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| Basics of Hydraulics: |

Welcome to this course
Presentation #(1): Overview

Hydraulics is a branch of science & engineering concerned
with the use of fluids to perform mechanical tasks.
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Hydraulic systems are essential parts of many industrial /
practical engineering application. Designing of hydraulic
circuits and their components & their operation &
maintenance are one of the very important practices of many

engineers & technicians. Availability, efficiency and extended ) ! - | y
reliable performance of power plants, pumping and fluid "4 N '“‘T
handling stations & similar facilities are greatly influenced by | charge- - - TN Charge-
accurate design, selection, efficient operation and proper |pump Brain: | o 1. pressure
maintenance of hydraulic systems & associated components. s
Course to give participants skills & Hydraulic Cylinder

Objectives knowledge to: <3 [] - )
1- Basic Components of Hydraulic Circuit and
hydraulic system. Retract/Extend
2- Fluid viscosity, Tanks and Hydraulic Fluids Reservoir -
3- Examination of Hydraulic Pumps (Types of PDP). |
4- Types of Hydraulic Actuators (Motors & Cylinders) = Conbrol
5-Understand basic types of various control valves ,{s;}é‘l vl
(pr_es_sure control,_direction c?ntrolz flow control). e Sd:np
This include functions, materials, sizes, geometry iy draulic circuit directional Gontiol,
considerations and essential flow characteristics . —
6- Examine various types of Hydraulic Accessories. zt;/ar?’.gﬁ:(sj
7-Applications of Reading hydraulic Schematics. must be used
8- Practical Training for Basic System Design.
9- Examination of Maintenance and Troubleshooting

Important Note: Each lecture will be followed by
a very comprehensive interactive and computer
based virtual and multi-media training lab. Each
Ilab will include also animations, 3-D models and | I S |

on-line quiZZes Hydraulic circuit schematic,
T directional control

Basic Hydraulics Training| COURSE INTRODUCTION S
VWWelcome again to the IIT Basic Hydraulics Interactive Computer Based Training Course.
This course has been designed to give you a broad based understanding of the most
important hydrauiic concepts. Upon compietion of this course, you shouid understand
various basic physics laws as they apply to fluid power, as well as understand schematics
and systerm design. You will also study the various components found in a typical
hydraulics system and how these components function and interact with each other.
®\£RACT/y£/¢ . —‘l 5
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Chapter # 1 Fluid Power Physics
@ Basics of Hydraulics D)

Introduction

A-Fluid After completing the lessons and exercises in this section you will better understand the)
Power basic physics principles that govern fluid power. These principles are timeless and
Physics understanding them well will provide you with a solid foundation on which to learn much

more about fluid power.

& Fluid Power Physics

e ENERGY

The abilitv 1o do worlk
Prime Mowver Emeragwv iramsfer Aciualor

e ———

Enerqgyw
As we begin our study of basic hydraulics we must first recognize that fluid power is

another method of transferring energy. This energy transfer is from a prime mowver, or input
Power source, to an actuator or output dewvice. This Mmeans of energy transfer, although Nnot
always the most efficient, where properly applied may provide optimum work control.
Energy may be defined as the ability to do work.

Work: Work is defined as force through distance. If we move 1000|| .fi— slwid Power p..,..“.l

pounds a distance of 2 feet we have accomplished work. We | —_— :‘:_":r____- arstance
measure the amount of work in foot-pounds. In our example, we
have moved 1000 pounds 2 feet or have accomplished 2000 foot- =t force distance

pounds of work. ZOOO Mi-ibs - 71000 Ibs x Z It

[ = ST Fluid Power Physics —— T
e 1
—
b 1 POWER

T The rate of doing werk —TTT— -
ey Power = Work / time Power: Power may be defined as the rate of doing
1000 unns _ 1000 Ibs x Z 1t work, or work over time and seconds. If we lift 1000
- stmewer —  2s | Pounds 2 feet in 2 seconds we have accomplished
e E 1000 units of power, or 1000 times 2 divided by 2
1 hp=1714 Ib.ft/sec seconds. To give us relative meaning for measuring
1 hp = 7T45.7 Watt power, we must convert this to horsepower which is a
TR = 0.7T457 KW unit of m
Horsepower: Mathematically, hydraulic horsepower is expressed as follows: horsepower b sl Pwwar ’hrs'“! — iy by I
equals flow, in gallons per minute (gpm), times pressure, inch-pounds per square inch Hydraulic HorsePower

(psi), divided by 1714, a constant. In our illustration we are lifting 10,000 pounds (this is = Flow(gpm) x Pressure (psi)

1]
our force) a distance of 1 foot (this is the work to be accomplished). If we lift our load in 2 |l 1714
seconds we have defined a power requirement. This may be expressed as hydraulic wesm R isdiesi _ g5 |II|I =T distance
horsepower. To lift our 10,000 pounds a distance of one foot in 2 seconds we must have a |' ;,‘u':"m | e L
required flow rate at a specific pressure, based on cylinder size and the pump flow
discharge. In this illustration a 10 gpm pump is required to extend the cylinder in 2 || - Q)

seconds. The pressure requirement to lift the 10,000 pounds is 1500 psi. Based on our

formula our theoretical horsepower requirement would be 8.75. Il _ \_'} |

Important: As all systems are less than 10% efficient and efficiency

factor must be added to the calculated input horsepower. W Heripswer W
Example: NOTES
Input hp = 10 gp x 1500 psi = 8. 75 hp =70hp 7 hp = 33,000 ft = Ibs/min or 33,000 Ibs raised 71 ftin 1 min
1714 (constant) 0.85 (efficiency) _
. == - 71 hp =746 W
Rule of thumb: 1 gpm @ 7500 psi = 1.0 input hp| 1 hp = 42.4 Btu/min

e T ——

T W W e S S U e HE E AW

Sen gpgeeen  BE _ _wsseees ga=w — = s o e oo

O O =

R S — Tm mee R
ez W - O O s
5

lnll

- =
IHeat: The law of conservation of enaergy states that energy can neither be created Nmnor
destroyed, although it canmn change its form. Energy imn a hydraulic systernm that is not used for
PMrork takes the form of heat. For example, if we have 10 gprm going through a relief valve
Pvhiich has a pressure setting of 1500 psi, we can calculate the energy belhg converted to heat.
Fluid P [l o)
Eis =res — " A5 Fluid Power Physl:sE
l—l’\ Ax-zaaulic e I 10 Ibs
INOtors TORQUE —..
TORQUE .
S TTTTT

Torcgue - Torgue is bwisting force . It is also Mmeasured in foot-pounds_ Imn this illustration we
are producing 10 foot-pounds of torgue when we apply 10 pounds of force to a 1 foot-lomng
wwirernch. T his same theorny applies to hydraulic motors.. Hydraulic motors are actuators that
are rated inNn specific togque values at a given pressure. T he twisting force, or torgue, is thhe
generated wvwork. A motor's rotations per mimnute (rprm) at a given torgue specifies our
enaergy usage or horsepowwenr reguirerment.
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Formulas |Energy Forrmw Ias]

& Fluid Power Physlcsi Learming Labh on emnenrgy & povwern

A K = 1.3 hp I

A1 hp = 550 ft - lbs/s Eneragy spmxpsi 11 mpreauired
Hydraulic hp = aprm >x  psi s

47 1< Cwlinder Size = 10 in®
Tmorque (in - Ibs) = psi x disp. (inS/rew) Roasize =S ia®
5. 28
Torgue (in - lbs) = hp x 63025
rperm
hpe = Torgue (ft - 1Ibs) x rprm 10 so
5252

Btu (per hour) = Apsi x germ >x 1.5

Lo WY P

.. 1T =2 SO0 pournd weight is mowved =2 feet., 1000 foot—-pounds oOf vwork has beaen

accormiplished.

=) T riae
= False

=_ FPowwear is defimed as thhhe rate of doimag worko o
=)0 ruae
B2 False

= Wvasted emnaergay im a hhydraulic sy sterm
=) rmake s thhe systerm miore efficiemt.
= s destrowe o .
— s chanmnged to heat.
(= ] s usec to cdo wweorba

NOTES
T o deterrmine the volurme (in”) reqguired to rmove a pistorn a giver distarnce, rmultiply the
pistorn cross sectional area (in<) by the stroke (ir). WV olwurme = .A x L]
The speed of a cylfinder pifstory is deperndent wuwpor its size (pistorn area) and the fflow rate irnto it
welocfty (Frsirirn) = Flowvw CErZ v vira )

Area (inz)

&_ Fluid Power Physics row

Flow is produced from positive displacement pumnp

4&' Fluid Power Physics

oW

3. With a given flow rate.
changes inactuator
volume displacement will
change actuater speed.

1. Flow makes it go.
2. Rate of Mlow determines speed
3. With a given flew rate, %

changes in actuator —
velume displacement will
change actualer speed.

W RED S yabe
W B UE Exha . RED System Pressure
G REEN o B LUE Exhaust Flow

G REEN Intake Fiow

Flow

Flow in a hydraulic system is produced from a positive displacement pump. This is
Aifforoamt froarnm a3 coamtrifioaal s wuhieklh e et meaitivee Aicnlacscrarmeet Thaoara ara thhrao
different from a centrifugal pumip, which is not positive displacement. There are three

important principles that must be understood relating to flow in a hydraulic system.

Principle one: Flow makes it go. For anything to mowve in a hydraulic system the actuator
must be supplied with flow. This cylinder is retracted. It can extend only if there is flow into
port B. Shifting the directionai controi vaive wiii send fiow to either exitend or retract the cyiinder.

P T . | = [ DY p——

Pril—ic:lpic LVV’U I\QLG UI NoWY QEwWwTimiineEs = Bl I\Gll.'c UI T vy ID uauc-uly imiScasun cu II 1 l_:’l-.)l i O
apm. Gpm is determined by the pump. Changes in pump output flow will change the
speed of the actuator.

Principle three: With a given flow rate, changes in actuator volume displacement will
cihange actuator speed. VWith iess voiume to dispiace, the actuator wiii cycie faster. For

exa_r—nnln there ic less volume to dienlace when we rafr;:r-l' hbhecause the ovlinder rod

occupies space, diminishing the volume to be displaced. Notu:e the difference in speed
between extend and retract.

SQuiz = EW Changing the flow rate to an actuator will have Nno affect on the actuator
speed . a) True b)) False
=2 IT a cylinder is replaced with a larger diameter cylinder, the speed at which

the new cylinder extends and retracts will: a) not change b)increase c)decrease

Formulas Flow Formulas 'rl_ = —
1 gal = 231 in® I_ I Fluid Power Physu:sl Learning Lab |

Cylinder Volume displaced (in®) = Stroke x Effective Area Flow

Cylinder Speed (min) = _apm x 19.25 Stroke Time = Areax strokex .26
Effective Area (in°) = ssm

gpm (theoretical) = Pump rpm x in/rev

231
Volume required (gpm) = Volume Displaced x 60 — =7 || mewrace Hg
Time (s) x 231 20 gpm -

Volume Required (Hyd. Motor) = rpm x disp. (in°)
a1

Note: Hydraulic fluids are slightly compressible, however, il »

for simplicity we will considerthem to be non-compressible ety oot e

N BLUE Exhaus! Flow
N GREEN Intake Flow

il

4B Fluid Power Physics. Pressure | - - -
s Pressure Pressure in a hydraulic system comes from resistance to flow. To further illustrate this

....... ‘_,Bu..... force principle, consider the flow produced from a hydraulic pump. The pump is producing flow,
L\' “'"" v‘ not pressure. However, if we begin to restrict the flow from the pump, pressure will result.

This resistance to flow is load induced from the actuator and also generated

as the fluid is passed through the various conductors and components. All
points of resistance, such as long runs of pipe, elbows, and various

" lcomponents, are accumulative in series and contribute to total system pressure

restrection of
fow area

{e.g valve,
ot meter
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.Z_% Fluid Power Physics W

Pressune Pascals Law forms the basis for

underscanding the relationship beoween

Force. Pressure. and Area. The F
relationship is often expressed r I n

with the following symbol:

flusid a

undiminished in all

and acts wich equal

equal areas. and at

Machemacdcically we express this relationship as: o s

Force (in pounds) = Pressure x Area If the bottom

Force Force
Area Pressure

Pressure applied ona confined

force would be 10 psi times 20 sqguare mches, or 200 pounds of total
force, since force equals pressure fimes area

Fluid Power Physics Learning IL.ab

= Boude filled with a
non-compressable

liquid

= 10 bs force applied
w a | squareinch
stopper

* Results in 10 Ibs of
force on every square
inch of the container

directions,
force on

weall

Force = Pressure X Area

right angles

20 suin
of the container was 20 square inches total, the result in

NOTES

The force (Ibs) exerted by a piston can be
determined by multiplying the piston area (r‘n2 )
by the pressure applied (psi).

To find the area, square the diameter and
multiply by 0.7854

A=d’ x 0.7854 or d= VA/. 7854

CEFIMED

fax ¥

% Fluid Power Physics

I applied force
wll.

Pressune is the saame everywhere i 0
the svstemn (nezlectinge elevarioms)

_—— REC: System Pressure

. % Tnri limder retracti
luid Power Physics during ¢ ¥linder refraction

LOAD INDUCED

LOAD INDUCED smaller area

ey A R=Wsam
F=10,000 Ibs
P=1000 psi

o¢ 1) =0

N RED: System Pressur
N BLUE: Exhaust Flow
N GREEN: Intake Filow

A
-

N RED: System Pressure
N BLUE: Exhaust Flow
N CREEN Intake Flow

w HHIXR

Load-Induced

10,000 pound load is 1,000 psi less frictional forces.

pressure to 2,000 psi needed to retract the load.

Load-induced pressure is defined as pressure generated from the load, or force on the
actuator. The effective area of the cylinder piston is the area available for force generation
In our illustration a 10,000 pound force gives us a load-induced pressure of 1,000 psi,
based on our formula. When the cylinder is extended, the required pressure to move the

During retraction, the effective area is only 5 square inches. This increases the required

/o
/5T Fluid Power Physics Learming Lab

LD ARBCRD

Pressure Drop
ressure that is not directly used to provide work may be defined
as pressure drop or resistive pressure. It is the pressure required

to push the fluid through the conductors to the actuator.

This energy takes the form of heat. Excessive pressure drop may
contribute fo excessive heat build up in the hydraulic system.

This resistive pressure is accumulative and must be added to the
overall system pressure requirements

/55 Fluid Power Physics L eaming Lab Pressure Drop

PRESSURE DROP

pressure drop is due to fluid flow & pipe fittings
pressure drop is converted to heat in the system

amea s wesae e sssssess

Fluid Power Physics

PRESSURE DROP
1400 psi

1200 psi
1000 psi

AP (Pressure Drop) = 400 psi
E RED: System Pressure
N ELUE: Exhaust Flow
N GREEN: Intake Flow

.
TEsnsatasaes

saasints bene

N RED: System Pressure
N BLUE: Exhaust Flow
ER GREEN Intaxe Flow

Quiz 1. Increasing the load on an actuator will
cause a decrease in system pressure.
a) True b) False

2. Pressure is a result of flow. a)True b)False
3.

Pressure is measured in in/lbs. ajTrue b)False
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Formulas ]7
1 Bar= 14 5|I;’);?ssure Formulas) |& Flvid Power Phy=ics Pressure Formulas
e B ; o o i m o i o w e e e T Bar = 1T4.5 =i
l_?bi — 1> — rournmas Plt: b(..ll...ldl i n
il"'|2 Force (Ibs) = Presswure >x Arccs
- - - -
Force (Ibs) = Pressure (psi) x Area (in°) i o= s s En
Presswre = Force %+ Areca
Pressure (psi) = Force (Ib) -
= Arecos (in ) = Force + Presswre
Area (in“)
s P SNy G
Area (i) = Force (ib) Arca = dx . Fas5a
Pressure (psi) Diameter = _"’ _Area
Area =d? x 0.7854 T

NOTES The following applies to petroleum based hydraulic fluids.
Hydrawlic oif serves as a lubricant and is practically non-compressible. [t will
compress approximately O.5%2: at 7000 psi.

The weight of hydraulfic ofl rmay vary withh a change in viscosity, however, 55 to 58
Ibs/ft° covers the viscosity range from 150 SUS to 900 SUS @ 700 degrees F.
Fressure at the bottorn of a one foot colurmn of ol will be approximately O .4 psi. To
find the pressure at the bottormn of any colummn of ofl, multiply the height in feet by O. 4]

r———

Ht..r!fu:.—.pru:!rc, p.re:_-c-ur(:_- equarb 14 I Pn‘:r.l'd at sea fEVEf
psia (pouwunds per square inch absolute).
Gauwuge readings to not include atmospheric pressure unfess marked psial

------

FLUID POWER

l I] s Heat Transfer
" ' I canl The heated fluid enters and radiaces its energy
out and leaves cooled.

ic fluld may be the Most Important Fluid as lubricant allows this block to glide with less
: friction and wear on the parts. Hescad
Block .
— -

- Heal Transfer Fluid

= Emergy Tramsler Cooler

- Sealant
Fluids [Overview Heatqtvr.mov
T he study of Tiuid power deais witih undersitanding energy iransmission through a confined
liquid., The hydraulic fluid may well be considered the meost important component in a

o=l L} @@ L=

hydraulic system. It serves as lubricant, heat transfer medium, as well as a means of
transferring energy, and as a sealant.

E n Erg y 'I' ra n sfer The fiuid Between the wall and piston will act as

a sealant because of its low viscosity.

Fluid will cransfer energy from the input side w cthe
ourput side because fiuid is basicaily uncom pressabie.

L{_g‘k Fluid Power Physics \ Note: Due to very high
.| _mwwes \ pressure used in a
Hygraulic Tiuid i1s basically non-compressibie Hydr‘auliC SyStem, real
and can mke the shape of any container. : Hydraulic fluids are
slightly compressible.
However, for simplicity
we will consider them
to be noncompressible

advantage in the vansmission of for

A Fluid Power iyskcs Fln l;!; !Ii‘ﬁd tla_) n':gl:sferenerg:r Using a positive displacement pump we
e iy transmit enerqy from the prime mover,
Prime Mover Emorgy iransior Actuater (our input source), to the actuator, (our
Hydraulic System OlJtlet), th_rough Fhe medium Of anon-
: : ? compressible fluid. As the fluid passes
e ' through the conductors and components,
. ir=== certain considerations must be given to
= o Hrdrantie  €NSUre maximum efficiency of energy
rPOFP f Motor transfer. These considerations include the
understanding and proper application
T of fluid velocity and viscosity.

E GREEN: Intake Flow
N ORAMNGE: Reduced!Pilot Pressure
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VOiUimie OF niUia going unirocugn a CoONGUCIor, ne veioity Or ine ni

AT Fluid Power Physics velocity Velocity|is the distance fluid travels per unit of time. With a
+~ ¥

depend upon the inside diameter of the conductor.
If the diameter of a conductor is increased, the velocity of the fluid will

Aarraaca COConuvuarcaly if tha diamatar onf tha ~condinies

Gecrease. Loenversay, It ine Giameer CF tne coenguc
- . T
decreased, the fluid’'s velocity will increase.
&' Flwid Powwer Physics e>>muinagrle omn velocmmx calowmmlatione s
FLolo s
CEERTE =20 e 1 = = - w
welocity — = - = LA Erciramasmt Pl
P Imsidge Dimamerer . O.7854 R EE R ek o
Fly v el 1
Inzide D iameDee = 1% Velocity = 12 .25 fo's
=l 1388 rprm
@Vclc’clty = A4S O fois B i =
e Flus i
Inzide DiamoDner — O. 5" Ty hreael 2 F P A —
“4 Tirmos fascoer chan che
— = e aR fMluid curning Aywwhoaoostl §
——————§ =0 =0 Howwawar., chae flywwhaals

Twsrey me cha Smrrse roaaces
bocause cthe wolurre
displacemant is cqgual.

1 386 rprm

To better illustrate this principle we have two simple systems in which two pumps of equal
displacement of 30 gpm mowve fluid through conductors of different sizes. The
displacement remains equal while the wvelocity of the fluid varies with the size of the
conductor. The fluid turning fly wheel 2 is mowving 4 times faster than the fluid turming fly
wheel 1 because the inside diameter of the pipe for fly wheel 1 is twice the size of the
iNnside diameter of fly wheel 2. Howewver, the fly wheels turn at the same rate because the
wvolume displacement is equal in both systems.

NOTES Maximum Recommended |Formulas [Eluids Formulas]
Oil Velocity in Hydraulic Lines: |Flow rate (gpm) = Velocity (fti/s) x Area (in%)

- Pummp suction line 2-4 fitXs L 0.3208

e Pressure lines 500 psi 1T0-15 ft/s Conductor area (in7) nglgrcrl't; gt?sz)os
e Pressuwure lines 3000 psi 15-20 s |Fuid Vvelocity (ft/s) = gpm x 0.3208

e Pressure lines over 3000 psi 25 ft's Area

[Viscosity|is a measure of a liquid’s resistance to flow. A thicker fluid has more resistance
to flow and a higher viscosity. Viscosity is affected by temperature. As a hydraulic fluid’'s
temperature increases, its viscosity or resistance to flow decreases.

o Zos | 1
Fluid Power Physics — Fluid Power Physics Tis = . :
Tiuios = e i Viscometer @ tmne m
WViscosity represents the = seconds
resistance to flnid flow l: The number of seconds it takes
% to fill the flask at agiven
temperature is the liguid's
viscosity at that temperature.
I'!"'I
d
A wisoormeter, thhhe dewice used To Mmeasure a liguid’™ s wisoositw .,
consists of a srmall reservoir surrcounNnded by a wwater bhbath used to
heat amd rmaimntaim thhe liguicad at a comnstant termpeperatuanre . Thhere is
=2 srmall orifice bhbeloww tThhe reserwvoair thhrouacgby which thhe liguidd c=arm
pass onoce it is heated to a spaecified tempaerature . o sto e watoch
s used o determrmiime hovww rmoach tirme it takes to Till &a SO rmilliliter
Tfiask. Nhhe muuarmiber Oof second=s thhat it takes to Till thhe flask at a
giweer termperature is thhe liguid™ s wiscosity at thhat termperatuanre

AW ascosHy s larger af tmave s largen

1
_S55/s = SUS 55 = 3Sse = SWUS IS
e

Quiz L Fluid Power Physics
1. Viscosity is affected by the diameter||f— =
of the fluid conductor. a)True b)False
2. At a given flow rate, to increase the
diameter of the fluid conductor would
cause the fluid’s velocity to increase.

a) True b) False
3. Pressure drop in a fluid conductor is
due to leakage. a) True b) False
NOTES s

Hydraulic fluid types vary according to applications. The -+ most common types are:

7. Petrolewrn base — most cormumon and best appellation where fire resistance is not
requwired.

2. Water gfycol — used where a fire resistance fluid is required. MNMost pumps must be
de-rated or reqguire special bearings when wsing water gfycol.

3. Synthetic — wsed where applications reqguire fire resistance or nonconductivity .
Synthetic fluids are typically not compatible with most cormmmon seal components.

. Enwviromentally friendly — fluids that will have a minimal effect on the envirornment in

the event of a spill.
Hydrauwlic fluids are sfightly compressible. The armownt of compressibility depends on)

the type of fluid. For this training program we willl consider fluids to be basically norn-

compressible.
End of Part (1) Fluid Power Physics —

Run the Program for this Part (1)
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Chapter # 2- Pumps

Categories & Classifications of Pumps: All pumps fall into two main categories:
1.Dynamic (or kinetic) pumps which increase the fluid velocity to then create press.
2.Pumps that use positive displacement to create press.

Pumps classified per method of operation as:1. Reciprocating. 2. Centrifugal. 3. Rotary
' q { PumMPEsS H
Fluid Power Physics I
.—!7015 Pl ACEMENT ]‘ J—— —_—— _,:::9_:'—_1:5_::1_4_12______E
Pumps ) .
——1 RECIPROCATF ING I
Actuators | [ FisTyon. |
SIMAT L E >
Pressure Control f - oo Teevses aeTime — e e
_I — SIhMPLE X<
H g I — SINGLE ACTING — l— DUP L E >
Dlnmﬂﬂﬂlc#ﬁ"ﬂl o PowER — e Ao _'——‘_ L=<
l—— PAUL T 1P E
Flow Control Valves

Fluid Conditioning cmaTeEs
Check Valves T
1
Accessory Components
Fluid Conductors —
e P E RIS TAL T IC
. " — G E AR
Understanding Schematics S L L oss
1=t s T == —— CIIRCUMFAFE REMNT ILAL FPIS TOMN
Basic System Design ) ) — semew
CAPACITY, m>/h
1 1 1
100,000 < I f:’ ?O 1,0?0 10.000
~
~
S
~
~
~
~
~ —io0c0o
10,000 — S _RECIPROCATING
™ CENTRIFUGAL
- ROTARY TN TN
e — — 1 N~ \ S
— —— \ _
:_:-; _} ~_ 100 .5
OO0 |- ~ ] =<
g ' ~ 2
Z L. \ z
o -
= '___-_1_ _I o
: : —1o
100 |— |
; !
L
: H
P 1
o I 1 i H I
1 10 100 1,000 10,000 100,000

CAPACITY, U .S. gal/min

FIGURE 4 Approximate upper limit of pressure and capacity by pump class
If the liquid can be handled by any of the three types However, the liquid may not be suitable for all three major
within the common coverage area, the most economical| pump types. Other considerations that may negate the

order of selection would be the following: selection of certain pumps and limit, choice mc_lude the
- control requirements

following: - corrosion

1. centrifugal - self priming - wvariation in flow
2. rotary - air -handling capabilities - viscosity
3. reciprocating - abrasion resistance - density
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2 / 48 Pages



PosimiveE DusPLACEMENT Pumes

- I thhese pumps, thhe liquid is Forced to mowe because it is
displaced byw the rmowverment of a pistomn, vane, screww, or
roller. The pumps Force liguid into the systernm regardless of
the resistamnce thhat maw oppose the transfer.

- Audrrantage of positiwve displacernment purmps Lo
- higher overall efficiency than centrnfugal purmps because
inmntermal losses are mininmiz= ed. Tarie pridrvep>]
- Sorme cormunon charactenistics ofF thhese pumps are

- adaptable vo high pressure operatior;

- wrariable Flosww rave through the purnnmge is possilbe; (aucciliarss
damping systernms may be used to reduce thhe magnitude of
pressure pulsation amnd low vanation);

- macdirmourn throughputs are limidced by mmechanical
considerations;

- capable of efficient performance at extrermely lowr
wrolumnue throughput racves.

RoTARY PumMpPs
- This purmp is a positdwve displacement purmp that consists of
the Followrirgs:

- a chamber thhat contains gears, cams, screwws, laobes,
plungers, or similar dewices actuated by rovation of the
drive shafr;

- mnmo separate inlet and outlet valwves;

- tight running clearamnces.

N ewpres Foxxrvegpr

- T huis puarmipe wutilizes warnes i thhe Forrm of blades, buckers,
roallers, or slippers, wwhick act imn comnjrarncticors wwith a casras to
drawwms Licguaicd imto aurad Force it Froree che pumnagy charnoale .

- A ranee puanmpe rmaass be constructed weith warnes i cither thee

rotor or stator e wmsith racdial hoardraualic Forces om the rotor
balanced or unbalanced. The wane in rotor pPuonaps oy be
maaddde wmrith, comstant or varnakble displacement pumping ol e ncs,

Introduction « Basics of Hydraulics DI 2-Pumps )

Aldthough various types of hydraulic pumps exist, the sole purpose of pumps is to provide
flow for the hydraulic system. In this section you will learn more about the three basic types
of hydraulic pumps: gear pumps, vane pumps, and piston pumps. It is important to
understand the differences and similarities between these pumps, their fluid displacement
capabilities, and their proper application in a hydraulic system.

NOTES Fluid is pushed on drawn into a pump Gear Pu mps

Pumps do not pump pressure, their purpose to create i H
flow(Pressure is a result of resistance to flow). Pumps are fluid power corr_lponents WhICh transfo_rm
To determine the required pump capacity: mechanical energy transmitted by a prime mover into

gpm = speed (rpm) x disp (in’/rev) fluid power energy. Gear pumps are compact,
2317

relatively inexpensive, and have few moving parts.
External gear pumps consist of two gears, usually
equal in size, that mesh with each other inside a
housing. The driving gear is an extension of the drive
shaft. As it rotates, it drives the second gear. As both|
gears rotate, fluid is drawn in through the inlet. This
fiuid is trapped between the housing and the rotating
teeth of the gears where it travels around the housing

and is pushed through the outlet port. The pump
creates flow and, under pressure, transfers energy
B RED: System Pressure

W GLUE Exnaust Frow from our input source, which is mechanical, to a fluid
N GREEN: Intake Flow power actuator_

- —
Outlet
low pressure

drvimg

high :@ I
pressure % Inlet I
S— e I

Quiz 1. Gear pumps:
a) are variable volume.
b) are centrifugal.
c) have positive displacement.
d) are pressure compensated.
25 Gear pumjp displacement
increases with increased input rpm.
a) True b) False
3. Gear pumps
a) trap fluid between the teeth
and the housing.
- b) have many moving parts.
—— e i | — c) are used to control pressure
L A R e . control valves.

©_ Pumps

GEAR PUMPS

cEAR PUMPs |

-~ y wrerrial cedar i
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Crecrer Pocrespr Internal Gear Pum
- I this pump, FAuid is carried betvween gear teeth and 2

displaced ~when thhe teeth engage. The mating surfaces
of the gears mesh and prowvide continuous sealing. Either
rotor is capable of driving the other.

- External gear pumps hawve all gear cut excernalls-. These rmaxns
hawve spur, helical, or herringbone gear teecth and may use
timing gears. Figure illustrates an external spur gear pump-

- Imtermnal gcear purmps hawe omne rotor wwith imctermallsy- cut mear

tecthy thhat rmesh “writh an extermallss cut gear. T hese puruarmps
are rmade wmrith or wwithhowut a crescent-shaped parciticos.

External Gear Pump

£ """

Suction Port

Dnve Gear

Dnive Shaft

Mounting Flange

Pressure Pont

{ | I Tushings

Gear pump with transparent body Idler Giear 6

VWane Pumps IUnbaIanced:l
The rotating portion of the pump, or rotor, is
positioned off center of the cam ring, or
housing. The rotor is connected to a prime
mowver by means of a shaft. As the rotor is
turmned, the vanes are thrown out by centrifugal
force and contact the ring. or housing, forming
a positive seal.

Fluid enters the pump and fills the large volume
area formed by the offset rotor. As the vanes
push the fluid arcound the cam the volume
decreases, and the fluid is pushed out the

(o) = [
Vane puanp with transparent body

Pump shaft is side loaded

In the unbalanced vane pump, which has been previously
illustrated, on half of the pumping Mmechanism it is at less than
atmospheric pressure. The other half is subjected to full
system pressure. This results in side loading the shaft while
ressure conditions.

Ubvpatvr.mov

Balanced:
INn the unbalanced vane pump, which has been previously
illustrated, on half of the pumping mechanism it is at less than
atmospheric pressure. The other half is subjected to full
system pressure. This results in side loading the shaft while
under high pressure conditions. To compensate for this,. the
ring in a balanced vane pump is changed from circular to
cam-shaped. WWith this arrangement, the two pressure
quadrants oppose each other. Two ports intake fluid and two
pump fluid out. The two intake ports and the two outlets ports
are connected inside the housing. Because they are on

opposite sides of the housing, excessive Torce or pressure buildup on one side is canceled
out by eqgual but opposite forces on the other side. WVith the forces acting on the shaft
balanced, thhe shaft side load is eliminated .

Floww is created in the same manneer that you have seen illustrated in the unbalanced vane
Pump, the only difference being. the two discharge and two suction cawvities rather thanmn one.
It is Nnotable that constant volumMme, positive displacement vanmne pumps used iNn industrial
systernmns are encerally of the balanced design.

rala e ed vaie Py
—— REC System Pressure

Inagela
Pressure

pressuare ||

MNo sude load omn paangy sIa it
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Quiz 1. WVane pumps: SHAFT | cAM RING ] VANE . 1. NLET ] ocuTLer . RoOTOR ]
a) may be variable displacement.
b)) are not positive displacement. 1. Vane Pumps
c) use a rotor for pumping.
2. A balanced vane pump uses (] @ may be balanced or unbalanced.
an elliptical cam ring for opposing
pressure quadrants. - - -
a) True b) False [i] b. are not positive displacement.
3. WVvhich is not part of vane pump 7|
a) wane c) Cam Ring . rotor for mping.
b) Rotor d) Barrel @ - i s - s P 9
Pistorn Puwp r 1. - ™
* In this pump, liquid is dravan in and forced out by pistons that = -
reciprocate within cylinders. The valving is accomplished by _ J =
rotation of the pistons and cylinders relative to the ports. —F =
All types of piston pumps are constructed with multiple - _ h
pistons except that the constant displacement radial cype ™
mavw be either single or multiple piston. L
The cylinders mayw be axially or radially pozitnoned and L +

arranged For either constant or wvariable displacement

P i Axial Piston PLlr'np

Input in this animation is through the TOP two black holes near the center below
the "Pintle” (shown in yellow). Output is through the BOTTOM two black holes,
above the pintle. Higher pressure areas are indicated with a DARKER blue fluid
color. The pistons are usually forced out by springs. They are forced back in,
expelling liquid, by the casing. Anh odd number of pistons is always used to
smooth the hydraulic balance.

SWASH PLATE PUMPS:
Have rotating cylinder containing pistons. Spring pushes pistons against
stationary swash plate, sits at angle to cylinder. The pistons suck in fluid
during half a revolution and push fluid out during the other half. Shown
on edge on the far right in the animation is a dark stationary disk. It
contains two semi-circular ports. It is shown again in a head-on view
below, right. These ports allow the pistons to draw in fluid as they move
toward the swash plate (on the backside and not shown here) and
discharge it as they move away. For a given speed swash plate pumps
can be of fixed displacement like this one, or variable by having a variable
swash plate angle. The greater the slant the further the pistons move and
the more fluid they transfer.

z Pumps

FisToN FUMES [ ri*l
FFTFrer

Quiz 1. Piston Pump

a)turn reciprocating motion

_.Info rotating motion.

bjutilize one piston only.

c)require a case drain.

d)are fixed volume only.

2. Increasing the angle of the
swashplate in a piston pump

a)increases the pistons’ displacement.

b)allows the pump to rotate faster.

c)Increases the pump’s outlet pressure

3. Axial piston pumps utilize a rotating
swashplate. a) True b) False

Quiz 1.When an axial piston pump
is de-stroked or fully compensating

Piston Pumps 7 a)the swashplate is at a 19° angle
Axial piston pumps convert rotary motion of an input shaft to an axial reciprocating motion, : °
occurring at the pistons. This is accomplished by a swashplate that is either fixed or b)the SwaShplate isata0 angle'
variable in its degree of angle. As the piston barrel assembly rotates, the pistons rotate C)there IS NO pressure.

around the shaft with the piston slippers in contact with and sliding along the swashplate d)there is maximum flow.

surface. With the swashplate vertical, no displacement occurs because there is no :
reciprocating motion. As the swashplate increases in angle, the piston moves in and out of 2. Apregsure compensated am_al
the barrel as it follows the angle of the swashplate surface. With the swashplate vertical, no | PUMp Will de-stroke when flow is

displacement occurs because there is no reciprocating motion. As the swashplate blocked. a)True b) False
increases in angle, the pistons move in and out of the barrel as it follows the angle of the 3. Whena pressure compensated
swashplate. : i i
During one half of the circle of rotation, the piston moves out of the cylinder barrel and pumpis on stroke‘ the syStem is at

generates an increasing volume. In the other half of the rotation the piston moves into the | lated flow and working pressure

cylinder barrel and generates a decreasing volume. This reciprocating motion draws fluid a) True b) False
in and pumps it out.
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Lobe Puwip

In this pump, liquid is carried between rotor lobe surface
from the inlet to the outlet. The rotor surfaces mate and
provide continuous sealing. The rotors must be timed by

separate means. Each rotor has one or more lobes. Figure
illustrates a single lobe pump

srandard modiel standard model with by -pass wahme Rotary lobe

1z nlet 2z Twodobe piston 3: Exhowsl 4 Pump casing  5: By-pass valve

Lobe Pump

Single Lobe Pump

Claw PDP

C, ircewiferential Pisron Prwvepr

In this pump (Figure ), liquid is carried from inlet to outlet

in spaces berween piston surfaces. There are no sealing con-
tacts between rotor surfaces. E
In the external circumferential piston pump, the rotors must

be timed by separate means and each rotor may have one o
more piston elements.

In the internal circumferential piston pump, timing is not Circumferential, Extemal

required, each rotor must have two or more piston elements.

Piston Pump

Screw Prorragr

In this pPump, liquid is carried in spaces betrween screw

B e e | Al o e T L N T o R . Py o
thireads and is displaced axially as thiese thoeads mesh.

This pump has a rovor with external threads and a stator
writh internal threads. The rotor threads are eccentric to the

axis of rotation. Figure 18 illuscrates a single-screw pump
commonly called a progressive cavity pump.

The screww and wheel pump (Figure 19) depends upon a
plate vwheel to seal the screw so that there is no continuous
cavity between the inlet and outlet.

| === dfe—=

“g L
FIGURE T8 Single-Scocrewvw P ouarm p

(Progressive Cawvity)

Multiple screw pumps have multiple external screw threads
Such pumps may be timed or untimed. Figure 20 illustrates

et W W N N RN —— 0 g B B b e T

-mim T
NSNS ‘é%(ﬂ \ ﬁ

Dry screw

FIGURE 20. Two-Screw Pum

Aelicoidal Screw rotary pump

FIGURE 19. Screw and Wheel Pump

Three Rotor Screw Pump l

Swinging Vane | | shuttle Block
These pumps have a series of hinged vanes
which swing out as the rotor turns through
the eccentric cavity. Liquid is trapped and
forced to the discharge side of the pump.

Shuttle Block

Shuttle block pumps have a cylindrical rotor
turning in a concentric casing. The rotor
includes a shuttle block and piston
reciprocated by an eccentrically located idler
pin, producing suction and discharge.

Universal Joint

This pump has a stub shaft in the free end of
the rotor, supported in a bearing at about 30
degrees to horizontal. Opposite end of rotor
is fixed to drive shaft. When rotor revolves,
four sets of flat surfaces open and close for a
pumping action of 4 discharges/revolution.

Eccentric In Flexible Chamber

Eccentric of these pumps produces pumping
action by causing the flexible member to
gyrate around pump cavity, trapping fluid. As
flexible member is squeezed against pump
casing, fluid is forced around to discharge.

| | Swinging Vane

]

Cam and Piston Universal Joint

Flexible Tube | Eccentric in Flexible

Chamber

Flexible Tube

As name implies, this pump has a flexible tube
squeezed by a compression ring or a series of
rollers. Rollers propel fluid along tube much
as an intestine produces pumping action. For
this reason, they are called a peristaltic pump.
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(f}" Pumps

v«w‘ FIXED VE. VARIABLE
changing the punp ontlet
9 flow rate
ér Fixed
n vary it's rate otk
of gallons per minute @ l—
i hile the input rpm | Produces a fixed gallon
— ;mﬂi“ constant. per minute flow based
on the rpm of the
prime mowver, or electria

motor.

Fixed vs. Variable
There are two types of positive displacement hydraulic pumps. A fixed pump, which I@‘ Pumps
produces a fixed flow (gpm) based on the rpm of the prime mover or electric motor, and a
variable pump, which can vary its rate of flow (gpm) while the input speed (rpm) remains
constant. Although displacement is typically measured in volume displaced per revolution, | 299 mPm
output is measured in gpm.

In this example a motor tuming at 1200 rpm is driving a fixed displacement gear pump
producing 5 gpm flow.The flow (gpm) can be changed if speed (rpm) of the motor changes.
When a variable displacement pump is used in the system, the flow (gpm) can be varied in
two ways. As with fixed displacement pumps, the flow (gpm) will be changed if the speed
(pm) of the motor is changed. The second way is to vary the displacement of the pump. Iy '\ary the motor rpm

For example, the displacement of an axial piston pump is determined by the distance the |f 2. Vary pump displacement
pistons are pulled in and pushed out of the cylinder barrel. Since the swashplate * Hand levers

angle controls this distance in an axial piston pump, we need only to change the angle of || * Mechanical stops

the swashplate to alter the piston stroke and pump volume. Several means of varying the |} ° :::,’:::: : 'd";vk” -\
swashplate angles are used. They may include hand levers, mechanical stops, or more — @ © | Veriable
sophisticated, hydraulically positioned devices. If the pump produces 5 gpm flow with '

1200 rpm's and maximum displacement, the flow (gpm) can be varied by moving the

swashplate in the upright position or de-stroking the pump. This will varyflow from 5-0 gpm
The gallon per minute discharge of fixed displacement pumps can only be changed by

increasing or decreasing the speed of the electric motor.
: fl
Learning Lab —WJ” """"-
& L H 1]
Learning Lab C)‘ Pumps

FIXED V5. YARIABLE

B RED System Pressure
B BELUE: Exhaust Flow
BN GREEN: Intake Flow

5 gpm

N RED: System Pressure
EE BLUE: Exhaust Flow
EE GREEN: Intake Flow

FIXED VS. VARIABLE

Choose o motor speed )
Choose o motor speed

‘|m rpm —
:

I RED: System Pressure B RED: System Pressure
I BLUE: Exhaust Flow B BLUE: Exhaust Flow
M GREEN: Intake Flow I GREEN: Intake Flow

Oz 1. Gear Pumps
2 rmany be variable .
=) are usuallhy Nnot used INn hhydraualics..

D) chanmnge displacerment wwith chhanges im rprrm.

Ay give constanmt output with conmnstarmnt rprme

2. wWwariable displacemment pumps chamnge the output floww by
=] chanmnginmng either thhe puMmpe’s rMerm andsor swashplate amngle ]
(=] oy charmnginmng the swvwashplate amngle.

) oy charmngimg the puMmIp’™s rpeprrme

S, WwWariable wvolurrme puMmipe:=s may also be pressure

coMmpensated . 2 T ruae =] False
. Pistormn Pumps

=) imncrease Tloww by increasing the angle of thhe swashplate .
) decrease flow with increase in swashplate angle.
) are at Tull displacerment “when the rotatimg groupr is turmimg |
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Set to
) _~1500 PsI
y

Pressure Compensated
Variable volume pumps can also be pressure
compensated. A pressure compensated piston
pump de-strokes, or moves to zero output, at a
predetermined pressure. This is accomplished
by hydraulically positioning the pumping
chambers to zero output while maintaining
compensator pressure at the outlet of the pump.
In this example we have used a pressure
compensated piston pump. It is helpful to
understand the functionality of a piston pump.

As the pistons rotate arcound the shaft and follow the angle of the swashplate, they are
pumping fluid out the outlet, which provides pressure to move a component such as a
cylinder. VWWhen the cylinder reaches the end of its stroke, pressure rises at the outlet of the
pump as the fluids flow path is blocked.

This pressure forces the compensating spool up allowing the pressurized fluid to energize
the de-stroking piston and push against the swashplate, forcing it to a vertical position.
WVith the swashplate vertical the pump is now de-stroked and the pressure at the outlet
board is maintained at a constant level. A very slight amount of flow is produced to
maintain de-stroke pressure. This flow is bypassed into the case and carried back to the
reservoir through the pump case drain outlet.

OT the three types of hydraulic pumps discussed, (gear, vane and axial piston), only the
vane and piston may be pressure compensated.

need to

keep
consta
press

Set te

/1 500 PsI

Quiz 1. When an axial piston pump is de-stroked or fully compensating
I:)— Pumps I a) the swashplate is at a 19° angle.
I FRESSURE COMPENSATED | - = = b) the swashplate is at a 0° angle.
J ’, c) there is no pressure.
d) there is maximum flow.
2. A pressure compensated axial pump will de-stroke when flow is blocked
a) True b) False

3. When a pressure compensated pump is on stroke, the system is at rated

flow and working pressure.

a) True b) False

Troubleshooting the positive displacement rotary pump

1-No liquid discharge:- Pump is not primed. Prime it from the outlet side
by keeping outlet air vent open until liquid comes out the vent. The
rotating unit is turning in the wrong direction. Valves are closed or there
is an obstruction in the inlet or outlet line. Check that the flange gaskets
have their center cut out. The end of the inlet pipe is not submerged. You
can either increase the length of the inlet pipe into liquid level or raise the
level iNn the tank. The foot valve is stuck. A strainer or filter is clogged. Net
inlet pressure is too low. A bypass valve is open. There is air leak some
where in the inlet line. Air can come in through gaskets or valves above
the fluid line. Stuffing box is under negative pressure. Packing is allowing
air to get into system. You should convert packing to mechanical seal
-Pump is worn. Critical clearances have increased. Something is broken.
Check shaft, coupling, internal parts, etc. There is no power to the pump.

2-The pump is putting out a low capacity:-.

Pump’'s internal clearances have increased. Time to change some parts. Net inlet
pressure is too low; Pump is cavitating. A strainer or filter is partially clogged. The
speed is too low. Check the voltage. The tank vent is partially frozen shut. A
bypass line is partially open. A relief valve is stuck partially open. The inlet piping
is damaged. Something ran over it . A corrosion resistant liner has collapsed in
inlet piping. Air is leaking through packing- You should go to a mechanical seal.
S-The pump looses its prime after it has been running for a while:-.

The liquid supply is exhausted. Check tank level; sometimes the float is stuck,
giving an incorrect level reading. The liquid velocity has increased dramatically.
The liquid is vaporizing at pump inlet. A bypass line is heating the incoming fluid.
AnNn air leak has developed in the suction piping.

4-The pump is using too much power:-

Speed is too high. Liquid viscosity is higher than expected. Discharge pressure is
higher than calculated. Packing has been over tightened. You should convert to a
mechanical seal. A rotating element is binding. Misalignment be the problem or
something is stuck in a close clearance and bindina the rotatina element.
5-Excessive noise and vibration:-

Relief valve chatter. Foundation or anchor bolts come loose. Pump and driver are
misaligned. Ppiping is not supported properly. Liquid viscosity too high. Pump is
starving. Check temperature of the incoming liquid. Check if supply tank heater
failed. Excessive noise or loss of capacity is caused by cavitation. Cavitations
occurs with:Loss of suction pressure. increase in fluid velocity. increase in inlet
temperature.

Page 18 /48 Pages



Chapter # 3: Actuators

B - f [ACTUATORS | Introduction
asics o The actuator is the interface component that converts hydraulic horsepower back into

Hyd raulics mechanical horsepower. An actuator may either be a cylinder giving linear motion or a
hydraulic motor giving rotating motion. After completing this section you should have a

good understanding of how actuators work in a hydraulic system.

Fluid Power Physic

Cyvylinders are linear actuators. Their output force, or motion, is in a straight line. Their
function is to convert hydraulic power into linear mechanical power. Their work
applications may include pushing, pulling, tilting, and pressing. Cylinder type and design
are based on specific applications.

Pumps

Pressure Contral

I~ Actuators Cvylinders

Directional Control

Flow Control Valves
Fluid Conditioning II

Check Valves

Accessory Compone

Fluid Cenductors

I =~ Actuato rsl

CYLINDERS

1 Pushing 2. l'lllll-

i BN RED: System Pressure
B BLUE: Exhaust Flow

Types A ram is perhaps the most simple of the actuators. It has only one fluid
chamber and exerts force in only one direction. It is used in applications where

ataluilifis i mascAdansd A bhaasins lasada A cirmmla astimean ~slimAdar o mracaririoasl

Slauliiily IS licoucu ull Hncavy ivaus. A SINiyic acllly lu)l'lll Ul 1o picosuliccu on
one end only. The opposite end is vented to the tank or atmosphere. They are
designed so that the load or a device, such as an internal spring, retracts them
The double acting cylinder is the most common cylinder used in industrial
hydraulics. We can apply pressure to either port, giving power in both
directions. These cylinders are classified as differential cylinders because
of their unequal exposed areas during extend and retract. The difference in
effective area is caused by the area of the rod that reduces the piston area
during retraction. Extension is slower than retraction because more fluid is
required to fill the piston side of the cylinder. However, more force can be
generated on extension because of greater effective area.On retraction, the
same amount of pump flow will retract the cylinder faster because of the
reduced fluid volume displaced by the rod. Less force, however, can be
generated due to less effective area.

A double rod cylinder is considered a non-differential type cylinder. The areas on
both sides of the piston are equal, thus providing equal force in both directions. An
application for such cylinders would be where it is advantageous to couple a load t
both ends or where equal speed is needed in both directions.

[~ Actuators

CYLINDERS

4. Pressing

3. Tilting

EN RED System Pressure EN BLUE: Exhaust Flow

=~ Actuators
CYLINDERS
Single Acting Cylinder

ﬁ for retraction|

— RED: System Pressure
N 8 LUE: Exhaust Flow

E‘Ac!untors

CYLINDERS

Double Acting Cylinder
Double Rod Cylinder

-—_—

E RED: System Pressure
N BELUE: Exhaust Flow

cyvlinder design

[ Actuators

CYLINDERS

Piston Seals

Design
The cylinder assembly is constructed of a steel cap end head, a steel barrel assembly, a
rod end head, a rod bearing, a piston, and piston rod. Tie rods and nuts are used to hold
the heads and barrel assembly together. Static seals keep the joint pressure tight. A rod
wiper is provided to prevent foreign material from entering the bearing and seal area.
Sealing a moving surface is provided by the rod seal, which prevents fluid from leaking
past the rod, and by the piston seals, which prevent fluid from bypassing the piston. Fluid
is routed to and from the cylinder through the rod end port and the cap end port.

MNOT ES NG fype cylinders are rmmrore robourst i adesigrr thhrarm tie rod cyiliimders
A pofircations o thhe il Eype cyliimnders fimnclcurde presses, cramnes, irorn wWworks
Sl roffiryc rriflis.
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AOTORS

Gear Moltor Vame Motor Rem Axis Fisnem
Motors
Hydraulic motors are classified as rotary actuators. Motors very closely resemble pumps in
construction. Howewer, instead of pushing on the fluid as the pump does, the fluid pushes
on the internal surface area of the motor, developing torque. Resistance from the load is

encountered and pump flow provides a continuous rotating motion. Since both inlet and
outlet ports may be pressurized, most hydraulic motors are externally drained.

Tvpes

T he three most common _types of hydraulic motors are the gear, vane and piston |
Application

Hydraulics motors are primarily rated according to displacement Motor Applicaiiion 3
and torque. The first consideration should be torque. Hydraulic 7y

motors are rated in foot or inch-pounds of torque per given psi, Load x Radius = Torgue

typically inch-pounds per 100 psi. Torque is equal o load times IO S 2 4~ = 40 In = Hbs

radius. Large displacement motors usually have a greater radius load x Radius = Torgue

for the hydraulic fluid to push against, therefore, they create more 10 Ibs = 3™ = 30 in = Ibs

torque at a specific pressure.

NOTE S Hydraulic motors are typically classified as high speed motors (500 — 10,000 rpm) or low

speed motors (0 — 1,000) rpm. |Torque (in « Ibs) = 63025 x hel ‘hP = Torque (in -« Ibs) x fpm‘
rpm 63205

A hydraulic motor that is rated at 100 inch-pounds of = Actuators [re———Tr0r

force per 100 psi is rotating a winch with a diameter of application  eenn T

4 inches. Our load is 500 pounds. The required of hydraulic el

fnrnt 1e is 2000 |nr‘h-nounr_js_ Based on the fr\;’nl e motors 2000 psi. (T 55

ratmg of our motor, our operating pressure would be e

2000 psi. The second consideration would be

displacement. This is necessary to determine the

amount of flow required to rotate the hydrauiic motor at B REC: System Frosecne

the required rpm. NSSCCERRIE S et g

Quiz | The purpose of an actuator is to conwvert
hydraulic energy to mechanical energy.

a) True b) False
=2 Cwlinders can be used to . .
a) push or pulla load [~ Actuators
) tilt a load. e

c) press.
) all of the abowve.
3. AL the same pressure, a cylinder will produce
more force on extend than on retract.

a) Truaue b)) False
P Hydraulic motors are rated according to
displacement and torgque capacity .
a) True b)) False
5. Hydraulic motors are only built imn two

styles: van and piston. a) True b)) False

Double Acting/effect differential cylinder: 1 L
By alternatively feeding any of the two connections, the | E:

cylinder rod exits/extends and re-enters/retracts.
Maximum forces depend on the working maximum
pressure and respective useful surfaces: at the exit on
piston side surface 8 and on rod side 9 at the re-enter
on annular surface. The cylinder is substantially
formed by a bottom 1, a cylinder body 2, a head 3, the
tie rods, the piston body 4, with rod 5, the drive
compass/sleeve 6 and the fixing flange 7. The bottom 1,
cylindrical body 2 and the head 3 are fixed through four Cylinder in full extending position
tie rods. The tight between piston side 8 and rod side 9
is obtained through piston packing 10.

The working without “blocking effect” is possible with
minimum speeds and low pressure thanks to adopted
packing kinds and to superficial quality of the
cylindrical body, rod and relative slide.

AnNn important parameter for the differential cylinders is
the

cvlimder Tind ex§o) piston packing
<

PLSTOIL
sude

Tod sude

piston surface

surfaces ratio =

annula surface
where annular surface is equal to: (piston surface — rod surface)

The Maximum forces, developing during unthreading or re-entry are directly
proportional to this surfaces ratio, while the corresponding speeds are inversely
proportional. '
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Chapter #4
I

l Pressure Control Valves |

Introduction |
This section is designed to give you an understanding of the basic concept of manipulating

force through a hydraulic system., using pressure control valves. The two basic design
types of these valves are direct acting and pilot operated. This section will illustrate the
operating principles of these two types of valves.

| é Pressure Control Reducing Valve | _é PI'BSSIIIB Blllllllll
= ' | 7= Pressure Control
H 4
Relief Valve (may be internally
and/or externally |
piloved) — |
Counterbalance ~control pressure level

-
i
Unloading Valve Valve *mo pressure control with orifice
: or flow control
l""“l .
L ~6 devices control pressure

r==a .,
S

Brake Valve
B RED- System Pressure
B BLUE . Exhaust Filow
e ORANGE: Recuced ! Pilol Pressure

Overview The primary concern in fluid power circuits is to either control the rate of flow or the
pressure level. One misconception has been that pressure may be controlled with an orifice or
flow control device.This is never accomplished with any degree of accuracy.For accurate control
of force, six types of pressure controls have been developed. They are: relief valve. unloading valve,
sequence valve, reducing valve, counterbalance valve, and brake valve. By symbol, these valves
closely resemble one another. Often only their location in the hydraulic circuit will designate what
type of pressure valve they are.

NOTES IMPORTANT I

T he prirmary function of a pressoure relief valve is fo protftect the systerr from excessive
pressoure. The valve showuld no be wsed fo direct excess presswure to thhe tamnk, as this

mays cadrse the systerm o overfreat.

Direct Acting Relief Valve
Maximum system pressure can be controlled with the use of a Nnormally closed pressure

wvalve. WVith the primary port of the valve connected to a system pressure and the

secondary port connected to tank, the poppet is actuated by a predetermined pressure

level, at which point primary and secondary passages are connected., and flow is diverted

to the tank. This e of ressure control is Knowwin as a relief valve .

% R Quiz 1. The secondary port of

e adiusting— = a direct acting relief valve is

- Pressure Control connected back to the tank.

DIRECT ACTING RELIEF WALWE a) Tme b) False

2. Direct acting relief valves only

¥ come in large sizes because they

acdjustable il =

spring have to utilize a large spring

directly against a poppet.

a) True b) False

poppet 3. A direct acting relief valve can

be usedto control maximum system
pressure. a) True b) False

A direct acting relief valve is one in which the poppet is held
closed by direct force of a mechanical spring which is
usually adjustable. Spring tension is set on the knob to keep
the poppet closed until system pressure working against the
poppet reaches the desired cracking pressure. VWhen the
system pressure reaches full relief value, all fluid is passed
across the poppet to the tank passage. It should be noted
that direct acting relief valves are usually available in only
relatively small sizes. Because it is difficult to design a strong
enough spring to keep the poppet closed at high pressure SLUE: Exhaust Flow
and high flow.
Pilot Opeaerated Relief WValve

Filot operated relief valves are designed to accommodate higher pressures with higher
fllows being confimned to smaller frame size., then a direct acting relief valwve with the same
rate of flow capacity. The valve is built in two stages. The first stage includes the main
spool held im a normally closed position by a light non-adjustable sprimng.-. T he stage is large
enough to handle the maxirmurrnm floww ratimng of the valve. T he second stage is a small direct
acting relief valve usually Mmounted as a cross head on the Mmain valve body, and includes a
poppret, sprimng., and adjustable kKnNnob. The first stage handles full rate of flow to the tank.

T he secornd stage controls and limits pilot pressure level iNn the main spring chamber.

15t stage (small divect acting relief relief poppet
Pressure Cont valve) pilor 3 3
PILOT OPERATID RELIES WALYE sStage
I
pilot poppet /

adjusting
control
knob

equal pump line
pressure

(less than
relieving
pressure)

ontrol orvifice

CIRECT ACTING RELIGF WALWE

_— RED . System Pressure

non-adpstable
spring

main
—
poppet spool

2nd stage |
Main valve
body tank

Reliewinmng acticom thhihrouugh tThhhe rmain spool is as T Il =s = Oavs loma as

Thhe swvsterm pressure is less thanm reliewing g pressure set o thhie i
comtroaol KimnolkD , pressure im thhe rmainm sprimg chamber is thhhe sarme

as Ppuarmpe lime pressure, beaecause thhhere iss Mmoo floww thhrouagih the
ormtroaol orifiace Comsecuieratins TtThhere is Mo pressure drop frorrm

oOrmne side OoOf thhe orifice to thhe othheaer. WWihhern puarmpe limese pressure  rise s
higiher thhh=am thhe adjustrment set om thhe ocomtrol <mokle the poilaot

relief pop et mowve s OffF its seat. T his starts oil flovww frormm thhe puarme lime
thhrowucghh thhe orifice ., acros=s thhe pilot relief pop et @armnd o thhhe Ttk
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This restricted flow caused by the orifice creates E
a pressure difference between the pump =" Pressure Control

line and the area across the pilot orifice. This e orEATRSR e »
- ] pressure imbalance causes the main poppet aff‘.‘-—
pilor popreti* | to move off its seat. This will discharge enough g ¥
of the pump flow to prevent any further rise in - M

pump line pressure. When pump line pressure
drops below the control knob setting, the pilot <
relief closes, flow through the orifice ceases, and -
the main spring can reseat the main poppet.
1

Truadi
poppet is
reseated
at the exd

Poppet Relief Valve | Pressure Conl-rol[ pilot valve (with ball) pressure
The pilot operated pressure relief valve comprises ||| =====r setting
adjst—

a valve body, a main spool cartridge, and a pilot
valve with a pressure-setting adjustment
The pressure present in the primary port acts on Sontsel
the bottom of the main spool and, at the same time lines |
the pressure is fed to the spring-loaded side of the
main spool via the control lines and containing

orifices. The pressure is also present at the ball of @
the pilot valve. If the pressure increases to a level - REO. System Pressure

A h . G LUE Exhaust Fioe
above the spring setting of the pilot valve, the ball Primary e e

Pport

opens against the spring.
The pilot cil on the spring side of the main spool cartridge now flows into spring chamber
of the pilot vaive and is directed internaliiy to the secondary port and back to the tank.
Due to the orifices in the control line between the primary port and the pilot valve, a
pressure drop, or pressure differential, exists between the bottom of the main spool and
the spring side of the main spool. This pressure differential lifts the main spool off its seat
and connects the primary pressure port of the valve to the secondary, or tank port.

Fluid now flows to the tank. maintaining the set operatin ressure of the valve.

_'é_ Pressure Control
POPPET
pressure 1s
reliefed to
~1 the tanlc
N RED: System Pressure
E BELUE: Exhaust Flow
EN GREEN Intake Flow
I ORANGE: Reduced f Pilot
Pressure
NOTES Afthrowrgh pilot operated relier valves characteristically have less

presswure overricde thamn direct acting relier valves, their respornse tirnme is sfower.
“Pressuure owverride’ occorrs whrerry ffTowvw throwghf thhe refief valve increases affter thhe
cracking presswure hhras beern reached. Duwe o the compression of thhe sprimg. the
pressoure silf rise abowve, or “override ™ fthe setting of thhe valve.

Note: Al pressore valves are designed as eifith her direct acting or pilot operated.
NOTES High flow valves require larger springs to facilitate larger valve assemblies.

L arger springs coniribuie o hiigher presswure overriage in ihe vaive.
Pressure override is the difference between the cracking pressure and the pressure
needed to completely open the valve.

Saai= 1. By desian. = pilot opaerated relief valve has = larger flows capacity thhan = direct

Soperated relief valve of thhe sarme frame si=zce. =) Traae b)) False

= e pilot operated relief valve utilizes @& srmall orifice imn the maimn bodw for the purpose
of creatimng a pressure differential across the spool when the pilot poppet is opaer.

= e b)) False
SB.T he first stage of a pilot operated relief valve is actually a srmall direct actimg relief
=l e =) T rae ) False
~  Pressure Control 7‘_@ Pressure Control

Clamp
FEiTsURE STGUTRES
S : __ ~

Drill

Exaend
Rewract . RED. System Pressure
— xhaust Ficw
—g::::EEnE Attt Flow Extemd
Pressure Sequence S CRANGE Reduced ! Piot Pressure  [OSrSCE
A sequence valve is a normally closed pressure
control valve that insures that one operation will @ e P —
occur before another, based on_pressure. In our T SEgSES SDnine Clamp
clamp and drill system we want the clamp cylinder pEErEUni pimuanet —
to extend comglete_ly before the drill cylincer extends. C) = ®
To accomplish this we place a sequence valve 2 2

just before the drill cylinder. We set the cylinder to
500 psi. This will insure that the drill will not extend
before we hawve reached 500 psi onclamp cylinder
DQuiz 1 A sequence valwve is a flow control valwve.

Drrill

=9 True B) False
2. A sequence valve is normally open. SO0 psi
a) True b)) False W REO S ystem Pressone
> > W ELUE: Exhaust Flow Exgend

3. The pressure downstrearm of a sequence
wvalwve is limited to the sequence wvalve’s
settings .. =) T e [=2] False

G REEN Intake Fiow JAetract
B O RANGE: Reduced ! Pilot
Pressure
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_& Pressure Reducing

=" Pressure Control A pressure reducing valve is a normally open pressure control valve used to limit pressure
'.':’.":;;:;";;I“ En one or more legs of a hydraulic circuit. Reduced pressure results in a reduced force

being generated. A pressure reducing vaive is the oniy pressure coniroi vaive that is

normally open. A normally open pressure control valve has primary and secondary

passages connected. Pressure at the bottom of the spool is sensed from the pilot line

which is connected to the secondary nort ﬂamamhar a nressure raducing valve is

s connecied 10 Ine secondary poril. memeaemoboer Fressure recucing valve s

normally open.

MNormally Open

Eé_ Pressure Control

é "Pressure Control Cylinder A

FRISSURE EIDUCIMNG

. RED System Pressune
BLUE: Ex
GREEN

_— CRANGE. R

Retract <
The illustrated clamp circuit requires that clamp cylinder B apply a lesser force than clamp
cylinder A. A pressure reducing valve placed just before the clamp cylinder B will allow floww
to go to the cylinder until pressure reaches the setting of the valve.

At this point, the valve begins to close off, limiting any further buildup of pressure. As fluid
bleeds to the tank through the valve drain passage., pressure will begin to decay off and the

wvalve will again open. The result is a reduced modulated pressure equal to setting of the wvalve

Couai= 1 . A4 pressure reducimng valve is the onlby mnormallhy open pressure comntrol walwe
=2 Trase =11 False

=Z2 FPressure reducing wvalves are used to lirmiadt Mmackirmoarm SsSysSternm pressure .
=) T rus By Fals
- Unlike othenr pressure cor—-trol wvalve s, the pressure reducing valve senses its pilot)
fromm thhe secondany port oOf thhe wvwalwe o =2 T riae [ =] False

NOTES A High-L ow pourmp sy sterm? provides a hhigfh volfurme fow at flow pressoire and flowvw
wvolcrrmre flowvw at FRrhgfr pressoure. These oircudts are wsed to externd and reftract the foads at

fow pressore and high fowvw, followed by g pressore, flow volurme fowvw o ado vwork.
fnasrmouch as the power requ;red s thhe prodauct of pressowre and foww, HHighr - ow sy sterrn allowvws

components and input rmotors to be Kept srrall wihich increases operating efficiency DBy
Sizing the systerrn to load reguirerments. [y draoalic Ap = pressore x fHow rate — 7 -~ 7<)
Consider a Higr—L ow porrmmp Circo it thhat incorporates an T8 gprr? porrrre vwhiichHh anfoads at
TOOO psi arnd a TO gprrm oo vwhindich refieves at 3000 psi. WVWWhat is thhe rmraxirriorer?
theoretical inpwut fouid o regouiredz? A, 8.5 hp 2. 717.5 Ap <. 725 ho 0. 20 Hhp
Bolution|Just prior to unloading, the systerm will supply 28 gprm (18 gpm + 70 gpm) at 7000 psi.
Based on our theoretical input horsepower formula, required hp=16.3. With 718 gpm pump unloading
we supply only 710 gprm at 3000 psi. Again, using our formula, we calculate 717.5 hp required.
Answer: 17.5 hp (theoretical)

é Pressure Control

= preseure contror z - A
SN N .

philll

BN REC System Pressure

B BLUE Exhaust Flow

B GREEN Intake Flow

EEN CRAMGE: Reduced ! Pilot
Pressure

BN ORANGE: Red Pilot Pressure

Unloading An unloading valve is a remotely piloted, normally closed pressure control valve that directs
flow to the tank when pressure at that location reaches a predetermined level. A good example of an
unloading valve application would be a High-Low system. A High-Low system may consist of two pumps]
one high volume pump, the other a low volume pump The system is designed to give a rapid approach
or return on the work cylinder.The total volume of both pumps is delivered to the work cylinder until the
load is contacted.

At this point the system pressure increases, causing the unloading valve to open. The flow from the
large volume pump is directed back to the tank at minimal pressureThe smallvolume pump continues
to deliver flow for the higher pressure requirement of the work cycle. Both pumps joinfor rapid return

of the cylinder - This application allows less input horsepower for speed and force requirements.
C2uiz= 1 WvWhen an unNnloading valve opens, it directs floww directlhy back to the tanmnk
a) T ruase B False
= Since the unNnloading valve is remotely piloted . it carmn alloww floww to returm to
thhe tanmnk at Mmiimnimal pressure . a2 T e =] False
= Floww dictates wihenmn amn unloading wvalwve will open. 2 T rruae ) False

coumter balance valve

S pressurel

[Control

COUNTERBALANICE |

Pressure @

Control
:uumnuuuq

phlaiills

N RED: System Pressure
BN ELUE: Exhaust Flow
B G REEN Intake Flow
N ORANGE Reduced!Pilol Pressure [ G REEMN: Intake Flow
. P URPLE  Potential kntensified Pressure B ORANGE: Reduced!Pilol Pressure

Counterbalance B PURPLE Potential Insensified Pressure

B RED: System Pressure
B BLUE: Exhaust Flow

A counterbalance valve is a normally closed pressure valve used with cylinders to counter a
weight or potentially overrunning load. In this circuit, without a counterbalance valve the
load would fall uncontrolled or overrun, and pump flow would not be able to keep up. To
avoid the uncontrolled operation, we place a counterbalance valve just after the cylinder.
The pressure setting of the counterbalance valve is set slightly above the load-induced
pressure of 1100 psi. This counters the load. As we extend the cylinder, pressure must
slightly rise to drive the load down.

Loeaiz= g A counterobalanoce valwve is a morrmallhy opaern floww comtrol walwe o
T e [ =% False
= P couhterbaiance walwe is used to conmntrol a cwlinder with a Nnegative or
ruarmnmimng load o mowe at a comntrolled rate . =) T rrose [ =] False
=0 T he counteroalanmnce valve should be set at a pressure slightihy higher thha=am

tThne Ioad—lnduced Pressure caused by the weight om thhe owlimder.
=) 2 Truae [=3] False
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NOTES Counterbalance valves my prevent a loaded cylinder from falling. Pilot check
valve circuits also hold loaded cylinders in place. Both types of circuits have unigue
applications. Cowunterbalance valves hay be leak-free. For example, manufrfactures
cormmonly give the leakage rates across a counterbalance spoof in drops per rminute. I
a cylinder must be locked in place with a valve that allows no leakage across the spool,

the valve must be designed to do so.
Counterbalance valves my also incorporate external piloting for smoother, “non

hunting” performance. When the rmanufacturer utilizes both internal and external pilots
you have the vest of both worlds. The internal pilot lowers the load with counter pressure
whiile the external pilot drops all back pressure when performing work.

_|Pressure Conilﬂj Pressure Conlroll
g | sraxe]

Energize

"HI

brake
I RED: System Pressure raalnr
B BLUE: Exhaust Flow valve
I GREEN: Intake Flow

I ORANGE: Reduced/Pilot Pressure

E RED System Pressure

I BLUE: Exhaust Flow

I GREEN: Intake Flow

I ORANGE: Reduced!Pilot Pressure

w is a normally closed pressure control valve with both direct and remote pilot connected
simultaneously for its operation. This valve is frequently used with hydraulic motors for dynamic braking
Because any downstream resistance will add to the load on the hydraulic motor, we pilot remotely,using
working pressure to keep the valve open during running. This eliminates back pressure on the motor.
When we de-energize the directional valve, remote pilot pressure is lost, allowing the valve to close.The
inertia of the load will now drive the valve open via the internal pilot, giving us dynamic braking.

Quiz 1. The brake valve uses a remote pilot to maintain a constant back pressure on the motor.

a) True b) False
2. The brake valve has two pilots for the purpose of allowing the installer more plumbing options
a) True b) False

3. When the directional control valve is centered, the brake valve allows a controlled amount of
back pressure to build in the line between the motor and the brake valve to achieve dynamic
braking. a) True b) False

f:é Pressure Control

N = =
= — i
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-
Brake Valwve Seqguence Valve
Unloading Valve Counterbalance Valve
Pressure Relief Pressure Reducing
Valwe Valwe

NOTES A brake circuit utilizing a brake control valve is necessary on a rotary
actuator where speed control and stopping capacity are required This is also a remote piloted
counterbalance valve. Brake valve usually implies that it is used with a motor circuit.

Summary
[Brake valve:| The brake valve serves two purposes. It prevents a load from over speeding

the motor, and when the directional control valve is centered, it brings the motor to a stop at
a controlled rate of speed.

[Unloading valve] When the system pressure reaches the unloading valve setting, the valve
opens diverting flow from the larger pump back to the tank at minimum pressure.

[Pressure relief valve] This valve limits the maximum system pressure.

[Sequence valve] If properly adjusted, the sequence valve assures that the cylinder will fully

extend before the motor starts.
[Counterbalance valve:] Counterbalance valves are used to aid a cylinder in lowering a load

at a controlled rate.
|F’ressure reducing valve] The reducing valve will limit the pressure to the motor, thus
limiting the output torque of the motor.
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Chapter #5

Overview | Directional Control Valves |

T he directional control valve is the component that starts., stops, and changes the direction
of the fluid flowing through a hhydraulic systernm. In addition to this, the directional control
walve actually designates the type of hydraulic systernm design., either open or closed. The
exercises in this section will give you a hands-on opportunity to see how these wvalves
actually operate and the iMmportance that they play in proper systerm functiomn.

Directional control valves are used to start, stop. and change the direction of flow imn a
hydraulic circuit. Aldthough thewy Mmay be designed as rotary or poppet style, the spool type
directional control is the most common. This design consists of a body “with imntermnal
Ppassages that are connmnected or sealed by a sliding spool along the lands of the valve.
Directional spool valves are sealed along the clearance between the mowving spool, land
and the housing. The degree of sealing depends on the clearance, the wviscosity of the
fluid, and the pressure. Because of this slight leakage. spool type directional valves can
Nnot alonmne hydraulically lock the actuator.

E ;. cionat conrl | Directional Control Valves

Valve Body

Spool Land

Spool
e 8

Seal

NOTES Directional control valves may also be of the “poppet” design. They have seating

elements in the form of balls, poppets or plates. The advantage of the poppet design are zero
leakage and no sticking under high pressure.

Sliding Plate Directional Control Valves

The design shown in figure, may be linked to an unwrapped spool (i-e.,
that is 2-D) or even to the original D-type steam valve. It overcomes
difficulties associated with the manufacturing of the process in spool
valves, and we can use the hole-and —plug porting techniques. However,
some manufacturers consider that difficulties associated with the flat and
parallel plates making are greater than those with making spools and
sleeves. Various methods are used to reduce friction force; Iin some
valves the sliding member is suspended on spring plates to prevent
metallic contact, and others achieve hydrostatic pressure balance.

1 ;’}'_

=Ipi 1)

Sliding Plate Valve: [1] Supply; [2] Exhaust;
[3] Torque Motor; where C1 and C2 to load.

Rotary Spool directional Control Valves
The rotary valve is an obvious configuration, although not widely used.
It can be classified as another type of spool valve where the ports run
axially instead of circumferentially as shown in the figure. Sealing in
the closed position, these valves are a close fir over a restricted
contact area. Also friction can be high. In these respects, rotary valves
are inferior to conventional spool valves, or even plug valves.

Presswure
[ [ |
[ B
- ™ sy -
Operation iy P
of a rotary ~ -~
Spool
directional Exhaust m Exhaust
— = —— e
control
valve
FPressure
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Rotary Plate Directional Control Valves
The somewhat better configuration is to employ a ‘solid” spool with drilled through
ports (one or many ports) as shown in the two figures below. Geometric design is
simplified to a degree with these latter designs or types of valves, and both can
readily be produced with over-lap or under-lap, as required, e.g., by enlarging the
circumferential length of the rotating or stationary port, respectively. These types of
valves are known as disc valves or rotary disc valves. Also the reaction forces can be
compensated fairly easily by the use of deflector vanes which can add the advantage
of beineg adiustable.

=

Rotating disc
Rotary Plate Valve - -

- Rotary Plate Valve : [1] Supply:;
[2] Exhaust; [3] Torque Motor
(one port in the plate) C1 and C2 to load

Directional control valves are primarily designated by their number of possible positions,
port connections or ways, and how they are actuated or energized. For example, the
number of porting connections are designated as ways or possible flow paths. A four-way
valve would have four ports: P, T, A, and B. A three-position valve is indicated by three
connected boxes. There are many ways of actuating or shifting the valve. They are: push
button, hand lever, foot pedal, mechanical, hydraulic pilot, air pilot, solenoid, and spring.

e T —— e ——
Directional Control Valves == == = - |
I 11 =

SIS
NMORMALLY CLOSED NORMALLY CLOSED
Spring Offsec Spring Offset - .
Solenoid Operated 2-way Solencid Operated 3-way ‘mo - ||
irectiona ontro
Push Button (J— 4 Way 3 Position Valve A Hydraulic Pilot
L s o] il PN ST mh
NORMALLY OPEMN NOBRMALLY OPEM T = SR S Solenoid
Spring Offset Spring Offset st
Solencid Operated 2-way Solencid Operated 3-way Mechanical O " Spring

Directional control valves may also be designated as normally opened or normally closed.
These desiagnations would accompany two-position valves such as the followina: spring

offset, solenoid operated, two-way valve normally closed: spring offset, solenoid operated,
two-way valve normally open; spring offset, solenoid operated, three-way wvalve normally
closed; spring offset, solenoid operated three-way valve normally open.

The spool type directional control valves in Directional Control Valves Induscry Standard Porcing Paccern

industrial_ applications are sub-plate or manifold .\\‘ ’\\ ‘

mounted The porting pattern is industry standard
DO2: nominal flow 5 gpm

and designed by valve size. Directional control
\\ DS meriaall o XS, Gy DO7: nominal flow 30 gpm
e S \\‘ \\‘
o Ny

is critical to the proper function of the valve. Flow
capacity of a valve is deta2rmined by the port size
and the pressure drop across the valve. This

mounting pattern and size is designed as a D02
nominal flow 5 gpm, DO3 nominal flow 10 gpm,
D05 nominal flow 20 gpm, DOSH nominal flow
25 gpm,DO7 nominal flow 30 gpm, DO8 nominal

valve sizing is according to flow capacity which
flow 60 gpm D10 nominal flow 100 gpm : nominal flow 20 gpm  DOS8: nominal flow 60 gpm D10: nominal flow 100 gpm

[® TPomp Pore T® Aorerorc T® TankPore T® <or vFiscrors

[[g]i&n:uhblr°c"°"u‘ Control mnirecfionul Control 2 Ways 3 positionsy

Direct Acting

divect acting

enersizine
exctendins Norznally-

N RED System Pressure closed
EEN ELUE: Exnaust Flow
G REEMN: Intake Flow — N RED System Pressure
B BLUE: Exhaust Flow

Direct Aactin N GREEN Intake Flow
A direct acting directional control valve may be either manual or solenoid actuated. Direct
acting indicates that some method of force is applied directly to the spool, causing the
spool to shift. In our illlustration, energi=zing the solenoid or coil creates an electromagnetic
force which wants to pull the armature inNnto the mMmagnetic field. As this occurs, the
connmnected push pin Mmoves the spool in the same direction while compressing the returm
spring. As the spool valve shifts, port P opens to port A, and port B opens to port T or tank
T his allows the cylinder to extend. Wwhen the coil is de-energized. the returm springs nmowve
the spool back to its center position.
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KT i ectional Control
Direct Acting

N RED System Preasure
B B UE: Exhaust Flow . .
Pilot Operated
For control of systems reguirimg high flows, usually over 35 gpm, pilot operated directiomnal
control valves must be used due to the higher force required to shift the spool. T he top
walvwe, called the pilot valve, is used to hydraulically shift the bottorm wvalwve, or the rmaim valwve
T o accomplish this, oil is directed from either an intermal or an extermnal source to the pilot
walwe . Vvhen we energize the pilot wvalve, oil is directed to one side of the main spool. This
whill shift the spool, opening our pressure port to the work port and directing returm fluid back
to thhe tank. It is often reqguired to extermnally pilot or send fluid to pilot valve from extermnal source

T " cle-enen i
direct2QTVR.mov $ >3 no flow ety actine

T
Ejti]ﬂ]'uerC'.Q,.a. Control mgm‘niraciionﬂl Cen'l'rol] "’“‘I " I & I o I"“ [glt:mnirggfionul Control

PILOT OPERATED FILOT OFERATED

FILOT OPERATED

N GREEN Intake

T A P B Y T A P ! XY B ORANGE: Reduced ! Pilot Pressure T A P B KY

The advantages to external piloting are constant pressure supply regardless of other
influences inNn the Main system, and the source may be filtered separately to prevent silting
of the pilot valve. In addition to externally piloting., we may also externally or intermnally drain
the valve. If the pilot valve is intermally drained, oil flows directly into the tank chamber of the
main valve. Pressure or flow surges occurring in the tank port when operating the main
control spool may affect the unloaded side of the main spool, as well as the pilot valve. To
awvoid this, we externally drainpilot valve by feeding pilot oil flow back to tank. Pilot operated
directional control valves may be field changed from internal to external pilot and drain.

[glﬁ][ﬂ. i i Pilot erated JzIﬁlﬂ]hlﬂ'ira:ﬁt:n-lnl Control
Directional Control [1]1] « A constant pressure supply o ik L

eardl

PILOT OPERATED

fluences in the system.

* Source may be filtered
separately to prevent

silting of the pilot valve.

B RED System Pressure

B ELUE: Exhaust Flow
N GREEN Intake Flow
B ORANGE: Reduced /Pilot P
T AP B XY educed /Pilot Pressure T AP B XY

NOTES Single and dowble sofernoid corntrol valves are available with DC solenofds or

AT 5060 H= T20 volt sofernoids.
NFost solfenoid actuated valves are equipped withy rmanwal overrides, allowing the spoolf fo

be shiffed by hamnd. This is accomplishred by depressing the pin flocated irn the end of the
owrsh pirn tuwbe flocated af eachH end of the valve.

—ifoted operated directional comntrol valves rmuwst have a prowvisiorn to draifirn the pilot oil at
rHhe opposite end of the spool in order for the valve spoof to shift. Blocking the drairmn or
Ny port of an externally drained vaflve will prevent the spool frorm sHhifting .

NOTES.All “spool™ type directiornal control valves have sorme leakage by the spoolf. This slight
leakage rmy cawse a cyfinder to externd wunder presswure or driift dowrn wunder load. The applficatiorn
mmay reqguired the wuse of a pilot operated check valve irr coryjurnction with a flfloat center.

—mﬁﬂ"’"’ﬂ“m Ezmbirecﬁonal Control mﬂ‘mmﬁ,m Control| B_

GREN WE. CLOSAD CRMTER

Clesed Eenter Spen Cemer O V5. CLOSED SNTRE OPEM V5. CLOSED CENTIR ,—-X
—_— = =1
=] N
u l—]
N RED: System Pressure
W BLUE: Exhaust Flow M RED: System Pressure
N GREEN Intake Flow I BLUE: Exhaust Flow
BN ORANGE: Reduced ! Pilot B GREEN Intake Flow
Pressurs B ORANGE: Reduced/Pilot
Pressure

Open vs. Closed Center
WVve can categorize most hydraulic circuits into two basic types: open center or closed

center. The directional control valve actually designates the type of circuit. Open center
circuits are defined as circuits which route pumip flow back to the reservoir through the
directional control valve during neutral or dwell time. This type of circuit typically uses a
fixed volume pump, such as a gear pump. If flow were to be blocked in neutral or when the
directional control valve is centered, it would force flow over the relief valve. This could
pPpossibly create an excessive amount of heat and would be an incorrect design. A closed
center circuit blocks pump flow at the directional control valve, in neutral or when centered.
Wve must utilize a pressure compensated pump, such as a piston pump., which will de-
stroke, or an unloading circuit used with a fixed volume pump.
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A three-position directional control valve incorporates a neutral or center position which R = e
designates the circuit as open or closed, depending on the interconnection of the Pand T =

OPEM TYFE FLOWT TYPE

ports, and designates the type of work application depending on the configuration of the Al | _| = | I g L | i
and B ports. The four most common types of three-position valves are: open type, closed

cLoseo Tvre TArOEm Tree
type, flow type, and tar;d]e}m type. I T T T =
P oy T Py T

This open type configuration connects P, T, A, and B together, giving open center and work force that
drain to the tank. This configuration is used iNn Motor circuits to allow freewheeling in Nneutral.

This closed h:nf ﬁ:onﬁn uration blocks P, T, A, and B in neutral, giving us a closed center.

N =]
CLOSED TYPE

FLOAT TYPE

This center tvpe I1s common in parallel circuits where we stop and hold a load in mid-cvcle.
This float type configuration blocks P while interconnecting A and B ports to T. Because P
is blocked, the circuit becomes closed center. This center type is commonly used in
parallel circuits where we are freewheeling a hyvdraulic motor in neutral.

A B

A B A B
TANDEM TYPE II >< ANDEM TYPE 11 >< TANDEM TYPE [T ]I L ><
= |- <] Z ﬂ <] = 1 AN
FT

This tandem type configuration connects P to T while blocking work ports A and B. With P
and T connected, we have an open center circuit. This center type is used in connection
with fixed displacement oump. Because A and B are blocked. the load held in neutral.
Vvwhen specifying a directional control valve type, one must consider the type of circuit
required and the work application.

Quiz 1. A closed center system maintains constant flow. but Nno pressure when the

directional control valve is centered. a) True b) False
2. The type of pump (fixed vs. pressure compensated) designates whether we have an
open or closed center systemnm. a) True  b) False
3.1n an open center system, flow passad/ghiraugiinthe valve center and back to tank &t low
pressure when the valve is centered. a) True b) False
(XTI ' | KT o5, ecrionat contro]
Directional Control valve JEIﬁlﬂl-m,_“,ionq, nop—
bidirectional | OPIN VS. CLOSED CIRCUIT
hyvdraulic motor Open Circuit motox
e = motor stops if pump is
== 2 stoped
N RED System Préessure
" S Tl B N
Al . :
f n motor 3 | ==oraves st |3 romwaso
L] L]
" "

I " 1 I level YELLOW. Metered Flow
n n
K] 1 Directional Controll & [g]t:n}nlrecfional Control Open Circuit
— P
O*EM VS. <msq cImQuar [ :ESE .Sg::leaf:,‘ r:lSDS“:JIB OPEN V5. CLOSED CIRCUIT |‘E
B RED: System Pressure
= [} — N BLUE: Exhaust Flow
1 _—
== ) Er()
o e, +*
¢ ) ¥
: : REVERSE "
L]
- -
] ] L]
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Chapter # 6

| | Flow Control Valves J !

Introducticon 1

Floww comntrol valves are used to regulate thhe wvolumme of oil supplied to different arcsas of

hydraulic systerms. Imn thhis sectiomn ywow wi be givern anmn overwvieww of the two twpes of floww
locatiormn im a hydraulic systerm. Because =)

control valves, as well as their applicationmn amnd
Pproper placerrment of these devices is critical to optimum systerm performance, a section

has been provided to help vou learm wihyw anmnd wihere flow comntrol devises should be used.
Overvi ;
T he function of the flow control valve is to reduce the rate of flow in its| — Flow Control

leg of the circuit. Flow reduction will result in speed reduction at the
A flow control valve builds added resistance to the circuit,

actuator. .
iNncreasing pressure, resulting in a partial bypassing of fluid over the —_— 10 gpm
relief valve or a de-stroking pressure of a compensated pump. This _
reduces flow downstream of the flow control valve.

INn a fixed volume pump. to reduce flow to the actuator, |—a.é— Flow Control vﬂ.v.,l

we must bypass a portion of the fluid over the relief valve.
As close the needle valve. pressure increases upstream. -E. .E]I

As we approach 1500 psi the relief valve begins to open,
bypassing a portion of fluid to the reservoir. With flow
control used INn a pressure compensated pump, we do 0 gpm - 10 gpm
— 0 gpm
-

e have pressare diop
ar full open position

not push fluid over the relief valve. As we approach the
compensator setting of 1500 psi, the pump will begin e
the de-stroke, reducing oubtward Tloww.

| —?4— Flow Control Valves
S gpm

—_—

~ Relief valve set to
‘k‘/ open at 1500 psi

N RED: System Pressure

I BLUE: Exhaust Flow

B GREEN Intake Flow
YELLOW: Metered Filow

. RED: System Pressure
B BLUE: Exhaust Flow
N GREEN: Intaxe Flow
YELLOW: Metered Flow

N RED: System Pressure
N ELUE: Exhaust Flow
N GREEN Intake Flow

Flow control valves may be fixed or non-adjustable ol o Control Valves| 588 mss 1000 mst
or adjustable. In addition, they may be classified as

throttling only or pressure compensatedThe amount % Q

of flow through an orifice will remain constant as long X

as the pressure differential across the orifice does e DS tenee e e

Nnot change. VWhen the pressure differential changes, %

the flow changes. Changing load or upstream pressure > i

will change the pressure drop across the valve. T Compensated ... -

flow control Needie Walve THRECTTLING Wi. PRESSURE COMPEINSATING | e e cdlae W alwe =
walve speed Neaedle valves may be desi Mated as mnorn-—
changes cormpensated floww comntrol or rottlimg  valves .
= e T hey aAare good metering dewvices as lomng as
with load |thhe pressure differaential across thhe walwe
rermains constanmnt. A pressure compeaensated
Flowvw comtrol valve is designed to make
allowvwances for pressure chhanmnges ahead
or aftter orifice T he pressure compensated
Flovwaw comtrol valve syimibol adds a pressure
A|Arroney to thhe orifice . Notice that wwith =
Pressure compensated floww comntrol walwe
tThhe spaeaed of thhe ovliinmnder does mot change
=

Mon-compens ated —*— Flow Control Valwves e nitnd O

>

vl ane

YELLOW: Metered Fiow wwith thhe change imn loaa
1 N =
*Flow Control Valves ,'(5 ~) <]
, , s Ve sesssom conrmaw | 7 Flow|  ( Jno flow
= =
= o
speed —]
A=

small load

B RED System Pressure

B BLUE: Exhaust Flow

BN GREEMN: Intake Flow
YELLOW: Metered Fiow

extending
EEN RED: System Pressurne
B S LUE: Exhaust Flow
N GREEM Intake Flow
YELLOW: Metered Fiow

*?é Flow Control Valves

THROTTLING VS. PRESSURE COMPENSATING

30 %o
speed

Large Load
small load
BN RED: System Pressure
W BLUE: Exhaust Flow
B GREEM Intake Flow
YELLOW: Metered Fiow

extending
BN RED: System Pressure
BN BLUE: Exhaust Flow
H BN GREEN: Intake Flow
YELLOW: Metered Flow

”
—Sr<— Flow Control Valwves

THREOTILING V5. PRESSURE COMPENSATING Flow Control Valwves

ey suaall
load

extending

1 b large load
B RED- System Pressure
EE BLUE Exhaust Flow
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Flow Control Valves
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Flow Control Valwves
[ ThRoTTiinG v, PRESSURE COMPENSATI NG
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= speed
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Flow Control Valwes

* Flow Control Valves
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YELLOW: Metered Fiow

[TrmoTTiinG ve. PRESSURE COMPENSATING
90 e
speed

I fo's

SO00 1lxs .

ety A tinmg Large Load
_— RED System Pressure

YELLOW: Motered Fiow

_?4:_ Flow Control Valwes
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*‘ Flow Control Valwves |
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_3'4— Flow Control Valves
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Intake Fiow
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|* Flow Control Valves |
|

THROTTLING V5. PRESSURE COMPENSATING

* Flow Control Valves

PRESSURE COMPENSATING

THROTTLING VS.

to meter.

NOTES Filow control valves, when metering, add resistance to the circuit, which adds heat and
load to the system. Fixed displacement pump circuits must force excess flow over the relief valve
This creates much more heat than variable displacement pumps,which partially de-stroke
the pump from the valve closure, rather than force excess flow over a relief valve.
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NOTES A nrecciire comnensatad flow control valhve mav aleco he temnperatinre comnensat
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Temperature compensation allows for change in fluid viscosity due to temperature changes in
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NMeter-in Meter-Owut

the actuator. In this circuit,
an unrestricted rate.

Meter-in is the method of placing a flow control valve in such a way that fluid is restricted to
wwithout a flow control valve the cylinder extends and retracts at
Vvihen we place a floww control valve into the circuit this flow control
walwve will restrict floww to the cylinder, slowing the extend rate of the cylinder.
wvalve allows returm flow to bypass the flow control when direction

T he check
of flow is reversed.

a)@ Flow Control Valves

METER 1M/ METER OUT

il

extemding witl
e stre otid rate

— RED: System Pressure
N GLUE: Exhaust Flow
N GREEN: Intake Filow
YELLOW: Metered Ficw
- ORANGE Reduced /! Pilot Pressure

— ki

Flow Control Vulvesl

METER |IN/METER OUT

%7@ Flow Control Valves

METER 1M METER OUT

check valve
N RED System Pressure

M SLUE Exnsust Floe
G REEN intake Filow

* Flow Control Valves

METER 1N/ METER OWT

retracting with
wurrestricted rate

a}‘,‘6 Flow Control Valves

METER | N/ METER OUT
=%
"
-

bypass checlk |

il

mnrestiacted
retraction

=N
N RED: System Proessure

N BLUE: Exhaust Flow
N GREEN Intake Filow

_:7@ Flow Control Valves

METER 1N/ METER OUT 1

restricted
extending

. RED System Pressure
N BLUE: Exhaust Flow
N GREEMN Intake Filow

¥ ELLOW: Meotered Fiow
O RANGE Reduced/Pilct Pressures
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vYwhen we mowve the flow control to the other line, the cylinder extends at an unNnrestricted rate ]
vve can restrict the flow to the cylinder so that it will retract at a reduced rate.

I*Flow Control Valves

ml METER IMN/METER OUT 1
- =1 —

controled flow

| o

restyicted retraction

RED: System Pressure

BLUE: Exhaust Flow

GREEMN Intake Flow

YELLOW: Metered Filow

CRANGE Reduced!Pilot Pressure

il

bypass Iﬁ’
check

vakve

mmrestricted extelding
N RED System Pressure
B G LUE: Exhaust Fiow
G REEN: Intake Flow
YELLOW: Metered Flow
- ORANGE: Reduced/!Pilot Prassure

Audv-ante ges of

|* Flow Control Vﬂlves! .I\-J.e-rexnlo Hve o

. RED: System Pressure

LU E Exhosust Flow

G REEN Intake Flow
YELLOW: Motered Ficw

O RANGE: Reduced / Pilot Prossure

positive load

The advantage to meter-in is that it is very accurate
with a positive load. However, when the load goes
over center, the load becomes negative or
overrunning. The load is no longer being controlled
by the cylinder. As the load overruns, it causes the
cylinder to cavitate.

Flow Control Valves

METER 1IN/ METER OUT

EE 8LUE Exhaust Flow
N GREEN Intake Flow

Zero Lo=ad

N RED System Pressure

YELLOW: Metered Filow
O RAMNGE: Reduced ! Pilot Pressure

* Flow Control Vo!ves|||

METER IN/METER OUT

load goes over centex
(negative load)

. REC: System Pressure
BN BLUE: Exhaust Flow
N GREEN: Intake Flow
YELLOW: Metered Flow
B ORANGE: Reduced /Pilot Pressure € avitation

Adthough meter-in is usually the best placement for controlling a constant speed, because it
also dampens flow and pressure transients,
meter-out. To meter-out we simply change the direction that the flow is allowed to pass

through the reverse check. This will cause the fluid is be metered as it leaves the actuator,
wihich is opposite of meter-in.

* Flow Control Valves

METER 1M/ METER OUT

B RED: System Pressure
. BLUE: Exhaust Flow
EN GREEN Intake Filow

N ORANGE: Reduced!Pilotl Pressure

restricted
extendimng,

YELLOW: Metered Flow

Meter Out '?4_ Flow Control Valves Lo dt s

= r

O | METER IN/METER OUT

)

L

P

reverse check

- RED

N ELUE: Exhaust Flow

. GRE

YELLOW: Metered Flow

. O RA

wvalve
- J
P

restericted
System Pressure retraction

EN: Intake Filow

NGE Reduced!Pilot Pressure

it may be required in some applications to

An advantage of meter-out is that it prevent cylinder
from overrunning and consequently cavitating. A
disadvantage of meter-out can be pressure
intensification. This can occur with a substantial
differential area ratio between the rod ands and piston.
VWhen we meter-out on the rod side of the cylinder without
a load, the pressure is intensified on the rod side. This
may damage the rod seals. Meter-in or meter-out has
advantages and disadvantages. The application must
determine the type of flow control valve placement.

* Flow Control Valves

METER IN/METER OUT
from over
= A

Meter out
- runing &
— REC System Pressure -—Iil =: cavitation
N ELUE: Exhaust Flow

YELLOW: Metered Flow

Ineter ot
prevents
cvlinde

* Flow Control Valwves

even Ts meven SUT |
dliiszadvantase of
MNIetenr ownt

- REC System Pressurne

S U R PLE Povendal ntensified Pressure

S L UE: Exhaust Flow

N RED System Pressure

Pilot Pressure

I?é“ Flow Control Valves

METER 1M/ METER OUT

Circwuir #1 i Circuwi

. Exvenad

t &3

W Rewract

. Hele
[l’* fomoomgtveteer &
- A

B RED: System Pressure
B BLUE Exhawst Flow
B GREEN Intake Flow

_b@?low Control Valves

METER 0N/ METER OUT

Leamming Lab

P N

VELLOW: Metered Ficm
- ORANGE: Reduced & * Pulct Prassure
N FURPLE Potencial intensified Pressure

4
q &

YELLOW: Metered Ficw
B CRANGE  Reduc ior Pilat Pressuse
E PURPLE: Potential Intensified Pressure

Quiz 1. Meter-in should only be used with a positive
" load. a) True b) False

2. When metering-in one must always use a pressure

compensated flow control. a) True b) False

3. Meter-in refers to controlling the flow going to the
actuator. a) True b) False

h Soliman o
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Chapter # 7

Fluid Conditioning
Introcduction

Fluid conditioning is critical imn maintaining proper operation of a hydraulic systerm. In this
sectiomn, you will learm about different types of filters, their location, anmnd how they keep

hydraulic fluid cleanmn. “vou will also learmn about the IMmportancoce of regulating the temperature
of hydraulic fluid with devices like heat exchangers. For example, fluid that is too hot or too
cold canmn have a negative impact on systernm performance.

[Filtration|Owverwvieww
Cleanliness of hydraulic fluid has becorrme critical in the design anmnd operationmn of fluid powwer]
components. Wvith pumips anmnd valves designed to closer tolerances anmnd fimner finishes, fluid
systerms operate at ever increasing pressures and efficiencies. T hese components will
perform as designed as long as the fluid is clean. Oil cleanliness results in iNncreased

systerm reliaability and reduced maintenance . |

~> fFluia | Engineered FIIIration | <> fivid condirioning| ENgineered Filtration

Condi ioninc__:!. . [—]
SILT
Too srrlzl[ vo
Enginccrcd ’
Filcraction -
_— RED System
N S LUE Exhaus
G REEN Intake Filow

As particles are induced or ingressed

imnto a hydraulic systerm, thheyw are oftem = —_— »
ground IiNnto thousands of fiNne particles Fluid Conditioning
T hese tiny particles are tightlhy packed FILTRATION SILT

betwesenmn valve spools and their bores,
causing thhe valve to stick. T his is Kmnowwrm _
as siltimg T o prewvent siltimg.,. earlhy corrmp - ———
ormnent wear, and swventual systerrn failure | pre—
engineaered filtration is reguired. Emngim-—

ecered filtratiomn iNnciudes: unNnderstanmnding

recquired micron rating ., application of the -
baeta ratio, rnalr—ltalnirlq Proper 1SO code
cCleanliness levels, filter location specific
tTo the swsterm deS|gn arnd enwviromnrmeent. SILT

NOTES /ngressiorr is definmned as thhe rate at vwhiich exterrmnal comntarminates ernter the
Sy sterry frorry cyifinder rods,. afr breathhers., shhaff seals and oftfrer possible points of ertry.

<P Fluwid Conditionin

|_$_ Fluid Condiiioning Einglnnurad Filtration

= Understanding required pm rating

TR mA T

Micron tpmi |
m=_.000039 in \

- Application of the Beta Ratio

- Maintaining proper I1ISO code deanliness levels

= Filter locations specific to system design
and environm ent

Engincered
. RED - System Pressune Filoration
S L UE. Exhaust Flow
EEN GREEM Intake Fiow

dust particle

Terminolo Microm [a'a}

icron () is the designation used to describe particle sizes or clearances in hydraulic
components. A micron is egual to 39 millionths of amn inch. To put this into perspective the

smallest dot that can be seen by the naked eye is 40 uwm. Consider the following illustration ..
I wwe looked at a human hair magnified 100 times the particles you see Nmnext to the hair are
about 10 purm. Induastrial hydraulic systerms usually filter imn the 10 Jpuorm range. T his means
that filters are filtering particles that can Nnot be seen by the naked eye.

<P Fluid Conditioning Filtration Beta ratio

Filtration devices are used to filter particles out of the
system’s fluid. A filter's efficiency is rated with a beta
ratio. The beta ratio is the number of particles upstream
from the filter that are larger than the filter's micron
rating divided by the number of particles downstream
s i A Wil M larger than the filter's micron rating.In this example there
#hon the Slter’s micron rofing. ([3) | are 200 particles upstream which are larger than 3 um.
e e e r These flow up to and through the filters.

than the filter's micron rafing.

BETA RATIO (B)|

Number of parficles upsiream

NOTES 7o covert beta ratio into percentages. take the reciprocal of the beta ratio

(7T =5 and swubtract it frorr TO00%256. [Formmuala: 700%s6 - (7T 53 — 26 efficiency .|
A filter that allows more particles through or in other
_$_ Fluid © diti R 100 Particles B,=200_ words, one that is less efficient, has a low beta ratio.
L} ondinoning Larger Than 3pm *“Mo00 You can see that the filter at the top allowed 100 particles)|
FILTRATION

through The filter on the bottom allowed onI%1 particle
through. If we apply these numbers to the beta ratio

BETA RAT'O (B) : | 2 formula, we can see that the filter at the top has a

lower or less efficient beta ratio and the filter at the
bottom has a higher or more efficient beta ratio.

I@“ Fluid Conditioning ¥ lation
1S0 Code

IiISO solid contamination code)
= Universal expression of cleanliness

1 Particle g:=m=2n° = Based on volume of 1.0 ml

Larger Than 3pm 1 - 4pm. 6pm, and |4pm size of particles

'ISO Code Spector Analysis RESULTS

To specify the cleanliness level of a given volume
of fluid we refer to what is known as an ISO code, i =
or ISO solid contamination code . This code, which Gy
applies to all types of fluid, provides a universal ¥y
expression of relative cleanliness between suppliers
and users of hydraulic fluid.

Based on 1 milliliter of fluid, a particle count is
analyzed using specific sizes of particles, 4 num,
6 um, and 14 um. These three sizes were ~ R g wwn Z 8,000
selected because it gives an accurate
assessment of the amount of silt from 4 pum L= TN > 3 A0
particles and 6 um particles, while the number of i . O .

particles above 14 um reflects the amount of h dollman . 3
wear type particles in the fluid.
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To interpret the meaning of these results a graph like the one shown would have been
consulted. 1IN this example, a rating of 22/18/13 indicates the following: The first number 22
iNndicates the NnumMmber of particles greater than or equal to 4 nuMm in size is more thanmn 20,000
and less than or equal to 40,000, per miilliliter. The second number 18 indicates the number
of particles greater thamn or equal to 6 uuMm in size Iis more thanmn 1,300 and less than or egual
to 2,500, per milliliter. The third number 13 indicates the number of particles greater thanmn or

equal to 14 pum in size is more thanmn 40 and less than or equal to 80, per miil iter.
Numberﬂf P rtichens: pas 1O vl _‘$'_ Flwuicad Comnditiaomnimag
150 S Code Tabile FiiTmE AT o
S ke Mo re T Mo re F
o chhaaars LT o thhaaars & oamps oy
o - 15 - -
I 1& - e
= = [ I e -
3 - - e 1.3k 25k
-4 - - 1= - -
5 20 - -
& - ra| - -
- — rir] 20 e
F=3 23 - - -
- 24 - —
o 25 - .
2 - - 27 - — —
3 = B 28 — — =
1 % - - = L
T his ISO code is meaningful only if we can relate it to the reguired cleanliness level of our

hydraulic systerm. This is usually based on a manufacturers requirernment for cleanliness
levels inN which a component may operate.  For example: Most servo valves reguire a 1sSsO
code of 15/13/12 or better, whiile gear pumps miay operate adeguately in fluids with

A 1S 1SO. Filtera.mov

Placement

Filter placemment is critical for mamintaining acceptable fluid cleanliness levels, adeguate
component protectiomn, and reducing machine downtime. Filter breathers are critical im
prevention of airborme particulate inNngression. As the system operates, the fluid level imn the
reservoir changes. This draws in outside air and with it, airborme particulates. T he
breather filters the air entering the reservoir.

<P Fluwia

m Filtn-=ationn
ICondlIIonancl |i—% - P )
r N =D S ysterm PressSans
LU E Exhnaust Flow

_]_ G REEN Intake Flow

)— Pressure Filoer

Pressure filters are often required to protect the component immediately downstream of
the filter, such as a sensitive servo valve, from accelerated wear, silting, or sticking.
Pressure filters must be able to withstand the operating pressure of the system as well as
any pump pulsations. Return filters best provide for maintaining total system cleanliness,
depending on their pm rating (beta ratio). They can trap very small particles before they
return to the reservoir. They must be sized to handle the full return flow from the systerm. A
kKidney loop or off-line filtration is often required when fluid circulation through a return filter
is minimal. Being independent of the main hydraulic system, off-line filters can be placed
where they are most convenient to service or change. Off-line filtration normally runs
continuoushy .

Loearming Laly QU= 1. T he beta ratio of 75
aa) is less efficient thanmn beta 100.
o | - fluia cﬂnd“ioninal b)) is more efficient thamn beta 100.
e T ) iNndicates the Mmicron si=ze.

Tl = ‘, d) none of the abowve.
| 2. Imn determining a filter's beta ratio,
Epir] particulate the micron rating

. aa) is critical.
<> 2

b)) does not apply to the efficiency.
c) is sMmaller than the particles being filtered
d)is larger than the particles being Tiltered.

3. Filter breathers are critical in prevention
of airborme particulate ingression.
[HEAT EXCHANGERS | Lypes ' 22 Tue b)) FPalse

Temperature control is critical in hydraulic systems. Ewven with the best circuit design, there
are always power losses in converting mechanical energy into fluid power. Heat is
generated whenewver fluid flows from high to low pressure without producing mechanical
work. Heat exchangers may be required when operating temperatures are critical or when
the systerm cannot dissipate all the heat that is generated.

> Flwid Condil‘ioningl Heat Emnannrs

~ Fluid Conditioning |
WYvarer Cooled

160"

o=

1 Heat Exchanger S RED: System Fressure Air Cooled
Setassat ettt s Bl BELUE: Exhaust Flow
weeseesssee [ GREEN Intake Flow
PETE Y YELLOW: Meteread Filow
HEAT sxcHANGERS | I ORANGE  Reduced ! Piiot Pressure
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There are two basic types of heat exchangers. Each is based on a different cooling medium:
water cooled heat exchangers and air cooled heat exchangers. If cooling water is available,

a shell and tube heat exchanger may be preferred. Cooling water is circulated through a
bundle of bronze tubes from one end cap tc the other. Hydraulic fluid is circulated throuah the
unit and around the tubes containina the water. The heat is removed from the hydraulic fluid bw
the water. There are advantages to this type of cooler. They are the least expensive, they are
very compact, they do not make noise, they provide consistent heat removal year round, and
they are good in dirty environments.The disadvantages are: water costs can be expensive with
rupture oil and water may mix, and usually require regular maintenance from mineral buildup._

-$_ Fluid Conditioning |" ter cnu'““ “aal Emna.’—." ADVAMNTAGES: @‘ Fluid CQnditioning
Il ©it Cutiex * Inexpensive & compact

- Oil Inlee

« Low noise levels Water Cooled Heat Exchanger

* Consistent heat remowal

f Hﬂ e e e a—h
B DISADVANTAGES:
= High water costs possible ’ r
Warer Qutlet VYarer Inlec « Rupture may mix oil & water
m " Baguiar matncensnce from
mineral build-up
il Bronze Tubes — = TaFes h__!
. : ir cooled heat exchangers|
_$_ : — o Radiator il Inlet - - . . )
Fluid c""""'°“"“g consist of a steel radiator core through which oil flows while
a strong blast of air passes across the core. In industrial applications
L . eic-<ic 2 | the air is pushed by an electric motor driven fan. The advantages of this
_— type of air cooled heat exchanger are: they eliminate problems
associated with cooling water, they have low installed costs, and the
dissipated heat can be reclaimed. The disadvantages are: there is a

higher installation cost, noise levels range from 60 to 90 decibels, and
o oucles | they are larger in size than comparable water cooled equipment.

A A R A e
ADVANT AGES:

= Eliminates problems with cooling water /

= Low installed costs :

= Heat can be reclaimed / v
DISADVAMNTAGES: / H

= High inscallation cost 1

= High noise levels / i

* Large space consumption

Reservoir
T S—— _____| Return Lime~  Suction Line

-
LT T

4 r‘-tn-nﬂlih‘-| bibrprbbbger U. &t — — —
Hirmmnn LSRG - | 1 -Cools nydraulic fiu

EN——— | -conditions the fluid

S Wl | IESinemeseuss

EEE BLUE: Exhaust Flow
RESERWVOIRS N GREEN: Intake Flow

In addition to holding the system’s fluid supply. the reservoir serves several other important
functions. It cools the hydraulic fluid. This is accomplished by dissipating excess heat
through its walls. It conditions the fluid. As oil waits to leave the reservoir solid
contaminants settle while air rises and escapes. The reservoir may prowvide mounting
support for the pump or other components.

NOTES Reservoirs may be classified as vented or pressurized. VVented reservoirs are open to
the atmosphere. Pressurized reservoirs offer several advantages over vented: contaminants and
condensation are reduced, and pressurized reservoirs help force fluid into the pump inlet.

-
=
:

A well designed hydraulic system always Bral
includes a properly designed reservoir. || <&,
An industrial reservoir should include the |jconditioni
following components: a baffle plate to
prevent returning fluid from entering the
pump inlet, a clean out cover for
maintenance access, a filter breather
assembly to allow air exchange, a filler
opening well protected from contaminant
ingression, a level indicator allowing

An Imdustrial Reseroinr

Cleam Out Cover

upper and lower levels of fluid to be monitored] It is often stated that the hydraulic fluid is the
i i heart of the systerm or the most important
and .adequate COI‘II‘Ie_CtIOI‘IS and ﬁttlng.s for component. The reservoir serves a critical role
suction lines, return lines, and drain lines. iNn Maintaining the efficiency of fluid transfer
Quiz and conditioning.

1. Reservoirs help to condition hydraulic fluid, as well as storing the fluid.
a) True
b) False

2. Hydraulic fluid returning to the reservoir may contain entrained air and solid

contaminants.

a) True
b) False

3. Al fluid conductor lines entering the reservoir terminate below the fluid level.
a) True
b) False

Dr. Mohsen Soliman S
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Chapter # 8

Introduction “ Check Valves H

ec walves are a simple but iMmportamnt part of a hydraulic systerm. Simply stated, these
wvalves are used to Mmaintain the directiomn that fluid flowws through a systerm. Aand since check
wvalves are zmero leakage devices we can use them to lock hydraulic fluid from the cylinders.
T his section has been designed to help you understand how the different valves function
and the strategy of where they are used imn the swusternm

W Check Valwves | Taa-—liamne O check Valwves

Check Valve
Schematic Symio! Eneck Walve (} I ! C i

oy s H g 1 <> F ]

Free Flow

Pressure Walve Filter Circuit

Nne check valves are classified as directional control valves because they dictate the
direction flow can travel in a portion of the circuit. Because of their sealing capability rmany
designs are considered to have mero leakage. The simplest check valve allows free flow imn
one direction and blocks flow from the opposite direction. This style of check wvalve is used
wihen floww needs to bypass a pressure valve during returm flow, as a bypass around a filter
wwihern a filter becomes clogged., or to keep flow from entering a portiomn of a circuit at amn
unNndesirable tiMme. N

L‘_C"“'" Check Valves

Pilot Operated
Because of slight spool leakage on standard

N
directional control valves, we must add a =]
check valve to the circuit if we need to hydrau- . = :
lically lock a cylinder. This type of check valve - 7 e R——.
is referred to as a pilot operated check valve. e

- ELUE: Exnsust Floe
. GREEN intaxe Filow
O RANGE: Reduced ! Pilor Pressure

O™ Check Valves |

| o check Valwves

o™ ‘ a = - o K
¥
—— X —— 2~ nilot valve is
— . RED: S yatem Pressune m = mniralances
I |! i £ Exna - I | l
ans o

Unlike a simple check wvalve, reverse flow is required through the wvalve to extend or retract
the cylinder. This is accomplished by allowing pilot pressure to act on a pilot piston, thus
opening the check wvalve and retracting the cylinder.To extend the cylinder, the check wvalve
allows fluid to floww freely in one direction and blocks flow in the opposite direction.

E xtendins * I-{,u._ Check Valves

m
MNOTES Pilof operated check valves rmra)y be pilof to opern or pilof fo close.
T his s deterrmined B thhe & fFicatior.

X"

AP

basu
Leed

I% Check Valves

| 1T

Learning Lab ‘ —O" Check Valves Quiz 1. Check valves are classified as
Choose a check valve and a) pressure control valves.

put it in its proper place gz b) flow control valves.
-~ ol c) directional control valves.
! i ——] d) bypass valves.
— 2.Pilot operated check valves use an external
Zi 9 |}

P ? pilot to allow reverse flow to pass through
d —_ the valve. a) True b) False

»
| M l}"" 3. A pilot operated check valve with a pilot

|_@_l [_@_] ratio of 10:1 would open with 200 psi pilot

pressure even if there was 2000 psi back

<“> <"> Cow Ao pressure on the valve. a)True b) False

4. Check valves are considered to have

a) much leakage.
b) zero leakage.
| c) little leakage.

d) moderate leakage.

Dr. Mohsen Soliman 3
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Chapter #9

[ I
Introduction || __Accessory Components ||

In this section you will be given an overview of several accessory components that are used
iNn mMmost hydraulic systems. You’ll learn about accumulators, pressure switches, gauges,
flow meters, and manifolds. These components are vital to proper system operation, and
understanding how they are used IiNn a system is important part of this basic hydraulic course.

Acccoummmnul=ntonrs

E‘B Accessory 4—{Pressure Gauges

Components

@ Accessory Components

SECTIiOMN TOFITS

®—| Flow Meters

Accumulators
®— Manifolds

Bladder Tvne

Pistonm Accumulator

Accumulalor
Pressure Switches

*— Quiz
Accumulators
Accumulators are devices that store energy in the forrm of fluid under pressure. Because of
their ability to store excess energy and release it when needed, acocumulators are useful
tools for improving hydraulic efficiency. INndustrial hydraulic accumulators are typically
classified as hydropneumatic This accumulator applies a force to a liquid by compressed gas|

The two most common types of hydropneumatic

accumulators are the bladder type accumulator and . A\ Accessory |I

[ r— sonents

the piston accumulator. The name of each type Eladdern ( R Vbl itk ]

indicates the device separating gas from liquid. Accumulatonr Bladder
A hydropneumatic accumulator has fluid compartment
and a gas compartment, with a gas type element such lL l|

as a bladder separating the two The bladder is charged
through a gas valve at the top of the accumulator,while

a poppet valve at the bottom prevents the bladder from Fiwig
extruding into the pressure line The poppet valve is sized Foppet Valve Compartment
so that maximum volume metric flow cannct be exceeded — -

To operate, the bladder is pre-charged with E“a

nitrogen to pressure specified by manufacturer MAccessory Components
according to the operating conditions.VWVWwWhen Arcumysaroes

system pressure exceeds gas pre-charged
pressure, the poppet valve opens and hydr-

aulic fluid enters accumulator’m he changing
gas volume in the bladder determines the
useable volume or useful fluid capacity.

wramadable ey
el gan e = s e

Accumulators store energy that can be used relief walve

during power failure or when additional energy -—— =

is needed. In certain situations additional H = — — *
flow may be needed. An accumulator can be ™ — i

used to supplement the flow rate of a pump. — _

Top Wiew of
Biladder Collapsed

o flow

—

P S —— N [
1 | . I
=l

NOTES safety is an important consideration in working with accumulators. Caution [} accessory
must be taken not to overcharge the accumulator. , Components l ]
Accumulator circuits should be equipped with a safety unloading valve. This valve reEm——
allows the accumulators to be isolated and discharged to the tank prior to system _
maintenance. S
Accugtvr.mov. I i—
[8 Learning Lalb @ | —=g— Light Indicator
Accessory Components n = Accessory
ACCTUMUGLATORS Prnss“ 'o
IComponenls S ——
ooxTe Switch
Plieter 011] \ Micre Switch
= = Spring
Push Rod
= s e e ||| MeCRaniont Stem Piston Actuater
B GREEN Intaxe Flow
Pressure Switches

There are two types of pressure switches: the bourbon tube switch and the piston switch,

showmn here. This pressure switch consists of a micro switch, a spring. a mechanical stop,
a push rod, and a piston actuator. External lights are often used to indicate that the switch
has been activated. ]

When pressure builds in the system, it enters the device, applying ,
force to the piston actuator. This energy is transferred to the
mechanical stop, compressing the spring, driving the push rod up Misrs Switek
until it activates the micro switch. Pressure switches are used to
open or close an electrical circuit when a predetermined pressure
has been reached.

Pressure
Switch

Mechanical Stop

Piston Actuater

B REC System Pressure

Dr. Mohsen sSolim
EE ELUE: Exhaust Flow
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Pressure Gauges
system and display it on a calibrated dial. The units of
calibration are displayed in psi, bar, and psia.

The bourbon tube is a coiled metal tube.

causes the tube to straighten out.

the needle to turn and give the new system pressure.

Bourbon tube pressure gauges measure the pressure in a

It is connected to
system pressure. Any increase in pressure within the system

The end of the tube is connected to a mechanical linkage which
turns a gear. This gear in turn meshes with a gear, driving the
pointer needle. Watch now as the tube is pressurized, causing

Accessory
Components

'BOURDON TUBE
PRESSURE GAUGE

B T e Y ]
/// &\\\Components'r!
g |
- " EBowmrdomn Tulre
\\\ \?\"-t,it::"'
\‘1___1 e

Accessory |
Components

NOTES

Bowarcadorn fwuabe pressourrre gawurges are 1ot accourrate irr the cemnter helflp of the scale.
E=Evwverr vwiltfr thHhHe gawurge properfy sized,. shocok floadirng or pressoire spikes willl darmage
the gear rmecharrisrr. Darmpemning dewvices reflp prevernt thiis frorm Phapperirng.

@ Accessory Components | Flow Meter

@ Accessory Components

Meter

Flow meters

Lé]ﬂﬂl’

-.lll'll.l cone
FPiston

to compress the sprimg.

T he purpose of a flow meter is to Mmeasure floww.

check wvalve blocking floww in the reverse direction.

metering cone, a magnetic piston which is held in the no-floww position by a tempered spring

Fluid first enters the device, flowing around the metering cone,. putting pressure on the

mMmagnetic piston and sprinmng . As flow increases in the system., the magnetic piston begins
iNndicating the flow rate on the graduated scale.

Manifolds
As the number of connections in a hvdraulic system
increase, so does the possibility of leaky fittings.Hyd-
raulic manifolds drastically reduce the number of external
connections required. Manifolds used for modular
valve stacking incorporate a common pressure and
return port. With individual A and B work ports for each

may be added by sandwiching or stacking the valves

vertically. This is accomplished without any external
connections. Manifolds are specified according to
system pressure, total flow, number of work stations,
valve size or pattern.

It is usually Nnot bi-directional and acts as a

T he main components consist of: a

valve station, at each station additional control valving

Accessory Components n |

Modular =
Manifold

+Reduces the

L1
L1}

connections

e S .. = B, o 1
T

| @ Accessory Components

Modular Manifold
«Reduces the number of external connections
~COmmon pressure gory

| @ Accessory Components

4 work stations

Quiz 1. A flow meter controls the amount of flow in a circuit.

a) True b) False
2.A pressure gauge measures pressure in a system and
displays it on a calibrated dial. a) True b) False
3. Pressure switches are used to open or close an electrical
circuit when a predetermined pressure has been reached.

a) True b) False
4. Manifolds reduce the number of connections, but increase ||| gpecified accerding te: e
the number of potential leak points. a) True b) False -Systempressure
5. Two common applications for accumulators are to store :::':L'::_',“,“u“.“ Pore T
energy in a hydraulic circuit and to supplement pump flow. +Walve size or pattern ore e

a) True b) False

+Reduces the number of external connections
+~Commeon pressure port
+~ Commeon tank port
+Individual work poris

@ Accessory

Componsntsl

4 work stations
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Chapter # 10

!] Fluid Conductors |!

Introduction
Fluid conductors are those parts of the systernm that are used to carry fluid to all of the

warious components in the hydraulic circuit. T hese types of conductors include: hydraulic
hose, steel tubinNng. and steel pipe. This sectiomn will help yvou unNnderstanmnd the benefits of
these different conductors and where theyw are best used inNn a hydraulic svysterm.

Owe rwieww
T ransmitting powvwer from one location to another is a key element in systernm desigmn and

performance. Wve define this as fluid conducting. Fluid conductors describe the differenmnt
twpes of conducting lines that carmy hydraulic fluid betvween components. T he three
principle types of plumbing Mmaterials used iNn hydraulic systernms are steel pipes. steel
tubinNng., and flexible hose. A safety factor of 4 to 1 is recommended on the pressure ratimg
of the plumbing Material. To determine the working pressure of the comnductor, we rmust
take the rated burst pressure and divide by the safety factor of <

« = Fluid Conductors | - - I

—_— Fluid Conductors

Steel Tube Flexible Hose - Syste pressure Flexible Hose
- Pressure pulses

- Velocity

= Fluid com patability

= Environmental conditions
Society of Automotive Engineers

- SAEJ5I7 ("R"Series)

Salans Facior l-s::si ::r‘essurc (BP) - Example (100R2 or I00R 4)
Working Pressure (WP] = s Frossare | - Describes cover. construction.
pressure rating. and application

Mmosc
Hwdraulic hoses are used in applications where lines must flex or bend. In considering the

use of hoses, one must first look at system pressure, pressure pulses,velocitv. fluid compatibilitv.
and environmental conditions. Hose construction has been standardized by Society of Automotive
Engineers under SAE J5-17. This is known as the R series. As an example, 100R2 or

100R4. This designation describes the cowver, construction, pressure rating and application.

Hoses are usually pressure rated with a safety factor of 4 to 1. Different types and amounts
of reinforcement give the hose specific pressure ratings. The reinforcement may be a
Nnatural or synthetic fiber or metal wire. The reinforcement may be braided or spiral bond.
Required hose size depends on the volume and velocity of the fluid flow. Unlike pipe and
tubing. hose sizes are designated by 1.D. or inside diameter. Sizes are designated in
16ths of an inch by using a dash and a number equivalent to the Nnumerator of the fraction.
[Example is]dash 8 (-8) or 8/16” or half inch 1.[D.

Hose life can last a long time, but all rubber slowly deteriorates with contact from wvarious
substances, such as solvents, water, sunlight, heat, etc. Hoses are not as permanent as
metal conductors and should be replaced every few yvears.

A < “Fluid Conductors| Flexible Hose < “Fluid Conduciors

USRI Proper Hose Installation|| D57 Flexible Hose
* Safety factor of 4 1o | Braided Bound
WRONG * Reinforcement gives pressure ratings
* Matural & synthetic reinforcements used
SIZES
=*

& Flexible Hose * Depends on volume and velocity

< Fluid Condudorsl
. * | Proper Hose Installation || * Designatedbyinside diameter Spiral Bound
RIGHT w Sizes designatedin | 6th's ofan inch
WRONG * Size (-8) =8/16"or 1/2"ID
LIFE

* Various substances deteriorate rubber
NOTES L Must be replaced every few years

Hoses showld not be installed withh a twist. A sfight twist in the hose camn significantly
redwuce hose life. Twisting a hose 70° cowld shorten its service by as much as 90246

T he bending radius of a hose is the curvature of a hose frorm a straight line beginmning at
the radius of the bend. The bending radius of a hose is measured to the external cowve of
the hose omn the inside twrn.

T he miinimeorm bending radius of a hose is defermined by the manwifacturer and typically
ilfustrated by charts.

The bending radius increases at the

increase with an increase in pressure.
Hose life is greatly reduced with system temperature increases.

Improper bends, twisting. or lack of proper anchoring

=] ter of the hose increases. f must also
cBr. fioRsen Sol‘rman 2

Proper hose installation is critical.
may lead to hose failure. -
Proper Hose Installation | « " Fluid Conductors |

| « v Fluid Canduciorsl Flexible Hose ;1'_‘\

RIGHT
= WRONG ;

e e I N 3
WRONG Flexible Hose

= = Fluid Conductors

Pipe
Steel pipe is often a preferred conductor from the standard point of -~ Best performance & cost

performance and cost. Howevwver, it often difficult to assemble, becaus:
welding is required to give maximum leak protection. It also requires

costly flushing to insure a contaminant free system at startup.
Pipe is specified by its nominal outside diameter, but its actual flow capacity is determined

by its inside area. For example, Schedules 40, 80, and 160 and Double Extra have the
same outside diameter, and can be threaded by the same pipe die. The difference is the
inside diameter and area. Schedule 40 pipe is standard and has the thinnest wall, with

more flow area but less pressure rating.
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INSIDE DIAMETER |“'r_""" Fluid Conductors |

Nzt 8o T et ST exraameavy Steel Pine

/g 405 L2669 215 -- —
154 540 364 302 -— - SCHEDULE 40
3/8 675 493 423 -- --
172 8B40 H22 G A6 252
3/4 1.050 .B24 T2 514 434
1 1.315 1049 B5T .B15 599 SCHEDULE 80
1 1/a 1.660 1.380 1.278 1.160 -B96
LI P 1.900 1.610 1.500 1.338 1. 100
2 2.375 2.067 1.939 1.689 1.503
2 152 2.875 2. 469 2.323 2.125 1.771 QSCHEBULE 160
3 3.500 2.068 2.900 2.624 -
2 12 4.000 3.548 3.364 — -
4 4.500 4.026 3.826 3.438 -- DCAUBLE
> 5.563 5.047 4.813 4.313 4.063 EXTRA HEAVY

NOTES Remember: o . . p
Asinside diameter or I.D. is increased to reduce velocity, maximum systerm working

pressure is decreased. This is due to the increase in surface area. A thicker wall
(heavier schedule) may be required. In standard pipe, (i.e, for Schreditle 40 only) the actual
1.D. is uswually larger than the nominal size quoted. A standard conversion chart
should be used.

TUBE

<> Elui CO5Elui Te
* Used when rigid lines are required F_h'"d Co_ndutiors Fluid Conductors FAS}'{E:‘T":'_C'

* Easier to assemble and form than pipe Slﬂlll Illll[l m‘p‘éﬁ&m
-anpldlnﬂ reauired |

equi 1_,
REQUIREMENTS [l
OL.I'l'SIDE

*Large enough to carry required flow I Dm”mg

*Strong enough to withstand pressure ﬂ
A 4 =
e Steel Tube
Steel Tubing

Tubing is used as a conductor when rigid lines are required. It is often easier to assemble and
form and requires no welding to achieve leak-free connections. As with all types of conductors
certain requirements must be met. The line must be large enough to carry the required flow
and strong enough to withstand internal pressures.

Tubing is measured and specified by its wall thickness and outside diameter. Pressure
ratings are based on tubing grade and wall thickness. One piece of tubing is joined to
another tube connector, or component, with a tube connector and fastening nut. Often the
tube is pre-flared to 37 degrees to accept a 37 degree flare connector.

Sizing
Vith this chart yvou will learn proper size selection for desired flow rate or velocnty To determines
the pipe size needed, enter the flow in gpm and the velocity in feet per second in the windows

Iabeled gprm and fps. You can also use yvour mouse to sllde the red markers on either scale.

Help
Learriiric Lab
« > Fluid Conductors =
Fluid Conductor Sizing Chart
Flow - Gallons Per Minute p— 1
l l i
1 | | ' I N N N e N B =] | el N W N
<4 s pr a3 1 2 3 < s = T & 9 W 1~ 20 30 <0 S0 S0 TO 090 WO
708 Jerm

Area of Fluid Conductor - sq in 1.3046 in®
Velo-:cty -Feet Per Second ft/s
an 30 z0 15 10 7 s a s 2
|.||1| | | Ll 1 Lol .,
r Based on Formula:
: -2 G x O.3208
Maximum recommended Maoci mum rrended AREA [ ') =

VELOCITY (fr/s)
welociry for pressure lines welociry for suction lines (/s

Quiz 1. As flow increases, fluid velocity through a conductor increases. a) True b) False

2. Using standard nominal pipe with a flow of 27 1/2 gpm, what pipe size would give us 20
ft/sec velocity? a) 1/27 b) 34" ¢c) 17 d) need to know |.D.

3. Tubing is measured and specified by its wall thickness and its O.D. a) True b) False

Page 40 /48 Pages




Chapter # 11

Infroduction Understanding Schematics

Viviinen nydirauiic systeims are desigined, winetner on paper or coimijpuier, the iayout of the
system is expressed in what is called a schematic. A schematic is a line drawing made ug
of a series of symbols and connections that represent the actual components in a hydraulic
system. Although there are dozens of different symbols used in a complex schematic
drawing, it is important to be able to recognize several basic symbols. In this section, you
will learn to identify these basic symbols as well as where they are placed in the schematic
of a basic hydraulic system.

Symbolism 'Understanding SchemuﬁcS|HFllmullt Graphic Symbols
Symbols are critical for technical communication. They are not .

dependent on any specific language, being international in scope
and character. Hydraulic graphic symbols emphasize the function
and methods of operation of components. These symbols can be
rather simple to draw, if we understand their logic and elementary ¥
forms used in symbol design.The elementary forms of symbols are: el la
circles, squares, triangles, arcs, arrows, dots, and crosses.

«For Technical Communication

«International Language
«Emphasizes Functions

«Elementary Forms Used

| e I C

O understanding Schematics Ic} @ Understanding Schemaﬁcs‘ Hydraulic Symbolism
Hydraulic Graphic Symbels || Lines = _

Circles Arcs Reservoirs
e Flow Control

Directional Control Vaives

Squares
/ Pressure Valves
Dots Check Valves
o Motors
Triangles Crosses Cylinders
i Filters toranmmern
; Heat Exchangers = —c I

Lines
Understanding graphic line symbols is critical to proper interpretation of Lines
schematics. Continuos lines indicate a working line, pilot supply, return, or
electrical line. A dashed line indicates a pilot, drain, purge, or bleed line.

- e

Flexible lines indicate a hose usually connected to a moving part. Lines h—

crossing may use loops at crossovers or be straight across. Lines joining Reservoirs
may use a dot at the junction or can be at right angles. + L ;;“s‘:fl?_ﬂ,n.
Reservoirs ) ) . (ypresswised
Reservoirs that are vented are shown as a rectangle with the top line omitted. reservoir
Pressurized reservoirs are shown as a capsules. Reservoirs may have fluid oil — .-:::-lff-gn-
lines terminating above or below the fluid level. The above oil level return line LI with inlet
terminates at or slightly below the upright legs of the tank symbol. The below level ﬂ;j‘i:lez'l
return line touches the bottom of the tank symbol. A simplified symbol to represent | | |

the reservoir, minimizes the need to draw a number of lines returning to the reservaoir.

A number of these in the same circuit will represent a common reservoir. These | o Comumon
symbols have the same function as the ground symbol in electric circuits. L1 Jreservoir

Pumps

fixed flow
pumng

variable

Pumps
Rotary devices are shown as a circle. Pumps having a energy triangle pointing to the
outside perimeter, indicate the energy is leaving the component. A sloping arrow drawn

diagonally through the circle indicates that the pump is variable, or the output flow can be pump
regulated without changing shaft speed. A control symbol with a energy triangle that is T e o
connected to an adjustable spring indicates that the pump is pressure compensated. Some D an st

types of pumps have internal leakage that is returned to the tank by a case drain. This is
indicated with a drain line drawn leaving the circle. Pumps that are bi-directional are shown
with two energy flow triangles.

L
"
i
: internal
‘Elea.kage
Bidirectional
PO

Dr. Mohsen Soliman
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Flow control Flow Conitrol Valves
~— / fixed ovifice flow

The symbol for a flow control valve begins with an upper and lower arc. This ——fxed oxlfice
wouid symboilize a fixed orifice. An arrow drawn sioping through the arcs N
indicate that the orifice is adjustable. This would be the graphic symbol for a —4\% oxifice flow

control valve

o ens ated

have indicated that the valve is pressure compensated or true flow control. A flow control valve
flow control valve with a check valve indicates reverse flow around the valve. adjustable fMow

2 z control valve wath
Directional Control Valves checl valve
'he symboi for directionai controi vaive has muitipie epyelopes enowmg the B ncctional Control Valves
number of positions the valve may have. A three-position directichal contro!
valve is shown with three envelopes. Arrows in each envelope indicate the

needle valve. When we add an arrow to the flow line inside a control box, we pressure

- - - - - - e AB - -
possible direction and flow while the valve is in that position. The center I'IIFI v,‘ 4 way 3 position
position in a three-position directional control valve is designed according /a] directional C.V.
to the type of circuit or appiication. This centered position indicates the flow Al open circuit type
path of the fluid while the valve is centered. While there are many types of |Z]: (centexr position)

T :
center configurations, the four most common are tandem, closed, float, and .., Cd i _“i’;::g{'f‘:;;‘:;zf:
open. To s_,hif_t '_che v_alveer aetiv_ate lt we can use a meehanicel handle or 0 (m_ﬂn.;l&l' N
lever, an electric solenoid or hydraulic pilot pressure. The springs on both
sides of the svmbol indicate that the valve is centered when not activated In E}:BE_ cyvlinder
position one, or centered, fluid flows from the pump, through the valve to the ;IEEE]; retracts
tank.This is a tandem center. When we shift the valve to position two, fluid i A

now flowe from P in A aviandino tha cvlindar chiftino tn nncitinn threa which
now HOWS IMom — 10 AL eXienGindg e CYnnGer, Ssmung 10 posSition mree, Wincn

shows flow now from P to B and from A to T, the cylinder retracts.

Understanding Schematics
Pressure Control Valves

EI divecrion of flow
B mormmally closed
I g Er iy,
o O o el
[ z adjuet‘lble

Sprimg
force

Pressure Valves

The symbol for a pressure valve begins with a single envelope. The arrow in the envelope
depicts the direction of flow through the valve The ports are indicated as 1 and 2, or primary
and secondary. Flow through the valve is from the primary to the secondary port. Notice that
in the normal position, the arrow is not aligned with the port. This indicates that the valve is
normally closed. All pressure valves are normally closed with the exception of a pressure
reducing valve, which is normally open. The spring located perpendicular to the arrow
indicates that the spring force holds the valve closed. An arrow diagonally through the spring
indicates that the spring force is adjustable. Pilot pressure opposes spring force. This is
indicated by the dotted line running from the primary port perpendicular to the arrow opposite
the spring. When the hydraulic pressure piloted from the primary port exceeds the force of
the spring, the valve moves to the open position, aligning the primary and secondary ports.

- p:eeqnue
Al

2 wvalve is
—m, OPen

Check Valves

%7 checl valve
e Free Flow

Check valves
Check valve symbols are drawn with a small circle inside an open triangle. Free

flow is opposite the direction the triangle is pointed. As the circle moves into —C’)— durection
the triangle, the flow is blocked or checked. Check valves may be piloted to | — i el
open or to closed. Pilot to open is indicated with a pilot line directed to the Y ":::D'm
triangle shown to push the circle away from the seal. Pilot to closed is indicated HS— e

by directing the pilot line to back of the circle or into the seat. . valve
- e
Dr. Mohsen Soliman tl:::f

Motors DD understanding

Hydraulic motor graphic symbols are opposite of hydraulic pumps’, the difference || [Schemasics
being the energy triangle points into the circle, indicating fluid energy entering. Two o ::0,'0”
energy triangles pointing in indicate a bi-directional or reversible motor. As with C:) T era
pumps, many hydraulic motor designs have internal leakage. A dotted line leaving C:) i i e il o

the circle indicates a drain line to the tank. reversible motox

rundorsmnding bi-diz ectional o
Schematics reversible moton
S linders T T T T
i

Eﬂn;ﬂ:'g::;s C!Iinders
Fluid power cylinders with no unusual relationship between the bore and rod

[ " ai5® |size are shown: single acting, double acting, and double rod. An internal
Loy denbic roa rectangle adjacent to the symbol for the piston indicates a cushion device at
demble acinz |the end of the stroke. If the diameter of the rod is larger than usual for the bore|

[l | size, the symbol must reflect this. Understanding]

|Schemartics |

cxlinder with Filters

[V vaservoa
Filters <:> ..
The graphic symbol for a hydraulic fluid conditioned device is shown with a square R
standing on end. A dotted line across opposite corners indicates that it is a filter or iz o=

filter has a bypass. with a bypass
Faltex

a strainer. Adding a check valve across and parallel to the ports indicate that the e
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Heat exchanger

Hydraulic heat exchangers may be considered coolers or heaters Their graphic

P

symbois are ofien confused. As wiith a fiiter, the base symboi is shown as a
square on end. Inside arrows pointing in indicate the introduction of heat or a

heater. Arrows pointing out indicate heat dissipat
pointing in and out would indicate a temperature c
maintained between two predetermined limits.

I_I..l ndarsfﬂndll’_ngj
Schematics

Heat Exchangers

i
« ondirioning
levice
_$_ Heater
_$_ Cooler

ing or a cooler. Arrows both
ontroller or temperature that is

uiz
"

contraller

% temperature

NOTES

. - r
1 ideniily the follovwing symnbol s . LFSirg woonr Fvdrauiic Syrribols termpolafie

a) Relief valve — roeriyr ofirawe TFve FoffowW T g Sy TrTibols

b) Counterbalance valve - 1, [Farauiic motor (r-airectiornan

c) Seqguence valve =t e rared chreck waive (il Bo opeern )
CovrHfe acting ey iimaier

2. Identify the following symbols: H}r'd.r‘-a'r_.lrﬁ"_c i‘.F.l'?_!'-E-f‘ MRl & Dypoass ofireck wvalve

a) Needle valve %ﬁ— Hhyafra e odl Coolfer

b) Throttling valve NOTES

c) Pressure compensated flow control valve |Using your hydrawiic symbols tempiare
properfy draw the foffowing syrmbols:

3. ldentify the following symbols: [t Pressure compensated purmp

a) Gear pump : @/ Gear Pump

b) Piston pump ‘g._, [—row controd wath reverse Mow check (adjustable)

c) Pressure compensated pump I i FPressure compensated fow control fadiustable)
Soarsway. three-position, open centered, solenoid
pperated directional control valve.

NOTES

Using your hydraulic symbols template properly draw a simple “closed center circuit.’

For review, see “animation’ under directional control “open vs closed center”.
NQOTE: If you choose to draw a motor circuit, insure that the proper directional control

center configuration is selected.

min]]_ e i orant sl
Directional Control Directional Control g&‘“f,i‘.l;?;.ff"'e'
OPEM VS, CLOSED CIRCUIT OFEMN VS. CLOSED CENTER —
W Rmiss R — <
L
Closed Circuit ChOo e — =
— e T L s > H
r r 1 LB b & Sl o i - d
'y < EE e W
=p . e
(01l 15 retwmed to pamp * o
wvariable Motor reversed if pump rev d g_ ED: S L
= . phe k. ersed = . = yelems ressure
bidire ctional prmap bidirectional % BLUE: Exhaust Ficw
PO motor g GREEMN: Intake Flow

N ORANGE: Reduced ! Pilot
Pressure

[g]tilm}bir-ctionnl Control

CLOSED CIRCWIT

Closed Circuit

oFEr WS

. REC System Pressure
S CRANGE: Reduced. Pilot

REVERSE

et Sl tandks to collect lealkase

"K‘I';*;MDirac'!ional Control

OPEN WS. CLOSED CIRCUIT

EN RED System Pressure
N CRANGE: Reduced. Piot.

_Motors & ~ Filters &
S Cylin Heat Exchangers

Test Yourself

¥

'Understanding Schematics

Understanding Schematics

ST MBOLISM

STYMBOLISM

A
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Reading Schematic (Hydraulic Circuit Diagram)|

A schematic is compilation of graphic symbols. interconnected, showing sequence of operational
floww. In short, they explain how a circuit functions. Correct schematic reading is the most important
element of hydraulic troubleshooting. Aldthough initially most circuits may appear complicated,
recognizing standard symbols and systematic flow tracings simplifies the process.

Circuit #1
This circuit uses 2 sequence valves. They are normally closed valves that open at predetermined
setting. By tracing the flow in this circuit, vwe should be able to determine how this circuit is

designed to operate. This process is called reading a schematic. Let's begin at the pump.

Clirvewmit = 1

Undersranding s:hemaliesl Clncuit =1

EEAD G ScrEMmATICE 1

[Underslqnding

Schematics
| rEaDING ScHEMATICS |

valve open to pilot

e R - -

end of

pilot Jirectional Contral Walve >
. = refraction

operate

sequence
pressure
controal
wvalves

Followw the flow past the relief valve to the
directional control valve which is shifted to the G e

upper position, as shown.The directional control W GREEMN: Intake Flow

wvalve directs flow to the lines in the upper circuit. EEN ORANGE: Reduced !Pilot Pressure
Here, flow can go three places. The upper check |[When the cvlinder is fully retracted, pressure will
valve blocks one passage. The closed sequence || build in the pilot passage of the sequence valve.
wvalve blocks another, but flow to the A port of the It opens and sends pilot pressure to the directional
actuator is open. As the cylinder rod retracts, flow|| control valve. Pilot pressure on the upper side of
from the B port is blocked at the check valve. so ity the directional control valve will shift the valve
exits ta the tank through the directional control valve downward.

N RED: System Pressure

Pump flow is now directed to the lower circuit and the flow here goes to three places. It is blocked at the
check valve and blocked at the closed sequence valve, but flow to the B port of the actuatoris open. Flow
in the port will apply pressure to the piston and extend the cylinder. Flow out of the A port is blocked by
the upper check valve, so it flows through the directional control valve to the tank.

circwit = 1 Circwmit = 1
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wwihen the cylinder is fully extended, pressure continues to build. Pilot pressure opens the

sequence valve on the bottom.This sends pilot pressure to the lower side of the directional
control valve shifting it back into the upper position. Now, pump flow is once again directed
to the rod side of the actuator to retract the cylinder, and the cycle begins once again.

full extemnding

i t# 1 Circwit = 1 valve open to pilot
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Tracing the flow in this circuit reveals that it is designed o keep retraciing and extending
automatically. MNoww that we understanmnd the circuit we Mmay conclude that the proper functionmn
of the system will depend on the proper setting and function of the seqguence valves and the
proper functiomn of the hydraulically piloted directional control valve _

Circuait & =2

T his is a High-Low circuit. Such a circuit would be used to achieve high speed or rapid
adwvance at low pressure, followed by slow speed and high force. A good example of a
High-Low systerm would be a press where the ram would rapidly advance up to the work
piece. At that time, the pressure starts to build. The flow from the high volume pump is
diverted to the tank. The low wvolume pump would produce the little flow Nneeda=ad to contimnue
Fmowing thhe ram into the work piece. The pressure will continue to rise until it reaches the
relief valve setting. Vvhen the directional control valve is reversed, the pressure drops and
the unloading valve closes. T he cylinder would retract at a rapid speed.

Now let’'s examine the components that make up this svstem. First. the unloadina valve. This
valve has been set at 500 psi. When the system pressure reaches 500 psi, this valve will open
and allow the flow from the high volume pump to go back to the tank at minimal pressure.

|‘Und—rsf—nd-ng Schematics Cill'cuit # 2
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Next, we will look at the function of the check valve. vwWwhen the system pressure is less than
the unloading valve setting, flow from the high volume pump flows through the check valve
to combine with the flow from the low volume pump. After the unloading valve opens, this
check valve closes, so that flow from the low volume pump won’t flow to the unloading valve

Noww, let’'s take a look at the High-Low pump group. This is a double pump. These pumps
have a commmon inlet and separate outlets. During low pressure rapid advance, both pump
flowws are combined. Wvhen the unloading valve opens, the large pump’s flow returms to tank
and the small pump’s flow is used to do the work. Finally, we look at the system’s pressure
relief valve. This valve limits the maximum system pressure. Notice the schematic shows
the pressure at vwhich the valve should be set. Now, watch as these components work.
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In our circuit, the cylinder has weight that would cause it to free fall or drop at an
uncontrolled rate. A counterbalance valve is placed in the rod end port of the cylinder to

apply back pressure. T he back pressure is the result of the load trying to force the fluid out
of the cylinder and through the counterbalance valve, which is closed. The counterbalance
wvalve has to be set slightly above the load-induced pressure. WVvhen shifted, the directional
control valve applies pressure on the cylinder pistonThis increases back pressure, causing
the counter balance valve to open. allowing the cvlinder to lower the load at a controlled rate]

Understanding Schematics| circuwit = 3 O
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Noww let’'s examinethe components that make up this system. First, we’ll look at the off-line

or kKidney loop filter circuit. This circuit consists of a pump motor group. a filter, and an air-to-oil
heat exchanger. The pump draws hydraulic fluid from the reservoir, passing the fluid through a
filter and an air-to—woil heat exchanger. This circuit usually runs continually to keep the hydraulic
fluid clean and cool. Next is the pressure compensated pump.The pressure compensated Eeump)
de-strokes when the directional control valve is centered. At this time, there is pressure being
maintained between the pump and directional control valve, but Nno ﬂow Vvhen the directional
control valve is shifted, the pump goes on stroke, providing flow for the circuit.

Pressure
co nsated i '5°°‘P5'

= I{Tw%% N

Next, we have the directional control valve. This is a three—-position, four—way wvalwve “with a

float center. This valve, when centered, will block floww from the pump so that pressure will
build and de-stroke the pump.Both work ports are rout=ad back to tank, so there is Nno pressure
im the woark por: lines, except between the rod end of the cylinder and the counterbalance valve

10000 Ibs

offline or
EKidney
loop flter
Balance

Understan <1 = -lﬂ\.ﬁ.'.l.)'-'apl)sil'.lull Dix. Con. Valve, Understand ng M=
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r=s J1500 psi >
- =
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Now ., The counterbalance valve maintains back pressure on the rod side of the cylinder so
that the cylinder brings the load down at a controlled rate of speed. The check wvalve is used
to lock and hold the load on the cylinder when the directional control valve is centered.
Noww, let’s watch the system work again and see how each component operates.

Clircuit = 3 Und randi Circuit = 3
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NOTES
Cowwnterbalance valves rrmray ol regeoaire a pilofr operatedd chreck valfwve ifrr thhe oircerdt 7ff tfre )y
are specified as zmero feakage.

LIsimg yoorr Pydraenfic syrmbols fermplfate properfy adrawve a Pydracnlic ofrocordt witfr &
cowwnterbalance valve.

Lise Circerft #F#3 from? wrnderstanding schermratics section as a gwide.
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*» Connected in series to the

off-line recirculation loop

* Provides coolina for

main hydrawuvlic reservoir

- Systemn temperature Not
exceed 160 degrees Farenheit

Basic System Design

Of Line Recirculation Pump and Motor (- )—(")

 Three hp electric motor
= 15 gpm gear type hydrauvlic pump

= Provides flow for the
re—circulation loop

Basic System Design

System Pressure Line Filter

- 10 pm Filrer

= Provides fillration protection
for proportional control
valve on the motor drive
manifold

Basic System Design
O f-Line Recirculation Filter

= Connected in series to the
aff-line recirculation locop

- 10 pm filter
= Spin of f housing

= Prowvides continuous off line
Filtration

@ Basic System Design

A

« Installed in the main pump
case drain lines

- 0-10 gpm monitoring
= Provides case drain flow
monitoring to determine

internal wear

= Case flow should not
exceed 5 gpm

Basic System Design

Shut-off Valve and Pump
Suction Line

= Installed between reservoir
and suction port of pump

. Swing valve design swith
loecking handle

- Closes reservoir flow during
pump change cur

Basic System Design

= 45 gpm at 1750 rpm

- Axial piston- pressure
compensated

= Prowvides system flow

- Compensator set at 1500 psi

Basic System Design
Sysiem Accumulators

» 5 gallon acumulater
pre-charged to 450 psi

- 10 gallon accumulator
pre-charged to 450 psi

= Prowvides stored energy in the
event of input power loss

Basic System Design

= Ball-valwve design, normally closed

- Used to bleed down and
isolate accumulators for
maintenance or repair
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-;-_s—ﬁﬁ Swstem Pressure Gauge @
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- Glycerine filled

- Used ro ser main
system pressuwre relief
and pump compensators

Bosic System Design SystemResernwir | ' | [ Basic s

IBasic Systemnm Design

[@}  ——

Sy sten reserwo ir

] (] Ot . Basic Sy stemnm Desicmni

- Prowides access to
clean owr rhe reserwvoir

"
- Bolrted wwithh Bumo = >

Basic System Design

Swstem Return Line Filter

- 10 prm element

Bolted cower for
element remowal

Prowides main sowrce
< i {1l 1 For

Ty =y

Basic Systerm Design

=
| - Prowvides wi LT T
' = F Fluid lewvel
|
E I = - =5 by

- Sight glass design
wwirh thermometar

Basic Systen Design

_—

[=

- Size & sandwich
configured

= Controls shift speed
of size 25 directional
control valve

Basic Sy stermn

- Ductile Irom

- G000 psirared

- Multi-wvalve 4 sraricon

* Size & directional
control

| = Shifts size 25 directionall
| control valve

“f<—] chneckvane

- Pilor operared

‘ |

- Size 16, 3 way
reducing valve

= Reduces proassure 1o
piston side of hydraulic

G T —
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= Size & pressure reducing
valwe

"+ Pilot control for
size 16 pressure
reducing valve

Directional Control
Valve

- Size E5

- Starts, stops, and
changes direction
=f flow 2o

hydraulic cylinder
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