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WHEN HYDRAULIC OR PNEUMATIC SYSTEMS MUST PRODUCE
LINEAR MOTION, CYLINDERS BECOME THEIR MOST
IMPORTANT COMPONENT BY CONVERTING FLUID PRESSURE
AND FLOW TO FORCE AND VELOCITY RESPECTIVELY. THE
LINEAR MOTION AND HIGH FORCE PRODUCED BY CYLINDERS
ARE BIG REASONS WHY DESIGNERS SPECIFY HYDRAULIC AND
PNEUMATIC SYSTEMS IN THE FIRST PLACE. ONE OF THE MOST
BASIC OF FLUID POWER COMPONENTS, CYLINDERS HAVE
EVOLVED INTO AN ALMOST ENDLESS ARRAY OF
CONFIGURATIONS, SIZES, AND SPECIAL DESIGNS. THIS
VERSATILITY NOT ONLY MAKES MORE-INNOVATIVE DESIGNS
POSSIBLE, BUT MAKES MANY APPLICATIONS A REALITY THAT
WOULD NOT BE PRACTICAL OR POSSIBLE WITHOUT
CYLINDERS.



Cylinder basics

Piston

Piston rod

Cap-end port

Fig. 1. Cutaway view shows key feature of a typical cylinder , in this case , a double-acting model for
Hydraulic service witch standart tie-rod construction.



» The most common cylinder configuration is double acting, Figure 1.
Routing pressurized fluid intfo the rod end of a double-acting
cylinder causes the piston rod to retract. Conversely, routing
pressurized fluid into the cap end causes the rod to extend.
Simultaneously, fluid on the opposite side of the piston flows back
into the hydraulic reservoir. (If airis the fluid medium, it usually is
vented to the atmosphere.)



» Because the area of the rod-end piston face is smaller than the
cap-end areaq, extension force is greater than retraction force
(assuming equal fluid pressures). Because total cylinder volume is
less with the cylinder fully retfracted (because of rod volume) than
when the cylinder is fully extended, a cylinder retracts faster than it
extends (assuming equal flow rates).



Fig.2. Cut-awy view shows key features of a single-
acting cylinder.This particular model is base-mounted

with an extension spring for a tool holding
application.




Single-acting cylinders

» Figure 2, accept pressurized fluid on only one side of the piston;
volume on the other side of the piston is vented to atmosphere or
returns to fank. Depending on whether it is routed to the cap end or
rod end, the pressurized fluid may extend or refract the cylinder,
respectively. In either case, force generated by gravity or a spring
returns the piston rod to its original state. A hydraulic jack for vehicles
represents a common application of a single-acting, gravity-return
cylinder.



» Single-acting cylinders can be spring-extend or the more common
spring-return type. A spring-extend cylinder is useful for tool-holding
fixtures because spring force can hold a workpiece indefinitely. The
cylinder then releases the workpiece upon application of hydraulic
pressure. Spring-applied/hydraulic-pressure-released (parking)
brakes represent another common application of single-acting,
spring-extend cylinders.



» But the most common type of single-acting cylinder uses a refurn
spring. In this version, pressurized fluid enters the cap end of the
cylinder to extend the piston rod. When fluid is allowed to flow out of
the cap end, the return spring exerts force on the piston rod to
retract it. Factory automation - especially material handling - is a
common application using pneumatic spring-return cylinders.



Standard constructions

» Construction variations for single-and double-acting cylinders are
based primarily on how the two end caps are atffached to the
barrel. Additional variations include wall thickness of the barrel and
end caps, and materials of construction.



Tie-rod cylinders

» Figure 1, have square or rectangular end caps secured to each end
of the barrel by rods that pass through holes in the corners of the
end caps. Nuts threaded onto the end of each tie rod secure the
end caps to the barrel. Stafic seals in the barrel/end-cap interface
prevent leakage. A number of variations to this design exist,
including use of more than four fie rods on a cylinder, or long bolts
that thread into tapped holes in one of the end caps.



» The majority of cylinders for industrial, heavy-duty applications use
tie-rod construction and usually conform to National Fluid Power
Association (NFPA) standards. These standards establish dimensional
uniformity so cylinders from mulfiple manufacturers can be
interchanged. However, care should be taken when interchanging
cylinders because even though it conforms to NFPA dimensional
standards, a cylinder may have proprietary features from its specific
manufacturer that may not be available from a different
manufacturer.



Fig. 3. Welded cylinders combine benefits of heavy-duty
construction with compact design, which is the main reason
why they are widely used in mobile-equipment applications.



Welded cylinders

» Figure 3, have end flanges welded to the barrel and an end cap
attached to each flange. End caps are secured in place by bolts
that slip through holes in each end cap and thread into tapped
holes in each end flange. This construction is lighter and more
compact than the standard tie-rod configuration, which explains
why welded cylinders find wide application in mobile equipment.



» A variation to this construction has each end cap threaded into the
end of the barrel. This construction, however, usually cannot

accommodate as high a pressure rating as welded and can be
more difficult to disassemble and reassemble.



Fig. 4. Mill-duty cylinders have
flanges welded 1o both ends of
their barrel with an end cap bolted
to each flange.




Mill-duty cylinders

» Figure 4, have flanges welded o the ends of the cylinder barrels
with end caps of the same diameter as the flanges. Bolts secure the
end caps to the flanges. Their construction is similar fo that of
welded cylinders, but mill-duty cylinders have thicker barrel walls
and heavier construction in general.



» Large mill-duty cylinders often have a barrel wall thick enough for
the end-cap bolts to be threaded directly info the barrel wall. As the
name implies, these cylinders were originally designed for use in
steel mills, foundries, and other severe-duty applications.



» At the other end of the duty spectrum are non-repairable cylinders,
Figure 5. These cylinders are designed for economy and have end
caps welded to the barrel to make them throwaway components.
They cannot be disassembled for repair or seal replacement.
However, this design proves very cost effective when high service
life is not required. Most of these cylinders have stainless steel end
caps and barrel, but because they are intended primarily for light
duty cycles, many make extensive use of aluminum alloys and
plastics for light weight and economy.



» An alternative method of manufacture rolls the tube intfo a slot on
the end caps to mechanically lock the three pieces together.
Another alternative design has the end cap welded to the barrel
and a rod-end cap secured via threads or a lock ring. These
modifications allow disassembling the cylinder for repair but also
raise its initial cost.



Common variations

Fig. 5. Non-repairable cylinders
generally are consfructed
primarily of stainless steel,
aluminum alloys, and engineered
plastics for pneumartic or low-
pressure hydraulic service. Shown
here are a single-acting, spring-
return model, tTop, and double-
acting with double rod-end,
bottom




» The most common type cylinder is the single-rod end, in which the
rod is nearly as long as the cylinder barrel. The rod protrudes from
the rod-end cap to transmit the generated force to the load. A
double rod-end cylinder, Figure 5, has a rod aftached to both faces
of the piston with each rod extending through a rod end cap.
Double rod-end cylinders are useful for moving two loads
simultaneously, and they also eliminate the differential area
between the rod side and blank side of the piston. With equal areas
(and cylinder volumes) on both sides of the piston, a given flow
produces the same extension and retraction speeds.



Fig. 6. Telescoping cylinders have two or more stages that, when
fully extended, can produce a stroke that exceeds the length of
the cylinder when fully retracted. Shown here is a cutaway of a six-

stage single-acting model.



Most telescoping cylinders

» Figure 6, are single acting, although double-acting versions are
available. Telescoping cylinders contain five or more sets of tubing,
or stages, that nest inside one another. Each stage is equipped with
seals and bearing surfaces to act as both a cylinder barrel and
piston rod. Available for extensions exceeding 15 ft, most are used
on mobile applications where available mounting space is limited.
The collapsed length of a telescoping cylinder can be as little as 15
its extended length, but the cost is several times that of a standard
cylinder that can produce equivalent force. Models are available in
which all stages extend simultaneously or where the largest stage
extends first, followed by each successively smaller stage.



Cap-end po

Fig. 7. Short-stroke cylinders have a piston diameter that exceeds
rod length. They are used where axial space is limited and high
force must be generated from a relatively low supply pressure.



Ram cylinders

» A special type of single-acting cylinders that have a rod OD the
same diameter as the piston. Used mostly for jacking purposes, ram
cylinders must be single acting because there is no internal cylinder
volume to pressurize for refracting the rod. Ram cylinders sometimes
are called plunger cylinders and are most often used for short-stroke
applications. Most do not use return srpings, but, rahter, gravity or
the load to retract the piston rod.



Short-stroke cylinders

» Figure 7, generally have arod length that is less than the piston
diameter. It is used where high force must be generated from a
relatively low supply pressure. Short-stroke cylinders also fit into a
narrow axial space but require substantial radial width. These
cylinders lend themselves 1o air-operated, automation machinery.



Piston

Piston

Fig. 8. Tandem cylinders use
multiple pistons connected
through a common rod to
generate relatively high force
from a low supply pressure and
small bore.



Tandem cylinders

On the other hand, are designed for applications where high force
must be generated within a narrow radial space where substantial
axial length is available. A tandem cylinder, Figure 8, functions as two
single rod-end cylinders connected in line with each piston inter-
connected to a common rod as well as a second rod which extends
through the rod-end cap. Each piston chamber is double acting to
produce much higher forces without an increase in fluid pressure or
bore diameter.



Duplex cylinders

» also have two or more cylinders connected in line, but the pistons of
a duplex cylinder, Figure 9, are not physically connected; the rod of
one cylinder protrudes into the non-rod end of the second, and so
forth. A duplex cylinder may consist of more than two in-line
cylinders and the stroke lengths of the individual cylinders may vary.
This makes them useful for achieving a number of different fixed
stroke lengths, depending on which individual pistons are actuated.



Fig. 9. Duplex cylinders have multiple pistons that are not
connected to a common rod. Actuating individual piston
chambers achieves multiple strokes.



Diaphragm cylinders

» Figure 10, are either of the rolling diaphragm or the short-stroke type.
Both use elastomeric diaphragms to seal the barrel-piston interface.
The short-stroke type uses an elastomer sheet secured between
halves of the cylinder body and is commonly used for truck and bus
air-brake applications. The rolling diaphragm cylinder has a hat-
shaped diaphragm that rolls into the cylinder barrel as the piston
advances. Both types require very low breakout forces, have zero
leakage, and are single-acting, spring returned.



General system design

Fig. 10. By eliminating the conventional sliding piston seal - and its
iInherent tendency toward stick-slip operation - diaphragm cylinders
produce nearly frictionless motion, except for the miniscule amount of
friction at the rod seal. The diaphragm's positive sealing also eliminates
the potential for leakage around the piston.



» Cylinders - and all components for that matter - should be readily
accessible to ease installation and subsequent maintenance. If a fitting
cannot be checked for tfightness without first removing adjacent lines,
for example, there is little incentive to bother fixing minor leaks that may
OCCur.

» Consider all components and fluid conductors of the system to be
elastic: they will flex and change length due to changes in fluid
pressure, temperature, and strain. These changes are not minor. A
pressure pulse to 6,000 psi will elongate a steel cylinder with a 24-in
stroke by 0.024 in. If made of aluminum or cast iron, the cylinder can
elongate about 2 to 2.5 times as much. If this elongation has not been
accounted for in the design of the machine, the system eventually will
leak, even if the latest fitting technology has been used. If previous
installations have continually leaked, take this as clear evidence that a
new design approach would be beneficial.



Cylinder life

» An industrial cylinder should have a design factor of about 4:1
based on yield at rated system pressure. Many manufacturers of
heavy-duty cylinders for mobile equipment specify a 3:1 design
factor. A 15,000-psi stress at rated system pressure, with smooth
system operation and no pressure pulses, is considered
conservative. System pressure spikes that cause 30,000-psi stress
often are not alarming, but at 30,000-psi unit stress, steel's
dimensional change is 0.001 in./in. of length. For a 30-in. cylinder, @
pressure spike of that intensity causes a length change of almost
1/32 in. Dimensional changes in stressed cylinders, or those
subjected to wide temperature changes, may further limit allowable
working pressures.



» Large dimensional changes can seriously affect performance and
ife expectancy of nonmetallic cylinder seals. For example, extrusive
failures of 80 Shore A durometer, synthetic Nitrile seals can occur
when clearance exceeds 0.004 in. af fluid pressures over 3,000 psi, or
a 0.001-in. clearance with system pressure of 6000 psi. Such pressures
can easily be reached in systems using differential cylinders or those
with meter-out flow conirols.



» You must consider system shock pressures. If the hydraulic system
contains speed control or energy-absorbing devices, pressure spikes
can occur that are two to three times above normal system
pressure. Therefore, determine the loading the cylinder will

experience and then mount accordingly to maintain port seal
integrity.



Mounting

Fig. 11. Fixed cylinder mounts that provide straight-line
force transfer are: (a) tie rods extended, and
extended both ends (a + b); (c) head rectangular
flange, (d) head square flange; and (e) rectangular
head which provides same service as (c) but uses
enfire head rather than an added flange. Cap flange
mounts are the same as (c) and (d) but bolt to cap
(not shown). Rectangular caps also are available.




» Trouble-free use of fluid power cylinders and their ability o serve
and remain leak-free depends, in large part, on properly mounting
the component for the particular application. The designer must
determine the loading the cylinder will experience and mount it
accordingly.

» The National Fluid Power Association, NFPA, has standardized on a
number of dimensions for square-headed tie rod cylinders to
promote cylinder inferchangeability between manufacturers. Part
of this standardization program includes cylinder mounting styles,
which generally provide:



» straight-line force transfer with fixed mounts that absorb force on the
centerline of the cylinder

» straight-line force transfer with fixed mounts that do not absorb force
on the centerline of the cylinder, and

» pivot force transfer with pivot mounts which absorb force on the
centerline of the cylinder and allow the cylinder to change
alignment in one plane.



Straight line

» Cylinders with fixed mounts that absorb the force on the centerline
of the cylinder are considered the best for straight line force transfer.
Tie rods extended, flange, or centerline lug mounts are symmetrical
and allow the thrust or tension forces of the piston rod to be
distributed uniformly about the cylinder centerline, Figure 11.
Mounting bolts are subjected fo simple fension or shear without
compound forces; when properly installed, cylinder bearing
sideloading is minimized.



» Cylinder fie rods are designed to withstand maximum rated internal
pressure, and can be extended at either end and used to mount
the cylinder. When the tfie rods extend at both ends of the cylinder,
one end can be used for cylinder mounting and the opposite end
can support the cylinder or be affached to the machine members.

» Flange mounts also are extremely good for straight line force
transfer applications. Three styles available are head rectangular
flange, head square flange, and a larger and thicker rectangular
head with its own mounting holes; the same three versions are
available for the cap. Selection of a flange mount depends partly
on whether the major forces applied to the load result in
compression or tension on the piston rod.



Fig. 12. As with other NFPA standardized mountings, centerline lug
mounts provide striaght-line transfer of force.

Cap mounts are recommended for thrust loads while head mounts
should be used where major loading puts the piston rod in tension.
Centerline lug mounts, Figure 12, absorb forces on the centerline; they
are the least popular fixed mounting style. When used at higher
pressures or under shock conditions, the lugs should be dowel pinned to

the machine.



Fig. 13. Side mounted cylinders include side lug (a),
side end angle (b), side and lug (c), and side tapped
(hot shown). These mounts produce a turning
moment as the cylinder applies force to the load.




Straight line, force not absorbed

» Side mounted cylinders do not absorb force along their centerlines.
These mounting styles have lugs on the end closures and one style
has side-tapped holes for flush mounting, Figure 13. The plane of
their mounting surface is not through the centerline of the cylinder;
for this reason, side mounted cylinders produce a turning moment
as the cylinder moves the load. This furning moment tends to rotate
the cylinder about its mounting bolts. If the cylinder is not well
secured to the machine, or the load is not well guided, side loads
will be applied to the rod gland and piston bearings.

» To avoid this problem, side mounted cylinders should have a stroke
length at least as long as the bore size. Shorter stroke, large bore
cylinders tend to sway on their mounts with heavy loading
especially with side lugs, end lugs, and end angle mounts.



» Side mount cylinders depend wholly on the friction of their mounting
surfaces in contact with the machine to absorb the forces the
cylinder produces. The forque applied to the mounting bolts should
equal that of the tie rod torque as recommended by the
manufacturer.

» For heavy loads or shock conditions, side mounted cylinders should
be held in place with a key or pins 1o prevent shifting. A shear key -
consisting of a plate extending from the side of the cylinder - can be
supplied with most cylinders. It should be placed at the proper end
to absorb the major loading, that is, af the rod end with the load in
tension and af the cap end with a thrust load. This method may be
used where a keyway can be milled into a machine member. The
key takes shear loads and provides accurate alignment of the
cylinder.

» Side lug mounts are designed to allow dowel pins 1o pin the cylinder
to the machine. When used, pins are installed on both sides of the
cylinder but not at both ends.



fig. 14. pivot mounts absorb force along
centerline and actuate loads that
travel through arc. cap trunnion (a),
infermediate fixed trunnion (b) can
locate anywhere between head and
cap, and head trunnion (c) are versions
of this style; only one of these versions is
used at one time. the cylinders shown in
figures 3 and 6 employ clevis mounting,
which is a type of pivot mounting for
loads that travel through arc.



Pivot force fransfer

» Cylinders with pivot mounts that absorb force along the centerline
should be used when the actuated load fravels through an arc. There
are two ways to mount a cylinder so it will pivot during the work cycle:
clevis or frunnion mounts, Figure 14. Pivot mount cylinders are available
with cap fixed clevis; cap detachable clevis; cap spherical bearing;
and head, cap, and infermediate fixed trunnion. Special trunnion
assemblies that provide gimballing action are available.

» Pivot mount cylinders can be used in tension or thrust applications at full
rated pressure, except that long stroke cylinders in thrust applications
are limited by piston rod column strength. Clevis or single-ear mounts
usually are an integral part of the cylinder cap although detachable
styles are available and provide a single pivotf for mounting the cylinder.
A pivot pin of appropriate length and diameter to withstand the
maximum shear load at rated cylinder operating pressure is included as
part of the clevis mount. The fixed clevis mount is the most popular and
Is used where the piston rod travels a fixed arc in one plane. It can be
used vertically or horizontally.



» On long-stroke thrust applications, it may be necessary to use a larger
diameter piston rod 1o prevent buckling or use a stop tube to minimize
cylinder side loading in its extended position. Fixed clevis mounted
cylinders do not function well if the path of rod travel is in more than
one plane. Such an application results in misalignment and causes
unnecessary side loading on the bearing and piston. For applications
where the piston rod will fravel a path not more than 3° either side of
the true plane of motion, a cap spherical bearing mount should be
used as well as a spherical bearing rod eye. Cap detachable clevis
mounts are most often used for air or medium-duty hydraulic service.

» Trunnion pivot mounts also are used when the piston rod travels an arc
in one plane. Trunnion pins are designed for shear loads only and should
not be used with bending stresses. The support bearings should be
mounted as close as possible o the trunnion shoulder faces.



» Head trunnion mounted cylinders usually can be specified with
smaller diameter piston rods than cylinders with the pivot point af
the cap or at an intfermediate position. On head trunnion mounted
long stroke cylinders, the designer should consider the over-hanging
weight at the cap end of the cylinder. To keep trunnion bearing
loads within limits, stroke lengths should be not more than five times
bore size.

» An intermediate fixed frunnion mount is the best frunnion mount. It
can be located to balance the weight of the cylinder or anywhere
between the head and cap to suit the application. Its location must
be specified at time of order because its location cannot be easily
changed once manufactured.



Installation

» Proper installation begins with machine layout; here are some rules:

» if high shock loads are anticipated, mount the cylinder to take full
advantage of its elasticity, and don't forget: the fluid lines are along for
the ride, hold fixed-mounted cylinders in place by keying or pinning at
one end only

» use separate keys to take shear loads: at the head end if major shock
loads are in thrust, at the cap end if they are in tension

» locating pins may be used instead of shear keys to help take shear
loads and insure cylinder alignment. Avoid pinning across corners - this
can cause severe warpage when a cylinder is subjected to operating
temperature and pressure. Such warpage also is imposed on fluid
connectors at cylinder ports, and

» pivoted mounts should have the same type of pivot as the cylinder
body and the head end. Pivot axes should be parallel, never crossed.



» Many fluid power cylinders incorporate cushions to absorb the
energy of moving masses at the end of a stroke, including the
masses of the piston and rod, the load being moved, and the fluid
medium operating the cylinder. When the cushion operates, the
additional thrust is imposed on the cylinder assembly and it will
change length. What about the fluid conductors?

» Consider protecting exposed rods from abrasion and corrosion that
could destroy the rod surface and, in turn, the rod seal. In especially
dirty environments, protect the rod with a cover such as a rod boot
or bellows.



» BIBLIOGRAPHY :
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