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Inertia is a product of mass and

speed. Consider a hydraulic cylin-
der pushing or pulling a wheeled
cart horizontally. When the cylinder
moves slowly and reaches end of
stroke, the change of speed is small
and does not cause any problems.
If the hydraulic flow increases and
the cart moves at a higher veloc-
ity, the inertia increases, and the
resulting potential shock at the end
of stroke also increases. Because
the cart has wheels and is moving
horizontally, increasing the mass
of the cart will cause only a small
increase in the pressure required
to move the cart, but it will cause a
larger increase in the inertia.

If we now imagine the cylinder
moving the cart up an incline, the
pressure required to move the
load is higher. When the cylinder
reaches the end of stroke, the pres-
sure still increases to the system
maximum, but the increase is
smaller; therefore, the shock is less.
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On the other hand, if the cylinder
moves the cart down an incline, the
inertia will increase, and the shock
will be higher.

Another example to consider is
a hydraulic cylinder opening and
closing a swinging gate around
a pivot point. Typically, the cyl-
inder is mounted near the pivot
point and provides a relatively
high force and short stroke. Due
to mechanical advantage, every
inch of cylinder travel multiplies
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into alonger distance
for the gate's edge.
The wider the gate,
the further the edge
is from the pivot
point, and therefore
the higher the rotational inertia
of the gate.

A strong shock at the end of cyl-
inder stroke can damage machine
components, negatively affect
machine performance, or present
a risk for the machine operator.
When the load moved by a cylin-
der comes to a sudden stop, stress
is applied to the cylinder and the
machine's mechanical structure.
Excessive stress on these structural
components and pressure spikes in
hydraulic tubes or hoses can cause
premature failure. Shock can also
degrade machine productivity. For
example, if a cylinder is moving a
load of aggregate material, it may
cause some of the material to fall
out of the bucket or container. Of

highestimportance is the potential
risk to the operator. For example,
the operator in an aerial work plat-

form requires the cylinder to come
to a slow, controlled stop.

Historically, the responsibility
would be on the operator to slow
and stop the cylinder to prevent
any undesirable shock. Now there
is increasing market demand for
user-friendly machines, and
industry and safety regulations
place more responsibility on the
machine designer.

In some cases, the best solution
is the addition of switches or sen-
sors to detect cylinder position,
a proportional hydraulic valve to
control the flow, and a program-
mable logic controller to read the
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input and determine the output.
However, due to cost, serviceability,
or operating environment, the elec-
tronic solution may not be suitable.

END.OF STROKE.CUSHIONS

Hydraulic cylinders with end
of stroke cushion features have
been available for many years,
with the most familiar being
spear-type cushions, which are
common in tie rod construc-
tion cylinders but also used on
welded construction cylinders.

Spear-type cushions.

Spear-type cushions

can be nonadjustable,

but more often theyre
adjustable. This type of cushion can
be effective, but it also has some
shortcomings to consider. Because
the design has a spear or sleeve that
enters and exits a concentric pocket,
if the difference between the spear
and pocket diameter is too small,
there is a risk of metal-to-metal
contact and galling. On the other
hand, if the clearance is too large,
the effective orifice will be too large,
and the cushion will be ineffective.

A downside from the design
standpoint is that the cushioned
flow has two parallel paths. Oil flows
through the annular area created
by the spear and pocket as well as
across the fixed orifice or adjustable
needle valve, resulting in a complex
scenario for predicting the flow. The
spear-type design requires space
in the head and end cap for the
cushion adjusting needle valve
and the check valve for incoming
flow. Lastly, although the ability to
adjust the cushion may have advan-
tages in some circumstances, it also
allows the possibility of incorrect
adjustment; for example, an opera-
tor seeking to improve productivity
without understanding the poten-
tial negative consequences.

Cushion piston. The
cushion piston is an
alternate solution to
provide the cushion
function and offers advantages over
the spear-type cushion. This solution
can be designed for a wide range of
flows and can be more effective in a
lower flow range than the spear type.

Figure 2

Figure 3

The controlled flow passes through
a single orifice, which allows more
predictable cushion performance.
The orifice and the check valve
function are built into the piston,
requiring no further space increase
than the length of the cushion zone,
keeping the cylinder compactin size.
It is nonadjustable, which prevents
the possibility of malfunctions
caused by improper adjustments.
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As the name suggests, the features
that provide the cushion effect are
built into the piston. On the outside
diameter of the piston, in addition to
the typical bidirectional elastomeric
piston seal, a cast-iron piston ring is
added in each direction the cushion
is desired, either on the blind end for
a cushion at full retract, on the rod
end for a cushion at full extend, or
both as shown in figure 1.

The groove for the cast-iron
piston ring is wider than normal,
allowing it to shift slightly in the
groove. In addition, on each end of
the piston there is a series of axial
holes and a single cross-drilled hole.

These features do not affect the
cylinder operation during most of
the stroke. Flow can freely enter
and exit the cylinder, and the
elastomeric piston seal prevents
internal leakage. The cast-iron
ring can “float” in the wide groove,
and the pressure is the same on
both sides of the ring. When the
cast-iron ring passes the port, the
exiting flow is forced through the
axial and cross-drilled holes, cre-
ating a pressure drop. With higher
pressure on one side, the ring is
forced to the opposite side of the
groove, and flow must pass through
the single cross-drilled hole.

If properly sized, the orifice con-
trols the flow rate of oil exiting the
cylinder. The pressure of the incom-
ing fluid increases until it reaches
the maximum level, as determined
by the setting of a component out-
side the cylinder, commonly arelief
valve or a controller on a variable
displacement pump. The relief valve
must open to divert the flow that
cannot enter the cylinder, or the
pump displacement must decrease
to reduce the flow (Figure 2).

Although the cushion may be
desirable to slow the cylinder at the
end of stroke, when the direction
is reversed it is preferred for it to
operate immediately at a normal
speed. This is the reason the groove
for the cast-iron ring is wider than
normal. Just as the pressure drop of
the exiting flow moved the cast-iron
ring to one side of the groove, now
the pressure drop of the entering
flow moves it to the opposite side.
The flow can now pass under the
cast-iron ring and out the axial
holes with minimal or no restric-
tion. This feature is referred to as
fast start up. After the cast-iron ring
passes the port, fluid flows directly
into the cylinder, and once again,
the cushion features do not affect
performance until the next time it
reaches the end of stroke (Figure 3).

(Continued on page xx)
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(Continued from page xx)

When working with cylinders with any
cushion, it is vital to consider the possibility of
pressure intensification. To reduce the cylinder
speed, the exiting flow must be restricted so that
the incoming flow reaches the maximum pres-
sure. However, because of the area difference
on each side of the piston, the exiting flow will
not be the same pressure as the incoming flow.
On the extend side, also known as the blind or
cap end, the fluid under pressure acts on the
full bore diameter of the cylinder. On the retract
or rod side, the fluid under pressure does not
act on the center area because of the rod; it
only acts on the annular area between the rod
and the bore. The ratio of the extend area to the
retract area is known as the cylinder ratio. The
cylinder ratio is typically in the range of 2:1 to
3:1, but if the rod is large relative to the bore, it
can be as high as 10:1 (Figure 4).

If the pressure is controlled by a main system
relief set at 3,000 psi and the cylinder has aratio
of 2:1, when the cylinder is retracting and the
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Figure 4

cushion is active, the rod side pressure increases
to 3,000 psi. Because the extend side area is
greater by a factor of two, the resulting pressure
on the extend side is calculated by dividing by
two, or 1,500 psi.

This pressure is used to design the control
orifice size in the piston for the designed flow
rate. If the same cylinder has a cushion at full
extend and the extend side pressure increases
to 3,000 psi, the resulting pressure on the rod
side is 6,000 psi. This higher pressure is com-
pletely contained within the cylinder and is not
measured with a cylinder port gauge, nor can
it be prevented or limited with the addition of
an external relief valve.

In addition to using this pressure to deter-
mine the orifice diameter, this higher pressure
must also be considered when selecting seals,
tube wall thickness, and head retention meth-
ods to prevent cylinder failure. If the cylinder
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has a relatively large diameter rod and there-
fore a high cylinder ratio, even at low system
pressures it may not be economically feasible
to design the cylinder for the resulting rod side
pressure. It may be necessary to add a relief
valve set at alower pressure specifically for the
extend side of the cylinder. If that does not pro-
vide adequate extend force, the cylinder may
not be a good
candidate for
a cushion at
full extend
and decelera-
tion should be
accomplished
by a different
method.
Although
removing
the potential
for incorrect
adjustment
may be a ben-
efit in some
applications,
in others the
benefits of adjustment outweigh the risk. For

these applications, it is possible to adapt the
cushion piston design to accommodate an
adjustment valve in the end cap or head gland.

Aswith all hydraulic components, the intro-
duction of a control orifice makes it more
sensitive to contamination. A small particle
can lodge in the orifice and block or restrict
flow, negatively affecting cushion performance.
It is important for proper operation and long
life to maintain a high level of fluid cleanliness
via proper filtration.

A racecar on a track can stop one of two
ways. If the driver applies the brakes, the
reduction in speed is controlled and gradual
as the brakes convert the energy to heat and
the heat is dissipated. If the car hits the wall,
the change in speed is abrupt and violent. The
car will likely sustain mechanical damage as it
absorbs the change in energy. A welded cylin-
der with a properly designed cushion piston is
analogous to properly applied brakes, as the
energy is transferred to hydraulic heat and the
cylinder stops in a controlled manner. This can
provide a significant benefit to the machine
and the user.
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