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CYLINDERS

A cylinder is used in the majority

of applications to convert Auid
power into push-pull motion.

The illustration shows one brand
of popular cylinder. These are
available in a wide range of bore
diameters, mounting styles, and
stroke lengths.

OPERATING PRINCIPLES

The operating principle of a cylinder is
very simple: fluid pressure is applied to
one side of the piston, and the opposite side
of the piston is exhausted, usually to atmos-
pheric pressure. Thrust developed on the
piston rod is easily calculated by multiply-
ing pauge pressure times the piston area.
Piston area is calculated from the formula;

Arca :WT

EXAMPLE: Find the thrust developed by an air cylinder of 4” piston diameter
operating on a line pressure of 90 PSI (lbs. per square inch):
rl

Solving the above formula, the piston area is 12.566 square inches. Since the air
pressure exerts a pressure, P, of 90 lbs. on each square, then the total thrust wilt
be 90 x 12.566 or 1131 Ibs.

Remember, when calculating force developed on the retraction stroke, the pres-
sure does not act on the area covered by the piston rod; therefore, the rod area
must be subtracted from the total piston area.

To save mathematical calculations, we have published tables on the following
pages 10 show force developed by cylinders of various diameters operating at var-
ious fluid pressures. Tables will also be found for calculating the speed of hydraulic
cylinders and estimating the speed of air cylinders.
two-position as shown, or may have a center, ncutral, l]I;:]
position also.

Direction of travel of a single-acting (spring or gravity [XI }N
V-1

DIRECTION OF TRAVEL of a double-acting air or
hydraulic cylinder is usually controlled with a 4-way
valve as shown in this illustration, The valve may be

retuened} cylinder may be contirolled with a 3-way valve,
although a 4-way valve is frequently employed for
hydraulic single action cylinders te unload the pump
while the cylinder jis retracting.

(WS}

TRAVEL SPEED of air cylinders is usually controlied with a “flow control™
valve which is a needle valve by-passed with a check valve in the same envelope.
This gives controlled speed in one direction and free flow in the reverse direction.
These valves may also be used for hydraulic cylinders, or the pressure compensated
flow control valve may be used for accurate control under varying load conditions.

CUSHIONS. Both air and hydraulic cylinders may be ordered with cushions on
rod end, blind end, or both ends, The cushion consists of a closed chamber approxi-
mately I inch from the end of the stroke for trapping the operating Auid when the
piston reaches the cushion entrance. From this point the fluid is metered out slowly
in order to slow the cvlinder movement. On most cylinders the metering rate is
conirolled with a built-in adjustable needle valve, by-passed with a check valve,
for quick start-up in the opposite direction.

Cushions are quite effective on hydraulic cvlinders, but effective on air cylinders
for cushioning fast speeds only when the momentum load is very small. For cush-
ioning high momentum loads on air cylinders, use limit switch or cam valve decele-
tation.
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CYLINDER TYPES

STANDARD DOUBLE-ACTING. Provides a
power stroke in both directions. This is the

:TL—l standard type used for the majority of applica-
tions.
SINGLE-ACTING CYLINDER. Where thrust is

needed in only one direction, a double-acting
cylinder may be used, with the inactive end vented
to atmospherc through a breatherffilier in the
case of an air cylinder, or vented to reservoir,
below the oil level in the case of a hydraulic
cylinder.

DOUBLE ROD CYLINDERS are available in
most brands, and are used where equal displace-
ment is needed on both sides of the cylinder
piston, or where it is mechanically advantageous
to couple a lead to each end. Sometimes the extra
= end is used solely 10 mount cams for operating
limit switches, etc.

o
SPRING RETURN, SINGLE-ACTING cvlinders
are usvally limited to very small, short-siroke

1 cylinders used mainly for holding and clamping.

3 The long length required to contzin the retirn
spring makes their use undesirable where a long

stroke is needed.

RAM-TYPE SINGLE-ACTING CYLINDERS
have only one fluid chamber. Most commonly

they are mounted vertically and are retracted by

the load weight. They are practical for long

sirokes. They are sometimes known as “displace-
r

ment cylinders.” and are used for hydraulic house
jacks and filling station lifis.

TELESCQOPIC CYLINDERS are used where
— collapsed length must be shorter than could be
obtained with a standard cylinder. These can be
obtained with up to 4 or 5 sleeves, either single-
= acting or double-acting type. They are relatively

expensive as compared to standard cylinders.

MOUNTING STYLES

These sketches show the most popular cylinder hody mounts. Most brands are
available with either male or female threaded erd on piston rod, or with clevis or
tang screwed or welded fo end of rod.

FLANGE attached to blind
end of cylinder.

FOOT BRACKETS, side lugs,
or centerline lugs, etc.

S

CLEVIS attached to blind end
of cylinder.

FLANGE attached to rod end
of cylinder.

TANG attached to blind end DRILLED HOLES in end
of cylinder. caps or body,




Designing With Cylinders

Standard cylinders are never designed to take any side loading on the piston rod.
They must be carefully and accurately mounted so the rod is.not placed in a bind
at any part of the stroke. In many cases the cylinder must have a clevis or trunnion
mount to allow it to swing as the direction of the load changes. Use guides on the
load mechanism, if necessary, to assure that no side load is transmitted to the
cylinder rod.

ROD BUCKLING

Column failure, or the buckling of the
rod, may occur if the cylinder stroke is
too long in relation to the rod diameter,
The exact ratio of rod length to rod
diameter at which column failure will
occur cannot be accorately calculated, but the “Minimum Pistonr Rod Diameter’
chart in this mannal will give the minimum safe ratio for normal applications.

)

TENSION AND COMPRESSION FAILURES

All standard cylinders have been designed with sufficiently large piston rods so
they will never fail either in compression or tension, if the cylinder is operated
within the pressure rating of the manufacturer.

ROD BEARING FAILURE

Rod bearing failures usually occur when
the cylinder is at maximum extension, and
occur most often on hinge or trunnion
mount cylinders, in which the rear suppert peint is located considerabiy behind
the rod bearing. Where space permits, it is wise to order cylinders with longer
stroke than actually needed, and not permit the piston to approach close to the front
end under load.

.

STOF COLLAR

On those applications where it is necés- c
sary to allow the piston to “bottom out™
on the front end, the cylinder may be ’
ordered with a stop collar. The stop collar shouid especially be considered on long
strokes if the length between supports exceeds 10 times the rod diameter, if the
maximum thrust is required at full extension, and if the cylinder has rear flange,
trunnion, rear <levis or tang mounting.

F2=2500 LBS.

Since the working
angles on a crane are
constantly changing, it
may be necessary to con-
struct a rough model on
a sheet of paper, to exact
scale, with cardboard
arms and thumbtack
hinge pins. This will
show the point at which
the greatest cylinder
thrust is peeded. An
=15, 000 185. exact calculation can
then be made for this
condition.

Only that part of the
cylinder thrust at right
angles to the beam axis
is effective for rurning
the beam. This can be
calculated by the meth-
od shown elsewhere in
this manual., For heavy
beams the beam weight
will have to be entered
into the calculations.

Cranes
and
Beams
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EXAMPLE: (Crane calculation using the figire on the preceding page.) Starting
with a cylinder thrust, F, of 15,000 1bs., find the maximum load that can be lifted
by the crane when the angles are as shown. First, translate the 15,000 1bs. cylinder
thrust into F1, 7500 lbs. at right angles to the beam, using power factor of 0.500
from the table on the next page, for a 30° angle. Next, translate this to F2, 2500
Ihs. thrust at the end of the beam where the weight is hanging. This is done with
simple proportion by the length of each arm from the base pivot point. F2 is Vsrd
F1 since the lever arm is 3 times as long. Next, find the maximum hanging load that
can be lifted, at a 45° angle between beam and load weight, using the power factor

table on the next page.
2500 x 0.707 — 1750 1bs.
Calculations for a heavy beam

a5 FEET— 15 FEET e
|eng————— 9 FEET ————— =t
a2 1ty F 7200 et —— 7- 1/2 FEET -]

ce- X150 LBs. PERFOOT- TCG'Z

hd FULCRUM
500 750 LBs. 2250 LBS.
LBS, BEAM BEAM
WEIGHT WEIG HT

CYLINDER

AR R

On heavy beams it is necessary not only to caiculate for concentrated loads such
as suspended weights and cylinder thrusts, but to take into account the distributed
weight of the beam itself. If the beam is uniforim, (so many) pounds per foot
length, the calculation is relatively easy. In the above example the beam has a
uniform weight of 150 pounds per fooi, is partially counterbalanced by a load
weight of 500 pounds on the left side of the fulcrum, and must be raised by the
force of a cylinder applied at a point 9 feet from the right side of the fulcrum.

The best method of solution is to use the principle of moments. A moment is a
torque force consisting of (so many) pounds applied at a lever distance of (so
many) feet or inches. The solution here is to find how much cylinder thrust is
needed to just balance the beam. Then by increasing the hydraulic cylinder thrust
a]?oll;l 5 to 10% to take care of friction losses, the cylinder would be able to raise
the beam.

Using the principle of momenis, it is necessary to calculate all of the moment
forces which are trying to turn the beam clockwise, then calculate all the moment
forces trying to turn the beam counter-clockwise, then subtract the two. Jn this
case they must be equal to balance the beam.

Clockwise moment due to the 15 feet of beam on the right side of the fulcrum:
This can be considered as a concentrated weight acting at its center of gravity
T4 feet from the fulcrum. Moment = 150 (Ibs. per foot) X 15 feet X T4 feet
— 16,875 foot pounds.

Counter-clockwise moment due to the 5 feet of beam on the left side of the
fu]cn:lm: 150 (Ibs. per foot) X 5 feet X 214 feet (CG distance) — 1875 foot
pounds.

Counter-clockwise moment due to hanging weight of 500 pounds: 500 lbs. X 5
feet = 2500 foot pounds.

Subtracting counter-clockwise from clockwise moments: 16,875 — 1875 — 2500 —
12,500 foot pounds that must be supplied by the cylinder for balance conditions, To
find cglinder thrust: 12,500 foot pounds = 9 feet {distance from fulcrum) = 1388.8
pounds.

Remember, when working with moments, that only the portion of the total force
which is at right angles to the beam is effective as a moment force. If the beam is at
an angle to the cylinder or to the horizental, then the effective portion of the
concentrated or distributed weight, and the cylinder thrust, can be calculated with
power factors by the method on the next page.




Cylinder Working at an Angle

To find the effective force exerted by a cylinder pushing at an
angle to the machine travel.

Cylinder thrust, F, is
horizontal in this figure.
Only that portion, T,
which is at right angles
to the lever axis is effec-
tive for turning the lever,
The value of T varies with
the acute angle “A” be-
tween cylinder and lever
axes.

To calculate T, multiply
cylinder thrust times the LEVER ARM:
power factor taken from
the iable below.

EFFECTIVE
THRUST

CYLINDER
THRUST

ANGLE " A"

Angle A Pwi. Factor Angle & Pwr. Faclor Angle A Pwr. Factor
Degrees (sin A) Degrees (sin X) Degrees (sin A)
5 0.087 35 0.573 &5 0.
i 0174 40 0.643 10 Dggg
15 0.259 45 0.707 75 0.966
20 0342 50 0.766 a0 0.985
25 0423 55 0.81% 85 0.966
30 0.500 60 0.867 90 1000

EXAMPLE: A 4-inch bore cylinder working at 750 PSI gauge pressure will de-
velop a 9425 1b, thrust (12.5664 sq. in. area x 750). Effective thrust when working
at & 65° angle is: 9425 x (.906 (from above table) = 8539 ibs.

+

To find the cylinder stroke for operating a hinged lever, using
the chord factor method,

If the cylinder is rotat-
ing the lever to an equal
angle each side of the
perpendicular as in this
figure, the Iength of stroke
can very easily be deter-
nined by multiplying lever
length (pin-to-pin) times
the chord factor from the
table below, If the move-
ment is not equal on each
side of the perpendicular,
the stroke may be deter-
mined by the method on
the next page.

A cylinder which operates any hinged device must be free to swing with the
motion. It may have cievis or tang mounting on the rear end, or have a trunnion
mount. Its rod must have a tang or clevis end with a throat deep enough so the
lever will not touch the bottom of the slot on exireme angular movements.

=N —1
N(E — 7T

HINGE MOUNT CYLINDER

Angle A Chord Angle A Chard Angle A Chord Angie A Chord
Degrees Factor Degrees factor Degrees Factor Degrees Factor
5 0.087 15 0.765 85 1351 125 1.774
1% 0.174 50 0.845 80 1414 130 L8l3
15 0.261 55 0.923 95 1.475 135 1.848
20 0347 60 1.000 160 1.532 140 L.87¢
25 0.433 65 1075 105 L.587 145 L8907
30 0.518 70 1.147 110 1.638 150 1432
35 1.801 75 1.217 115 1687 155 1.553
40 0.684 80 1286 120 1732 160 1970

EXAMPLE: The cylinder stroke needed to swing a 14-inch lever through a 105 de-
Bree arc, when mounted as in the figure, is found by taking the factor 1.587 from
the chart times 14 lever length = 22.218~ stroke length.

Many times a stock cylinder with standardized stroke length can be used by
lengthening or shortening the lever arm for the desired travel,

To find the cylinder stroke for operating a hinged lever, using
the scale layout method.

In all cases a sketch
should be made, show-
ing the length and
angular travel of the

J”'!:‘1\,50‘,3 lever, and showing the
DLENG mounting position of

RETRACTED LENGTH—vi Thy the cyiinder.
If desired, an exact

[ solution can be worked
out by mathematics.
For those not famil-

= ~ iar with mathematical

. methods, an easy solu-

\ tion i5 10 lay out all

parts to exact scale,

- A 5itheg to futlal or re-

-~ uced size. Pin-to-pin

HINGE MOUNT -‘-‘"jl}.-ﬂ-— centers on the 911?0-
CYLINDER —— T posed cylinder can be

obtained from the
manufacturer’s  draw-
inps,

A ruler, tape, or
scale can be used to
measure the distance from the cylinder rear hinge to the starting and ending
points of the lever travel. These will be the retracted and extended cylinder lentgths.
The travel of the cylinder piston (or stroke) will be the difference between these
two measufements,

It may be necessary to experiment with different hinge peint locations until the
best mounting position for the cylinder ¢an be determined. .

As a matter of interest, for a given amount of angular travel, the longest cylinder
siroke is required when the cylinder is mounted at right angles to the lever center
position as on the preceding page. All other cylinder mounting locations will need
a shorter stroke.

Toggle Mechanism Operated With a Cylinder

For operations such
as coining and marking
requiring exact depth
contral, and requiring
extremely high force
for a very short dis-
tance, the toggle lever
system is useful,

In this figure, cylin-
der thrust is horizontal
and toggle {orce is
taken off vertically.
Bearings at each end of &H
the toggle lever must
be closely fitted and
heavy enough to carry
the full toggle thrust.

A calculation of tog-
gle force can be made
with the following
formula, with T and F
in the same units, and
A and B in the same
units. Note that dimen-
sion A is not the lever length, but for high leverage toggle calculations it can
be used for lever length, with only small error, since the lever is nearly vertical.
F (Cyiinder Thrust) X A

2B

EXAMPLE: Find the toggle force from a cylinder thrust of 5600 Ibs., if the
toggle lever is 15 inches long and is Y2 inch from vertical {Distance B).

SOLUTION: T = 5600 X 15-+2 X 15 = 84,000 lbs. This is a multiplication of
15 times the direct cylinder thrust, The remaining travel distance of the toggle arm
at any point in the cylinder stroké™is twice the difference between distance A and
the true length, pin-to-pin, of the toggle arm. Distance A can be found by geometry
or from a scale layout.

CYLINDER
THRUST

HINGE MOUNT CYLINDER

T (Toggle Force) —




By properly setting your circuit relief valve, you can limit maximum circuit presz:-:
to any desired value less than the maximem rating.

When connected to a cylinder, a pump will develop only that pressure regz
to move the cylinder piston against the load, and no more. However. whern
piston_stalis by hitting the cylinder end, pump pressure will rise theoreticz
an infinite value. If there were no relief or safety valve in the circuit. eitber
driving motor would stall, the pumF would break, or the cylinder, piping or »
would break, For this reason a relief valve, properly set, must ALWAYS be inZ=3
in thgl circvit, and should be plumbed in as close to the pemp pressure ot o
possible.

CAUTION: A relief valve built into a power-driven pump should ne: be _xc:
the main circuit relief valve unless it discharges back into the oil resen
discharges back into the inlet of the pump, severe local overheating of
occur in a very few minutes. These built-in relief valves are inten
emergency protection, and should be set higher than the main relief val

Example: How much pump pressures in PSI (pounds per square
inch) is required to develop a 30-ton thrust from a cvlinder with
7-inch diameter piston?

Solution: 30 x 2000 =: &0,000 pounds thrust required. From the “Hydr
inder Force” chart in this manuai, a 7-inch piston has 2 38.4% sguare
Thus, 60,000 =— 38,49 — 1558 PSI. This means that if the pump de\_.
pounds of pressure On cvery square inch of the piston surface, the 1ciz
veloped witl be 38.49 x 1558 = 60,000 pounds. Select a pump and dr"‘- =
about 10 to 25% extra pressurc capacity to take care of pressure losses
piping, and friction in the cylinder.

MOTOR OR ENGINE HORSEPOWER

Example: What horsepower electric maotor is required to derelop
50 tons pressure with an 8-inch diameter ram?

Solution: Horsepower is the RATE or SPEED of deing work, Therefore.
pressure can be developed with almost any size motor. The more horser
available, the faster the work can be performed.

In the example it is necessary to specify how fast the 8-inch ram mus: MOVE
the 50-ton load. Assume a speed of 135 inches per minute is desired. %) toos =
100,600 pounds, the 8-inch ram has an area of 50,27 square inches. Pur
required is, therefore, 100,000 = 5027 = 2008 PSI in round figures. Ol s
gailons per minute {GPM) required to move the ram 15 inches in one m
5027 x 15 — 231 = 3.3 GPM. Referring to the *Motor Horsepower o I¥
Hydraulic Pump® chart in this manual, a pump delivering 312 GPM at 2
requires 4.9 HP.

Example: What HP zasoline or diesel engine is needed to drire «
hydraulic pump at 2000 PSI and 3% GPM?

Solution: Use the **‘Motor HF to Drive a Hydraulic Pump’’ chart in this mzanzz:
indicates 4.9 HP, Most gasoline engines are rated at their most efficien
speed, which is usually not the correct pomp speed. The best procedure is to ot
an engine performance curve from the manufacturer 1o determine the actzal HZ
output at the desired speed. Then an additional allowance of 25 to 10077 s=>_"5
be made to take care of such intangible factors as 1oss of compression due o 2z
loss of power with altitude, etc. An engine does not have the tremendou- ras
capacity of an electric motor for sustaining short duration overlo:ls. In <F
example, we Tecommend an engine which will develop 712 ta 10 HP ar the desired
operating speed. A pood arrangement is to belt drive the pump. Then by the Propes
cheice of sheave diameters, the engine cant run at its most efficient speed, and =
pump can be driven at its optimum speed.

HAND PUMPS

Hand pumps can develop the same cylinder force as motor driven pumps burt
usually at a much slower rate.

Example: A certain cylinder has a 4-inch diameter piston. Using
a hand pump with 114 cubic inches per eycle (double stroke).
how many strokes of the handle would be required to morve the
piston 5 inches?

Solution: The Area of a 4-inch diameter piston is 12 57 square inches. The vol
of oil which must be pumped to move the piston 5 inches is 12.57 x5 =62.35 ¢
inches. If the pump will deliver 114 cubic inches in one cycle (double stroke) sirokes
required will be: 62.45 < 114 =42 stroking cycles.




Hydraulic Cylinder Speeds

Figures in the body of this chart are cylinder rod travel speeds in “inch i
. C i €5 per min-
th;;’i.zgl(:;llzcl:!ntal ihn]ei;l::;l theavy type are extension speeds, using the full pistgn area.
I ines in ‘type are retraction speeds, using “net™ pist
various rod diameters shown in Column 2. ' i piston area, fo the

Piston M1l 3 5§ 2 5w 35 B m
Diam, Diam G GPM GPM GPM GPM CPM PN GPM GPM CPM OPU Gora

1 % r None | 130 392 654 1034
% J158 476 792 1265
1 235 06 1176 1380

l%n Mone |1 96 203 4% 767 115§
% 118 354 588 940 1410
1 142 428 713 1M0 1710
1% 196 588 580 1570 2350
2;/ None § 73 221 38 562 833 N2
% 85 A7 42 e85 1025 1281

7 294 490 782 1175 1465

1
i%
2%” ?ﬂll! 47 MW BS 376 %5 675 0 1115

1% 92 217 453 D D 1385 1850 2310

3 rr None ¢+ 32 98 163 261 392 430 653 M7 982 1300
1 36 10 184 294 440 551 735 §20 1100 1470
1% 43 131 218 M9 523 BS5 872 1090 1350 1800
2 S8 176294 AN _ 305 882 175 1470 1760 2350

3 % rr Nonz | 28 8038 23 34 417 557 696 836 QLS

134 #2170 271 407 510 GG 850 1020 1360
1% 3% 118 19 313 477 588 784 930 1176 1568
2 #4013 7 3588 SI7 0 672 896 1120 134s 1792
24 53 160 267 A28 642 800 1068 1335 1600 2126

7 None | 20 2120 19 38 30 ‘N80 500 720 S50 1700
3 % 1% 27 82137 220 330 411 S48 &85 822 1096 1370
% 32 86 160 256 38¢ 480 64D BO0 960 1780 1500

2 35107 178 285 428 53 712 BI0 1068 1424 1780

2% 44 13 m2 3% 53 686 888 1110 1332 1776 2270

1’ None | 18 55 2 W 2 2% 68 460 5527 73 e
4 1% 20 61 102 163 244 306 408 510 G612 86 1020

rr None 12 35 5 M 17 232 1% U8 e
5 % 13 39 64 103 155 393 258 320 387  Sl6 g:g ggg
2 14 az 00 112 168 210 280 350 420 560 700 L0S0
2% 16 47 8125 188 235 315 300 470 530 78D 1170
3 i3 55 92 7 0 275 365 460 550 730 020 1380
% 22 66 111 178 266 333 ad4 555 465 88R  11l0 1665
rr None g o) 1l 65 98 123 162 202 M5 3N M5
6 1% 9 27 45 11 107135 180 225 70 360 445 g%
2% 10 a0 50 7% 118 150 200 250 300 460 495 750
3 1 n o4 8 130 165 206 270 326 435 545 gl
kL) 12 3 82 99 148 185 M5 310 370 495  g15 530
4 L5 44 B 117 1% 220 295 365 M0 585 735 1095
7! ’ None 14 18 i 48 12 90 120 15 180 M0 300 450

4 9 27 5 1107 135 180 225 270 360
4% 10 1 51 8 12 153 205 55 305 4lp ;?g %g
5 12 i7 61 98 147 185 745 305 30 49 G5 915
7 Nome 4 L] 3 36 55 59 2 115 135 185
8 130 5 25 40 &6 %100 125 150 200 ;gg 3;!5’
% s 17 8 45 &8 8 115 0 170 230 285 42
4 6 18 i f i) 90 122 150 180 240 305 450
44 6% 20 i 53 80 100 135 185 200 265 335 49
5 M2 38 60 90 114 050 185 225 30 ;5 555
1 '5"& & 26 43 0104 129 J72 M5 255 45 A3 b5
1’ pne k] $ 15 F<] 35 “ 60 13 - L
0 4 KL 18 Fi] 44 55 5 92 11 150 }gg gg
3 4 12 20 Kl 47 66 80 100 120 155 195 3
EL % 13 21 bE] 50 63 B4 105 132 185 210 318
i % 17 2 46 69 87 115 145 174 230 5 435

Hydraulic Cylinder Force

This chart shows the thrust developed
‘by cylinders of various bore diameters
when working at various pressures,
These figures do not include frictional
iosses in the cylinder, which may be
estimated at about 5% to 10%. Addi-
tional pressure must also be developed
by the pump to overcome flow losses in
the circuitry. Therefore, the useable
pressure in the cylinder may be from
10¢; to 25% less than the pump and

relief valve pauge reading.

For finding thrusi at pressures not
listed, for example 3000 PSI, use twice
the thrust shown for 1500 PSI, or use
the total of thrust for 2000 PSI plus
thrust shown for 1000 PSI. For inter-
mediate pressures, for example 1250
PSI, split the difference between value
for 1500 and value for (00 PSI, since
1250 is hatfway between the two.

CYLINDER THRUST, IN POUNDS

Piston or Arso 250 500 750 1000 1500 2000
Rod Bio. 5q. In. Psl PSI PSI P51 [#1] P81
5% A1 7 153 230 307 460 614
Ya o 110 21 331 442 663 884
T S0 150 300 450 600 900 1200
1 79 196 393 589 785 1178 1571
1% 99 250 300 750 1000 1500 2000
14 1.23 307 613 920 1227 1840 2454
1% 148 370 740 1110 1480 2220 2960
14 1.77 442 883 1325 1767 2650 3534
1% 2.41 601 1202 1804 2405 3607 4810
2 314 785 1570 2156 3141 4711 6282
214 3.98 1000 2000 3000 4000 6000 8000
215 4.91 1227 2454 3682 4909 7363 9818
3 1.07 1767 3534 5301 7069 10,603 14,137
34 8.30 2150 4300 6450 8600 12,900 17,200
k1% 9.62 2405 4811 7216 9621 14,432 19,242
4 12,57 3141 6283 9424 12,366 18,849 25,132
5 19.64 4909 9817 14,726 19,635 29,452 319,270
6 28.27 7068 14,137 21,205 28,274 42,411 56,548
7 33.49 8621 19,242 28,864 38,485 57,727 76,970
8 50.27 |12,566 25,132 37,699 50,265 75,397 100,530
10 78.54 [19,635 39,270 58,905 78,540 117,810 157,080
12 113.10 (28,300 56,600 84,000 113,200 169,800 226,400
14 153.94 | 38,500 77,000 115000 154,000 230,000 308,000
16 201.06 150,000 100,000 150,000 200,000 300,000 400,000

Cvlinder Air Consumption

Figures in the second column are
actual physical volumes per inch of
cylinder length, Fipures in the last 5
columns show the amount of free air
which is contained per inch of physicat
volume, when compressed to the pres-
sure shown in the column heading,

To use the chart, first find your cyl-
inder bore diameter in Celumn 1, and
follow this horizontal line to the column

headed by vour operating line pressure.
Use this figure as your actual cubic foot
consumption of air per inch of cylinder
stroke.

To solve for CFM air consumption,
maltiply cylinder stroke times number
of strokes per minute, then times 2 (for
return stroke, neglecting rod volume),
then times the factor from chart for
your cylinder bore and operating PSI.

Free Air Consumption at Various Operating Pressures

Cyl. Cu. Ft. Vol. Cu. Ft. Air Consumption per Inch of Stroke
Bore Per [nch

Dia. of Stroke 440 PSI 60 PSI 80 PSI 100 PST 125 PSI
134 00139 0052 0071 0090 0108 0132
2 00182 0068 (093 0117 0142 0172
pa%] 00284 0106 0144 0183 0223 .0270
3 00409 0152 0208 0267 0319 L0388
314 .00555 207 0282 0357 .0433 0527
4 00725 0270 0369 0467 0566 069
5 0114 0426 0580 0735 089 108
6 0164 061 083 105 128 156
8 0285 .106 145 183 222 270
10 0454 170 231 292 354 430




Column Strength of Long, stim Piston Rods

Long, slim piston rods, when subjected to a heavy push load, may be subject to
buckling (column failure). The table on this page gives recommended minimum
piston rod diameters to carry various compression loads at various lengths of
unsupported rod. These recommendations are based on the assumption that the rod

is rigidly supported at the cylinder end by
other end of the rod is fixed to a guided m

the piston and rod bearing, and that the

ember. It is further assumed there will be

no side load or bending stress at any point on the piston rod.

HOW TO USE THE TABLE

Figures on the horizontal scale repre-
sent the length in inches of exposed pis-
ton rod at full extension (not cylinder
stroke), Figures on the vertical scale
mgfesent the total load in tons {(not the
P31 load}. If your piston rod is RIGID-

LY anchored 1o a load which is firmly
guided by ways or guide rods in such a
manner that there cannot be any bend-
ng stress tramsferred to the rod, you
will be safe in using for L (horizontal
scale) V3 the exposed rod length,

MINIMUM PISTON ROD DIAMETER

Figures in body of chart are rod diameters in inches,

Tong | ————————— Exposed length of piston rod in inches

Load 10 20 10 60 50 100 120
% [5 1

% 35 14

1 4 % 113 14 134

7 ¥ 5 Er 1% 11

g 1 87 P e 1y 17 1% 113,

3 Hig % 1% 1% 1% I 3% 1%

1 e 1 1% 14 15¢ 13 2 2y
5 LTy % 1% % 1% 21 2
T 13 15 1% 13 13 2 214 214
10 I3 1T, i3 1% 3 37 374 23
5| 1fg 1% 1% el 2y oz zan 3t
20 2 2 215 234 214 25 2% 3%
T 75; 275 T1g % PR 27g 3 37
0§ 23 23 274 3™ 37 RV £ S £/
50 | 31 335 31 33 313 314 34 1
78 33 3y 305 3 1 Frs i3 ryrs
W0 | adg  af g% 4y a4y 4% 4% 5 °
150 5% 5% 534 515 515 51 534 6

Air Cylinder Force

IMPORTANT: An AIR cylinder must always be overpowered in order 10 MOVE
a load. For example, 2 cylinder which exerts 1000 lbs. force can balance a 1000 Ib.
load but cannot move it. Design with at least 20 1o 25% extra force for moving the
load slowly, or with 100% extra force if the load must be moved fast.
_When calculating cylinder force on the return (pull) stroke, deduct rod area from
piston area. On double rod cylinders, deduct rod area for both directions.
An area chart for other piston diameters appears elsewhere in this manual. For
conditions not shown, multiply PSI gauge pressure times piston area in square inches.

AIR CYLINDER FORCE IN POUNDS

Bore Line pressure in pounds per sq. inch (gauge) Pist:
Dia, 30 40 50 60 0 B0 o0 1 o 110 2 Aron

n
134 71 95 119 140 166 90 213 237 261 284 7
2 94 125 157 188 220 250 283 314 36 377 %?:

212 145 193 243 100 338 387 432 483 530 5§ 3
3 212 282 353 424 494 565 635 706 797 842 ;.'36

312 288 385 480 576 673 T68 865 962 1005 1150 2
4 376 503 628 733 880 1D00 1130 1256 1380 1500 lggé

5 588 785 980 1175 1375 1570 1765 1964 2160 2350 19.64
3 850 1130 1410 1700 1980 2260 2550 2827 3100 3400 2827

8 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 303
10 2350 3150 3900 4700 5500 6250 7000 7850 B600 9400 7‘8):51

Air Cylinder Speed
A Guide for Selection of Valve Port Size

The exact speed of an air cylinder cannot be calculated because it depends on
the degree of unbalance between the load resistance and the force developed by
air pressure acting on the piston, and the rate at which the space ahead of the
advancing piston can be vented, Many factors which affect the speed ef an air
eylinder are not known and cannot be determined. . . .

Where fast speed Is reguired, select the hore size and line pressmre which will
develop about twice the thrust needed to balance the load resistance, Then choose
a directional valve of ample size and use short lines of generous size. If moderate
speed is adeguate, the cylinder need be oversized only about 20 to 25%.

A good rule in selecting a directional valve is to use one with orifice_diameter
equal to cylinder commection size. Certain small valves have an orifice much
smaller than their connection size. This chart shows proper valve size under av-
erage conditions.

ESTIMATED CYLINDER SPEED

Figures in the body of the table are speeds in inches per second.

J ACTUAL VALVE ORIFICE SIZE

Cyl. Bore 13 . e LB L bcN La” 37 1"
1 6 15 37 110
1ls ] 12 28 ]S
1i2 3 T 16 50 125
134 2 S 11 35 y7 140
2 3 4 9 23 ) 112
pa% P 6 18 45 72 155
3 1 4 12 ] 48 100
34 3 9 22 36 78 165
4 2 7 17 28 60 110
5 1 4 11 i8 40 32
6 3 7 12 26 55
8 1 4 T is a2
i 2 4 9 20
12 1 3 6 14

NOTE:; This charl is for average conditions where the cylindey has twice the
thrust needed to overcome the load resistance, and is operating on an 80 1o 100
PSI air line with an ample air supply, and operated with a 4-way valve with full
arifice.

Air Line Pipe Size

Figures in the body of the chart are the black iron pipe sives suggested for long
runs, to keep pressure loss 1o a reasonable value, The pipe size shown should be
used ALL the way back to the compressor. For example, 25 CFM requires 3"
pipe for distances to 200 feet. For 200 feet and over, 1 pipe should be used the
ENTIRE distance. If CFM air flow is not known, use the second column as a
guide, allowing 3 to 4 CFM air flow for every 1HP of the compressor, if the air
low is at a uniform rate.

Air Flow, JComp. 25 50 75 100 150 | 200 | 250 | 300
CFM HP. Feet Feet | Feet | Feet | Feet | Feet | Feet | Feet
5 ar Less 1.4 15 —
10 2.8 17N 3" -
15 4.3 57— 34 -
20 5.6 A -
25 7.0 e 1~ -
30 8.5 N 17 -
35 0.0 34 1" —-
40 11.2 A 1 —t-
50 14.0 1 -
70 20.0 1 114" -




Regenerative Circuit Calculations

A regenerative circuil is sometimes employed to
cause a cylinder to advance more rapidly than it
could with the pump volume alone. It can only be
used to extend a cylinder — never to retract it.

The basic principle of regeneration is, by means of
suirable valving, to connect the rod end of the cylin-

S—

ta der with the blind end, so the oil which normally

— would be discharged to tank from the rod end wili

t B jein the pump ocil causing the cylinder to advance at
an_increased rate of speed.

PF The accompanying circuit is only a schematic rep-

resentation of the regeneration principle. Actual
workable circuits are presented on the next page.

CYLINDER FORCE. Since equal pressure is applied to both sides of the piston, the
net thrust delivered by the rod will be the same as if the pump pressure were applied
only to the rod area. Therefore, thrust is pump PSI x rod area,

CYLINDER SPEED. Since return oil from the rod end fills up an equivalent volume
on the Hlind side of the piston, the pump volume need only fill up a space equiv-
alent 1o the volume of the rod. Therefore, to calculate rod speed, take pump volume,
in cubic inches per minute, and divide the rod area {in square inches) into jt, This
will give speed in inches per minute.

OIL FLOW VOLUME, First, calculate rod speed as in paragraph above. To find oil
flow at Point “A", calculate how much oil will have to Aow to make the piston
travel at this speed. This will be speed (inches per minute) x piston area (square
inches). Convert to GPM by dividing by 231 (cubic inches to the gallon). To find the
oil flow at Point ““B”’, take the above result and subiract the pump volume from it.

SAMPLE CALCULATION. Assume a purp pressure of 1200 PSI, pump volume of
8 GPM, piston diameter 107, rod diameter 7. Force = 38 square inches (rod
area) x 1200 PSI = 45,600 lbs, Speed = 8 GPM x 231 (cu. ins./gal.) = 38

square inches = 487 per minute. Qil flow at “A” = 48 x 78.5 (piston area)
- 231 — 16.3 GPM. Cil flow at “B” = 163 — 8 GPM (from pump) —
8.3 GPM.

Notes on Regenerative Circuits

Y. In regeneration, the force generated will be that of pump pressure acting only on
the rod area. The remainder of the piston area is cancelled out by an equal and
opposing area on the rod side.

2. 1f and when the full force of the cylinder is required, the rod end must be dis-
connected from the hlind end and connected to tank. The circuits on the next page
show valving for doing this.

3. Regeneration is mainly used with big rod cylinders, especially 2:1 (piston to rod
area ratic). 1f used with small rod cylinders, the extending speed is 100 great, the
thrust too small, and the return speed too slow.

4. When a 2:1 ratip cylinder is retracting, discharge oil from the blind end is twice
the pump volume. Select valving large enough to handle this vblume.

5. With 2:1 ratio cylinders (usually used in regencrative circuits), pressure inten-
sification occurs in the rod end during the forward stroke if the discharge oil is
restricted or blocked. Install a safety relief valve in the rod end if intensification
could endanger the cylinder or plumbing.

6. The regenerative portion of the cycle is usually for moving the machine part
rapidly into working position, and the actpal thrust required is relatively slight,
Therefore, it is permissible, and good practice, to allow the oil velocity 1o be high
in the valving and plumbing. The high pressure drops developed will not be harmful,
and considerable expense can be saved by using smaller valving and plumbing than
would be considered good practice for more conventional circuits.

7. Because large rod cylinders are used in regenerative circuits, the oil level in the
reserveir will fluctuate more than for small rod cylinders. Make sure the reservoir
is large enough so the oil level will not drop dangerously lcw as the cylinder extends,

Typical Regenerative Circuits

Circuits on this page are limited to bare essentiols of the regenerative valving,
with pump, relief valve, and accesseries omitted.

A tegenerative circuit using an accumulator will be found under
"Accumulator Circuits™ in this manual.

Shifting the 4-way o Position | causes the Vel
cylinder to start extending. It is in regeneration 4-WAY
because discharge oil from rod end passes 1
through check valve V-3 and joins pump oil to
the blind end of the cylinder. Circuit stays in re-
generation until or unless work resistance builds
up on pilot of V-4 causing it to shift. Rod oil then
zoes directly 10 tank and circuit becomes non- x
regenerative and capable of developing full ton-
na

(N

gShit‘ting the 4-way to Position 3 causes the
cylinder 1o retract, pump oil passing through
check valve V-2, Valve V-4, with no pilot pres-
sure, closes, preventing pumgp ofl from by-passing
to tank.

To keep the cylinder from dropping by gravity, add a counierbalance valve at
Point X. Valve V-4 must be a spool-type (which has better throttling character-
istics) rather than a poppet type. A pilot-operated check valve does not work well.

Directional Valve V-1 is shown with closed center spool. It may have any other
spool center in which both cylinder ports are isolated from the pump in neutral,
such as a tandem center spool for unloading the pump.

A variation of the circuit above. Valve
V-1 is standard 4-way with “CYL 2 port
plugged and cylinder connected to “CYL
1 port V-3 is a 14" sequence valve with
internal free flow check. It must be con-
nected for internal pilot. external drain.
Valve V-2 is a standard 4-way, pilot oper-
ated, with “CYL 27" plugged. Tt can have
about half the capacity of V-1.

Solencid control of regenerative forward.
normal forward, reverse, Of stop, at any point
in the cylinder stroke.

Energize Sofenoids 1 and 3 for regenerative
forward, Soleroid 1 only for normal forward,
Solenoids 2 and 4 for retract. De-enerpize ali
solencids for stop,

Add counterbalance valve, if needed, at
Point “X". A pressure switch connected to
the blind end of the cylinder wiil give auto-
matic changeover from repeneration io nor-
mal. CAUTION: Use a holding relay in con- o
junction with the pressure switch, wired to take the pressure switch out of the circuit
for the rest of the cycle once it has tripped. Otherwise, a condition of ““hunting”
will occur during the period of changeover. i

A microswitch may be mounted so as to be actuated by the ram at a certain
point in its travel, to take the circuit out of regeneration,

The spool of Walve V-1 has both cylinder
poris connected to pressure when it is in center
position. This is the regenerative position. The
side positions of V-1 are normal extend, and re-
tract. §f necessary to stop the cylinder in a mid
position, Valve ¥-2 must be installed. If a coun-
terbalance valve is needed. install it at Position
“¥". NOTE: A 4-way valve with spool as shown
usually has about 12 rated flow capacity when in
center position. Therefore, choose a valve with
double the usual size for this circuit.




Moving Horizontal Loads

SLIDING LOAD. Cylinders may
be used for moving high-friction
sliding loads such as machine
slides, Ilathe tailstocks, milling ma-
chine and grinder tables,

On rapid indexing from one
positive to another positive stop,
an afr cylinder will usually give more rapid action than hydraulics, if the load is
within its capacity. DO NOT use an air cylinder for siow or controlled feeding of
a slide which has a large area of surface friction. The motion, most probably, will
be jerky. Use a hydraulic cylinder with meter-out speed control for this, In some
cases an air-over-oil system is satisfactory.

How much cylinder force is needed to push a sliding weight? This varies with the
surface materials, lubrication, unit loading, speed, and other factors to some degree.
For machine slides, lightly lubricated, the cylinder should be figured with a thrust
equal to 1/2 to 3/4 of the load weight, to get the load started. Once in motion, a
thrust of 1/5 to 1{/6 the load weight will keep it moving.

Where high speed is required of an air cylinder, it should be sized to develop at
least twice the thrust needed to just balance the load.

ROLLING LOAD. Cylinders are
sometimes used to move loads
which operate on low-friction
needle, roller, or ball bearings, As
a rule, these require a cylinder
- thrust of about 1/10th the load
weight. On some applications an
air cylinder with meter-out speed controls can be successfully used even at slow
feed rates. Attention should be given to deceleration at the end of cylinder travel
to prevent load momentum energy from damaging the cylinder or the machine.
e

Cylinders for Lifting

VERTICAL AIR LIFT. An air cylinder must always be
overpowered in order to MOVE ‘or LIFT i load. For
example, a cylinder which exerts 1000 1bs, force can BAIL.-
ANCE a 1000 1b. load but cannot move it. The more the air
cylinder is overpowered, the faster it will move the load. For
normal use, choose a cylinder bore diameter which will give
at least 25% more thrust than needed to balance the load, If
very fast movement is required, the cylinder should be capa-
ble of developing about twice the force needed to just
balance the load.

An air cylinder is not satisfactory for a platform lift if the
lift is to beé stopped at some intermediate point in the stroke
for loading or unloading., Because of the compressibility of
air, the lift would tise or sag as the loading was decreased or
increased. A hydraulic system or an air-over-oil system must
be employed for these applications,

DIFFERENTIAL LIFT. This arrange-
ment gives a 2:1 mechanical reduction.
The cylinder is sized with twice the piston
AREA but with half the stroke that would
}m &lsed for a straight lift of the same
oad,

The pulley attached to the cylinder rod
should run in horizontal guides to remove
possible side thrust from the cylinder.

This is sometimes an ideal golution to
a lift problem where head room is not
sufficient for a direct lift. The shorter
length, larger diameter, is usvally a bet-
ter cylinder configuration. Other advan-
tages are that the cylinder is working on
full piston area, and the rod packings are
not subjected to high pressure.

Multiple-Position Indexing

TANDEM CYLINDERS. Two
cylinders of different stroke
lengths can be used to give
four positive indexing i-
tions when joined back-to-back
and operated with two 4-way
valves in the circuit below.
This is especially uslzful o'lt" air

i ingle air cylinder js very unstable when stopped in a mid-position.
%:::n::rl;nsé iﬂdse: g:lmg{:e exterzrded by adding more cylinders to the string for addmona‘!
fixed positions. On long strings, a stroke adjustment collar can be used on lea‘f'lt
cylinder 10 permit very precise adjustment of the stroke. This will prevent slig
errors in the stroke from accumulating into large errors on long strings.

In this circuit for the Z STox Lot o @ 9 ©
tandem - cylinders shown | A o3
above, the two cylinders Loz e B BET )
are chosen with strokes |-y r_i
of 1" and 2", to illustrate

four indexed positions of

0, 1, 2, and 3 inches. 7
"With' solencid Valves 1 M X Heel
and 2 de-energized, both X 1 0
cylinders are retracted and o e Exe”

the rod clevis is at Posi-
tion 1. With both valves

nergized, both cylinders . .
l,Eal'e %xtendcd, and the rod clevis is extended 3 inches to Position No. 4. If only

i i i i iti 2. In
ive 2 is energized, the cylinder rod would extend 1 inch to Position No. 2,
;gs;,t?on No. 3.gSolenoid valves are illustrated, but any other type could be used.

FLUID N

NOTE: I both cylinders have the same stroke, only three positions will be obtained.

YOKED CYLINDERS. It
may sometimes be more con-
venient 1o obtain several fixed
index positions from air cylin-
ders using the yoking method.
The output link can either
be located in the center of the
cross yoke, or off center, to
obiain certain desired posi-
on 1 d is illustrated
ch the same circuitry is used here as in the previous example, and is
beﬁal\l:'. Although the valves are shown as solenoid type, other actuators, sucphas
manual lever, may be wsed. The various positions are obtained by energizing either
one or both valves, or de-energizing them both.

CYLINDER #1 - 6" SYROXE
The finid circuit for the yoked _
cylinders is shown here. A sep-  — ,ﬂ
arate 4-way valve is employed for
each cylinder. ) Iy
It is important to use hiage i

[
mounted cylinders and to use !l
tangs, clevis’, or universal joints ' L
L

ot the rods so the cylinders can
swing with the stroke. The output /]
clevis can be made to travel in a o I
guide for stability. . !
Many variations and position
possibilities can be attained by
choosing cylinders with different
strokes, and by coupling to the
yoking bar at different points,
For example, with two 6" stroke
cylinders, as shown, and with the
output clevis located ¥ the length
of the ctossbar, equal positions
spaced 2” apart are obtained.




Rotary Actuators

QAENERAL ENGINEHEHRING INOTHS

Rotary actuators or “oscillating motors’ are used to provide high torque at low
speed, Their rotation is limited to Iess than 1 turn in each direction. The actuators

referred to on these two pages are of the vane type.

TORQUE is a turning or iwisting moment produced
in the rotary actuator by pressure acting against the
driving area of the rotor vane(s).

To find the force, F, produced at a distance, R, by
torque, T, developed at the actuator shaft:

F=T+R

The usual units are (inch-Ibs.) torque, to produce
(Ibs.) force at (inches) distance from the shaft.

this.

EXTERNAL STOPS mounted securely to
machine framework should be used to
stop the lead. The rotor vanes should
not contact the internal stops except
under very light loads.

SEVERE SHOCK and possible damage to
the system can occur on hydraulic appli-
cations by too sudden or complete re-
striction of outgoing fluid, which allows
the moving mass 10 generate high surge
or itransient shock wave pressures.

DE.CELERATION VALVES,
mechanically, as shown, or by limit
switches, are often used to more grad-
uvally restrict the fluid and
moving mass. Usually, relief valves
plumbed as shown, or plumbed from
one line ta the other, each direction,

LOAD JLF

DIRECTIONAL CONTROL is accomplished wilk
a 4-way directional valve in exactly the same
manner as for a double-acting cylinder. There
are many circuits in this manual illustrating

SPEED CONTROL for slow speed, lightly Joaded
applications is done with flow control valves
the same as for cylinders, as illustrated here.

3] B

vipCl

3

DECELERATION

cam b T ] [ £ Jwfcam

REUEF

actuated L U]
stop the ACTUATOR

will limit the generation of surge pressures to s safe value. 1f cam valves are uscd,
the cam shape should provide a pentle ramp transition, and the spool should %e

tapered to provide a gradual closing off of fluid.

LOWERING a mass from Position 2 and stopping it
at Position 1 or 3 may require a deceleration valve.
However, if the Ioad is to be stopped in a straight
downward position, the load weight helps to decel-
erate at each end of the travel, and deceleration
valves may not be required.

rotary actuators

If uscd at less than
maximum ratings, rotary
actuators can often tolerate
a certain amount of side or
end leading of the shafi.
However, for maximum
bearing life under fuliy

Pure Torgue Qutput

LOAD

loaded conditions, it is es-

sential that side loading be —-
carried on a jack shaft sup-

ported in bearing blocks.

Gear Drive

T 11

FTI77 7 T

This sketch shows an
actuator driving a gear
train. The actuator should

- 3 be coupled with a flexible
or semi-flexible coupling,
or, it this is not pos-

B i sible, the actuator and
associated equipment must

T 77 77

s be very accurately aligned
to prevent undue actuator
bearing Ipading. A pilot

boss on the actuator, fitting closely into an accurately machined pilot recess in the
mating equipment is often advised as a means of aligning shaft centers precisely.

End Loading

End thrust or axial foading of the actuator
shaft is not advised. A thrust bearing between
actuator and load, driven through sliding
spline or other means, is recommended to
minimize internal wear in the actuator and

allow maximum life.

Screw Clamping

-

% LOAD

LOAD

e =
W‘Cjﬁwm’

Clamping by means of a steep
angle screw powereq with a
rotary actuator. Screw is rotated
in a stationary nut. The coupiing
slides on a splined shaft to re-
lieve actuator of axial loading.
Loss of pressure will not allow

FIIrT 77T I 7l 77 rirrrrrirrig

|

the clamp te release.

The fluid circuit should have
greater pressure for unclamping
because of the wedging action
of the screw threads.

ALY RN

AlIR BLEEDING in hydraulic systems is usually not required if actuator is mounted
with supply ports upward. In other positions, air will gradually dissolve in the oif
and be carried away as the actuator is cycled. Special bleed connections are avail-
able as an optional fealure on some acluators, if specified when ordering.

STATIC-FRICTION BREAK-AWAY pressure dees not usually exceed 30 PSI for hydraulic

units, and 15 PS] for ppeumatic units,

!NTERNAL BY-PASS FLOW is always present to a small degree, and increases with
increase of pressure. On air applications it must be recognized that on stall-out
applications, under air pressure, there will be a small continuous by-pass fow.

Up to 114 Tumns Rotation

To cbtain full 1 turn, or up to 1%
turns, two rotary actuators may be
rigidly joined back-to-back, with onc
shaft anchored, the other shaft free to
rotate the work. Usually a special
adapter, manufactured by the customer,
is required to join the two unmits. Con-
nections must be made with trailing
hoses.




Hydraulic Motors

_g)eﬂacfion

‘When selecting a hydraulic motor you
must first estimate or measure how much
torque {(not horsepower} is required to
overcome starting (breakaway) friction
of the load. Torque is defined as *‘rotary
force,” and is obtained by multiplying
length of arm times the weight or force
appilied at the end of the arm. Some-
times a simple experimental system can
be rigged up similar to the one shown in
the diagram, using a spring scale or
known weight to find how much torque
is actually needed to get the load started.

The next step is to tentatively decide
ott a maximum hydraulic system press-
ure. Then examine the published char-
acteristics of various motors, and select
one which has about 25% more torque
than actually needed. This is necessary
since motors have from 15 to 25 per-
cent less starting torque tham running
torgue.

Cf)fecfric mal'or 5orgue

If you already know the electric
motor size which will do the job, use
this table to find its normal full load
torque, The hydraulic motor needs to
be sized about 75% above this because
the electric motor (3 phase) can de-
velop at least 50% more on starting,
and the hydraulic motor may be short
about 25% on starting.

.S;met!

To obtain maximum HP, operate the
hydraulic motor at the highest practica:
speed, and usually not less than 500
RPM, except motors built specificallsy
for slow speed. When reduction gearing
is used the torque is multiplied in pro-
portion.

Speed may be controlled with either
a needle valve or pressure compensated
flow control valve, If a by-pass type of
speed control can be used rather than
the series type, less heat will be gene-
rated in the oil. Motors may be ob-
tained with reversible rotation, and the
direction can be controlled with the
same 4-way valve that would be used
for a cylinder. CAUTION: If the motor
is coupled to a high momenium load, a
double cushion valve should be instatled
in the motor lines to absorb the shock
when the 4-way valve is centered or
reversed.

Olf Uoﬂcme p etiuireml

To figure the GPM (gallons per min-
ute) reauired for driving a fluid motor,
first look up the motor displacement.
This ig.usually given in cubic inches per
revolution, GPM per 100 RPM, cic.
Multiply by RPM or hundreds of RPM
as the case may require, then, if neces-
sary, convert to GPM using: 231 cubic
inches =1 U.S, gallon,

Example: A certain fluid motor has a
displacement of 4.2 cubic inches per
revolution. How many GPM of oil are
needed t0 run it at 200 RPM?

SOLUTION: 4.2 X 1200 = 5040 cubic
inches. Then: 5040 = 231 =22 GPM
required.

TORGQUE CHART

Please note that all torque values in this table are in Joot

ounds. Multiply by 12 to

kel inch pounds. For values not in the table, use one of .ri:ese jormulae:

Torque = HP x 5252 +~ RPM

HPF = Torque x RPM + 5252

100 500 750 1000 1200 1500 1800

HVP llll';oll RPM RPM RPM RPM RPM L] QI‘P:;IO :lg:lo :l;oﬂo

A 1 263 176 131 110 .876 .730 548
:2 175 350 234 175 146 117 972 930 Zggﬁ 'igg
y ig‘i 525 350 263 220 175 146 110 875 710
4 4 787 524 3504 328 262 218 164 131 109
%% 525 105 700 525 438 350 292 219 175 147
788 157 105 788 636 526 438 328 263 216

3 105 210 ~ 140 105 876 7.00 584 43
] . ) X . 38 3.50 292
:3; égg 315 200 158 131 105 876 657 535 438
;. 203 _s":: 350 263 220 175 146 110 875 T
8 532 394 32% 366 218 164 13
}0 525 105 70.0 525 438 350 292 219 17% 12'2
23 l;:g ;::3 105 788 656 526 438 328 265 219
140 105 876 700 S84 438 3
'3'.3 1313 263 175 131 110 877 T30 S48 4323 %2:%
3 2115;; j ;; 210 158 131 105 874 657 526 437
280 210 175 140 116 875 700 38§
23 226 523 350 263 20 175 146 100 875 o
630 420 35 262 20 175 131 105 874

Hydraulic Motor Circuits

i ircuits, j i n be
These are partial circuits, illustrating some of the ways _hydrauhc motors cal
connected and controlled. Each circuit is condensed to its simplest ferm, to itlustrate
one basic idea. These circuits can be combined with other hydraulic circuitry to
form a complete working hydraulic system.

o Parallel Motors

Two identical motors connected in parrallel will
develop twice the torgue and half the speed as one
of these motors working from the same pump. Unless
the motors are mechanically tied together in some
way, more oil will go to the motor with the lighter
load. Sometimes, flow splitting valves must be used
10 make the oil divide equally.

Series Motors

Twe identical motors in series will run approxi-
mately the same speed regardless of the difierence
‘n load between them. They will divide the available
pump pressure in proportion to the load on each.
“ake sure that mators used in a- series circuit arc
capable of having both ports pressurized.

Single-Direction Rotation

PRES. A standard 4-way, 2-position valve is used to start
and stop the hydraulic motor. In the stop position,
shown on the sketch, the motor can ‘‘free wheel,

¥1 that is, it can coast to a stop, or can be rotated
manually. Also, in the stop position the pump is
unloaded.

Reversible Rotation Motor _?:
MER ——
Direction of rotation is controlled with a standard T MF
3-position, 4-way valve used in exactly the way it -
would be used o control a double-acting cylinder.
in center position, the pump is unloaded to tank, ¥l

and the motor can “‘free wheel.”

Manuai Throttle Braking

Controlled braking by throttling toward
center position of a manual valve. Revers-
ible motor operation with pump unloaded
in center position. V-2 and V-3 must be
used to prevent rupture of hydraulic system
if valve is accidentalty centered abruptly.

¥l
¥3
v 17}

Surge Relief Circuit

Similar to above circuit, but with single relief
valve, V-1, acting as safety relief for both direc-
tions of rotation, through network of V-2 shuitle
valve, and V-3 and V-4 check valves.

m .
&, Relief Valve Braking
= L Single-direction rotation, with ‘‘free-wheeling”
1 in valve top position with V-2 serving as the main
— LL circuit telief valve, and braking in valve lower
E position with V-2 acting as brake relicf valve.




Series /Parallel Motors

For vehicle wheel drive, two
hydraulic motors may be used in
series for high speed travel, and

in paralle! for high torque at low t
speed. Valve V-2 is the “speed 112
shift”, giving free wheeling in -

Position 1 for towing. Valve V-1 E 3

is the directional control with
rump unloading in center posi-
tion. Valve 3 is the regular relief
valve.

PRES Four Motors in Series/Paraltel

With V-1, V-2, and V-3 in center position as shown, all four motors are in series.
‘With these three valves thrown to the feft, all four motors are in parallel. With V-1
and V-3 in center position, and V-2 thrown to the left, MF-1 is in series with MF-2.
MF-3, is in series with MF-4, and these two groups are in parallel with each other.
The right hand position of these three valves, shown blank on the drawing, is not
used in this circuitry, and may be blocked off on the valves. This gives speed and
torque ratios of 1, 2, or 4 without using any mechanical transmission. Valve V-4
is the directional contrel for all motors. :

Over-Run Limiter

————————— e Use this circuit o prevent a hydraulic motor from
i | over-running, as on a vehicle travelling downhill.
PRES. Valve V-1 is a 2-way hydraunlic by-pass valve, of
spool-type construction preferably, connected for ex-
¥1 ternal pilot, internal drain operation,
— -
Constant Motor Speed net
To keep motor, MF, running at constant speed, a 0
small pump coupled to it genrerates pilot pressure
across needle valve, V-1, to operate a 2-way by-pass 42
valve, V-1. If the motor tends to overspeed, the T
higher pilot pressure genecrated causes V-1 to by-pass IE
more circuit oil, slowing the motor to normal speed. 1

Controlling Large Motors

A small, 3-position vaive, ¥-1, controls a very
PRES. large, single-direction motor. V-2 and V-3 are
pilot operated reliefs with vent connections.
Center position is “free wheeling,” as V-2 and
V-3 are both vented. Top position is braking
position, with V-2 vented and by-passing circuit
oil to tank. Botiom position is running position
with brake valve, V-3, vented, and V-2 as circuit
relief valve.

E V-3

. Modified series connection of two
identical motors in which the second
motor must run slightly faster than
the first, Example: MF-1 driving a
feeding conveyor, MF-2 driving a
carry-off conveyor. V-2 is a by-pass
type flow control with the excess oil,
shown in dotted lines, plumbed back
into the second motor inlet.

Conveyor Drives

Accumulator Sizing

1. First, the cubic inches of oil needed from the accumulator on each discharge
=rust be calculated or estimated.

Z. The accumulator pressure, during discharge, will drop from a maximum fully
charged pressure to a lower pressure, This means the system must be designed so
safficient cylinder force can be obtained at the lower {minimum) pressure.

3. With the data from Steps 1 and 2, use this chart to ascertain the gallonage capa-
=ty of the accomulator to meet these conditions. We suggest pre-charging the ac-
sumulator with dry (oil pumped) nitrogen to about ¥ 1o 12 the maximum system
cressure. The chart is for piston accumulators, but can be used for badder accumu-
_aiors, temembering that a bladder accumulator should not be completely dis-
charged on every cycle becanse of ultimate damage to the bladder. Accumulator
volume is specified as total oil and gas volume, or gas volume when discharged.

SELECTION CHART

This chart shows the cubic inches of oil delivered by a ““1 gallon” piston accumu-
zzor in working from a maximum system pressure shown along the top of the
art to one of the lower pressures shown in the ¢xtreme left column, A *“3-galion”
cumulator would deliver 3 times this amount and a “5-gallon’ accumulator 5
::mes this amount, etc.

The chart is based on the accumulator having a gas pre-charge of one-half the
Taximum system pressure, as suggested in our design recommendations.

INSTRUCTIONS; Find your maximum system pressure along the top of the
:hart, follow down the column to the intersection with the minimum design pressure
awn in the left column. This is the working oil available from a 1-galion accu-

—ulator,
Mini Hydraulic System Pressore
‘ Maximum Hydraulic System Pressure — PS§I
3000 2750 2500 2250 2000 1750 1500 1250 1000 750
2700 12
2500 17
2500 22 11
2400 27 16 L
2300 23 21 9
2200 40 26 15
2100 46 i3 22 9 b‘
2000 55 41 28 15
1900 &4 49 35 21 6
1800 T4 58 44 27 12
1700 24 67 52 35 20 2
1600 9t 79 62 45 27 i
1500 np 61 73 35 37 18
1400 100 86 66 47 27 8
1300 100 81 59 38 18
1200 96 73 50 28
1100 88 66 40 17 V
1000 83 55 28
S00 i i H 100 75 43 13
A Cubfﬂullnches o,f’ oil delivered by a 9 ps; 38
700 gallon™ accumuiator 86 47 [
500 73 28
500 66

Note 1: 231 cubic inches equals 1 U.S. galion.

*ote 2: The above charnt is calculated on oil volumes 5% less than obtained for
:Zeal (isothermal behavior of the gas) conditions. On applications where cycling
:s infrequent but is extremely rapid when it does occur, the actual oil delivered
zould be about 15% less than shown in the chari.

Note 3: To calculate oil volumes at other precharge pressures, pse the formuola:

PV, = PV,

L where P is pre-charge pressure, V1 is total
-ubic inch volume of the accumulator, Py is the maximum hydraulic system pres-

sure, ¥y i gas volume {in cubic inches) at pressure P., Solve for V., then subtract
this from the total volume, V1. Pressures are absolute (gauge plus 14.7).




Accumulator Circuits

See Preceding Page for Accumulator Selection

Circuits shown on these pages are stripped down to bare essentials, with acces-
sory iterns such a gauges, filters, cut-out valves omitted for the sake of simplicity.
Each circuit presents one basic idea for the use of accumulators, and it may be
possible to combine elements of more than one circuit to obtain a total circuit with
the desired characteristics,

Accumulator unloading., For low volume
pumps, up to 20 GPM, When accurnula-
tor has been charged up to the seiting
on V-2, pilot pressure (shown by dotted
{ine) causes V-2 to dump the full pump
output to tank, allowing the pump to idle
at practically zero pressure. When ac-
camulator terminal pressure falis 20 to
25%, V-2 loads the pump and starts
charging the accumulator. Check valve
V-3 prevents loss of accumulator oil
through V-2 when the pump is idling.

Valve V-2, accumulator unloading valve, is a spap-action valve designed specifi-
cally for this use, An ordinary by-pass or unloading valve will not work.

Valve 1, circuit relief valve, is optional in this circuit. It is generally included as
an additiocnal safety feature, although the unloading valve as long as it is operating
properly will protect the pamp.

A E laadi For high volume
pumps. V-1 is a pilot operated relief
valve with a remote control or venting
conneciion, It is sized to handle the full
pump volume. V-2 is a standard accu-
mnlator untoading valve of small capac-
ity used to control the vent connection
of V-1, As mentioned above, V-2 must
be especially designed for this type of
service.

Accumulater unlogding, Electrical
method. Similar to circuit above except
that a pressure switch and 2-way sole-
noid valve replace V-2, This system
sometimes fits jn better with circuits
using other solepoid controlled valves.
By choosing a pressure switch with ad-
justable differential, the cut-in and cut-
out pressures can be adjusted {o suit.

V=i

| e |
2N A
L

Basic accomulater ciresit. For circuits in which oil flow is required intermittently,
with relatively long resting periods in between. A low volume pump, runaing con-
tituously, can store pressurized oil in the accumulator, to be used in large volumes
for short periods. Cylinder bore diameter must be large enough so that sufficient
thrust will be obtained even at the low point of the pressure cycle, just before the
pump is loaded to re-charge the accumulator. Recommendations on the preceding
page may be followed to determine the total accumulator volume needed for a
given design. Re-charging of the accumulator may take place at any part of the
cycle — loading, curing, etc. The use of relief Valve V-1 is optional for extra safety.

Accumulator Circuits — Cont'd.

SMALL

Hi-lo Circult. The use’ of one large and one small accumulator is arranged to perform
much like a hi-lo pump circuit. During resting, both accumulators are charged to
full system pressure. When V-5 is shifted, oil from the large accumulator provides
the necessary volume for rapidly advancing the cylinder, with oil trapped and held
at full pressure in the small accumulator during this phase, When the limit swilch is
actuated, oil from the small accumulator is refeased by V-2 to do the high pressure
holditg, This high pressure oil closes check valve V-4, and the pump starts replen-
ishing the Jarge accumulator during the holding cycle. At any time in the loading,
pressing, or curing part of the cycle that the accumulators become fully charged,
V-1, which is an accumulator unloading valve, will unleoad the pump.

Fast clesing of the cylinder is made possible using a fairly small size traverse pump,
PF-1. When cylinder bottoms out against the work load, PF-2, the low volume, high
pressure pump, takes over to do the high pressure work, while PF-1 is re-charging
the accumulator. V-1 may be an accumulator unfoading valve if desired.

V-4 V-5

Economlcal crevlt for long holding cycles, Rapid traverse of the cylinder is done
with combined oil from both pumps and the accumulator. When cylinder bottoms
out against the work load, PF2} takes over and has enough oil volume {0 mtaintain
full work holding pressure, with the excess oil charging the accumulator through the
restrictor valve, ¥V-4. During this tim= PF-1 is completely unloaded with ¥-1, which
may be any type of pilot controlled by-pass valve. A variation of this circuit would
be to omit PF-1, V-1, and V-3 if cycle time is sufficiently long.

Regeneration plus accu-
mulator oil plus pump oil
combine to give very rapid
advance. Pump plus accu-
mulator plus small rod
area combine to give very
rapid retraction. Circuit
as shown is for high speed
travel at low thrust, as no
valving has been provided
g.:_ %et fglltghrust on ;:he
lind end at any time. For best results, use a 2:1 ratio cylinder. V-5 and V-6 a
pilot operated check valves for connecting cylittder blind 3isnd either to tank or {g
rod end. V-4 may be a small valve, as it only handles pilot oil for V-5 and V-6,
Valve V-2 is the conventional unloading valve for the pump when accumulator
becomes fully charged. This circuit works best in those ar plications requiring high
speed, but where there is sufficient time between cycles for the accumulator to take
charge. Do not use this on continuously reciprocating applications,




“High-Low” Systems

Many systems require a_high volume at low pressure for rapid traverse up 10
the work, and then low volume, high pressure for clamping, feeding, pressing, efc.
Sometimes this can be done most economically with two pumps. During rapid
traverse, both forward and reverse, oil is supplied by both pumps workl’r,lg together.
When work resistance causes the system pressure to rise to the “set” unloading
pressure, the high volume pump is automatically dumped by the unloading valve
which receivés pilot pressure from the main pressure line. X

Valve 1 is a spool-type by-pass valve with external pilot, internal drain. Valve 2
is a pilot-operated relief capable of handling combined volume of both pumps.

"ngh-l.OW" sys"em Demgn 1. The “set” unloading
i pressure is usually at the
OUT  point where the driving
motor has reached full ca-
pacity driving both pumps,
Then, when the large pump
has been unloaded or
“dumped,” all the motor
RELIEF  power is available for driv-
VALVE ing the remaining pump to
a much higher pressure.
Thus, motor P must be sufficient to drive both pumps at least up t0 the minimum
pressure required for traversing forward or reverse, whichever is greater.

2. The motor must have sufficient HP to carry the high pressure pump up to
the maximum desired system pressure while the other pump is idling.

3. The combined volume output of both pumps together must be able to traverse
the cylinder(s) at the desired speed.

4, A “high-low" system cannot be used where the maximum pressure is required
for the full length of both forward and return stroke, although it is sometimes
practical to use where full pressure is required in one direction for the entire stroke,
but low pressure is sufficient for the return stroke. Examples of this would be broach-
ing or extruding, .

5. A “high-low” system is entirely automatic and, once set, requires no attention
from the operator.

Comparison With Single-Pump System

EXAMPLE: A certain press has a cylinder with 6-inch diameter piston and 10-inch
stroke, The press must make the full 10-inch stroke in 6 seconds, and must develop
2000 P51 pressure in the last part of its stroke. .
SINGLE PUMP SYSTEM: The volume of oil required to fill the cylinder during the
forward stroke is: 28 square inches {area of piston) x 10-inch stroke = 280 cubic
inches. Required pumping rate (to” close the press in 6 seconds) is 280 - 0.1 (6
seconds is 1{10th minute) — 2800 cubic inches per minute, or, 2800 = 231 (1 U.S.,
Gallon is 231 cu. ins.) = 12 gallons per minute (GPM). Refer to “Motor HP”
table in this manual. Re&:ired HP is 16.8 (85% efficient pump).

HHIGH-LOW" SYSTEM: We will assume the same press cylinder as above wikl move
most of the distance in ‘‘free travel,” and will do the heavy pressing, say in the last
1% inch. Probably less than 500 PSI will be required in both forward and reverse
“free travel”. The HP table in this manual shows a 5 HP moior to be adequate to
drive a pump with up to 15 GPM flow at 500 PSI free travel pressure. The same
table shows 5 HP can drive a pump with up to 3 GPM capacity to the full 2000
PSI high pressure required for pressing. Therefore, if the 15 GPM were being
delivered by two pumps of 12 and 3 GPM capacity, and if the 12 GPM pump
could be automatically unloaded when work resistance builds up the pressure to
exceed 500 PSI, then the “high-low,” two-pump systern couid do as much work
with a 5 HP motor as the single-pump system can do with 16.8 HP, The slow-down in
speed during the pressing operation is more than offset by the increased speed during
“free travel” by having 15 instead of 12 GPM.

LOADING
VALVE

SLOW Operation for Set-up

Unloading of the high
R volume pump, PR-1, is
by the pressure switch

iN
ouT and solenoid 2-way
valve, V-1, when pres-
sure reaches the '‘set”
V-2 amount, I the SLOW
RELIEF

switch, SW-1, is thrown

BY - PASS to the open position,

VALVE the high volume pump

will remain unloaded,

and the set-up or_testing can be done at slow speed nsing only the Iow volume, high
pressure pump, PF-2,

Solenoid valve V-1 should be normally open, to be fail-safe electrically, At the

start of the cycle it should be energized simultanecusly with main control valve.

Pump Unloading

When the hydraulic pump is not needed to develo ressure, i
loading time, the oil flow should be diverted back to r:hep il taﬁks?ﬁﬁiezrislgxng%
zero, back pressure. Forcing the pump to buck the relief valve unnecessarily. causes
£xcessive pump weaf, consumes high horsepower, and most important, it’creates
heat which accumutates in the oil tank. The unloading circuits om this page may
be modified in many ways to exactly suit a particular application.

The simp] . Dump Yalve

e simplest way to unload a pump is to by-
RELIEF the oil directly to tank with a 2-‘:~raypmanua1 i:ﬁgﬁ
UNLDADING

" This method is undesirable for general use, as the
VALVE

operator may forget to shift the valve when pressure
Pilot Contrel Valve =

is not being used. A better way is to use a solenoid
Essentially the same circuit as above ex
] y C cept a sma
(¥s-inch) size unloading valve, either nPanual (}1! e

valve cperated automatically by a limit switch, T
switch is actuated by the machine at the end of tl};:
cycle, and breaks current io the solencid valve.

solenoid, can be used to unload even the Iargest size

pump by piloting the system relief valve, The relief

valve must be of the pilot-operated type with remote
cogtrcg or “'.vent" connection. Tt must be of large
enough size to carry the full pump volu

residual back pressure. pump e at small

UNLOADING
VALVE

. Tandem Center Control Valves

This system works equal-
Jy well for either manual
or solenoid valves. Any
number of valves may be
connected in tandem, but
the pressure losses become
quite high when more than
2 or 3 valves are used, and
the pump must be capable

of developing the extra pressure to supply these losses. CAUTION: Some manual

valves must be ordered with external drain ¢ i
wit} onaection in o; i
Read your valve description carefully before ordering, rder 10 be used in tandem.

Low Pressure Unioading

This circuit is often used for counterbal i
4 press ram or_cylinder against clovi.rnwar:zi1 ngrri‘f%
due to gravity. The main circuit relief valve, V-1
15 set for the required working pressure. Auxiliary’
relief valve, V-2, works on the vent connection
of V-1 to reduce the system pressure to a very
low value when the 4-way control valve is shifted 2000
for the Teturn stroke. Valve V-2 need mever be
Lafrg\?rztliisnc ‘;/;: e?tzet::'l I:Iote that the discharge port

g n o : 2
Tather thas yected one of the cylinder lines

-5

100 P3)

Com Valve Unloading A cam is placed "
placed on the
cylinder rod, or other con-
venlent part of the moving
mechanism. When cylinder
reaches desired retracted
position and depresses cam
N actuator, the pump is au-
V-3 tomatically unlgaded to
tank. V-3 is shown as a
4-way valve with unused

ports plugged,

High Pressure Farward, Low Pressure Return

V-1 is set for high pressure for-
ward, and V-2 for low pressure
fetorn. Pump continues to buck
the low pressure relief after the
cylinder bottoms out. This unloads HIGH
the pump sufficiently for many PRES.
systems, RELIEF




Fluid Power Speed Control
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Mater-1n Control

Meter-Out Control
i hydraulic cylinder
tant volume pumps are used, the speed of an air or ! €
is mﬁgﬁycggz:mplished by metering tlga ﬂowhmherr‘jﬁfﬁiﬁ;ﬁ?géﬁ;ﬂ?ﬂﬂ%ﬁ ::ft e;ﬂ
shunt with the cylinder. The circuits above show se 3 ols connected
i i to meter the incoming flui
to meter the outgoing fuid as in the left circuit, or t T the Incoming fuid 2 ne
i ircuit. Meter-out circuits are preferred in most pt wh
%Jlll.leiiéilgltl:‘lt ocflrpc;éssure behind the control would interfere with proper operation (t)f ae
sequence valve, 3 pressure switch or similar device. A flow control ;al:et ;Is anyssgé};e
of throttling v;ilve, with or without a return check, and with or without the pre

compensating feature.

Series @

Conirol
Lovaiions

iy |

b

X
=
(1]

Series-Type Spesd Conirol

i i iti cted cither as
i cd controls may be installed in Positions 2 and 3, conne ither
mest:{-l-?: sopr‘3 meter-out devices, _by-pa;scél' tht_l:mchg;k av:li.;ﬁeacso;g%ﬂt '{)‘i;xss:ug&;:eix
individual adjustment of speed in each direction. Ur, ol o e,
i i -in control in both directions. For the same spe
:;grillriec rg)?ltieurdler speed will be faster while retracting because of the volume
occupied by the cylinder rod.

Ee <© By-Pass
)< (2713 Somteal

=
By-Pass Type Speed Controt 4 .

unt, or by-pass, contrel is shown above. Un-
wasnl:ed " oil isyshunted directly back to reservoir,
¢ither with individual valves at 2 and 3 for individual
control in each direction, or with one valve at 1, for { *
conirolling both directions of movement.

Dval Air Exhaust Conlrols’

Most air valves have two exhaust ports, one for
each direction of motion of the cylinder. A very ﬁ?v :‘ 228
simple and effective control of speer} is obtained by F— =3
screwing a needle vatve into each of these ports, for AR IN

individual control of speed in each direction.

0

Vehicle Drive Calculations

The force necessary to drive a wehicle is composed of the sum of: {1) road
resistance, {2) force necessary to negotiate the grade, (3) force needed to accelerate
10 final velocity in the allowable time, (4) force to overcome air resistance, on
fast moving vehicles. Each of these can be calculated or estimated from the formulae
on this page, then added together. In selecting an engine, allow enough extra horse-
power to make up for losses in the mechanical transmission system, including

gear-shift boxes, clutches, differentials, chain or belt drives.

TRAVEL SPEED in MPH {miles per hour)
is found by multiplying wheel RPM x
wheel circumference.

RPM x d
336

336 X MPH
d

MPH =

RPM

d = Whee!l diameter in inches

AXLE TORQUE for driving the vehicle is
found by multiplying drawbar pulf (or
push) times the wheel radius.

T
T=FXr or F==-——n
r

T = Inch lbs. axle torque
F = Drawbar pull in Ibs.
r = Wheel radius in inches

ACCELERATION of a vehicle is expressed
in this formula involving weight, ac-
celerating force, and time.

_ UXW
F = g XT

F = Accelerating force in lbs.

V¥ = Final velocity- ft. per sec.

W = Vehicle weight in 1ba,

g = Gravity acceleration = 32,16

T = Time in seconds that force acts

Please note that the use of the symbol
“g" in this equation is to convert weight
into mass.

DRAWBAR PULL te kecp the vehicle in
steady motion on level ground depends.
on the road surface. The following
values, published by Clark’ Equipment
Co. are typical, Values are lbs. drawbar
pull per 1000 1bs. of vehicle weight,

Concrete. . ............... iD to 20 Ibs.
Asphalt. .. ..12 to 22 lbs.
Macadam. ..15 to 37 Ibs,
Cobbles. . .. .55 to 85 lbs.

now. ..25 to 37 lbs.
Dirt. .. .25 to 37 lbs.
Mud. .. .37 to 150 lbs.
Sand.......... ....60 to 300 Jbs,

GRADE. In mobile work, grade is usually
exptessed in percentage rather tham by
angular measurement. For example, a
10% grade has a rise of 10 feet in a dis-
tance of 100 feet, etc.

GRADE RESISTAMNCE is the drawbar pull
necessary to keep the vehicle in constant
motion up the grade. This is in addition
to the drawbar pull to overcome road re-
sistance, as expressed in another
formula,

F=GRXW
F = Drawhar pull in 1lbs.

GR = Per Cent grade (1. e. 10% = .10}
W = Vehicle gross weight in lbs.

HORSEPOWER required on vehicle
wheels is torque x RPM,

T X RPM

HP = 53033

T = Inch lbs torque

NOTE: Additional horsepower is re-
quired at the engine to overcome trans-
mssion system losses,

AIR RESISTANLE will be important onfy
on fast moving vehicles. {over 30 MPH}.

F = FA x (MPH)?

F = Additional force necessary
to overcome air registance

FA = Frontal area of vehicle
in square feet

MPH = Vehicle speed in miles
per hour

CONVERSION formula between torque
and horsepower.

_ HP x 630
T R4

MOMENTUM of a vehicle is equivalent
to that constant force which would bring
it to rest in one second by resisting its
movement,

Momen - Weig:t XV

Weight is in lbx.
V = Velocity in feet per zecond

£ = Gravity acceleration = 32,16

AXLES and drive shafts must have a
diameter large enough to transmit the
torque without excessive deflection. The
angle of deflection for a solid, roond
axle, may be calculated from this
formula:

- 6 X T X
A DY X E

A = Angle of deflection in degrees

T = Applied torque in inch Iba,

L = Shaft length in inches

E = Modulus of elasity (12,000,000
for ateel)

D = Shaft diameter in inches

Some authorities say that a steef shaft
should be limited to an angular deflec-
tion of 08 degrees per foot of length, to
avoid failure.



Overheating

in Hydraulic
Systems

HEAT GENERATION

Heat is generated in a hydraulic 3ys-
tem whenever oil domps from a higher
to a lower pressure without doing
mechanical work, Typical examples are:
oil bucking a relief valve; pressure Joss-
es from oil flowing through piping.
valving, etc. At the point where mechan-
ical work is being done, such as il the
cylinder, fluid motor, eic., most of the
energy is poing into work, and very little
heat js being generated. .

When designing a hydraulic system,
an estimate must be made of the heat
which will be generated. An oil reser-
voir of suitable size must be used to
dissipate this heat, or some 1ype of oil
cooler must be added to the system. Qil

temperature should be held to 120°F,
for best results, and should never be
allowed to exceed 150°F. At high tem-
peratures, oxidation of the oil is accel-
erated, shortening its useful life, by pro-
ducing acids and sludge which corrode
metal parts, clog valve orifices, and
cause rapid wear of moving parts.

Oil reservoir temperature should be
checked occasionally, since overheating
tends to get worse as the system ages.
Oil leaking past cylinder pistons, and
slippage in the pump and valves, pro-
duces a quite appreciable amount of
heat which accumulates in the oil tank.
‘And of course the danger of overheating
is much greater in hot weather.

HEAT GENERATION FORMULAE

Heat generation across an orifice or
pressure relief valve may be easily cal-
culated if the pressure drop across the
device and the oil flow through it is
known or can be measured, Use the for-
mulae:

HP = PSL X GPM + 1714
or, BTU/he = 1Y X PS1 X GPM

in which PSI is the net pressure across
the orifice or valve in pounds/square
inch, and GPM is the oil flow through
the orifice or valve in gallons/minute.

Heat may be converted into other units
by means of conversion factors:

1 HP = 2545 BTU/hr = 4.4 BTU/min.
= 33,009 ft.lbs./min. = T4 watls.
1 BTU/hr = .0167 BTU/min. = 00039 HP.
Example: 12 GPM by-passing a relief
valve at a pressure drop of 500 PSI

generaies 3%2 HP of heat, most of which
is carried by the oil back into the tank.
NOTE: Heat is generated only when
the energy is not going into mechanical
POWET.

ESTIMATING HEAT BUILD-UP

In most circuits the prime heat gen-
erator is the pressure relief valve. Usu-
ally this valve is in action for only a
portion of the cycle. Therefore, it is
necessary to find the maximam rate of
heat generation by using the formulae
above, then arrive at an AVERAGR for
the entire cycle.

Exaomple: In a certain system the re-
lief valve is generating heat at the rate
of 3 HP while in action. However, the
oil is bucking the relief valve on_an
average of about ¥ of the time. This
average includes idle time between cycles
plus regular time, and is over a 1-hour
period. The AVERAGE rate of heat
generation is, then, 1 HP.

Another major cause of heal genera-
tion is a pressure compensated flow con.
trol valve used to obtain variable speed
of a cylinder ot fluid motor. If this vaive
is piped in series with the load, then a
portion of the oil is always forced to
by-pass through the system relief valve.

When the flow control is throttled down
to obtain slow speed operation, a major
pertion of the pump volume is usually
penerating heat i the relief valye. If the
How conirol can be used in a_“by-pass”
circuit to shunt off unwanted oil, heat
generation can sometimes be reduced.

Pressure reducing vaives should also
be checked if they are passing large vol-
ume flows oF working at a high pressure
drop from inlet to outlet.

In addition to the major heat generat-
ing points already listed, assume that
an additional 25% of the pump horse-
powet wiil go into heat. This will usvally
take care of the many hard-to—ﬁgure
points of heat generation such as fluid
friction in pipes and miscellaneous
valves, mechanical friction and slippage
in cylinders, fluid motors, or pumps. It
is good practice to provide connections,
usually in the main oil return kine or in
the relief valve return line, for instaliing
a heat exchanger.

COOLING CAPACITY OF STEEL RESERVOIRS

After estimating the HP or BTU heat
generation in your hydraulic system, the
Rext slep is 10 see whether the heat can
be radiated from the oil tank, or
whether an oil cooler is required. X

For average work, assume heat radi-
ation from the sides and top of the
Teservoir. The surface area of external
plumbing may also be counted as radi-

ating surface. Do not figure the botlom
of the reservoir unless it is exposed to
free air circulation. Cooling capacity
of the reservoir will increase in propor-
tion to the square footage radiating
surface, and also in proportion to the
difference between oil temperature and
surrounding alr temperature. For_steel

oil tanks the following formula will give

approximately correct results:

HP (heat generation) — 0001 x TDx A

A = square footage of radiating surface.

D == temperature difference between
ofl and surrounding air.

HP = cooling capacity expressed in
horsepower which is usually the most
convenient working unit.

There should be a reasonable degree
of free air circulation around the tank.
A forced blast of air directed on the side
of the tank can increase ihe heat radiat-
ing capacity as much as 50% or even
more.

For converting HP to other heat units,
refer to the conversion formulae on the
opposite page.

COOLING CAPACITY OF STANDARD TANKS

This tabie shows the aproximate heat radiation that can be expected
steel oil reservoirs. Figures are approximate, as the actual shap%eots: th%ftggﬁd\i'zﬂ
influence the radiation. Values of radiation are figured very conservatively, being
haseod on an a_mblenl temperature of 100°F, with a maximum oil temperaiure of
1560°F. Radiating capacity will increase at lower ambients. Oftentimes a consid-
erable amount of heat is radiated from plumbing, valves, and cylinders,

Total Sq. Pt Heat Heat
Gallon Bodiats RadsFi Radiafy
Yolume Surface BYU /hr. He
6% 4% 515 21
12 6% 850 k1)
17 8% 1000 40
B’ 13 1700 _67

Tota Sq. Ft. Heat Heat
Gallon Radiati iati Radiati
Volume Surface BTU/ . Lis

80 24 3000 118

120 36 4000 1.60

250 50 6000 2.10

500 30 10.20¢ 4.00

TO REDUCE HEAT BUILD-UP

1. Unload the pump, if possible, when
pressure is not required. Several meth-
ods of doing this are diagrammed and
explained elsewhere in this manual.

2, On presses where a high static pres-
sure must be held for a long time, an
accumulator may be used to hold pres-
sure while the pump is unloaded.

3. On molding, bonding, or laminating
presses, Use an_ air-driven pressure in-
tensifier to maintain pressure without
heat generation.

4, In systems where heat buildup may
be a problem, use a generous reservoir

size, with a large surface area.

5. Pressure compensated flow control
va}ycs, if used, should be conrected in
:ibl:y-pass arrangement if this is pos-

&, Set the main pressure relief valve for
the least amount of pressure which will
do the work.

7. Locate oil reservoirs out in the open
Putting the tank in a small enclg:ed
compartment or console surrounded with
a dead air space will not permit maxi
mum _heat radiation. Shading the oit
tank from the direct rays of the sun may
help in marginal cases.

Compressibility of Water and Oil

These values for compressibility will be found useful in calculating the amount

PSi 0il

of fluid that must be released from a cyli i
ylinder in order to decom i
lower pressure. Or to calculate the amount of additional fluid whicﬁr::ﬁstt%: pﬁi:l;:g

inta a pressure vessel which has been pre-fi i i i
lest prissmre tp to a eerinin Jevel P lled completely with fluid, to bring the

Water PSI il Water PS5l 0il Wate

1000 056%  0.33% 6000 2.671%  L83%  ELODD %
I : f 144 )

me lME ek ne i E N o cad
;ougg %gg% 1.25% 9000 377%  3.68% 14000 5.‘45% 22&75%
% 154% 10000  411%  250% 15000 579%  435%

RULE OF THUMB. For hydraulic oil, average ! i i
ge 2% reduction in
PSI. For water, average VA% reduc’tion in volume per 1600 Ps]\:olume per 1000
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O DRIVE A HYDRAULIC PUMP
The chart is based on a pump efficiency of 85%. and is calculated from the
formula: HP = GPM X PSI = (1714 % .85}, Above 2000 PSI. multiply chart vab
ues by a suvitabie factor. Example: to get HP at 3000 PSI multiply chart values in
150 PSI column by 2, etc.

100 200 250 300 400 500 750 1000 1250 1500 2000
GPM Ps| @S| _PsI_PSI__Psi Psl  PSI pPsI  PSI  PS1_ PSI
o4 . e 11 14 ig .38 35 44 .53 .70
T o7 4 18 21 28 35 52 70 .88 105 1.40
e o 2y 26 0m 4 2 T 103 1290 1.55 206

T 14 28 a5 4»  s6 00 144 140 1.6 210 2.80
Wy 71 34 4 51 89 86 LD 172 215 258 144
3 24 a2 5 63 84 105 156 210 264 315 420
3y i a8 60 12 96 120 180 140 300 260 4.50
i g s6 0 B4 112 140 208 280 3157 420 560
s 3% 0 88 105 140 175 260 350 440 525  1.00
e TaT e 105 126 168 210 312 420 338 630 8.40
T & 9% 123 L47 196 24577 364 490 616 7.35 9.80
¢ 9 11z 140 168 224 2380 416 s60  7.04 840 112
o @ 124 155 166 248 310 465 618 773 928 124
w0 b 130 175 280 280 350 530 700 880 105 140
1 7r 154 103 231 308 385 572 770 968 115 154
B @4 168 210 232 336 420 624 240 105 126 168
13 % 178 23 267 136 445 668 892 112 134 178
14 96 192 240 238 384 4RD 7.20 960 120 144 192
5 105 210 263 3.5 420 525 T80 105 132 187 210
6 (10 2220 275 330 440 550 823 1ne 138 165 220
17 117 334 293 35St 468 S5 B8 117 146 1716 234
SE 136 289 3.5 378 204 630 935 126 158 189 252
5 130 Teb 325 390 520 650 973 130 163 195 260
200 130 260 350 420 560 700 102 140 176 21.0 28.0
= i35 150 438 525 100 875 13l 7.5 219 262 350
3 216 420 525 630 840 103 156 210 264 315 420
15 245 490 613 7.35 980 122 184 545 306 367 490
<o rs0 560 700 840 112 140 208 280 352 420 360
45 315 630 7.7 945 126 158 236 35 394 473 630
S %Sy 700 875 105 140 375 268 35.0 440 525 700
S5 igs J0 963 116 154 193 186 185 484 378 710
od 420 #40 105 126 168 210 312 00 528 630 840
05 455 910 1L4 136 182 228 333 45.5 312 682 910

Overg)ac[ing gfectric moford e

running, and to start it under Ao load
by designing the hydraulic circuit ie
have the pump unicaded while the
electric motor is being started.

The most commaon electric motor
used for driving hydraulic pumps is the
A-phase, squirrel-cage, Design B motor.
1t has a service factor of 109, which
means it can be operated continuously
al 107% above its nameplate rating ai
normal room lemperatures.

In addition, this motor will deliver up
160 A% of its nameplate horsepower
for short periods before stalling. From
a standstill, it can produce up 0 150%
rated torque for siarting. However, it
is not good practice to overtoad a
motor to this extent because  the Jine
current tends to approach infinity on
heavy overloads.

It is pood practice 10 overload the ¢

EXAMPLE: Find the required motor
horsepower to operate a 16 GPM pump
on the following press eycle: 10 seconds
1o traverse forward ot 300 FS] pres-
sure, 10 seconds to press at 1000 PSl,
and 10 seconds to return fraverse of
400 P31,

SOLUTION: From the chart, 3.3 HP
is required on forward traverse, 11.0 HP
on pressing, and 4.4 HP for return tra-
i ! verse. A 10 HP motor, if used, would
motor to_some extent if the hydranlic’ pe overloaded about 10% on pressing,
Mad is inicrmittent, as long @8 U8 pyr would be operaling at less than half
AVERAGE hydraulic loading does a0t power during Lwo thirds of ihe cycle.
exceed nameplate rating, for the entite  Thus, the average loading would be con-
cycle. siderably less than 100%. This is a goed

1t is best to limit the overloading to  design if ecopomy of first cost is impor-
apout 123 to 140% with the motor  lant.

@

Vacuum Applications

Vacuum pads are used for
handling concrete slabs, metal
or paper sheets, cloth, leather,
=tc. Commonly used in print-
ing and in packaging machines
0 grip or transfer paper, card-
board, or cellophane.

The figures in the body of

-—
ATMOS. VACUUM
PRESSURE CUPs
: _ WORK,_PIECE Sy
this chatt are lift capacities in 4

pounds for a straight ¥enical 4

Aft. Vacnum pads can easily slip si i
: C § Ca ip sideways when worked on slick surfaces; th
ase caré when gripping a load which has a tendency to shear away fro*:,theerpzfg.[ ©

Lifting Force of Vacuum Pads

Pud
! . P
D’i? Pad L:ﬂ:t Lift at Lift at Fad _Sg_ufﬁ:"_d Lift at Liftat
o, Arsa, 14 20 I Side Area, 14~ Fu -
] Sq.tnx . Yac. Tt Oim. Sq.Ins. Vac. Yac. Y.
é J&5 53 18 10 3 10 H 10 13
: ;5; 22 ;i 40 ; 440 8 40 52
ﬁ.l) 63
g 12.2; g‘ 1116 [] L] 11z % %115%'_
I 213‘2]' 137 1% 255 !'g 5.0 175 250 325
%% E’E 1) 252 55_8
fﬂ %25‘7] 5 5 %g,n 448 %&%
u . 550 783 1000 10 190 100 1000 1300
131 00 {531 1460 12 144 1008 1440 1875

Conversion of Inches Mercury to PSi

;:g_n-.uuzsznzzzolsxsulzml
1 || 173 3M 1277 LB 1080 983 384 785 GHE 530 491 3@

For “rule-of-thuamb” figuring 1 PSI equals 2” Hg.

Atmospheric Pressure at Various Altitudes

Since “vacuum force™” is developed b i

y weight of the atmosphere above How-
ance may have to be made in a v ich i more that
e Y e e e iade In levez}a.cuum system which is to be operated more than

Ntituds i}

i 1000 2000 00 6000 3000 10,000 12000 14,000 16,000
FSIEP es. " 290 273 258 240 22 205 LT [7.5 162
res. 142 136 127 118 108 102 93 86 78

Evacuation Time For Large Tank

This chart is set up for attainin ich i

3 k ip fa ining a 20” Hg. vacuum, which is th i

Eanty_' industrial applications using large vacuum storage tanks. For gi;ﬂlgev:gﬁﬁ ne
9‘_ ou::c wtvl?tﬂc:] b:t g:'e_ater than shown in the chart. s

¢ chart 1t is necessary to know the free-running air di
. g air displacem
Ezﬁ]u;l;nﬁg;ﬁ[:d agg ::;htchzoxlr?al;:ﬁfgg tﬁ}% rtrfmktt? be evacuated. Displ‘:lce:'lel'?? 1;'%23"%:{
B , catalog,
from the physical dimensions of the pump and t%o?ﬁf&f&";fs;m. can be calculated

Tawh Yol, Gals, ———m 20 0 50 75

Taok Vol, Cuft. ———ew 27 : 7 1 “:g 125: zg: 32: s:

Pump CRM,

z} cl:mq Frea Jime in Minutes

! ] 23 350 585 &47 17 175 234 350 585

: }?g i.aa 3% 586 180 117 & B4 30

4 7 1;; 293 43 585 BM_ 117 115 793

2 T b 195 29 1% 58 18 7 195

10 M .u Ly M 151 488 702 117

L& 3 4 78 117 156 234 317 468 180

n 2 ; 58 84 117 175 23§ 350 545

» . n n 5 JE L 1S 234 390
1 B 35 A1 0 140 2u



Hydraulic Pipe Table

Working Pressure in PSI

STANDARD PIPE

Strength Strangth Strength
Size 0.0 LD, Area SE*=4§ SF*—8 SF*— 10
Va A0S 169 06 2820 1705 1364
% 540 364 .10 2172 1629 1303
% 675 493 .19 1797 1348 1078
v .84 622 .30 1731 1298 1038
% 1.05 824 .53 1434 1076 860
1 1.2 1.049 86 1348 1011 308
114 1.66 1,380 1.49 1124 843 674
114 1.50 1.610 2.03 1017 763 610
EXTRA HEAVY PIPE
Va 405 215 036 3077 2983 2386
V4 .540 302 071 ‘3937 2203 1762
% 675 423 .141 2488 1866 1492
Yy 84 546 231 2333 1750 1400
% 1.05 742 425 1954 1716 1172
1 1.32 957 T10 1814 1611 1088
1t 1.66 1.278% 121 1533 1150 920
135 1.90 1.500 1.753 1403 1052 841
DOUBLE EXTRA HEAVY PIPE
14 .84 252 047 4666 3500 2800
% 1.05 434 140 3910 2933 2346
1 1.32 .599 271 3629 2722 2177
114 1.66 .896 615 3068 2301 1840
1% 1.90 1.100 930 2807 2105 1684

*§ F. — Safety Factor

This chart is based on stecl tul
cludes a safety factor of 5. Order
soft conditon after drawing. This yiel
higher pressures, h
ing pressure ratings

Safe Working Pressure

Seamless Steel Tubing

ard-drawn mechanical or stain
higher than shown in the chart

bing with tensile strength of 75,000 PSI, and in-

“hydraulic grade” tubing which is annealed to a
Ids a perfect flare with much less effort. For
less steel tubing may be used, giv-

WAL | 0w | 025v | oz
OD _:C'i'_'x\";-}cl SO
“ e 6000 | 6700
316" 1000 | 4,470
% 2980 | 3350
5/16" 2410 | 2890
u B 1900 | 2200
e Bagro | 1ns | i
157 1490 | 1675
916" 1330 | 1490
%" 1200 | 1340
f/167 | sr0 | 1ese | 1220
3% | 800 1000 | 1120
v | eas | se0 | 960
| e | 70| s

1,870

o032 | oasr | o427 | oa9v | osev | ess | o727 | 083”

B2 -..-5:

7680 | 84303 9920 IN750

5,100 s.em;;v' 6,750 | 7.850

3430 | 42003 504

3080 | 33707 4 2010

2560 | 2,800 6.660

2190 | 2400 5720
2,500 5,000

4,450
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Table of Equivalents Circumference & Area of Circles
Units in the first column can be converted 1o units of the second celumn by mﬁl[i-
plying them by the factor in the third column. Example: Given 5 atmospheres, how For circle diameters not sh- - 3¢ these .
many feet of water is this? Solution: 5 X 33.9 = 16%.5 feer of waler, Circumference — nD ors.-‘::: E o ee o formulae:
Or, units in the second column can be converted to equivalent umnits of the first Area = sD* = 4, or,:Trl

column by dividing by the factor in the third column. Example: Given 100 feet of
water, how many atmospheres is this? Solution: 100 = 339 = 3.69 atmospheres.

Diam. Circum. Area Diam. Ir—em Diam. Circum. Area
Yee 04909 000G oo :
TO CONVERT —sem———J- [NTO —3gw— MULTIPLY BY G sels o DA o fheer g
L . 173 z TR 3 i
INTO ~stiiffer—eeme— T(}) CONVERT =3 DIVIDE BY Yie  .19635 _DD307 = noRar g
Atmospheres Feet of Water 33.9 %y’ ggggg -00690 T e % 30238 72760
Atmospheres lnches of Mercury (Hg.) 29.92 5/“ gL g{gg ] - ¥ 30631 74662
Atmospheres PSI (Lbs./Sq. In) 14.7 i ka5 0 o = % 31023 75589
BTU Foat Lbs. 778.3 %”' I l}g;g; s - 3 10 31.416 78 540
BTU/Hr. Watts 0.2931 1/: 78540 04909 L j'-_; Y 32.201 82516
BTU/Min. Horsepower 0.02356 b 1340 TA%0S e %o 3% 8 50
Centigrade Fahrenheit "Cx 1.8+ 32 Yie 98175 07670 v, D ot R 80
Centimeters inches 0.3937 ] 1.0799 09281 4 ,Z Y 35.343 99 402
Cubic Centimeters Gatlons (U. 8. Lig.} 0.0002642 % 1.17281 11045 - s o 1

i i : . : 1, 36128 103 &7
Cubic Centimeters Liters 0.001 ¥ 12763 12962 a0 3% 35914 108 43
Cubic Feat Cubic Inches 1,728 e 13744 15033 T R 12 37699 113 10
Cubic feet Gailons (U. S, Lig.) 7.48052 _ “Ayz % 4736 17257 o= - %o 38485 117 8
Cubio Inches Cublc Feet 0.0005787 vi e 1% o 5 o330 122 72
Cubic Inches Galions (U. S. Lig.) 0.004329 Ve 17EN 24850 S R %o 40,055 127 68
ays Seconds 86,400 1%"2 18653 27688 B " sz 456 13 40, 841  132.73
Degrees (Angle) Radians 0.01745 % 19635 30830 ST M Yo 41626 137.89
Feet Meters 0.3048 kA 70617 33874 N 3 eooo4z412 143 12
Feet Miles 0.0001894 Wl 2159 37im Lo L W B 150
Feet of Water Atmospheres 0.0295 Y 2 2580 40574 s : ] Y 44,768 159 48
Feet of Water Inches of Mercury (Hg.) 0.8828 od 2.3362 4179 R 2190 % 45553 16513
Feet of Water PStE {Lbs./Sq. In.} 0.4335 e 24581 47917 v 1E £65 % a6'338 17087
Feet/Min. Miles/Hr. 0.01136 e 2.3525  5184g o LE g 147 15 47 124 176.71
Feet/Sec. Mites/Hr. 0.6818 “r 26507 55914 5 15635 Y 47,909 18265
Foot Lbs, BTU 0.001286 ,9/4 Z.0489 s P 18 it 48635 18369
Faot Lbs./Min. Horsepower 0.0000303 15/:: 29452 69023 i) E ¥ 5480 lna g
Foot Lbs./Sec. Horsepower 0.001818 Hy, 30434 73708 B 15, 50.265  Z01.06
Gatlons (U. S. Lig.) Cubic Feet 0.1337 1 31aic 785 s fo aboal 20739
Galions (U. $. Lig.) Cubic Inches 231 Ve 33375 8ms 4 g plBse 2038
Gallons of Water Founds of Water 8.3453 oo 3533 9940 o e B mb
Horsepower BTU/Min, 42.44 Vs 17306 11075 : o oo Ee
Horsepower Foot Lbs./ Min, 33,000 A e 17 i . 54,978 #4053
Horsepower Foot Lbs./Sec. 550 /3'“ 4.1233 1 3330 1 % 55763 24745
Horsepower Watts 745.7 S5 43137 14849 ; 18 56545 254 47
Hours Days 0.04167 Vie 45160 16230 X Y 57334 261 59
Hours Weeks 0.005952 gio gl 176l : i 58119 268 80
Inches Centimeters 2.54 s}: 51051 2 0719 ! % 58,905 27612
fnches of Mercury (Hg.) Atmospheres 0.03342 W 53014 7 2365 ' » 59 690 283 53
Inches of Mercury (Hg.) Feet of Water 1.133 % 54978 2 4053 E /60476 29104
Inches of Mercury (Hg.) PSI (Lbs./Sq. In.) 0.4912 B 56941 2 580 ! oSl 286
Inches of Water PSI (Lbs./Sg. In.) 0.03613 ¥ 58805  2.7612 . gu/: Sros o
Liters Cubic Centimeters 1,000 155, 6.0888 2 9483 ! L, e s
Liters Gallons (U. S. Lig)) 0.2642 ¢ 6 2837 31416 ‘. a” B
Micron Inches 0.00004 oSy uk S Y% 6750 36305
Miles (Statute) Feet 5.280 Ja BE7es 3.54e6 : 2 63il5 28013
Miles/Hr. (MPH) Feet/Min. 88 de ShE 37 1 % 70686 39761
Miles/Hr. (MPH) Feet/Sec. 1.467 o 7008 33761 b 28 72207 Ai548
Ounces (Weight) Pounds 00625 % I e ¥ 7387 43374
Ounces (Fluid) Cubic Inches 1805 VAN S e ) #7539 4538
Pints (Fluid) Quarts (Flnid) 05 % esa0 4 9087 & o T698 A7l
Pounds Grains 7,000 % B OS03 51572 3 %, B0 any
Pounds Grams 1535924 % 8267 5411 8 ¥ B0l 51071
Pounds Ounceé 6 e 8430 56727 . %~ SLEE 53093
PSI (Lbs./5q. In) Atmospheres 0.06804 % 3633 5939 % v 83.252  551.55
PS1 (Lbs./Sq. In.) Feet of Water 2.307 ¥g  8.8357 62126 i Ly 84,823 572.96
Fe er __ % som ol A Y% 86,391 593 96
PSI| (Lbs./Sq. In.) Inches of Mercury (Hg.) 2.036 N : I8 % 87 965 615 75
Quarts Gallons 0.25 g5 I il ¥ % BDIE3S  637.98
Sauare Feet Square Inches 144 1 J.4u8 7 068 % 2 91106 €60 52
Temperature {°F) —32 Temperature (°C) 0.5555 (S A % % 92.677 68349

Tons (Shart) Pounds 060 Blrs 7669 % . 847
2,00 s 10018 7.3798 4 248 706 86
Watts Horsepower 0.001341 : s 14 85 819 730 62




ASA Graphic Symbols

For Use On Fluid Power Drawings

Popular symbols are shown. A brochure with complele listings may be obtained

for $2.00 per copy from the Fluid Power Society, P

. 0. Box 49, Thiensville, Wis.

On this page, new symbols are shown on the left and the old symbols which they

replaced are shown on the right.

PRESSURE CONTROL VALVES
New Symbol 0id Symbol

Relief

@

: equence

Reducmg
== ==
E 1 5 {

FLOW CONTROL VALVES
Fixed

ot
L™ —

Variable

—&—

Variable — Pressure Comp

e

FLUID CONDITIONERS

A
P

PC
r-—

Filter or Strainer

~-

Lubricator

OG-

(47

FLUID PUMPS
New Symbol 0Old Symbol

” Fixed Displacement

5%

Variable Displacement

g

Variable - Pres, Comp.

&2

FLUID MOTORS

yiolo

Fixed Displacement

E Variable

FLUSD OSCILLATORS

ELECTRIC MOTORS

® ©

&1 O &

VALVE ACTUATORS

New Symbol 01 Symbaol New Symbol 0fd Symbol

Manual

= 2%

pr—
. o ——

Pressure Comp

S

Lever Sclenoid
Y I va il

Pedal or Treadle Pilot — Spring Centered

‘ Mechanical Solencid and Pilot

i E= | @ Y

THE FOLLOWING SYMBOLS ARE UNCHANGED
CYLINDERS

=B = £

I ] | S |

T T 1 i 1 T

SINGLE-ACTING
Push Pult

=

Large Rod

DOUBLE-ACTING

Singte Rod Doukle Red

MISCELLANEOUS VALVES
—0— 4 & <

STANDARD PILOT-OPERATED CHECKS 2-WAY
CHECK Pilot-to-open MANUAL

Pilot-to-close

DIRECTIONAL CONTROL VALVES

175 O 3 1\ e 7

2-WAY VALVES 3WAY VALVES

FXE HIEDX S

4-WAY VALVES
Closed Center

2-Position Open Center

HHEXE HAExE HOEXH

4-WAY VALVES
Float Center

Tandem Center Cylinder Vent
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Troubleshooting

YOUR HYDRAULIC SYSTEM

Most of the failures in a hydraulic system have essentially the same result —
a pradual or sudden loss of high pressure, with conseguent loss of power in the
work cylindesr, causing ii to stall out under light loads, or to move more stowly
than normal. Any one of the system components may he at fault, and by following the
step-by-step instructions on these 2 pages, the trouble can usually be pinpointed in

a short time.

These instructions are intended for spotting troubles in a system which previously
has been working properly. They are nof intended for diagnosing a new system

which has not been properly designed.

A Teasonably accurate pressure gauge must be in the circuit at position C, iand the
cotrect pump working pressure and GPM flow must be known at least approximately.

Sfep 7. lgump Sucfion .S)frainer. .

This is the Meo. 1 scurce of trouble
and should always be checked first, par-
ticularly if the system has geveloped
unusual noise. 1f the strainer is not lo-
cated in the suction line it will be found
immersed in the tank, as at A. Remove
and clean it whether it looks dirty or
not. Use a compressed air hase blow-
ing from the inside out. If it is damaged
or does not clean up well, replace it
with a new strainer.

When replacing the strainer, inspect
all joints in the plumbing for possible
air leaks, particularly at union joints.
There must be no air leaks in the suc-
tion kne. Check the oil level in the
reservoir; it should be at least 2 inches
sbove the top of the strainer. If not,
a vortex may form over the intake
which may allow the top of the strainer
to be exposed to air intake when the
pump is started up.

Sfﬂp 2. pump anc! /?e/ie/ IUR/{/Q P

If cleaning the pump suction strainer
does mot correct the trouble, proceed
to test as follows:

Diisconnect the plumbing at Point E
s0 that cnly the pump, relief valve, and
pressure gauge are in the pressure cir-
cuit. Ping both exposed ends of the

piping. Start the pump and test for
pressure by screwing down the knob of
the relief wvalwve. If {ull pressure can
now be developed, obviously the pump
and relief valve are OK, If full pressure
cannot be developed in this test, con-
tinue with Step 3.

Sfep 3. pump ar leeﬂ'ef /l/a/ue ?. ..

If high pressure cannot be develeped
in Step 2, proceed as follows: Discon-
nect the discharge line of the relief
valve at Point H and, with the pump
running and with the relief valve screwed
down tight, see whether a full stream of
oil is being discharged. A pood way to
observe this is to conmect a hydraulic
hose to the relief valve connection. Hold
the open end of the hose over the filler
hole in the oil reservoir, where the rate
of discharge can easily be observed, If

possible, measure the oil flow by letting
it run into an open container for, say
15 seconds, then multiply the number
of gallons collected by 4 to get the pump
flow in galfons per minute (GPM). If
the discharge is approximately equal to
the pump rating, the relief vaive is at
fault and should be tested as per Step 5.
If there is almost no discharge from the
telief valve, and high pressure still can-
not be developed. then the trouble lies
in the pump circuit.

Ky

_S)[ep 4. pump A

If the pump has been spocer o Saex
3 as the source of troubve e twr
following: .

The direction of rotatioe shomic ag=
with the arrow stamped o -ps o e

pump. Accidental interchazper o mrw I

&ep 5. peﬂ'ef 'l L/u e

If Step 3 has shown the reie wawe
D, to be at fault, disasser—™e e
and clean the internal re=s Em 3
small wire through all irteza’ (ofc=

IMPORTANT: Quite cftex 2 ™=iw’
valve spool will stick becaoee = oo

.S)fep 6. Cyiirzt[er ‘e

Assuming the results of St=r 2 sncw
the pump and relief valve are woricreg
properly, re-connect Junctice E  mmr

proceed to test the cylinder. O ez aow
past a worn piston packing F. —mrmex
be seen externally but can cacse 2 Izt
loss of circuit pressure and pocoe o
force.

Piston blow-by can be demerzeZ o
disconnecting one cylinder lipe, I or J.
and applying pump pressice = S
opposite end of the cylinder. A s=al
ieakage, equivalent to a slowly Crpeamg
faucet, can sometimes be toleratss! Px-

&ep 7. Confro[ Ua{u .

An excessively worn 4-way coaTm
valve can cause loss of high
If the results of Step 2 testing show the
pump and relief valve to be coryectly
functioning, test for excessive cootrol
valve leakage as follows:

Aleernate Tost Wethod .

The 3 most likely trouble points in
the system are: pump suction strainer,
A; piston blow-by, at F; and relief valve
sticking, in that order. Always i
and clean the pump suction strainer as
per Step 1 regardless of what other trou-
bles may be turned up. Leakage past the
cylinder piston can be detected at Point

wr= =f a 3I-phase sysiem will cause
S =ecmy motor to change direction of
TR

Asc check for sﬁpging belts, sheared
ma™ &y, broken shaft, broken cou-
g, o oosened set screw.

~wmec-oons have been screwed into it
i oy, distorting the body and
nmeerx the spool. When inspecting the
e =t the main spool for sticking
e Omscrewing the commections, if

== = passhile,

“» sackings should be replaced if there
I z cowtnuous stream of leakage oil.
Tax ‘or leakage in both directions.
e breaking Joint I or J, plug the
~cex pipe end leading to the valve, as
e remctual tank line pressure in some
Tl may cause an unnecessary loss
€ bkyéraalic fluid from the open line,

Scrmetimes a cylinder loses force at
cee particular point in its travel, indi-
szimg 3 defect in the barrel at that
octzr. It may be necessary to mechan-
a3ly bk the piston rod at that point
»hie making the above test.

Disconnect the cylinder lines and plug
boxk cvlinder ports on the valve. en
the valve handle is thrown to either
extyerne position, it should be possible
to build up full pump pressure on the
gaupe by adjusting the relief valve knob,

G by first allowing the cylinder to bot-
tomm out, then leaving the valve handle
in the thrown position.

Relief valve sticking can be detected
during the same test by observing flow
at Point H. Full fliow at this point indi-
cates malfunctioning relief valve pro-
vided the cylinder is not stalled.

CHANGING HYDRAULIC OIL

__All hydraulic oil has a definite, useful
life span, and when it has deteriorated
to near the danger point, it should be
discarded.

One major cause of short oil life is
operation at too high a temperature.
This speeds up the oxidation process,
which forms acids and sludge in the oil,
causing tapid wear and corrosion to
moving parts in the system. An oil tem-
perature of from 120 to 130°F. is ideal
for a hydraulic system. Check your oil
temperature occasionally with a ther-
moemeter, or by placing your hand on
the outside of the tank below the oil
level. At I20°F, it is uncomfortable to
leave your hand on the tank for more
than a few seconds. If the tank is too hot

to be touched at all, check it with a ther-
mometer, and add an oil cooler if neces-

Moake a visual inspection of your oil
once in a while. Compare the color and
body with an unused sample of the same
oil. A slight darkening is usually not
serious, but_a deep, dark color or a
noticeable thickening may indicate a
serious deterioration. Feel a stnudge of
0il between your fingers 1o detect small
pieces of grit.

On large volume systems, consult your
oil company representative about having
a sample tested. On small volume sys-
tems it is cheaper to discard the used oil
if there is any doubt about its purity or
cleanliness.
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Combination Air/Oil Applications

Air /Qil Principle

Air-over-oil systems ar¢ used where an air
cylinder would normally be used but where
better metering control is required.

Air pressure is applied to the top of a closed
oil tank, and this develops an equal oil pressure
which can be handled with low pressure hydrau-
lic components such as check, flow control, and
directional control valves.

Advantages are: (1), the cylinder can be
throttled more accurately, (2), better contro}
over lunge if the tool breaks through the work,
{3), the cylinder can be stopped more accuraiely
in mid-stroke by shutting off the oil.

Basic Air/Oil Circuits
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SIMGLE-TANK | F R DOUBLE-TANK =
SYSTEM SYSTEM ..}

A single-tank system is uvsed for controlled slow feeding in ene direction,
with rapid cylinder return. The arrangement shown on the left is for slow
feeding on the extension stroke with flow control Valve 2. For slow feed on the
retraction siroke, the cylinder connections would be reversed,

The double-tank system is used for controlled motion in both directions.
There may be a gradual interchange of oil from one tank te the olher over a
long period of time. To restore the balance of oil between the tanks, Valve 4 may be
opened when the air pressure is on the fuller tank, and this will transfer oil to the

depleted tank.

The tank should be mounted in an elevated
position above the cylinder 1o allow air te
bleed out of the oil. Cylinders should have very
tight piston seals to minimize transfer of cil.
Plumbing lines should be oversize to those used
in an ordinary hydraulic system, to keep pres-
sure losses low, and to realize acceptable speed.
In any air/oit system there will be 2 small
amount of oil HYlown out the air valve exhaust.
The exhaust may be piped to the outside or dis-
charged into a container to collect the blow-by.
(il tanks should be checked regularly.

Construction of Tanks
(1). The top must be removable or with a filler
plug, so level can be checked and replenished.
(2). Use an air diffuser inside the tank to
prevent excessive oil turbulence from a high
velocity air stream. An air muoffler works well.
{3). Tank configuration should be “tall and
thin” to keep air and oil connections well
separated.
(4). Use an oil diffuser at the oil inlet to break
up the high velocity oil stream, to prevent trans-
fer into the air circuit.
{5). Reduce the oil velocity before it enters the
tank by using extra large diameter plumbing for
about 12 inches adjacent to the tank.

Design Considerations

AR INLET
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Fluid Power Formulae

Pressure loss per foot length of pipe:
P =V X Q- 18,300D*
P is loss in PSI per foot.
¥ is 8817 viscosity at the operating
temperature,
Q) is GPM flow.

D is inside diameter of _pipe

inches.

Thrust of an air or hydraulic cylinder:
T = A X PST

Thrust is in pounds,
A js piston or “‘net’ area, sq. ins.
PSI is gauge pressure.

Force for piercing or shearing sheet
metal:

F=P XTXx P5]

Force is in pounds.

P is hoie perimeter, in inches.

T is metal thickness, in inches.

PSI is shear sirength of the ma-

terial, in pounds per square inch.

Circle formulae: -
Area = mr* of, 7D2 -~ 4
Circumference = 2=r or, 7D
tis radius, D is diameter, « is 3.14

Terque/ Horsepower relations:
T — HP X 5252+ RPM
HP — T X RPM - 5252
Torque is in foot pounds.

Hydraulic (fuid power) horsepower:
HP = 0.000583 X GPM x PSI

- Heat equivalent of fluid power:

BTU/hr. = 1la X BSI X GPM

Unable force deveioped on a machine
motion by cylinder pushing at an angle,
T=FxSinA
T is usable force, lbs.
F is cylinder thrust, 1bs. .
A is angle between cylinder axis
and machine travel direction.

Velocity of oil flow in a pipe:
¥V = GPM X 0.3208-- A
Velocity is in feet per second.
A is inside square inch area.

Heat radiation capacity of a steel
Teservoir:
HP = 0.001 X A X TD
HP is radiating capacity in horse-
POWeT.
A is surface area, in square feet.
T is temperature difference, in
degrees F, between oil and sur-
rounding air temperature.

Behavior of pases:

Boyles law: P1Vi = PaV2

Charles law: TiP2 = T:P or,
TiVz = T2V,

P:, V1 Ti are initial values, P,

Va, Ta are final values of absolute

pressure, absolute temperature,

and volume.

Hydraulic cylinder travel speed:
§ =CIM
Speed is in inches per minute-
CIM is cubic inches/minute flow.
A is piston or “'net’’ area in square
inches.

Effective force of a cylinder working
at an angle to the direction of the
load:
F=T X sin A
F .is total cylinder force, in
pounds.
T is effective thrust, in pounds.
A is least angle, in degrees be-
twken cylinder direction and load
direction.

Formulae found on preceding pages of
this beoklet:

Toggle mechanism Page 9
Vehicle drive Page 31
Heat formulae Pape 32
Internal pres., tubing Page 37
Conversion formulae Page 40
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