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(57) A cushion hydraulic cylinder 1s provided with a series of longitudinally separated metering orifices in the wall of
the cylinder through which exhausted fluid 1s expelled. As the piston extends towards these metering orifices a seal
sequentially cover and uncovers the metering orifices further restricting the flow of exhausted fluid. In addition the
piston 1s provided with radial bores having one or more longitudinal passages which are in fluid communication with
either the piston side of the cylinder or the rod side of the cylinder. The first longitudinal passage 1s provided with a
passage orifice through which exhausted fluid can flow after a circumferential piston seal reopens a previously blocked
metering orifice. The second longitudinal passage maybe provided with a check valve which prevents the flow of flud
1in one direction.
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Abstract of the Disclosure

A cushion hydraulic cylinder is provided with a series of longitudinally separated
metering orifices in the wall of the cylinder through which exhausted fluid is expelled. As the
piston extends towards these metering orifices a seal sequentially cover and uncovers the
metering orifices further restricting the flow of exhausted fluid. In addition the piston is
provided with radial bores having one or more longitudinal passages which are in fluid
communication with either the piston side of the cylinder or the rod side of the cylinder. The
first longitudinal passage is provided with a passage orifice through which exhausted fiuid
can flow after a circumferential piston seal reopens a previously blocked metering orifice.
The second longitudinal passage maybe provided with a check valve which prevents the

flow of fluid in one direction.
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CUSHION HYDRAULIC CYLINDER

Background of the Invention
1. Field of the Invention:

The invention is directed to a cushion hydraulic cylinder wherein metering orifices to
control the speed of the piston are located in the cylinder and the piston.
2. Description of the Prior Art:

Hydraulic cylinders comprise a cylindrical tube into which a piston is located for
reciprocating back and forth in the piston in response to fiuid pressure. The piston is
provided with a rod that projects out of the cylindrical tube. Single acting hydraulic cylinders
have a single hydraulic port directing fluid to the hydraulic cylinder. The piston is returned to
its original position by a spring or some other suitable biassing mechanism when the fluid
pressure Is released. In double acting hydraulic cylinders each side of the piston Is provided
with a source of hydraulic pressure so that the piston is positively driven by the hydraulic
pressure in both directions. In many applications the piston is provided with poppet valves
which short circuit the flow of hydraulic fluid through the piston when the piston encounters
the end caps of the cylindrical tube.

In some applications it is desirable to provide a hydraulic cylinder that slows down as
the piston approaches the end caps. Such hydraulic cylinders are known as cushion
hydraulic cylinders. Typically cushion hydraulic cylinders restrict the flow of exhaust fluid as
the piston approaches the ends of its stroke thereby slowing the movement of the piston.
One cushioning system uses muitiple longitudinally arranged hydraulic metering orifices
formed in the wall of the cylindrical tube for increasingly restricting the flow of exhaust fluid
out of the hydraulic cylinder as the piston moves toward the end of its stroke. In other
embodiments, the piston itself has been provided with longitudinally arranged hydraulic
metering orifices. [n addition, the top of the pistons themselves maybe provided with cap
assemblies that restrict the flow of exhaust fluid out of the hydraulic cylinder.

Summary of the Invention

It is an object of the present invention to provide a cushion hydraulic cylinder that
better controls the acceleration and/or deacceleration of the piston.

It is a feature of the present cushion hydraulic cylinder that the cylinder and the
piston both have flow control orifices for controlliing the flow of hydraulic fluid to and from the
cylinder.

A cushion hydraulic cylinder is provided with at least one longitudinally separated

metering orifice in the wall of the cylinder through which the flow of fluid is requiated. As the
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piston extends towards these metering orifices, a circumferential seal sequentially covers
and uncovers the metering orifices further regulating the flow of fluid. In addition, the piston
IS provided with radial bores, having longitudinal passages which are in fluid communication
with either the piston side of the cylinder or the rod side of the cylinder. The first longitudinal
passage Is provided with a passage orifice through which fluid can flow after a
circumferential piston seal unblocks a covered metering orifice. The second longitudinal
passage is provided with a check valve which prevents the flow of exhausted fluid and onily
allows for the flow of pressurized fluid. In the illustrated embodiment, the passage orifice is
smaller than any of the metering orifices however this is not necessary for the proper
functioning of the invention.

It should also be noted that the illustrated embodiment has three metering orifices in
the wall of the hydraulic cylinder. However, a single large orifice maybe used provided its
diameter is greater than the width of the sealing rings on the piston.

Brief Description of the Drawings

Figure 1 is a cross sectional side view of a cushion hydraulic cylinder of the present
Invention

Figures 2-6 are partial cross sectional side views of the operation of the cushion
feature of the present invention.

Detailed Description

Figure 1 discloses a hydraulic cylinder 10 comprising a hollow cylinder forming a
tube 12 which receives a sliding piston 14 having a rod 16. Rod 16 is provided with a
mounting assembly, not shown, for coupling the rod of some mechanism. The hollow
cylinder 12 is provided with a piston side end cap 18 and a rod side end cap 20 through
which rod 16 extends. The piston side end cap 18 is provided with a mounting assembly 19
for mounting the cylinder to a mechanism. The piston is provided with three circumferential
seals 22, 23 and 24 which provide a sealing contact with the inside surface 25 of the tube
12. The hydraulic cylinder 10 illustrated in Figure 1 is a double acting cylinder in which the
acceleration and deacceleration of the piston is regulated in both directions. However the
present invention could also be used on single acting hydraulic cylinders or double acting
hydraulic cylinders in which movement in only one direction is regulated.

In the illustrated embodiment, the hollow cylinder is provided with two fluid ports 26
and 28 through which fluid enters and exits the tube 12. The first fluid port 26 is in fluid
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communication with a first set of three metering orifices 30, 32 and 34 passing through the
cylindrical wall of the tube 12. The second fluid port 28 is in fluid communication with a
second set of three metering orifices 30, 32 and 34 passing through the cylindrical wall of
the tube 12. The three metering orifices 30, 32 and 34 of both sets are spaced longitudinally
along the hollow cylinder 12.

The piston 14 is provided with first and second inwardly extending radial bores 36
and 38. Each bore is in fluid communication with a respective first and second cavity 40 and
42 located between the piston and the inside wall 25 of the tube 14 so that fluid can move
between the metering orifices 30, 32 and 34 and the bores 36 and 38. Each bore is also
provided with two longitudinally extending passages 44 and 46. The first passage 44 of
each bore is provided with a passage orifice 48 and is fluid communication with either the
rod side of the piston 14 or the piston side of the piston 14 depending on which bore it is
associated with, as shown in Figure 1. A check valve 50 is positioned in the second
passage and prevents the flow of exhausted fluid from either the rod side of the piston 14 or
the piston side of the piston 14 to the respective bore. The check valve 50 may be
positioned radially oriented as shown In the attached figures or it maybe longitudinally
oriented in longitudinally extending passage 46.

The cushioning operation, that is deaccelerating the piston as it reaches the end of
its stroke, will be discussed with reference to Figures 1-5 during retraction of the hydraulic
cylinder 10. It should be noted the cushioning function would operate in the same manner
during extension except that a longer cavity is provided because of the location of the
metering orifices. In addition, the flow to the hydraulic cylinder is restricted to control the
acceleration of the piston as it starts its stroke from end caps 18 and 20

As illustrated in Figures 1-5 the hydraulic cylinder 10 is being retracted by the
application of pressurized fluid through second hydraulic port 28 to the rod side of the
hydraulic cylinder 10. Fluid is exhausted from the piston side of the hydraulic cylinder 10
through first hydraulic port 26 and returned to a sump. As iIs best illustrated in Figure 2, the
exhausted fluid from the piston side passes through all three metering orifices 30, 32 and 34
and out the first hydraulic port 26. In the next figure, figure 3, the hydraulic cylinder 10 has
been further retracted and first circumferential seal 22 blocks the first metering orifice 30.
By blocking the first metering orifice 30 the flow of fluid out of the piston side of the

hydraulic cylinder 10 is restricted slowing the movement of the piston 14. As the hydraulic
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cylinder 10 is further retracted, as illustrated in Figure 4, the seal 22 blocks the second
metering orifice 32. However, the first longitudinal passage 44 and orifice 48 allows a
limited amount of exhausted fluid to move into the first bore 36 and associated first cavity 40
and out through the now unblocked first metering orifice 30. The flow of exhausted fluid
through this path is controlled by the passage orifice 48 as it is smaller than any of the
metering orifices 30, 32 and 34. In Figure 5, the hydraulic cylinder 10 has retracted further
and the third metering orifice 34 is now blocked by the seal 22 fluid can only be exhausted
from the piston side by passing through the first passage 44 and orifice 48 restricting the
flow of exhausted fluid. In this way the flow of fluid being exhausted from the piston side is
further restricted further slowing the movement of the piston 14.

The cushioning effect can be controlled by proper sizing of the three metering
orifices 30, 32 and 34 and passage orifice 48. Before the cushioning structure takes effect,
the flow of exhausted fluid is limited by the sizes of the metering orifices 30, 32 and 34
(Figure 2). Next the flow of exhausted fluid is controlled by the size of the second and third
metering orifices 32 and 34 (Figure 3). As the piston 14 proceeds a little further, the flow of
exhausted fluid is controlled by the third metering orifice 34 and passage orifice 48 (Figure
4). At the end of its stroke the flow of exhausted fluid is controlled by passage orifice 48
alone (Figure 5). The second circumferential seal 23 prevents the short circuiting of
hydraulic fluid passing through the passage orifice 48.

In some applications it may be desirable to have one, two, or more than three
metering orifices in the side wall of the hydraulic cylinder. In addition, the metering orifices
maybe widely separated from one another to better control the acceleration and
deacceleration characteristics of the piston.

Figure 6 illustrates the extension of the hydraulic cylinder 10 from a fully retracted
position. Pressurized hydraulic fluid is directed to port 26 and passes through the three
metering orifices 30, 32 and 34 the cavity 40 and into bore 36. From the bore 36 the
pressurized fluid flows through both longitudinal passages 44 and 46 to the piston side of
the piston 14.

The present invention should not be limited by the above described embodiments,

but should be limited solely by the claims that follow:
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The embodiments of the invention in which an exclusive property or privilege is
claimed are defined as follows:

1. A hydraulic cylinder comprising:

a cylindrical tube having an inside wali;

a piston having a rod attached thereto is slidably received in the cylindrical tube and
defines a piston side and a rod side of the hydraulic cylinder, the piston is provided with first
and second circumferential seals that engage the inside wall of the cylindrical tube and
prevent the longitudinal flow of fluid between the piston and the inside wall of the tube, the
piston is also provided with a bore having a first passage that is provided with a passage
orifice which is in fluid communication with one of the piston side and the rod side of the
hydraulic cylinder;

a piston side end cap for sealing the piston side of the hydraulic cylinder:;

a rod side end cap through which the rod passes for sealing the rod side of the
hydraulic cylinder;

a port for exhausting fluid from the tube, the port being in fluid communication with
first and second metering orifices formed in the cylindrical tube longitudinally spaced from
one another, wherein movement of the piston in the tube causes the first circumferential
seal to cover the first metering orifice in the cylindrical tube preventing the passage of fluid
through the first metering orifice while the second metering orifice remains open, further
movement of the piston allows the first circumferential seal to reopen the first metering
orifice and subsequently closes the second metering orifice preventing the filow of fluid
through the second metering orifice, fluid can then pass through the passage orifice into the
now open first metering orifice.

2. A hydraulic cylinder as defined by claim 1 wherein the bore extends radially
iInward from the inside wall of the tube and the first passage extends longitudinally from the
bore.

3. A hydraulic cylinder as defined by claim 2 wherein the piston is provided with a
longitudinally extending cavity adjacent to the inside wall of the tube, the longitudinally
extending cavity communicates with the bore which extends radially inward from the cauvity.

4. A hydraulic cylinder as defined by claim 3 wherein the bore is provided with a
second passage that is parallel to the first passage and extends longitudinally between the

bore and one of the piston side and the rod side of the hydraulic cylinder.
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5. A hydraulic cylinder as defined by claim 4 wherein the second passage is
provided with a check valve which prevents the flow of fluid.

6. A hydraulic cylinder as defined by claim 5 wherein the hydraulic cylinder is a
double acting hydraulic cylinder having a second hydraulic port.

7. A hydraulic cylinder as defined by claim 6 wherein the tube wall is provided with a
third metering orifice and the piston is provided with a third circumferential seal.

8. A hydraulic cylinder as defined by claim 7 wherein the first second and third
circumferential seals are longitudinally spaced from one another with the first and second
circumferential seals being longitudinally separated by the cavity.

9. A double acting hydraulic cylinder comprising:

a cylindrical tube having an inside wall;

a piston having a rod attached thereto is slidably received in the cylindrical tube and
defines a piston side and a rod side of the hydraulic cylinder, the piston is provided with first,
second and third circumferential seals that engage the inside wall of the cylindrical tube and
prevent the longitudinal flow of fluid between the piston and the inside wall of the tube, the
piston is also provided with a first bore having a first passage that is provided with a
passage orifice which is in fluid communication with the piston side of the hydraulic cylinder,
the piston is also provided with a second bore having a first passage that i1s provided with a
passage orifice which is in fluid communication with the rod side of the hydraulic cylinder;

a piston side end cap for sealing the piston side of the hydraulic cylinder,

a rod side end cap through which the rod passes for sealing the rod side of the
hydraulic cylinder;

a first port for exhausting fluid from the piston side of the hydraulic cylinder, the first
port being in fluid communication with a first set of first, second and third metering orifices
formed in the cylindrical tube longitudinally spaced from one another, wherein movement of
the piston in the tube causes the first circumferential seal to cover the first metering orifice in
the cylindrical tube preventing the passage of fluid through the first metering orifice while the
second and third metering orifices remain open, further movement of the piston reopens the
first metering orifice and the first circumferential seal subsequently closes the second
metering orifice preventing the flow of fluid the second metering orifice fluid can then pass
through the passage orifice into the now open first metering orifice, additional movement of

the piston reopens the second metering orifice and the first circumferential seal then closes
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the third metering orifice fluid can then pass through the passage orifice into the reopened
first and second metering orifices; and

a second port for exhausting fluid from the rod side of the hydraulic cylinder.

10. A double acting hydraulic cylinder as defined by claim 9 wherein the second port
being in fluid communication with a second set of first, second and third metering orifices
formed in the cylindrical tube longitudinally spaced from one another, wherein movement of
the piston in the tube causes the third circumferential seal to cover the first metering orifice
in the cylindrical tube preventing the passage of fluid through the first metering orifice while
the second and third metering orifices remain open, further movement of the piston reopens
the first metering orifice and the third circumferential seal then closes the second metering
orifice preventing the flow of fluid the second metering orifice fluid can then pass through the
passage orifice into the now open first metering orifice, additional movement of the piston
reopens the second metering orifice and the third circumferential seal subsequently closes
the third metering orifice, fluid can then pass through the passage orifice into the reopened
first and second metering orifices.

11. A double acting hydraulic cylinder as defined by claim 10 wherein the first bore
is provided with a first cavity extending longitudinally between the piston and the inside wall
of the tube and the second bore is provided with a second cavity that extends longitudinally
between the piston and the inside wall of the tube.

12. A double acting hydraulic cylinder as defined by claim 11 wherein the first cavity
is located between the first and second circumferential seals and the second cavity is
located between the second and third circumferential seals.

13. A double acting hydraulic cylinder as defined by claim 12 wherein the first bore
extends radially inward from the first cavity and the second bore extends radially inward
from the second cavity.

14. A double acting hydraulic cylinder as defined by claim 13 wherein the first
passage of the first bore extend longitudinaily from the bore to the piston side of the
hydraulic cylinder and the first passage of the second bore extends longitudinally from the
second bore to the rod side of the piston.

15. A double acting hydraulic cylinder as defined by claim 14 wherein each first and
second bore is provided with a second passage that is parallel to the respective first

passage of each bore, the second passage of the first bore extends between the first bore
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and the piston side of the hydraulic cylinder, the second passage of the second bore
extends from the second bore to the rod side of the hydraulic cylinder.

16. A double acting hydraulic cylinder as defined by claim 15 wherein each of the
second passages of the first and second bores are provided with a check valve which

prevents the flow of fluid.
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Fig. 6
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