraulic cylinder 112 experiences significant loads on the rod 126 when 

the rod 126 both moves out of the hydraulic cylinder 112 as indicated by arrow A and into the 

hydraulic cylinder 112 in a direction opposite of that shown by arrow A. Such dual acting 

cylinders 112 may benefit from the embodiment shown in FIG.8. However, such hydraulic 

cylinders 112 will primarily only have the surface 128 of the rod 126 lubricated by the oiled felt 

144 prior to the surface 128 of the rod 126 contacting the bearing surface 142 on the retainer 

122 when the rod 126 is moving out of the hydraulic cylinder 112 as indicated by arrow A.

[0072] As can be appreciated by one of ordinary skill in the art, it may also be desirable to 

have a hydraulic cylinder assembly 111 that provides lubrication for the surface 128 of the rod 

126 prior to the surface 128 of the rod 126 contacting the bearing surface 142 of the 

retainer 122. Such a hydraulic cylinder assembly 111 is illustrated in partial cross-section in 

FIG. 9.

[0073] FIG. 9 is similar to the configuration illustrated in FIG. 8. The retainer 122 is located in 

the housing 113 of the hydraulic cylinder 112. The inlet 116 is also shown providing 

access to the interior 114 of the hydraulic cylinder 112.

[0074] However, a second lubrication system which, in some embodiments, may be oiled 

felt 150 is located in a second lubrication groove 152 in the retainer 122 as illustrated. In the 

retainer 122 of the FIG. 9, a portion of the rod 126 is seen. The retainer 122 includes a wiper 

130 located in the wiper recess 132 and the wiper 130 includes a stepped portion 148. The 

retainer 122 also includes a retaining lip 134 having a similar function as described above of 

retaining the seal 138 in the seal recess 136 as previously described. The retainer 122 

includes a bearing surface 142. However, two lubrication systems which, in some 
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embodiments, may include oiled felt 144 and 150 that reside in lubrication grooves 146 and 

152 respectively.

[0075] As shown in FIG. 9, the lubrication system 144 is located below the bearing surface 

142 in the retainer 122. Thus, as the surface 128 of the rod 126 moves out of the hydraulic 

cylinder 112 in the direction of arrow A, the surface 128 receives lubrication from the lubrication 

system 144 before contacting the bearing surface 142. In addition, the second lubrication 

system 150 provides lubrication to the surface 128 of the rod 126 before the surface 128 of the 

rod 126 rubs along the bearing surface 142 of the retainer 122 when the rod 126 moves into 

the hydraulic cylinder 112 in a direction opposite to that shown by arrow A. The two 

lubrication systems 144 and 150 are located below the bearing surface 142 and above the 

bearing surface 142 to provide the benefit of lubricating the surface 128 of the rod 126 prior 

to the surface 128 of the rod 126 rubbing against the bearing surface 142.

[0076] As can be appreciated from the discussion above, and as shown in the figures, 

some embodiments in the accordance of the present disclosure may include one lubrication 

system and others may use two. While the illustrated figures show a single lubrication 

system 144 located below the bearing surface 142 in other embodiments the single 

lubrication system may be located above the bearing surface 142 similar lubrication system 

150. One of ordinary skill in the art after reviewing this disclosure may select an advantageous 

place to locate a lubrication system or systems for a given hydraulic cylinder.

[0077] While this disclosure has primarily discusses hydraulic cylinders, one of ordinary skill 

the art after reviewing this disclosure will understand that various principles of this disclosure 

may be applied to a variety of cylinders. For example, pneumatic cylinders, gas filled 

cylinders, liquid filled cylinders, or any other fluid filled cylinders that move a piston may be 

used in accordance with the disclosure herein. The principles described herein are not limited 

to hydraulic cylinders only that they are primarily discussed herein as an example.

[0078] An embodiment in accordance with the present disclosure is found in the 

accompanying figures. And actuator may include a piston and cylinder assembly similar to 

that shown. While the example described herein is a hydraulic cylinder, it will be understood 

principles of the present disclosure are not limited to hydraulic cylinders but may be used with 

pneumatic cylinders, gas filled cylinders, or any other type of cylinder or actuator.

[0079] An embodiment of the present inventive apparatus is illustrated in FIGS. 5 and 6. 

FIGS. 5 and 6 illustrate a cross-sectional view of a hydraulic cylinder assembly 111. The 

hydraulic cylinder assembly 111 includes a hydraulic cylinder 112 having a housing 113. The 

hydraulic cylinder housing 113 defines an interior space 114. The hydraulic cylinder 112 
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contains a plug 120 and a retainer 122 to define a substantially fluid tight interior 114. A first 

port 116 and a second port 118 provide inlet/outlets for hydraulic fluid to enter or leave the 

interior 114 of the hydraulic cylinder 112.

[0080] When hydraulic fluid enters the second port 118 and exits the first port 116, the 

piston 124 is pushed upward as shown in FIG.5. This causes the rod or shaft 126 to move out 

of the hydraulic cylinder 112. When hydraulic fluid enters the first port 116 and exits the 

second port 118, the piston is pushed inward as shown in FIG.6. This causes the rod or shaft 

126 to move into the hydraulic cylinder 112.

[0081] As the rod or shaft 126 moves in and out of the hydraulic cylinder 112, the rod 126 

slides against the retainer 122. Often, the rod 126 is subjected to side loads or, in other words, 

loads that are not in line with the longitudinal axis of the cylinder 112. Side loads cause the 

rod 126 to urge against the retainer 122. Wear of the surface 128 of the rod 126 against the 

retainer 122 can cause damage to the surface 128 of the rod 126 and/or retainer 122.

[0082] FIG.10 is an enlarged detailed partial cross-sectional view similar to that shown in FIG.6. 

The rod 126 is seated in a socket portion 250 of the piston 124. The piston 124 may include 

various voids 252, 254, and 256. These voids 252, 254, and 256 may be used for various 

inserts such as piston seals or any other inserts. In other embodiments they may be left as 

voids or not be present. In still other embodiments, there may be more or fewer voids 252, 

254 and 256 than as shown.

[0083] The piston 124 when seated against the plug 120 may also form a gap or clearance 

272 between the piston 124 and the plug 120. This gap or clearance 272 may be a result of 

the projection 274 on the piston 124. The projection 274 prevents the piston 124 from moving 

completely against the plug

120. As a result, hydraulic fluid coming into the port 118 can fill into the gap 272 and 

exert force upwardly (as shown in FIG. 10) to move the piston 124 in an upward direction. If 

there were no gap 272, it would be difficult for fluid to urge against the piston 124 to lift the 

piston 124. In some embodiments, the projection 274 may cover about 10% of the surface 

area of the piston 124. In other embodiments the projection 274 may have different 

dimensions. After reviewing this disclosure, one of ordinary skill in the art will understand that 

the projection 274 could also be located on the plug 120 and achieve a similar result.

[0084] The socket portion 250 of the piston 124 may contain a seat void 258. The rod seat 

260 may form the bottom of the socket portion 250. The piston end 262 of the rod 126 is fit with 

in the socket portion 250. The piston end 262 of the rod 126 may be chamfered as shown at 

sides 264 and 266 in FIGS. 10 and 12. When the piston end 262 of the rod 126 is fit with in 
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the socket portion 250 of the piston 124, there is a clearance or void 268 between the seat 

260 in the socket portion 250 of the piston 124 and the end 262 of the rod 126. The clearance 

void 268 extends to both seat corners 270 and 273. The clearance void 268 may be a result of 

loosely attaching the piston 124 to the rod 126.

[0085] As shown in FIG.10, the piston 124 is attached to the rod 126 with fasteners 280 fit 

into fastener holes 276 in the piston 124 and fastener holes 278 located in the rod 126. In 

some embodiments, only the fasteners 280 and the fastener holes 278 in the rod 126 are 

threaded. The fasteners 280 are adjusted so that the gap 268 is at a desired amount. In 

some embodiments, the gap 268 may be about 0.015 inches. In other embodiments larger 

or smaller gaps may be used. In some embodiments, when attaching the piston 124 to the 

rod 126, the fasteners 280 are turned so that the piston 124 just contacts the rod 126 and then 

the fasteners 280 are backed out about a half turn to create a desired gap 268.

[0086] FIG. 11 shows a piston assembly 111 not in accordance with the present disclosure. 

The piston assembly 111 shown in FIG. 11 represents a piston 124 and rod 126 that are 

unified together. The piston 124 and rod 126 may be unified because they are made of a 

single unitary part or they are unified because the piston 124 is attached to the rod 126 in a 

snug manner so that no gap 268 (as shown in FIGS. 10 and 12) exists.

[0087] The rod 126 will encounter a side load or, in other words a load that is not completely 

parallel with the axis E of the cylinder 112, causing the rod 126 and the piston 124 to be 

displaced. In FIG. 11, the side load force is represented by arrow F. The angle of arrow F 

is exaggerated to better illustrate the side load. The force of arrow F, causes the rod 126 to 

be displaced so that the axis D of the rod 126 and the axis G of the piston 124 are not parallel 

to the axis E of the interior 114 of the cylinder. Because the rod 126 and piston 124 are 

unified, it is assumed for the sake of this discussion that the axis D of the rod 126 and the 

axis G of the piston 124 are coaxial. Theoretically, if there were no side load force F and the 

hydraulic piston assembly 111 was manufactured to perfect dimensions, the axis D of the rod 

126 the axis G of the piston 124 and the axis E of the interior 114 of the cylinder would be 

perfectly aligned. However this is never the case so a misalignment of the three axes D, G, and 

E is the rule rather than the exception.

[0088] Displacement of the rod 126 as a result of force F causes the surface 128 of the rod 126 

to bear against the bearing surface 142 of the retainer 122. The bearing of the surface 128 

of the rod 126 against the bearing surface 142 in the retainer 122 results in a retainer high 

stress area 284. As the rod 126 moves in or out and bears against the retainer 122, the 

surface 128 of the rod 126 may become scored, worn, or damaged as well as the surface
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142 of the retainer 122.

[0089] On the opposite side of the rod 126 there is a gap 294 between the rod 126 and 

the bearing surface 142 of the retainer 122. In addition the piston 124 may also have a high 

stress area 286. In the piston high stress area 286, the wall 288 of the cylinder housing rubs 

against the bearing surface 290 on the piston 124. This may result in wear and scoring on 

either or both of the piston 124 and the wall 288 of the cylinder housing. Not only does this 

condition create undesirable wear, it can also reduce the efficiency and effectiveness of the 

cylinder assembly 111 due to energy being wasted in overcoming friction to move the piston 

124 or rod 126 in the high stress areas 284, 286.

[0090] FIG. 12 is a partial enlarged cross-sectional view of a cylinder assembly 111 in 

accordance with the present disclosure. The rod 126 is loosely connected to the piston 124. 

This loose connection may sometimes be referred to as a floating piston 124. Arrow F 

represents a force acting in a direction not parallel to the cylinder axis E. The rod 126 is 

displaced by the side load of force F so that the exterior surface 128 of the rod 126 is pressed 

against the bearing surface 142 of the retainer 122 at the high stress area 284. On the 

opposite side of the rod 126 a gap 294 exists between the rod 126 and the retainer 122.

[0091] The piston 124 is squarely within the interior 114 of the cylinder 112 in contrast to what 

was shown in FIG. 11. As a result, the axis G of the piston is substantially parallel with the axis 

E of the cylinder 112. This is different than what was shown in FIG. 11. In FIG. 11 the rod axis 

D and the piston axis G were substantially coaxial. However in the embodiment shown in 

FIG. 12, the piston axis G is substantially parallel with the bore axis E. Making the piston axis 

G substantially parallel with the bore axis D allows the piston 124 to move in the interior 114 of 

the cylinder 112 without creating undue stress, wear, or have increased friction to move the 

piston 124 along the side wall 288.

[0092] As shown in FIG. 12, the piston 124 is squarely located within the interior 114 of the 

cylinder 112, and there is no undue binding in the area 286 between the bearing surface 290 

on the piston 124 and the wall 288 of the cylinder 113. Instead, the rod 126 urges against 

an interior of the socket portion 250 of the piston 124. The side 264 of the rod 126 is 

pressed against the sidewall 296 of the socket portion 250 at stress area 298 as a result of 

force F. However the urging of the side 264 of the rod 126 against the sidewall 296 of the 

piston 124 does not create unnecessary wear binding because there is relatively little 

movement of the rod 126 with respect the piston 124 compared to the movement of the 

piston 124 against the sidewall 288 of the cylinder housing 113 such as that shown in FIG. 11. 

As a result, the wear on the sidewall 288 of the cylinder housing 113 is much reduced in 
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FIG. 12 compared to the embodiment shown in FIG. 11. Furthermore, it requires less force or 

energy to move the piston 124 and rod 126 in and out through the interior 114 of the cylinder 

113 then in the embodiment shown in FIG. 11.

[0093] The rod 126 still may have a clearance void 268 but the shape of that void 268 may 

be different or change depending upon the direction and amount of force F. One of 

ordinary skill the art would understand that the orientation of the rod 126 would change if the 

direction and/or amount of the force F also changed.

[0094] The chamfer at either side 266 and 264 or anywhere else around the circumference of 

the rod 126 may, in some embodiments, provide relief to allow the rod 126 to slightly pivot 

or otherwise move in the socket portion 250 of the piston 124. In some embodiments, a point 

identified in FIG. 12 is point D, E, G may exist where the rod axis D, the cylinder axis E, and 

the piston axis G intersect. In some embodiments this may be a point about which the rod 126 

pivots as a result of force F.

[0095] One of ordinary skill in the art may understand after reviewing this disclosure that if 

force F is significant enough the rod 126 will pivot or move within the piston 124 and also 

cause the piston 124 to pivot or move within the interior 114 of the cylinder housing 113.

[0096] In some embodiments, the fasteners 280 may only be threadably attached to the rod 

126 in the fastener holes 278 and not threadably attached to the faster holes 276 in the 

piston 124 to better facilitate pivoting movement of the rod 126 with respect to the piston 124.

[0097] Forces F1, F2, and F3 illustrated in FIG. 12 are reactionary forces resulting from 

the force F placed on the rod 126. As discussed above, when force F is applied to the rod 

126, the rod 126 will pivot about point D,E,G. This movement will cause the rod 126 to contact 

the retainer 122 at stress area 284. Furthermore, the bottom of the rod 126 may slide to the 

right as shown in FIG. 12 toward corner 270. The rod 126 will also contact the piston 124 at 

stress area 298. This contact will result in reactionary forces acting upon the rod 126. For 

example force F1 is a reactionary force that the retainer 122 will impart upon the rod 126. 

Force F2 is a reactionary force the piston 124 will impart upon the side of the rod 126. Force 

F3 represents a force that the piston 124 will impart to the rod 126. One of ordinary skill in 

the art will understand that the reactionary forces as illustrated as F1, F2, and F3 are mere 

representations of forces which are distributed along an area and not only at discrete points 

as shown. The reactionary forces F1, F2, and F3 will create a bending moment to counteract 

the force F imparted to the rod 126. One advantage of the floating piston design is that due to 

the relative movement between the piston 124 and the rod 126 reactionary force F3 is 

created in reaction to force F. The presence of F3 results in the magnitude of F1 and F2
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being smaller to react to force F than if F3 was not present.

[0098] In particular, reactionary force F3 will create a bending moment which will result in a 

lower stress in stress areas 284, 286, and 296 between the rod 126 and the retainer 122, the 

rod 126 and the piston 124, and the piston 124 and the housing 113, then would be found in 

an embodiment shown in FIG. 11 operating under a similar side load F. As a result, the 

embodiment shown in FIG. 12 provides certain advantages compared to the embodiment of 

FIG. 11.

[0099] In addition to reducing stress, the embodiment of FIG. 12 also reduces wear between 

the piston 124 and the housing 113. The wear is reduced because the high stress contact 

area is static between the rod 126 and the piston 124 which is in contrast, to the embodiment 

of FIG. 11 where the high stress area is dynamic between the piston 124 and the housing 113 

of the cylinder 112. In the embodiment of FIG. 12, at the dynamic surface between the 

piston 124 and the housing 113 of the cylinder 112 the stress is reduced due to the piston 

124 being able to better align within the cylinder 112 even when the rod 126 is out of 

alignment due to a side load F.

[0100] Some embodiments of hydraulic piston assemblies 111 (as shown, for example, in 

FIGS. 5 and 6) may include the combination of both a swivel cap 60 as described above and 

a floating piston 124 as described above. In embodiments where both swivel caps 60 and 

floating pistons 124 are incorporated into the hydraulic piston assembly 111, a user may find 

that the hydraulic piston assembly 111 may operate with significantly greater efficiency, 

impart less stress on various components, and drastically reduce wear. In some 

embodiments, some users may find a synergistic effect in the hydraulic piston assemblies 111 

that incorporate both swivel cap 60 and floating piston 124. For example, if incorporating a 

swivel cap 60 to a hydraulic piston assembly results in an increase in performance of the 

hydraulic piston assembly by an amount of “X” and incorporating a floating piston in a 

hydraulic piston assembly results in increased performance by an amount of Ύ,” hydraulic 

piston assemblies 111 having both a swivel cap 60 and floating piston 124 may have an 

increased performance greater than “X” plus Ύ.” Thus, combining the swivel cap 60 with the 

floating piston 124 can yield unexpected results of better than anticipated performance levels. 

[0101] Other embodiments may also incorporate a rod lubrication system as described 

above into a hydraulic piston assembly having one or both of a swivel cap 60 and a 

floating piston 124. However, other embodiments may incorporate a rod lubrication system as 

described above into a hydraulic piston assembly having neither a swivel cap nor a floating 

piston 124.
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[0102] FIGS. 13 - 17 illustrate cylinder assemblies 10 according to the additional 

embodiments. One of ordinary skill in the art will understand after reviewing this disclosure that 

FIGS. 13-17 are cross- sectional views of circular objects. As such, features that appear on 

the right and/or on the left may actually be a single feature located circumferencely about 

the various objects shown. One of ordinary skill in the art will understand after reviewing this 

disclosure that cylinders, rods, and other such features are often circular in shape when viewed 

from a top view. Aspects of the invention are not limited to only circular shaped cylinders and 

rods but may be applied to features having a variety of shapes.

[0103] FIG. 13 illustrates a cross-sectional view of a cylinder assembly 10 which may include a 

swivel cap 300 having an at least partially convex, arcuate (aka spherical) projection 302. The 

projection 302 is placed in a receiving cup or socket portion 304 of the rod 306. In some 

embodiments, the rod 306 is a piston rod similar to the piston rod 30 described above. In other 

embodiments, the rod 306 may be a combination rod and piston as will be described in more 

detail below with respect to FIG. 17.

[0104] The rod 306 includes a concave arcuate bottom surface 307 located in the receiving 

cup or socket portion 304. In some optional embodiments, the bottom surface 307 may have a 

raised portion 308. The raised portion 308 may perform a similar function as the raised 

regions 100 shown and described with respect to FIG. 3. Similar to that shown in FIG. 3, the 

embodiment shown in FIG. 13 may also include voids 310 located between the bearing 

surface 312 of the cap 300 and the bottom surface 307. The rod 306 may also define an 

end face 314 or end portion 314. In some embodiments, a stop surface 316 may be 

provided on the flange portion 332 of the swivel cap 300. Embodiments equipped with the 

stop surface 316 may limit the amount that the swivel cap 300 may tilt within the socket portion 

304. As shown at the left side of FIG. 13, the stop surface 316 is butted against the end face 

314 thereby limiting how much the swivel cap 300 can tilt.

[0105] In some embodiments, the stop surface 316 and the end face 314 will be dimensioned 

to limit the tilting of the swivel cap 300 so that the swivel cap 300 axis G-G will not vary more 

than about 5° from the axis A-A of the cylinder assembly. Other embodiments may select a 

different amount of tilt that is permitted. One of ordinary skill in the art after reviewing this 

disclosure will know how to configure and dimension the stop surface 316 and the end 

face 314 inorder to provide a desired maximum tilt angle.

[0106] The swivel cap 300 may also include a seal groove 318 located circumferentially 

about the projection 302. A resilient seal 320 may reside in the seal groove 318. In some 

embodiments, the resilient seal 320 may be an O-ring which provides a sealing function to 
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prevent dust, dirt, debris or any other unwanted substances from entering the voids 310, the 

bearing surface 312 of the cap 300 or the bottom surface 307 of the rod 306. In some 

embodiments, it may be desirable to prevent foreign objects from entering that area in order to 

allow the swivel cap 300 to swivel freely within the socket portion 304. In some embodiments, 

the resilient seal ring 320 will be compressed as shown in the right-hand side of FIG. 13 

when the swivel cap 300 is tilted. The resilient material 320 will be biased to return to its 

original shape and thus providing a force to return the swivel cap 300 to a center position.

[0107] In contrast to the embodiments described above, the embodiment illustrated in FIG. 

13 includes extended projection walls 322 located on the projection 302. Extended receiving 

cup or socket walls 324 may be provided on the rod 306. The combination of the extended 

projection walls 322 and an extended receiving cup or socket walls 324 permits the bearing 

surface 312 of the cap 300 and the raised portion 308 of the socket 304 to be deeper than 

some of the other embodiments described above for a given radius r.

[0108] One reason why it may be desirable to have the extended projection walls 322 

and/or extended receiving cup or socket walls 324 is to reduce the distance from a load sitting 

on the top surface 330 of the swivel cap 300 to a bearing surface 349 of the piston 124, 342 as 

shown, for example, in FIGS. 5 and 17. This distance is represented by reference character 

W. It may also be desirable to reduce the difference between an average point 344 on the 

raised portion 308 of the bottom surface 307 of the receiving cup 304 and an average point 

347 on the bearing surface 349 of the piston/rod combination 342 shown in FIG. 17. This 

distance is represented in FIGS. 13 through 17 by reference character Z. The distance 

between the top surface 330 of the swivel cap 300 and the end face or end portion 314 of the 

rod 306 is referred to as distance “X.”

[0109] As stated above, hydraulic cylinders 10 at times experience bending moments or 

side loads. By reducing the distance between an average position 347 of the bearing surface 

349 of the piston 124 (see for example FIG. 5) or piston/rod combination 342 of FIG. 17 and the 

load (distance W), and the distance between the average position 347 of the bearing surface 

349 of the piston 124 or pistion/rod combination 342 and the average position 344 of the 

bearing surface 312 of the rod 306 (distance Z, see FIG. 17) these bending moments or 

side loads may be reduced. Embodiments that have extended projection walls 322 on the 

swivel cap 300 and extended receiving cup or socket walls 324 in the rod 306 are able to 

maintain a bearing surface 312 defined by a given radius r while reducing the lengths W and Z 

when compared to embodiment such as that shown in FIG. 3. As mentioned above, reducing 

the lengths W and Z results in a shorter moment arm and thus smaller moment or side load 



5

10

15

20

25

30

21

on the piston 124 (see FIG. 5). Thus, a piston 124 equipped with the swivel cap 300 shown in 

FIG. 13 will exert a smaller side load due to a reduced moment arm then a swivel cap 60 

shown in FIG. 3 having the same radius r.

[0110] FIGS. 14 and 15 shows an embodiment of a cylinder cap 300 and rod 306 similar to that 

shown in FIG. 13 with the exception that the cylinder cap 300 does not include the flange 332 

and stop surface 316 shown in FIG. 13. FIGS. 14 and 15 illustrate a cross-sectional view of a 

cylinder assembly 10 which may include a swivel cap 300 having an at least partially 

spherical projection 302. The projection 302 is placed in a receiving cup or socket portion 304 

of a rod 306. In some embodiments, the rod 306 is a piston rod similar to the piston rod 

described above. In other embodiments the rod 306 may be a combination rod and piston as 

will be described in more detail below with respect to FIG. 17.

[0111] The rod 306 includes a bottom surface 307 in the receiving cup or socket portion 304. In 

some optional embodiments, the bottom surface 307 may have a raised portion 308. The 

raised portion 308 may perform a similar function as the raised regions 100 shown and 

described with respect to FIG. 3. Similar to that shown in FIG. 3, the embodiment shown in 

FIGS. 14 and 15 may also include voids 310 located between the bearing surface 312 of the 

swivel cap 300 and the bottom surface 307.

[0112] The embodiment illustrated in FIGS. 14 and 15 includes extended projection walls 322 

located on the projection 302. Extended receiving cup or socket walls 324 may be provided 

in the rod 306. The combination of the extended projection walls 322 and extended receiving 

cup or socket walls 324 permit the socket 304 to be deeper than some of the other 

embodiments described above for a given radius r. The lengths W, X, and Z are similar to that 

shown in the embodiment of FIG. 13.

[0113] FIG. 15 illustrates a load 334 located on the swivel cap 300. The load 334 in itself may 

act as a stop surface when the load 334 contacts the end face 314 as shown on the left-hand 

side of FIG. 15. The embodiment illustrated in FIGS. 14 and 15 may use the load itself 334 as 

the end stop rather than having an end stop 316 as shown in FIG. 13.

[0114] As shown in FIG. 15, the end surface 314 may be located and dimensioned so that 

it contacts the load 334 so that the axis G - G of the load is tilted no more than about 5° with 

respect to the axis A - A of the rod 306 as illustrated. This may be a similar maximum tilt 

angle as described above with respect to FIG. 13.

[0115] FIG. 15 also illustrates a slight modification over the embodiment of FIG. 14. FIG. 15 

illustrates a resilient seal 320 located in the seal groove 318 of the swivel cap 300. The resilient 

seal 320 may provide a similar function as described above with respect to the embodiment of
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FIG. 13.

[0116] The embodiment illustrated in FIG. 16 is similar to the embodiments described above 

with respect to FIGS. 14 and 15. FIG. 16 illustrates a cross-sectional view of a cylinder 

assembly 10 which may include a swivel cap 300 having an at least partially spherical

projection 302. The projection 302 is placed in a receiving cup or socket portion 304 of a rod

306. In some embodiments, the rod 306 is a piston rod similar to the piston rod described

above. In other embodiments the rod 306 may be a combination rod and piston as will be

described in more detail below with respect to FIG. 17.

[0117] The rod 306 includes a bottom surface 307 in the receiving cup or socket portion 304. In 

some optional embodiments, the bottom surface 307 may have a raised portion 308. The 

raised portion 308 may perform a similar function as the raised regions 100 shown and 

described with respect to FIG. 3. Similar to that shown in FIG. 3, the embodiment shown in 

FIGS. 14 and 15 may also include voids 310 located between the bearing surface 312 of the 

cap 300 and the bottom surface 307.

[0118] The embodiment illustrated in FIG. 16 includes extended projection walls 322 located on 

the projection 302. FIG. 16 illustrates a resilient seal 320 located in the seal groove 318 of the 

swivel cap 300. The resilient seal 320 may provide a similar function as described above 

with respect to the embodiment of FIG. 13. The bottom surface 336 of the load 334 rests on 

the top surface 330 of the end cap 300. The load 334 can act as a stop when it contacts the 

end face or end portion 314 of the rod 306. Similar to the embodiments described above. 

The dimensions of the rod 306 and end face 314 may be selected so that the maximum tilt 

angle of the load 334, as illustrated by axes A-A and G-G is about 5°. While the maximum tilt 

angle described herein is about 5°, one of ordinary skill in the art after reviewing this disclosure 

will understand how to configure and dimension the rod 306, the end face 314 and the 

distance X in a particular embodiment to achieve any other maximum tilt angle.

[0119] One difference between the embodiment illustrated in FIG. 16 and the previously 

described embodiments is that the swivel cap 300 pivot point 340 not located on the top 

surface 330 of the swivel cap 300 like the previous embodiments. Rather, the pivot point 

340 is located within the swivel cap 300. The point 340 is also the origin for the radius r for 

FIGS. 13-17.

[0120] In some embodiments and as shown in FIG. 16, having the pivot point 340 and origin

of radius r at point 340 located within the swivel cap 60 may result in extended receiving cup or

socket walls 324 being extra long and extra long corresponding projection walls 322. The

extended receiving cup or socket walls 324 in the embodiment shown in FIG. 16 are even
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longer than those illustrated with respect to FIGS. 13 through 15 for given radius r. 

Reference character “Y” refers to a distance between the location of the pivot point 340 

which also is the radius r origin 340 and the top surface 330 of the swivel cap 300. The length 

Z is reduced by the distance Y in the embodiment of FIG. 16 when compared to the 

embodiment shown in FIGS. 13 through 15. Which results in the moment arm between the 

load 334 in the piston bearing surface being reduced.

[0121] FIG. 17 illustrates an embodiment where the rod 306, and the piston 124 are unitized 

into a single piston/rod combination 342. The cylinder 113 defines an interior space 114. 

The piston/rod combination 342 has a bearing surface 349 where the piston/rod combination 

342 contacts the cylinder 113. A swivel cap 300 similar to that shown and described with 

respect to FIG. 13 which has a flange 332 is shown in FIG. 17. However, this should not be 

regarded as limiting as the embodiment of FIG. 17 may be adapted to be used with a variety 

of swivel caps 300. For example, swivel caps 300 similar to those shown in FIGS. 13 through 

16 may be adapted for use in the embodiment shown in FIG. 17.

[0122] The at least partially spherical projection 302 of the swivel cap 300 is defined by radius r 

originating from the radius origin point 340 to the outer surface (of the bearing surface 312) of 

the at least partially spherical projection 302 similar to what is described above. A second 

radius r’ is illustrated to demonstrate that a shorter radius r’ would be used in a swivel cap 300 

of the size shown in FIG. 17 if the swivel cap 300 did not have extended projection walls 

322 and the extended receiving cup or socket portion walls 324. Thus, FIG. 17 illustrates an 

advantage that the extended projection walls 322 and receiving cup wall 324 provide: namely 

being able to use a longer radius defining the spherical projection 302 of the swivel cap 300. 

Having a longer radius r provides the advantage of reducing distance W and Z which results in 

reducing the moment arm of any side loads.

[0123] FIG. 17 illustrates a piston assembly 10 that has a relatively small distance W and 

distance Z when compared to other embodiments. As result, the embodiment illustrated in 

FIG. 17 will have much reduced side loads due to a shorter moment arm between a load sitting 

on the top surface 330 of the end cap 300 and an average point 347 of the piston bearing 

surface 349.

[0124] 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

1. A swivel assembly for an actuator comprising:

a rod defining a socket, the rod defining an arcuate surface at a floor of the socket;

a cap dimensioned to fit into the socket, the cap defining a convex arcuate surface 

dimensioned to correspond to the arcuate surface of the floor of the socket;

a first extended surface defined by the rod, the first extended surface, defined at least in 

part, by side portions of the socket having a cylindrical wall projecting vertically upward from an 

edge of the socket and providing depth to the socket;

a second extended surface defined by the cap providing an extended length to the cap 

to allow the cap to extend out of the socket when the convex arcuate surface of the cap 

contacts the arcuate surface of the floor of the socket;

a flange integral to the cap and extending past the second extended surface on the cap, 

a lower surface of the flange having a tilt stop structure defined by an annular step disposed 

between the cap and the lower surface of the flange;

an end surface of the rod and a lower surface of the tilt stop structure located on the cap 

between the second extended surface and an end of the flange wherein when the cap tilts 

within the socket, the lower surface of the tilt stop contacts an end surface of the rod thereby 

preventing the cap from tilting at greater than a predetermined amount; and

a cylinder assembly operatively connected to a piston and the cap to permit the piston 

and the cap to move axially along a longitudinal axis of the cylinder assembly to move inwardly 

and outwardly of the cylinder assembly.

2. The swivel assembly of claim 1, wherein the piston is integrated with the rod.

3. The swivel assembly of claim 1, wherein the rod is a rod operatively 

connected to the piston and the cap.

4. The swivel assembly of claim 3, a top surface defined by the cylinder cap.

5. The swivel assembly of claim 4, wherein the convex arcuate surface is at 

least partially spherical, the spherical portion having a radius having an origin located on 

the top surface of the cap.
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6. The swivel assembly of claim 4, further comprising an end surface of the rod 

and wherein the first extended surface and the second extended surface are dimensioned so 

that the top surface of the cylinder cap extends about 1.0 inch above the end surface of the 

rod.

7. The swivel assembly of claim 4, wherein the convex arcuate surface is at 

least partially spherical, the spherical portion having a radius having an origin located below 

the top surface of the cap.

8. The swivel assembly of claim 7, wherein the convex arcuate surface is at 

least partially spherical, the spherical portion having an origin located about 0.5 inch below 

the top surface of the cap.

9. The swivel assembly of claim 4, further comprising an end surface of the rod 

and the first and second extended surfaces are dimensioned so that when the cap is located 

in the socket, the top surface extends above the end surface of the rod is a sufficient distance 

such that a load located on the top surface and extending beyond the top surface will contact 

the end surface of the rod if the cap tilts greater than a predetermined distance.

10. The swivel assembly of claim 9, wherein the predetermined distance is about 5 

degrees from a center position where the top surface is substantially parallel to the end 

surface of the rod.

11. The swivel assembly of claim 1, wherein the predetermined amount is 5 

degrees from a center position where the top surface is substantially parallel to the end 

surface of the rod.

12. The swivel assembly of claim 1, further comprising an annular seal groove in 

at least one of the first and second extended surface.
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13. The swivel assembly of claim 12, further comprising a resilient material 

located in the seal groove.

14. The swivel assembly of claim 1, further comprising a projection in the 

arcuate surface at the floor of the socket in the rod wherein the projection provides a 

bearing surface configured to contact the convex arcuate surface of the cap.

15. A method of reducing a bending moment in a cylinder assembly comprising: 

providing a first extended surface to an elongated socket, the first extended surface having a 

cylindrical wall projecting vertically upward from an edge of the elongated socket to give the 

socket additional depth into a rod;

providing a second extended surface on a cap having a convex arcuate surface and 

dimensioning the second extended surface and the convex arcuate surface to fit into the 

elongated socket;

providing a flange integral to the cap and extending past the second extended surface 

on the cap, a lower surface of the flange having a tilt stop structure defined by an annular step 

disposed between the cap and the lower surface of the flange;

providing an end surface of the first extended surface and a lower surface of the tilt stop 

structure located on the cap between the second extended surface and an end of the flange 

wherein when the cap tilts within the socket, the lower surface of the tilt stop contacts an end 

surface of the rod thereby preventing the cap from tilting at greater than a predetermined 

amount;

placing the cap into the elongated socket;

providing a top surface on the cap;

operatively connecting the first and cap to a piston and cylinder assembly wherein the 

piston has a bearing surface against the sidewall of the cylinder assembly; and

orienting the elongated socket to minimize a distance between the top surface of the 

cap and the bearing surface of the piston when the cap is located in the elongated socket.

16. The method of claim 15, further comprising sealing a connection between the 

piston and cylinder assembly.
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17. The method of claim 15 further comprising dimensioning the convex arcuate 

surface to have a radius wherein the radius originates at least one of on and below the top 

surface of the cap.

18. A swivel assembly for an actuator comprising:

a rod defining a socket, the rod defining an arcuate surface at the floor of the socket;

a cap dimensioned to fit into the socket, the cap defining a convex arcuate surface 

dimensioned to correspond to the arcuate surface of the floor of the socket;

a first extended surface defined by the rod, the first extended surface, defined at least in 

part, by side portions of the socket providing depth to the socket;

a second extended surface defined by the cap providing an extended length to the cap 

to allow the cap to extend out of the socket when the convex arcuate surface of the cap 

contacts the arcuate surface of the floor of the socket; and

a cylinder assembly operatively connected to a piston and the cap to permit the piston 

and the cap to move axially along a longitudinal axis of the cylinder assembly to move inwardly 

and outwardly of the cylinder assembly.

19. A swivel assembly for an actuator comprising:

a rod defining a socket, the rod defining an arcuate surface at the floor of the 

socket;

a cap dimensioned to fit into the socket, the cap defining a convex arcuate surface 

dimensioned to correspond to the arcuate surface of the floor the socket;

a means for extending a depth of the socket;

a means for extending the convex arcuate surface to allow the cap to fit within the

extended socket; and

means for extending and contracting the first and second bodies away from and toward

an actuating cylinder.
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ABSTRACT

A swivel assembly for an actuator includes: a rod defining a socket, the rod 

defining an arcuate surface at the floor of the socket; a cap dimensioned to fit into the

5 socket, the cap defining a convex arcuate surface dimensioned to correspond to the 

arcuate surface of the floor of the socket; a first extended surface defined by the rod, the 

first extended surface, defined at least in part, by side portions of the socket providing 

depth to the socket; a second extended surface defined by the cap providing an 

extended length to the cap to allow the cap to extend out of the socket when the convex

10 arcuate surface of the cap contacts the arcuate surface of the floor

of the socket; and a cylinder assembly operatively connected to a piston and the cap to 

permit the piston and cap to move axially along a longitudinal axis of the cylinder assembly 

to move inwardly and outwardly of the cylinder assembly.
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Onderdeel I Basis van de schriftelijke opinie

Deze schriftelijke opinie is opgesteld op basis van de op 7 juni 2016 ingediende conclusies.

Onderdeel II Voorrang

Het controleren van de voorrang maakt geen deel uit van het reguliere onderzoek naar de stand van de 

techniek. Deze schriftelijke opinie is daarom opgesteld zonder dat onderzocht is of de ingeroepen 

voorrang geldig is, tenzij hieronder anders is aangegeven.

1. Verklaring

Onderdeel V Gemotiveerde verklaring ten aanzien van nieuwheid, inventiviteit en 

industriële toepasbaarheid

Industriële toepasbaarheid

Nieuwheid Ja: conclusie(s)
Nee: conclusie(s) 1-20

Inventiviteit Ja: conclusie(s)
Nee: conclusie(s)

Ja: conclusie(s) 1-20
Nee: conclusie(s)

2. Literatuur en toelichting

In het rapport betreffende het onderzoek naar de stand van de techniek worden de volgende publicaties 

genoemd:

Dl: WO 2014/169194 A (SPX CORP) 16 oktober 2014
D2: WO 2004/081377 A (ACTUANT CORP) 23 september 2004

Dl

Dl openbaart een draaisamenstel (60) voor een actuator, (10) omvattende:

- een staaf (30) die een holte (40) definieert, waarbij de staaf een gekromd oppervlak op de bodem 

van de holte definieert (figuur 3);

- een kap (60), die gedimensioneerd is om in de holte (40) te passen, waarbij de kap een convex 

gekromd oppervlak definieert dat gedimensioneerd is om overeen te komen met het gekromde 

oppervlak van de bodem van de holte (figuur 3);

- een eerste verlengd oppervlak, gedefinieerd door de staaf (30), waarbij het eerste verlengde 

oppervlak, dat tenminste gedeeltelijk door zijdelen van de holte wordt gedefinieerd om diepte 

verschaffen aan de holte (figuur 3);
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- een tweede verlengd oppervlak, gedefinieerd door de kap, om een verlengde lengte aan de kap te 

verstrekken om de kap buiten de holte te laten uitsteken wanneer het convex gekromde oppervlak 

van de kap het gekromde oppervlak van de holte raakt (figuur 3);

- een cilindersamenstel (20) werkzaam verbonden met een zuiger (30) en de kap (60), om de zuiger 

en de kap axiaal langs een lengteas van het cilindersamenstel te laten bewegen om binnenwaarts en 

buitenwaarts in het cilindersamenstel te bewegen (alinea [0017-0018], figuur 1). Hiermee zijn de 

maatregelen van conclusie 1 en conclusie 17 bekend uit Dl en zijn deze conclusies niet nieuw ten 

opzichte van Dl.

De maatregelen van de overige conclusies 2 t/m 16 en 18 t/m 20 zijn voor zover niet bekend uit Dl, 

maatregelen die in het licht van Dl voor de vakman voor de hand liggend zijn. Deze conclusies zijn 

niet nieuw althans niet inventief.

D2

Ook D2 openbaart een draaisamenstel (figuur 4) voor een voor een actuator, (150) omvattende:

- een staaf (183/166) die een holte (bovenop 183) definieert, waarbij de staaf een gekromd 

oppervlak op de bodem van de holte definieert (figuur 4);

- een kap (182), die gedimensioneerd is om in de holte te passen, waarbij de kap een convex 

gekromd oppervlak definieert dat gedimensioneerd is om overeen te komen met het gekromde 

oppervlak van de bodem van de holte (figuur 4);

- een eerste verlengd oppervlak, gedefinieerd door de staaf (zijkanten van de holte), waarbij het 

eerste verlengde oppervlak, dat tenminste gedeeltelijk door zijdelen van de holte wordt gedefinieerd 

om diepte verschaffen aan de holte (figuur 4);

- een tweede verlengd oppervlak, gedefinieerd door de kap (zijvlakken van de kap), om een 

verlengde lengte aan de kap te verstrekken om de kap buiten de holte te laten uitsteken wanneer het 

convex gekromde oppervlak van de kap het gekromde oppervlak van de holte raakt (figuur 4);

- een cilindersamenstel (onderzijde van figur 4) werkzaam verbonden met een zuiger (170) en de 

kap, om de zuiger en de kap axiaal langs een lengteas van het cilindersamenstel te laten bewegen om 

binnenwaarts en buitenwaarts in het cilindersamenstel te bewegen (figuur 4; alinea's [0034]-[0037]). 

Hiermee zijn de maatregelen volgens conclusie 1 bekend uit D2, en is conclusie 1 niet nieuw ten 

opzichte van D2.

Voorts zijn de maatregelen van de volgende conclusies ook bekend uit D2:

conclusie 2: zuiger en staaf zijn geïntegreerd (figuur 4);

conclusie 3: staaf is werkzaam verbonden met zuiger en kap (figuur 4);

conclusie 4: bovenoppervlak gedefinieerd door cilinderkap (figuur 4);

conclusie 9: een eindoppervlak (185) van de staaf waarbij de eerste en tweede verlengde 

oppervlakken zo zijn gedimensioneerd dat wanneer de kap in de holte is geplaatst (figuur 4), het 

bovenoppervlak een voldoende afstand boven het eindoppervlak van de staaf uitsteekt, dat een 

belasting die geplaatst is op het bovenoppervlak en voorbij het bovenoppervlak uitsteekt, het 

eindoppervlak van de staaf zal raken wanneer de kap verder kantelt dan een vooraf bepaalde afstand; 

conclusie 11: een flens die uitsteekt voorbij het tweede verlengde oppervlak op de kap (92).
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conclusie 12: een eindoppervlak (185) van de staaf en een kantelstopconstructie (onderzijde van flens 

192) op de kap tussen het tweede verlengde oppervlak en een uiteinde van de flens, waarbij, wanneer 

de kap kantelt in de holte, de kantelstop een eindoppervlak van de staaf raakt, en daarbij het kantelen 

van de kap groter dan een vooraf bepaalde hoeveelheid voorkomt;

conclusie 17: Werkwijze voor het verminderen van een buigmoment in een cilindersamenstel, 

omvattende figuur 4):

- het voorzien van een eerste verlengde oppervlak (zijden van de holte in staaf 185) aan een 

langwerpige holte om de holte extra diepte in een staaf te geven (figuur 4);

- het voorzien van een tweede verlengde oppervlak (zijden 184 van van de kap) op een kap met een 

convex gekromd oppervlak en het dimensioneren van het tweede verlengde oppervlak van de kap en 

het convexe oppervlak om in de holte te passen (figuur 4);

- het plaatsen van de kap in de holte (figuur 4);

- het voorzien van een bovenoppervlak op de kap (figuur 4);

- het werkzaam verbinden van de eerste en de kap aan een zuiger en cilindersamenstel (onderzijde 

van inrichting volgens figuur 4), waarbij de zuiger een draagoppervlak heeft tegen de zijwand van het 

cilindersamenstel (figuur 4);

- en het oriënteren van de holte om een afstand tussen het bovenoppervlak van de kap en het 

draagoppervlak van de zuiger te minimaliseren wanneer de kap in de holte is geplaatst (figuur 4);

conclusie 18: afdichten van een verbinding tussen de eerste (zuiger 170) en tweede lichaam 

(cilindersamenstel).

conclusie 20:Draaisamenstel vooreen actuatorsamenstel (figuur 4), omvattende:

- een staaf (185/166) die een holte definieert, waarbij de staaf een gekromd oppervlak op de bodem 

van de holte definieert;

- een kap (182) gedimensioneerd om in de holte te passen, waarbij de kap een convex gekromd 

oppervlak definieert dat is gedimensioneerd om overeen te komen met het gekromde oppervlak van 

de bodem van de holte;

- een middel (gekromd oppervlak van de holte) voor het verlengen van een diepte van de holte;

- een middel (gekromd oppervlak van de kap) voor het verlengen van het convex gekromde oppervlak 

om de kap te laten passen in de verlengde holte;

- en middelen (174) voor het uitsteken en intrekken van de eerste en tweede lichamen van een 

actuatiecilinder af en ernaartoe (figuur 4).

De conclusies 1-4,9,11,12,17-18 en 20 zijn niet nieuw ten opzichte van D2.


