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b Temperature and Fluids

Temperatures - Standard cylinders
may be operated at temperatures of
-40°F to +200°F. For temperatures over
200°F, consult our distributor or the
factory for specific recommendations
giving operating temperature, source
and characteristics of the heat, medium
and cycle time. It should be noted that
many seal compounds exhibit reduced
life as the temperature nears their stated
limit. In such applications, it is a good
practice to specify high-temperature
seals to assure long, satisfactory life.

Fluids - Seal materials employed in
standard Sheffer cylinders are Buna-N,
Polyurethane and Teflon. As such,
standard cylinders are particularly
suited for use with any good grade
petroleum base hydraulic oil. For
normal temperature ranges, an oil
having a viscosity of 150 S.S.U. at
100°F is recommended.The oil should
be maintained at SAE Level 3-4
cleanliness, normally accomplished
with a 10 micron filtration system.
Standard seals are also compatible with
most Water-Glycol and Water-Oil
Emulsion fluids with temperatures

limited to a maximum of 140°F.
Whenever there is a question of

compatibility, contact the factory or the

fluid manufacturer. NEVER change

system fluid or MIX fluids until a

careful check as to compatibility has

been made.

Fire Resistant Fluids such as
Phosphate Esters and Chlorinated
Hydrocarbons require special seal

compounds. These can be supplied in

lieu of the standard seals at a moderate

extra charge. The specific fluid and/or

seal compounds should always be
given on your order.

Cylinders to be operated with raw

water as the fluid medium require

special plating and/or special materials.

There are two general classifications

of cylinders made for use with
water:(1) Water-Fitted Cylinders

and (2) Water-Hydraulic Cylinders.

(1) Water-Fitted Cylinders are
standard cylinders that have been
adapted for raw water service by
plating the internal metal surfaces.

This usually consists of nickel plating

the head, cap and piston and hard

Compatibilty Chart For Some Fluids And Seal Compounds
Standard HH Cylinders Without Modifications Can Be Used With High Water Base Fluids to 140°F
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chrome plating the tube 1.D. While
this is the least expensive method of
provisioning a cylinder for water
service, it is frequently inadequate for
long, trouble-free service. Because
water conditions vary greatly, we
cannot accept responsibility for
water-fitted cylinders where failure is
caused by corrosion, electrolysis or
mineral deposits. When a customer
has had experience with local water
conditions and finds water-fitted
cylinders to work well, he should
continue to specify them. If such is
not the case, it is recommended that
the use of Water-Hydraulic Cylinders
be seriously considered.

(2) Water-Hydraulic Cylinders are
cylinders designed and manufactured
specifically for water service. Non-
corrosive materials, such as brass,
bronze and stainless steel are used
instead of plating. While the initial
cost is higher, this type of cylinder is
invariably the least expensive in the
long run. When requirements exist,
request a quotation.
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b Theoretical Forces

Theoretical Forces Developed By Cylinders
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S = Speed in inches per minute

Q = Pump delivery in cubic inches per
minute

A = Area of Piston in square inches -

or Rod Extend

A = Area of Piston minus Area of Rod -
Rod Retract. To convert gallons to
cubic inches, multiply by 231
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» Mounting Information

Fixed Centerline Mounts
Centerline mounts are generally
considered to be the best type of fixed
mounting since the thrust from the
piston rod is taken at a mounting surface
that is coincident with the cylinder
centerline. Use of this type of mount can
eliminate possible problems resulting
from cylinder sway and flexure of
cylinder components.

Flange Mounts

Although flange mounts are considered
to be of the centerline type, caution must
be exercised as they can be applied in
such manner as to cause them to be of a
non-centerline nature. Whenever a
cylinder is mounted by the backside of a
flange, a condition exists where flexure
of the flange resulting in fatigue failure
of the mounting bolts or flange retainer
fasteners is possible. See Figure A.

The only type of flange recommended
for backside mounting is the style where
the full thickness of the head or the cap
serves as the flange styles FHF or RHF.
Selection of a flange mounting style
depends, in part, upon whether the
major force applied to the machine
member will result in tension or
compression of the cylinder rod. Rear
flange mounting styles are best for thrust
loads (rod in compression) and front
flange mounting styles are best where
the rod is stressed in tension.

Rectangular flange mounts styles FF
and RF are not recommended for use
over certain pressures due to deflection.

FIGURE A
BACKSIDE FLANGE MOUNT

FF MOUNT

FIGURE B
FHF MOUNT WITH
SPACER BARS

Please refer to specific model series for
recommended pressure restrictions.
should they be used with strokes longer
than 36 inches. Regardless of mount,
whenever a long stroke cylinder is
employed, consideration should be given
to additional support. Where the larger
size of the square flange can be
accommodated Styles FFX and RFX,
they may be used with full pressure
rating of the cylinder and with longer
strokes. The best styles of flange mount,
regardless of application, are the FHF
and RHF mounts. The RHF mount has
the same mounting hole pattern and the
same rectangular flange dimensions as
the RF mount. Therefore, with longer
mounting screws and consideration for a
slightly shorter overall length, the RHF
mount can be substituted for the RF.
The FHF mount has the same hole
pattern and rectangular flange dimensions
as the FF mount. To substitute the FHF
mount for that of the FF, it may be
necessary to use spacers to fill in the
dimensions previously occupied by
the flange. See separate Accessories
Brochure for Front Head Flange Spacer
Bars. Spacers are employed as shown
in Figure B.

Centerline Lug Mount

This style of mount is one of the best
fixed mounts. It is not, however, one of
the more popular mounts since it is not
the most convenient to utilize. When
used at higher pressure ranges or under
shock conditions, the lugs should be
doweled to the machine. This style of
mount has room for dowel pins in the
mounting lugs. Doweling should be
done at one end of the cylinder only,
especially important on long strokes, due
to the deflection that takes place under
load. Cylinders should never be pinned
across corners. This can result in severe
warping when the cylinder is subjected
to operating temperatures and pressures.

Tie Rod Extended Mounts
Tie Rod Extended cylinders are available
with the tie rods extended front (Style
FX), with the tie rods extended rear
(Style RX) or both ends (Style BX).
Frequently cylinders are ordered with tie
rods extended on one end in addition to
another mount. The extended tie rods
are then utilized for the mounting of
other systems or machine components.
Should the mounting be such that the
overhung weight of the cylinder is borne
by the extended tie rods, additional
support may be required, especially if
the cylinder has a long stroke. From a
thrust standpoint, tie rod extended
mounts are good, stable ones.

REAR FLANGES
STYLES RF & RFX

REAR HEAD FLANGE
STYLE RHF

FRONT FLANGES
STYLES FF & FFX

FRONT HEAD FLANGE
STYLES FHF

CENTERLINE LUG
STYLE CL

TIE ROD EXTENDED
STYLES FX, RX & BX



» Mounting Information

TRUNNION FRONT STYLE TF

TRUNNION REAR STYLE TR

INTERMEDIATE TRUNNION
STYLET

CLEVIS STYLE C

SIDE LUG STYLE SL

END LUG STYLE EL

SIDE FLUSH STYLE SF

Pivoted Centerline Mounts
If the machine member moved by the
piston rod travels in a curvilinear path, a
pivot mount cylinder is the obvious
choice. Pivotal mounts are available with
the pivot points at the head (TF Mount),
at the cap (TR & C Mounts), or centrally
located at some position between the
head and the cap (T Mount). In most
cases, a layout of the rod end path will
determine the best pivot mounting style
to be used. In general, pivot mounted
cylinders with the pivot points near the
head (TF and T Mounts) can use smaller
diameter rods without the danger of
buckling than similar cylinders with the
pivot points at the cap. This can be
verified by consulting our column
strength chart (See Pages EN-11 & 12).
There are times when a fixed mounting
style might be indicated by an application
but a pivot mount is selected to compen-
sate for any misalignment that might
occur if the misalignment is in one plane.
Where misalignment can occur in
multiple planes, the cylinder should
be equipped with Sheffer UNI-LIGN
accessories or with Spherical Bearings.

Trunnion Mounts

Pillow blocks of ample size and rigidity
should be provided and should be
mounted as close to the head or (cap) as
possible. Bearing should be provided for
the full length of the trunnion pin. Pins
are intended for shear loads only, not
bending loads. SELF-ALIGNING
MOUNTS should NOT BE USED TO
SUPPORT THE TRUNNIONS SINCE
BENDING forces can also be set up

(See Figure C). Lubrication should be
provided to the pins.

An intermediate trunnion (T mount)
can be located at any position between
the head and cap (within limitations) at
the time of cylinder manufacture, but
cannot be easily changed once produced.
The trunnion location (dimension XI)
must be specified on the order.

Clevis Mount

All Clevis mount cylinders need provision
on both ends for pivoting in one
direction. A clevis pin of proper length
and of sufficient diameter to withstand
the maximum shear load generated by the
cylinder at rated operating pressure is
provided. Should a rod end accessory
such as a rod eye or rod clevis be desired,
select one with a pin size (or pin hole)
with the same diameter as the clevis pin.
You can then specify a rod end thread to
match the accessory. Selecting the
accessory on the basis of the rod end
thread normally supplied can result in an
expensive and unsightly mismatch,
especially when the cylinder has a large
oversize or 2:1 diameter rod.

Fixed Non-Centerline Mounts
Cylinders with non-centerline styles of
mounts tend to sway when under load.
Relatively short fixed, non-centerline
mounted cylinders can subject mounting
bolts to large tension forces which, when
combined with shear forces, can over
stress standard bolts. High tensile cap
screws are recommended. See Figure D.

The rigidity of the machine should be
considered when using cylinders with a
non-centerline mount since stronger
machine members are often required to
resist bending moments. See Figure E.

Fixed mounted cylinders should be
held in place by keying or pinning.
Cylinders with integral key mounts
may be used where a keyway can be
milled in a machine member.This type
of arrangement takes up shear loads
and provides accurate alignment of the
cylinder. Shear keys should be placed
at the proper end of the cylinder: at the
head, if major loads are in thrust or at
the cap if major loads are in tension.
See Figure F.

Only one end of the cylinder should be
keyed. Dowel pins can be used instead
of keys to help take shear loads and to
obtain alignment. The side lug mount
has room for dowel pins in the lugs.
Cylinders may be pinned together at
either end but NOT AT BOTH ENDS.

FIGURE C

777,y 7

5

SELF ALIGNING BEARINGS SHOULD NOT
BE USED.

FIGURE D

FIGURE E FIGURE F

KEY
m

CYLINDER KEYED
FOR MAJOR
LOADS IN THRUST.




b Special Variations

The Sheffer Corporation manufactures many cylinders
with variations to meet special customer needs. In
addition to those illustrated below, some of the more
popular variations are:

¢ Cylinders with Boots

e Combination Mount Cylinders

e Cylinders with Built-In Limit Switch Actuators
¢ Locking Cylinders

¢ Precision Stroke Cylinders

¢ Precision Mount Cylinders

SPHERICAL BEARINGS

Pivot mounting brackets and rod eyes can be provided
with spherical bearings to compensate for misalignment
on both ends of cylinders. Consider also the use of the
Sheffer Uni-Lign described in separate Accessories
Brochure.

ROD BOOT

Sheffer cylinders are provided with a rod wiper to
remove contamination from the rod. Rods that are
exposed to contaminants that cling to the rod, such
as tar, should be covered with a rod boot.

ADJUSTABLE STROKE

Shown is an integral stroke adjustment (externally
adjusted) that is accomplished by the use of a bump rod
threaded into the cylinder cap. Seals are incorporated

to prevent external leakage and a lock nut is included.

ROD GLAND DRAIN BACK

When not even a drop of external leakage can

be tolerated, the rod gland drain back provides a
signal that the rod seal set has worn to the point of
replacement — without the danger of contamination
from leakage.

NON-ROTATING PISTON ROD

Two methods of providing non-rotating piston rods are
employed. The internal rod type (Figure A) is generally
used since it requires less space and is neater. The type
shown in Figure B must be used on small bore
cylinders where internal space is limited.

FIGURE A

FIGURE B

TANDEM CYLINDERS AND MULTI-STAGE
CYLINDERS

The tandem cylinder (Figure A) has two pistons
connected to a common rod, resulting in twice the
force output of a single cylinder. Multi-stage cylinders
(Figure B) offer multiple, positive strokes by pres-
surizing one cylinder, the other, or both. Contact the
factory for other variations.

FIGURE A

.....

FIGURE B

STAINLESS STEEL PISTON RODS

Many applications, especially those subjected to water
spray, require the use of stainless steel piston rods.
We stock AISI Type 304 hard chrome plated, stainless
steel and will furnish that type unless otherwise
specified. Type 304 is considered a good, corrosion
resistant type of stainless steel, but the minimum
expected yield is approximately 35,000 psi and that
factor must be considered with respect to operating
pressure, column loading, etc.

EXTERNAL ROD SEAL

When a cylinder is to be operated under water,
provision is made to prevent the water from being
drawn into the cylinder at the time of valve shift or
pressure differential.



b Long Stroke Cylinders

Stroke Limitations

There are several considerations that
may fix the Practical stroke limit of a
cylinder such as mounting style,
mounting attitude, column strength of
the piston rod, etc. These will be
discussed later in this Brochure. There
are, however, Definite stroke limitations
imposed by the basic design of tie rod
cylinders. Because of the tube loading
required to properly prestress (torque)
tie rods, the following bore size
cylinders are limited to the correspond-
ing strokes in standard, cataloged
construction. Should you require a
cylinder with a stroke in excess of that
charted in adjacent column, contact
your distributor for information
concerning changes in construction
and dimensions.

HH SERIES STROKE LIMITS

BORE SIZE
11/8

MAXIMUM STROKE

11/2

P

21/2

31/ AND LARGER

Supports

Relatively long cylinders often require
supports to prevent excessive sag or
vibration which could severely reduce
the operational life of the cylinder.
Depending upon bore size and mount-
ing style, it may be necessary to specify
either an intermediate mount or a tie rod
support bracket. If the cylinder selected
has a fixed, non-centerline mount such
as side lug or side flush, the type of
support to select should be an
intermediate mount (see Figure 1). This
additional mount provides support for
the cylinder tube and support for the tie
rods. If a pivotal mount such as clevis or
trunnion is selected, a tie rod support
bracket should be considered (See
Figure 2). When a long stroke cylinder,
with a fixed centerline mount such as a
front or rear flange is specified, some
form of support should be provided. An
intermediate mount is often the most
convenient way of doing so (See Figure
3). The chart in the adjacent column
provides a guide for determining the
need for an additional support. It should
be noted that neither a tie rod support
bracket nor an intermediate mount is
designed to absorb the thrust of the
cylinder. They provide support only.

FIGURE 1
INTERMEDIATE MOUNT
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FIGURE 2
TIE ROD SUPPORT BRACKET
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FIGURE 3 INTERMEDIATE

MOUNT

/1
IADDITIONAL
SUPPORT

INTERMEDIATE SUPPORT FOR HH SERIES

STROKE REQUIRING
ADDITIONAL SUPPORT
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180

240

Rod Column Strength

When considering a long stroke cylinder,
it is necessary to select a piston rod size
of sufficient diameter to provide the
necessary column strength. If the
Cylinder will be performing work on

the pull stroke only (rod in tension),
selection of the standard rod diameter
for that bore size will provide sufficient
strength for operation at rated pressure
or lower. If, however, the cylinder will
be performing work on the push stroke
(rod in compression), careful considera-
tion must be given to column strength.
Factors are the stroke length, rod
extension length, mounting style,
mounting attitude, force potential and
rod end connection. This is simplified for
you by using the charts on Page EN-11
and Page EN-12. The mounting class
chart on Page EN-9 assigns a mounting
class reference number that corresponds
to the mounting style, mounting attitude
and rod end connection of the cylinder
selected. Referencing that number and
the sum of the gross stroke plus rod
extension (if any), the column strength
chart on Pages EN-11 & 12 indicates the
maximum allowable force for each
available rod diameter. You may find the
theoretical force chart on Page EN-2
helpful in calculating the force
requirements.

Stop Tube and Dual Piston

A stop tube is a tube or sleeve assembled
in the cylinder between the head and the
piston. It provides a spread between the
bearings of the rod bushing and the
piston when the rod is fully extended
(see Figure 4). The use of a stop tube is
an accepted method for reducing bearing
pressures on long stroke cylinders and
cylinders subjected to excessive side
loading. A stop tube does not afford
additional bearing surface, nor does it
provide any benefit during operation
except at full extension of effective
stroke. While we will equip cylinders

with stop tubes, our strong
recommendation is for an alternate and
superior method for reducing bearing
pressures - the dual piston.

The dual piston is an assembly of two
pistons on the piston rod. They are
separated by a spacer of calculated
length. Both pistons are equipped with
bearing strips thus avoiding the metal to
metal contact that causes most
operational problems with competitive
cylinders when subjected to side loading
(see Figure 5). The dual piston not only
provides bearing spread at all times
throughout the stroke cycle, but also
provides important additional bearing
surface. The dual piston concept was
originally developed to successfully
solve the most severe side loading
problems when other methods had
failed.

Both dual piston and stop tube
equipped cylinders will be longer by
the length of the stop tube or dual piston
than standard cylinders of the same
stroke without those devices. The
desired stroke (effective stroke) must be
added to the length of stop tube or dual
piston to obtain the gross stroke for
determining cylinder dimensions. Since
the dual piston offers much greater
effectiveness than a stop tube, it is
usually shorter than the corresponding
stop tube, hence the total cylinder length
will be less; frequently a most important
factor in total machine design.

To determine the length of stop tube
or dual piston required, first consult the
mounting class chart on Page EN-9 to
obtain a Mounting Class Reference
Number. Referencing that number and
the net stroke of the cylinder, the
required stop tube or dual piston length
can be obtained from the chart on Pages
EN-7& 8.

FIGURE 4
STOP TUBE
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FIGURE 5
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b Stop Tube - Dual Piston

See Page EN-6 for information on stop tubes and dual pistons and instructions for determination of length.
See Page EN-9 for Mounting Classes.

Stop Tube - Dual Piston Chart
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16
20
24
25
26
28
32
34
36
38
42
44
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58
62
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68
72
74
78
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84
88
90
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94
98
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b Stop Tube - Dual Piston

See Page EN-6 for information on stop tubes and dual pistons and instructions for determination of length.
See Page EN-9 for Mounting Classes.

Stop Tube - Dual Piston Chart

CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5 CLASS 6

NET STOP DUAL STOP DUAL STOP DUAL STOP DUAL STOP DUAL STOP DUAL
STROKE TUBE PISTON TUBE PISTON TUBE PISTON TUBE PISTON TUBE PISTON TUBE PISTON
120 2 * ) 3 8 5 14 9 20 13 32 21
125 2 * 5 3 9 6 15 10 21 14 34 23
130 3 * 6 4 9 6 16 11 22 15 35 23
135 3 * 6 4 10 7 16 11 23 15 37 25
140 3 * 7 5 10 7 17 11 24 16 38 25
145 3 * 7 5 11 7 18 12 25 17 40 27
150 4 * 7 5 11 7 19 13 26 17 M1 27
155 4 * 8 5 12 8 19 13 27 18 43 29
160 4 * 8 5 12 8 20 13 28 19 44 29
165 4 * 8 5 13 9 21 14 29 19 46 K
170 5 3 9 6 13 9 22 1) 30 20 47 31
175 5 3 6 14 9 22 1) 31 21 49 33
180 5 3 7 14 9 23 1) 32 21 50 33
185 5 3 7 15 10 24 16 33 22 52 35
190 6 4 7 15 10 25 17 34 23 53 35
195 6 4 7 16 11 25 17 35 23 55 37
200 6 4 7 16 11 26 17 36 24 56 37
205 6 4 7 17 11 27 18 37 25 58 39
210 7 5 8 17 11 28 19 38 25 59 39
215 7 5 8 18 12 28 19 39 26 61 41
220 7 5 9 18 12 29 19 40 27 62 41
225 7 5 9 19 13 30 20 4 27 64 43
230 8 5 9 19 13 31 21 42 28 65 43
235 8 5 9 20 13 31 21 43 29 67 45
240 8 5 9 20 13 32 21 44 29 68 45
245 8 5 9 21 14 33 22 45 30 70 47
250 9 6 10 21 14 34 23 46 31 7 47
255 9 6 10 22 15 34 23 47 31 73 49
260 9 6 11 22 15 35 23 48 32 74 49
265 9 6 11 23 15 36 24 49 33 76 51
270 10 7 11 23 15 37 25 50 33 77 51
275 10 7 11 24 16 37 25 51 34 79 53
280 10 7 11 24 16 38 25 52 35 80 53
285 10 7 11 25 17 39 26 53 35 82 55
290 1 7 12 25 17 40 27 54 36 83 55
295 11 7 12 26 17 40 27 55 37 85 57
300 11 7 13 26 17 41 27 56 37 86 57
310 12 8 13 27 18 43 29 58 39 89 59
320 12 8 13 28 19 44 29 60 40 92 61
325 12 8 13 29 19 45 30 61 41 94 63




» Mounting Classes

FIXED MOUNTINGS ROD SUPPORT
FOOT BRACKET MOUNT FRONT FLANGE TIE RODS EXTENDED
FB (MS1)* MOUNT FF (MF1)*
FIXED
SUPPORTED
GUIDED
NX-NEITHER (MXO)*
RX-REAR (MX2)* BX.BOTH (VX1)*
FX-FRONT (MX3)*
SIDE LUG MOUNT REAR FLANGE FRONT HEAD FLANGE

SL (Ms2)* MOUNT RF (MF2)* MOUNT FHF

PIVOTED
SUPPORTED 2
GUIDED

FRONT FLANGE
CENTER LINE LUG MOUNT MOUNT EXTRA SIZE
CL (MS3)*
PIVOTED
OR FIXED 3
SUPPORTED
UNGUIDED

REAR FLANGE MOUNT
EXTRA SIZE RFX (MF6)
*SF (MS4)*

1-64 OR N.F.P.A. STANDARD
NO. T3-2-60-1 MOUNTING

STYLE DESIGNATION FREE

| 6

[
* NUMBER IN PARENTHESIS %
IS ANSI STANDARD NO. 893-

HEAD OR INTERMEDIATE PIVOTAL MOUNTINGS ROD SUPPORT CLASS

TRUNNION FRONT
MOUNT TF (MT1)*

PIVOTED

SUPPORTED 3
GUIDED OR

UNGUIDED

TRUNNION MOUNT T (MT4)*
INTERMEDIATE-BETWEEN
HEADS

* NUMBER IN PARENTHESIS ] PIVOTED

IS ANSI STANDARD NO. 893- I A SUPPORTED

1-64 OR N.F.P.A. STANDARD 4
NO. T3-2-60-1 MOUNTING GUIDED OR

STYLE DESIGNATION UNGUIDED

CAP PIVOTAL MOUNTINGS

TRUNNION REAR CLEVIS MOUNT C
MOUNT TR (MP1)*
(MT2)*

PIVOTED
SUPPORTED
GUIDED OR

* NUMBER IN PARENTHESIS
UNGUIDED

IS ANSI STANDARD NO. 893-
1-64 OR N.F.P.A. STANDARD
NO. T3-2-60-1 MOUNTING
STYLE DESIGNATION




b Cylinder Force and Speed

Pneumatic Cylinder Force

A pneumatic cylinder must be oversized
to move a load. For example, a 4" bore
pneumatic cylinder will balance a 1,000
pound load with 80 psi of air pressure. To
move this load at a slow rate of speed, the
cylinder must be oversized.

The designer should remember that when
calculating cylinder force on the return
(pull) stroke, the rod area must be
deducted from the piston area. When a
double rod end cylinder is used, deduct for
both directions of stroke when calculating
the thrust force.

Pneumatic Cylinder Speed

The exact speed of a pneumatic cylinder
cannot be calculated. Pneumatic cylinder
sizing depends on the degree of over-
powering required to move the load at
the desired speed, valving, piping, and
other factors which usually are unknown
and cannot be measured.

When a fast speed is required, the bore
size and line pressure should be twice that
which is needed to balance the load
resistance. The lines to the valve and
cylinder should be as short as possible.
When selecting the directional valve to be

Hydraulic Cylinder Speeds

Rod 3
Dia. GPM

None 130 392
5/ 158 476
1 706
None 221
1 294
13/8 418
None 131
1 168
13/8 203
13/4 277
None 83
13/8 102
13/4
2
None
13/4
2
21/2
None
2
21/2
3
31/2
None
21/2
3
31/2
4
None
3
31/2
4
41/2
5
None
31/2
4
41/2
5
51/2
None
41/2
5
51/2
7

Piston

1
Dia. GPM

11/2

used in a pneumatic
application, the

Pneumatic Cylinder Speed

orifice of the valve

should be equal to Bore s

Actual Valve Orifice Size

125

Above figures are in Inches Per Second

the cylinder port 11/s HEEEE 12
size. The Pneumatic 1172 7
Cylinder Speed 212/ g
Chart shows the 31 /j ]
proper port size 4
undgr average 5
conditions.

NOTE: The adjacent g =
Pneumatic Cylinder 10 I
Speed Chart is 12 N
based on average

conditions.

Conditions where the cylinder is operating
at twice the thrust force required and a line
pressure of 80 to 100 psi.

Hydraulic Cylinder Force

Page EN-2 shows the thrust force
developed by various bore diameters when
working at various pressures. These figures
do not include a factor covering a reduction
in force due to seal or packing friction in
the cylinder. This type of friction is
estimated to affect the cylinder thrust

force by 10%. Additional pressure must
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be developed by the pump, not only to
overcome frictional loss, but also flow
losses in the circuitry. The engineer should
realize that the usable pressure in the
cylinder may be from 10% to 25% less than
the pump and relief valve gauge reading.

Hydraulic Cylinder Speed

Figures shown in the body of this chart are
cylinder rod travel speeds in inches per
minute. The extension speeds represent the
net piston area for the various rod
diameters shown.
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b Column Strength

See Page EN-6 for instructions in the use of this chart.
CAUTION: Do not use this chart for calculating size of stainless steel rods. Contact your distributor.
Column Strength Chart

PISTON ROD DIAMETER

13/4 21/2 31/2 41/2 . 7 ! 10
| |
B
B
72220 e ]
66030 e [
48340 131790 | kriel) e [
| |
B
72220 e [
62840 e ]
37090 131790 | kriel) e [
22440 92000 |10 | 249080 | <Ll 292300 e [
| |
72220 e [
66030 e [
48340 T N 203790 e ]
28400 107030 |LLAE0l 264110 [elpiel) e [
12620 52570 |10 193380 | LIl 272050 [N 420330 [
| |
58070 141520 e [
33610 114990 [LLclil 272070 e ]
18170 75700 [\LiPU) 232280 | CEUVENN 286250 [Lliiol [
8080 33640 | L1 120240 [PALIEDN 246460 [l 403540 [l |
72220 ] ]
48340 131790 | kil e [
22440 92000 |10k | 249080 | <ltilit| 292300 e ]
12620 52570 |00 193380 | LIl 272250 [LE0N 420330 [
5610 23360 | 0l 89750 | Ll 214950 [hilul 372030 [LLED
48340 131790 | kil e [
28400 107030 |LLALE0 264110 [elpiih) e [
12620 PEION 109000 BECl N 201550 ool l 246860 ]
7100 20570 | JEILL 113500 | Ll 236600 [liPalil 393680 [erfoil)
3150 13140 |22 sos0 [UEIELN 137960 [PUEEEUN 201820 Skl 767470 [PEEEED
58070 141520 ] e
33610 114990 |1l:lelhl| 272070 e [
18170 75700 [P0 232280 [CELVENN 286250 Ll [
8080 33640 | 100) 120240 | ALCEN 246460 [PALLUN 403540 [lleril|
4540 18920 |00l 72700 [EPZIPLN 190760 [PLLeril 347840 [l 814540 [EEEID
2020 8410 |20 32310 [SPI ss200 [l 197030 il 680810 [RLciis




b Column Strength

See Page EN-6 for instructions in the use of this chart.

CAUTION: Do not use this chart for calculating size of stainless steel rods. Contact your distributor.
Column Strength Chart

13/4 21/2
48340 131790
22440 92000
12620 52570

5610 23360

3150 13140

1400 5840
37090 120300
16910 70440

9270 38620

4120 17160

2320 9650

1030 4290
28400 107030
12620 52570

7100 29570

3150 13140

1770 7390

790 3280

22440 92000
10160 42320

5610 23360

2490 10380

1400 5840

620 2590
18170 75700

8080 33640

4540 18920

2020 8410

1130 4730

500 2100
15020 62560

6770 28220

3750 15640

1670 6950

940 3910
420 1740
12620 52570

5610 23360

3150 13140

1400 5840

790 3280
350 1460

PISTON ROD DIAMETER

3
203790
164000
109000

48450
27250
12110
192290
139770
80080
35590
20020
8900
179030
109000
61310
27250
15330
6810
164000
87760
48450
21530
12110
5380
147200
69760
39240
17440
9810
4360
128630
58510
2430
14410
8110
3600
109000
48450
27250
12110
6810
3030

31/2 4 41/2
249080 | <lyl 292300
193380 | “elslls 272250

89750 | ([khE 214950

50480 | Rkl 137960

22440 cipiis 61310
277380
224860 | <pclikli 283580
148370 | “LLiErs 255700

65940 | Ll 177710

37090 | GkEELE 101360

16480 LR 45050
264110 | <clervieh)

193380 | “elslls 272250
113590 | 1lekpfell 236600

50480 clEl 137960

28400 48450 W a{ci]

12620 ALl 34490
249080 | <yl 292300
162110 | “:ickhli 260850

89750 | ki 214950

39890 Gl 109000
22440 <irills 61310

9970 AR 27250
232280 | <xlZGhE 286250
129240 | ZaRElE 246460
72700 | PLLEOE 190760
32310 sl 88290
18170 | <l 49660

8080 | kel 22070
213710 | <iiekEll 279570
108410 | [L:Uickls 232400
60080 | (lerkiilil 164020
26700 CSkl 72970

1500 PP 41040

6670 Ll 18240
193380 | “:ilsklil 272250
89750 | ERFLE 214950
50480 clpeliE 137960
22440 <ivcls 61310
12620 21530 Kz L]

5610 Ll 15330

5

346860
289560
209350

93450

358190
330310
252320
154490

68660

346860
311210
209350
118280

52570

335460
289560
166140
93450
41530
360870
321080
265370
134570
75700
33640
354180
307010
238640
111220
62560
27800
346860
289560
209350
93450
52570
23360

51/2

~

®

429330

372030 [enkattele]
291820 |1k il
136830 | c:iiehly]

412780 [ekhl
334790 [l
226180 [kl
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429330

393680 [kild
291820 [ iy iiele]
173170 | ehlelel)
76960 [Zlhiekl

417930

372030 [hiiekele)
510560
KX RS58910
[ LVN159560

403540 [l
34840 [lLEE
197030 | ekl
110830 | Zelor:loli]
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389470 [rkLn
321100 [rgeiokles
162830 | 3 22rdi]
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201950
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-
(=}

834870
767470 |kl
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711840 | FZlzlili]
449980 | cLilEll
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726550 | Fuien )
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814540 | ferrien ]

o
@
—
o
-
Y
©
©
purg
~
(=)

493580 | fohliell)
220490 | GriEh

849540

[EC RS T10440
630260 | ([
410000 | <2zblEle

444880

834870

767470 [PLEEN
574890 |felErE)
344510 | :PelE)
373820




b Fluid Power Formulas

Word Formula:

Formula For:

Fluid Pressure Force (Pounds)

Letter Formula:

F

F
Pressure = P=— orpsi= —
In Pounds / Square Inch Unit Area (Sq. Inches) A . A
Cylinder Area Area = n x Radius? (Inches) A = qr?
In Square Inches D2
= n/4 x Diameter? (Inches) A= ek A =.785D?
Cylinder Force . .
Force = Pressure (psi) x Net Area (Sq. Inches) F=psixAorF =PA
In Pounds, Push or Pull
Cylinder Velocity or Speed Velocity B 231 x Flow Rate (GPM) _231Q SV .3208Q
In Feet / Second ~ 12 x 60 x Net Area (Sq. Inches) ~ 720A TA
Cylinder Volume Capacity Volume _mX Radius? (Inches) x Stroke (Inches)
In Gallons of Fluid T 231
Net Area (Sq. Inches) x Stroke (Inches AL
= (59 ) { ) v =— L = (Length of Stroke)
231 231
Cylinder Flow Rate 12 x 60 x Velocity (Feet/Sec.) x Net Area (Sq. Inches, 720vA
4 : Flow Rate = ty ) (Sq ) I orQ=3.117vA
In Gallons Per Minute 231 231
Fluid Motor Torque Pressure (psi) x F.M. Displacement (Cu. In./Rev.) psid Pd
Torque = T= orT=—
In Inch Pounds 2n 21 2n
_ Horsepower x 63025 > 63025 HP
~ RPM “n
_ Flow Rate (GPM) x Pressure (psi) x 36.77 _36.77QP or T = 36.77Qpsi
~ RPM . “n
Fluid Motor Torque/100 psi i F.M. Displacement (Cu. In./Rev.)
Torque/100 psi = T 100PSI = =
In Inch Pounds .0628 .0628
Fluid Motor Speed Speed _ 231 x Flow Rate (GPM) > 231Q
In Revolutions / Minute P ~ F.M. Displacement (Cu. In./Rev.) 0
Fluid Motor Power Torque Output (Inch Pounds) x RPM
Horsepower =
In Horsepower Output 63025
Pump Outlet Flow Flow _ RPM x Pump Displacement (Cu. In./Rev.)
In Gallons / Minute T 231
Pump Input Power Flow Rate Output (GPM) x Pressure (psi) GPM x psi
: Horsepower Input = — = or ————
In Horsepower Required 1714 x Efficiency (Overall) 1714Eff  1714Eff
Flow Rate Through Piping Velocity B .3208 x Flow Rate Through I.D. (GPM) Ve .3208Q
In Feet / Second Velocity " Internal Area (Sq. Inches) T A
Compressibility of Oil Pressure (PSI) x Volume of Oil Under Pressure PV ;
p. : < : : Additional Volume = (PS) Vy = —— Approximately
In Additional Required Oil 250,000 250,000 L1/2% Per 1000 psi

To Reach Pressure

Gas Laws For Accumulator Sizing
Where “P” = psia (Absolute) = psig (Gauge Pressure) + 14.7 psi

Word Formula:

Formula For: Letter Formula:
Pressure or Volume
w/Constant “T” (Temperature)
Pressure or Temperature
w/Constant “V” (Volume)
Volume or Temperature
w/Constant “P” (Pressure)
Pressure or Volume
w/Temperature Change Due
To Heat of Compression

Original Pressure x Original Volume = Final Pressure x Final Volume P1V1 = P2V2 [Isothermic]

Original Pressure x Final Temperature = Final Pressure x Orig. Temp. P1T2 = P2T1 [Isochoric]

Original Volume x Final Temperature = Final Volume x Original Temp. V1T2 = V2T1 [Isobaric]

P1V1in = P2Van

w6

Orig. Pressure x Orig. Volume" = Final Pressure x Final Volumen

Orig. Volume Final Pressure n-1/n
Final Volume Orlg Pressure
1.4 For full adiabatic conditions i.e., the “Full Heating” theoretical condition
1.3 For rapid cycling (most heating normally experienced)

“n” =1.1 For “Normal” cycling
“n” = 1.0 Where gas time to return to normal temp. before discharge or recharge

Final Temp. =

Orig. Temp

For Nitrogen the Exponent “n” =
‘ln!l




b Conversions

Pressure Conversions

Kg/cm?

Kg/om’
42
49
56
105 |
140 |
176
211 |
246
281
316
361
%87
422 |

[$)]
~

175.8

281.2
316.4

Kg/cm* = PSI x .0703
Bars = PSI x .0689

Bars
4.1
4.8
5.5
6.2
6.9

10.3
13.8
17.2
20.7
241
27.6
31.0
34.4
37.9
41.3
44.8
48.2
51.7
55.1
58.6
62.0
65.5
68.9

103.4

137.8

172.3

206.7
241.2
275.6
310.1
344.5

4.9
5.9
6.9
7.8
8.8
9.8
19.6
29.4
39.2
49.0
58.8
68.6
78.4
88.2
98.0

14220 |
147.0

196.0
245.0
294.0
343.0
392.0

PSI = Kg/cm? x 14.22
Bars = Kg/cm® x .98

Inches
1

© 00 N o o b~ WD

—r
.\‘ .

Distance Conversions

cm = in. x 2.54

mm = in.

x 254

mm
25.4
50.8
76.2

101.6
127.0
152.4
177.8
203.2
228.6
254.0
381.0
508.0
635.0
762.0
889.0

1016.0

1143.0

1270.0

1397.0

1524.0

1651.0

1778.0

1905.0

2032.0

2159.0

2286.0

2413.0

2540.0

cm Inches
1 4
2 .8
3 1.2
4 1.6
(5) 2.0
6 24
7 2.8
8 3.1
9 3.5
10 3.9
20 7.9
30 11.8
40 15.8
0] 19.7
(s]0] 23.6

~
o

27.6
31.5
90 35.5
100 39.4
110 43.3
120 47.3
130 51.2
140 55.2
150 59.1
160 63.0
170 67.0
180 70.9
190 74.9
{00] 78.8
210 82.7
220 86.7
230 90.6
240 94.6
250 98.5
2500 102.4

in. =cm x .394

80
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