[y

4 :‘ : v :
L DOCONMENT RESUME

ED 210, 509 , o | CE 030 781
TITLE FPluid Poweé Systems. Enetgy Technology "$eries.

" INSTITUTION Center for Occupational Research and Levelopment,

Ine,, Waco, Tex.: Technical Educaticn Research
" Centre-Southwest, Waco, Tex.
SPONS AGENCY Office of Vocational and Adult Educatien (EL), °
: Washington, D.C.

BOREAU NO ° 4983480027

'PUE DATE Aug 81 -

CONTRACT 300-78- -0551

NOTE'™ . f 227p.: Por related documents see CE 030 771-789 and
/ ED 190 746-761. N

AVAILABLE FPROM Center for 0ccupational Research qu Levelogment, 601
. T, Lake Mir br., Waco, TX 76710 ($2.50 per mcdule;
$20.00 for entire Ccurse). . B
EDEFS PRICE ﬁF01 Plus Postage. FC Not Available frorm EDES.
DESCRIPTIORS  °Adult Education: Behavioral Objectives. Course
N Descripticns; Coursés; *Energy: Energy Conservation:
o *Fluid Mechanics: Glossaries; *Hydraulics: laboratory
Experiments; Learning Activities: Learning Modules:
" -Maintenance: Eostsecondary Education: *Fower :
Technology: Repair: *Technical Educatﬁcn. Tuo Year
Colleges °

' JDENQIEIBRS Bnergy Conversion: ¥luids: Pumps *Iroutleshooting

tr “
. ABSTRRCT

< . * .

) This course in fluid power systems iz cre of 16
courses in the Energy Technology Series developed fcr an Energy
Conservation-and-Use Technology curriculum. Intended fcr use in
tvo-year éostsecondary technical institutions to prerar€ technicians
for emplcyment, the courses are also useful 'in industry fcr. urdating
mglcyeds in company-spoasored training programs. Comprised of eight
godule§, the course provides an overview of fluid pcwer techneclogy

..fa d a uorking of..each of the comporents used in fluid pcwer circuits.

Q

Hydraulic and ,pneumatic systems are discussed with ezrhasis placed on
troubleshooting and maintenance preocedures involved in each. Written
by a “technical expert 'and approved Lty industry reprgsentatives, each
module contains the follovwing elements: introduction, prereguisites,

. objectives, subject matter, exercises, laboratory materials,

laboratory procedures (experiment 'section for hands-cn portion), data
takles ‘(included in most basic courses to help students learn to
collect or organize data), references, and glogsary. Mcdule titles
are Introq::;ion and Fundamentals of Fluid Powdr PrqQperties and
Characteri cs: Fluid storage, Conditioning, aad Maintenance: Pumps
and Compressors: Actuatore and Fluid Motors:‘Pluid Cistribution and
Control Devices: Fluid Circuits; and Troubleshooting, Fluid Circuits.
(Y1B) S o ,

\
-
-

*;#***##**************************#ﬁ;tt*************:‘#1***‘#‘******#**

* Reproductions supplied by EDRS are the best that can be made
* * from the original document.

**#********#*****************#*******##************##**#*#********#****

9




ED21050 9

N

. . J
4

'CENTER FOR OCCUPATIONAL RESEARCH AND DEVELDPMENT
. BOLLAKE AIR DRIVE L
WACO, TEXAS 76710 S

/

3
. .
4 ]
AUG. 1981
< US DEPARTMENT DF EDUCATION “PERMISSION TO REPRODUCE THIS
NATIONAL INSTITUTE OF EDUCATION ! MATERIAL IN MICROFICHE ONLY
EDUCATIONAL RESOUR F '
¥ TR ek i - HAS BEEN GRANTED BY
J/ Ths docutent has been ceproduced as - .
received from the person or organization °
ongmanting - . ) ' ) - /VI . "’H // |
Mmoe ¢hanges have been made to improve . A - 7 i
teproducion quality . e I
‘ ATIONAL RESOURCES
® Points of view or opinions stated in this docu ! 70 T}:&Ai%UOCN CENTER (ERIC).”
ment do not necassatily represent official NIE .7 INFO J

-
Positon or pohcy ,-' p
. ' .



CONTENTS S

.
<71

L]

RREFACE L . e
" MOBULE FL'-Q] X Int}‘oductli,on and Fundamentals of Fluid Power
MODULE FL-02 4  Fluid Power Properties and Char'actc‘eristjcs

MODULE FL-03 _F]uid Storage, Condi.tionin;}, and Maintenancé
| «MODULE FL-04 .” Pumps and Compressors L ' ST
MODULE FL-05  Actuators and Fluid Notors L '

'MODULE FL-06 Fluid Distribution and Contréﬂ Devices.
MODULE FL-07 Fluid Circuits

. - MODULE FL-08  Troubleshooting Fluid Circuits

H



ENERGY TECHNOLGBY

-r\

- - —— - M

AN N L N N N |

A

)

~Z

D=

EaTaTs
TN

AN N NN
| N N N N
0

N Vvvv‘l
i

\/\/\/\/‘A/\/‘

. . “
."“,e .o ),.‘_ . . .

D. ”csmen FOR OCCUPA ONAL nesEAﬁCH AND oeven.omsm




’

L d

N

[+]
3! Center tor Occupational Re%a,arch and Development, 1981

This work was develooed under a contract with the Deoartment of
Education. However. the content goes not necessarily rerlect the oos:-
s;on or policy of that Agency, and no ofticiai endorsement of these

materials should be inferred. >

All nghts reserved. No part of this work covered by the copynghts
nereon may be reproduced or copied 1n any form or by any means —
graphic. eiectronic. or mechanical. inctuding ohotocooying, recora:
ing, taping, or information agd tetrievals systems — without the ex-
press permission of the Center for Occupational Research and

- Development. Noliability 1s assumed with resoect to the use of the in-
formation herein.

.
e ? .
x

CENTER FOR OCCUPATIONAL 'RESEARC'H AND DEVELOPMENT

«

Aruitoxt provided by Eic:




s
£

s N\

.77 INTRODUGTION

-

= , Fluid pdier is the technology of tranémitting power by means of pressur-
jzed fluids. It was one of the first power sources u§ed by man, was one,of
the earliest industrial power distribution sysféms, and is widely used today

in modern power handling systems. F1u1d power systems may use e1ther a 1 qu1d
(hydrau11c) or a gas {(pneumatic) as an energy transfer medium.

This module discusses the advantages and d1sadvantages of fluid power,
outlines the basic components and configurations of both pneumatic and- hydrau-
11c power systems, introduces fluid power symbols and circuits, and includes
‘a review of .basic principles of physics that apply to fluid power technology. {'
Physics concepts discussed include pressure, force, work, and power as they
relate to fluid power calculations; the basic principles of fluid behavior;
and the characteristics of compressible and incompressible fluids. The funda--
mentals of f]uid\power presentea in this module are the bases of all fluid
powet applications. These fundamentals are expanded in later modules.

Theglaboratory for thig module consists of an exercise in which the stu-

dent constructs and operates a simple hydraulic circuit and a simple pneumatic .

circuit and then compares the operation of the two.

PREREQUISITES

.~

fhe student should have completed one semester of algebra and one semester
of technical physics. ' . \

T - OBJECTIVES

Ubén comp]etion of this module, the siudent}should be able-to: .
1. . Define the follawing terms: \
a.- Fluid power L
b Hydr§u11cs : : o
c. Pneumatics
d Hydrodynamics
e. Hydrostatics -
"2. " List at“least six advantages and four disadyantages of fluid power as

.~ comparéd to other power delivery systems.

FL-01/Page 1
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3. Draw diagrams sﬁowing the components of a basic hydraulic power system
and a basic pneumatic power systeﬁ. Label each component and describe

its function within the system. . ..
t 4. Given any two of the following quantities for a fluid power cylinder,
calculate the thirdx -0
-a. Piﬁssure X E .
| b. Riston area - . .
c. Force : ’ '

5. Given any two.of the following quanfities for a fluid power cylinder,.

calculate the third: ’ \
» a. _Pressure _ ‘ S :
b. Volume displacement S §

c. WOrk done
6. Given any two of the fo110w1ng quant1t1es for a fluid power system, cal-

culate the-third: ' Y
« a. Pressure W
‘ b. Volume flow rate”

- c. Power ) .

X 7. Describe each of the following principles of f]@ﬁd behavior and.explain.
' . ~how it relates to fluid power systems:

Pascal's law — ' ' . . -
- The continuity equation - ) R ‘ -,

d 2 Bernoulli's theorem

Boyle's Tlaw .

a
b
c
d. Torricelli's theorem
. )
£

Charles' law —
8. Draw schematic d1agrams, show1ng all components and connect1ons, of R
hydrau11c and pneumat1c circuits for operat1ng one single- act1ng
- .cyhnder% N R - ‘
9. Construct®the f1u1d circuits in 0b3ect1ve 8 and operate them in the 1abora- .
tory.

Page 2/FL-01 . o
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-~ ' SUBJECT MATTER

’ t

INTRODUCTION TO FLUTD. PO(UER | ¢

Fluid Qower is a technology that deals with the transmission and control
" of energy by means of pressurized fluids. Fluid power systems that use in-

compressible fluids (1iquids) are called hydraulic systems. Those that use
compressible fluids (gases, usually air) are called pneumatic systems. In '

either case, the fluid power system operates in the following manner: -it
adds potential energy to a fluid at one location by increasiﬁg its p?e;sure,
it moves the fluid to another location, and it recovers the energy for useful
work by lowering the fluid pressure. '

The term "hydrodyhamics" refers to the behavior of fluids in motion; °*

the term “hydrostatics" describes the behavior of fluids at rest in an equi-
11br1um condition. This definition seems to imply that the study of fluid °
power would depend heavily on hydrodynamics since energy is to be moved by mov-
ing a fluid and would depend less on hydrostatics since a fluid that is not
mov1ng cannot transmit contxnuous power. However, this is not the case. Most
of the energy.contained within the fluid is in the form of the potential energy
of increased pressure, not in the kinetic energy of motion. Hydrodynamics

is usefyl to study since it describes the effects of resistance to flow, turbu-
lence, gnd pump design; but the 1nte5§§t is a1ways on lessening the hydrody—
namic energy losses.- Practical-fluid power systems are designed to have rela-
tively low fluid velocities; therdfore, their hycirodynamic properties are '
of 1ittle importance to system operation. Since fluid pewer depends on trans-
mitting energyythrough small fluid flow Fates -at high pressure, it is much

more dependent on hydrostatics. The basic principles of ‘hydrostatics — as

they apply to fluid power — are discussed later in this module. ‘ .

’

BACKGROUND AND APPLICATIONS OF FLUID POWER

»

Applications of fluid powef'are probably as old as civilization ifse]f.
Ancient ﬁistory contains many accounts of the use of moving water and air
to power waterwheels, windmills, and ships ' The first scientific basis of.
f1u1d power® techno1ogy was 1nvest1gated by Pascal in about 1650. His discov-
'eries eventually led to the deve]opment of f1u1d power systems and to the
development of steam and internal combust1on eng1nes Pascal's law is-de-
scribed later in this module. .

!
. \ 8 FL-01/Page 3

. . ' S
L L vy .o ]




N\
\

Fluid power was'first epp1ied ae an industrial techno]ogy'?n the Indus<
trial Revolution in Great Britain in 1850. By 1870, the use of hydraulic
systems to drive machinery was common. .The deVe]opmént.of electricity in
the late hﬁ%eteenth century lessened the interest in fluid power, although
its use did con;}nue. The development of modern fluid power technology began
in World War II with an increase in the use of fluid power in naval vessels,
in aircraft, and later in production machinery. Mode?n fluid power systems .
age essential parts of most industrial processes and most mobile power systems.

One of'the largest applications of fluid power is in the transportation
* industry. Automobiles emg]oy fluid power for the operation of hydraulic brakes,
power stee[ing, and other accessories. Afrtraft'ana marine vessels use hydrau-

~

1ic controls. ' . .
Fluid power is also used in a wide variety of applications involving

moving 1a;ge loads. This inc]ude%qditchdigging and earth-moving equibmeht,

cranes, and construct{on equipment. Any industrial application requiring

large forces is a ‘candidate for fluid power since no other power system can

_ ca}venjent1y prodyce such large forces. Llarge fluid power syetems operate L7

presees, forges, and milling equipment. Fluid power is as common as electrical

:power‘in many madern industries.

3

ADVANTAGES AND DISADVANTAGES OF FLUTD POWER

-
L

The suitability of fluid power for any power app]icatipn is dependent

upon several advantages and disadvantages of fluid power, as compared to other

~

_forms of poyer: delivery. .

“\-

ADVANTAGES” | N - .
Major advantages o% fluid power include the following:
The fluid, whegher gaseous or 11qu1d will remove heat generated during
.the power application. Thus, for many app11cat1ons, the coo11ng problems
are much, less severe than w1th electric motors. . -
A hydraulic device 1s mechan1ca11y rigid with respect to the load. It.
can, position and hold loads without a mechanical lock, even after the
power source has been turneé off.” This is also true, of some pneumatic
* devices, but not all: - -
\F4y1d power devices'are highly responsive due to their h1gh power -to-
_weight ratio.

®

Page 4/FL-01




. » Fluid power devices are much easier to install than mechaniéa]‘power

~

transpission equipment. They occupy a m1q1mum ‘of space and are eas11y

contro11ed from a xemote location, _ ~o.

5. - Fluid power devices offer great control of power application. They are

reversible and may be operated at either cogstant or variable powér iw
. k) -

either direction. « .

.

‘6. Fluid power control may be easily accompl ished by a w1de range of control
modes (mechanicaly electxical, f1u1da1) . ¢

7. Fdrce mu1t1p11cat1on ¢an be accomplished with low power losses.

8. Fluid power often permits s1mp1\f1cat1on of ma¢hing design and reduced
maintenance. )

9. Fluid power may be used safely in environments that make the dse of elec-
tricity hazardous. . C

DISADUANTAGES . . - I : .

-

Major disadvantages of fluid power include the fo]ﬁowing:

"1. Hydraulic f]uids are messy, and they attract and hold dirt.

2. Al fluid power systems are susceptible to damage by dirt or cog'am1na—
tion. Careful design and workmansh1p and a good ma1ntenance program !
are essential. Mechan1ca1 and e]ectr1ca1 systems can continue to func-
tion with far less attention.

3. Conductor failure because of overpressure or mechanica] stress 1s a]ways,.
possible; this presents a serious safety problem.

4. Most common hydraulic fluids are combustible and present: fire Mazards.

A
N

. BASI/FLUTD POWER SYSTEMS .

a

‘Although fluid power systems vary great]y in size and soph1st1cat1on,
all may be classed as either hydraulic or pneumatic. However, each of these
_ two classes has certatn common components and configurat1ons Th1s section

of the module discusses the -basic components and character1st1cs of hydraulic
and pneumatic systems

Y
]
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HYPRAULIC SYSTEMS o ‘ [

_- Figure 1 shows a typical hydraulic system using an incohpressip]e liquid
as the-power transfer fluid. The liquid is contained in a reservoir at atmo-
N s . ) .
spheric pressure. -The liquid is drawn through 2 filter to remove contam-

’~

~ ' ) PISTON ROD  © - jnants to the pump of the

‘mgronQy system.” The pump-may be

» : CYLINDEA -~ -]-j—» driven by any convenient

;kssgunqh _DIRECTIONAL |le— PUSH TO  source of rotatfonal mechan-
. f fgfg S ical energy — such as an .

i}
..

eléctric motor, a gasoline
engine; or a steam turbine.
The pump, which is of the”
UL 1, ‘ _ . positive-dispTacement type;
MEANS | . o delivers 1liguid at a Con-

‘ stant flow rate within [ -_
its rated pressure range.

[

R e

A

} i . FUNCTIONAL CONTROL

FILTER M —RESER«OlR

. ) . The pumpprovides ,no presi
Figure 1. Typical Hydraulic System. ~ ‘sure control, and 1t has
) - .. a fixed delivery rate
It converts'mechan1ca1 energy. to poteht1a1 energy of a liquid under pressure
Pressure -is contro]]ed by a p?essure control device called a pressure :
f valve. Ih1s valve remains closed below a certa1n pressure; but at
the preset dé]ivery pressure, it.opens to allow liquid to flow direct1y back
“to the reserVoir If no other fluid path'exists, all of the pump output f]ows'
through ‘this valve—» Thus, thig device protects the pump and the rest™of
" the system from overpressute conditions’ aqd ma1nta1ns the proper operating
. p?essure The reserv1pr,~pump, filter, and pressure control compr1se the
fluid power: source. . '
Several types of dévices may be .operated by fluid power, but the 51mp1est.
» and most common is a cylinder containing a p1ston\\ The piston.shown in Figure
- T is a double= act1ng cylinder ‘that can be powered in either direction, depend- '
1ng on the.d1rect1on of f1u1d flow to the eylinder. In either d1rect1on,

/
the force produced b{hthe pressur1zed 11qu1d .causes the p1ston to exert a

.

force on the load. , . S S
The action ‘of the p1ston 1s controlled by two types of’ contro] valves.
Directional contrqgl valves are yskd to control the d1rect1on of flow to and from

-

-
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the ‘piston! They are usually capable of directing hydrau]ie.fiuid to either
end of the cylinder or of shutting off the flow completely, a]thodgh‘one of

these functions may be excluded. Functional controls may be used to contro] v

' “the rate of fluid flow in a particular part of the system or to produce se-

N

quential operation of the components. : ' M
In a hydramtic system, the speed of operation of any driven component
depends upon the rate &t which the pump can deliver liquid to fill that com-

ponent. Changing the pressurejsetting will change the maximum force produced,” *

o

&
PNEUMATIC SYSTEMS i ' . b
. ' ‘ . -
FPgure 2 shows a typical pneumattc power system using air (a'compressible

but'wi11 not change the operating.speed of a cylinder.

gas) as the power transfer fluid. One ma;pr advantage of th1s sytem is that
air may be drawn directly from the atmosphere and exhausted 1nto the atmosphere
when used Th1s e11m1nates the need for return lines and a reservoir contain-
ing. the WOrk1ng f1u1d _The ch¥ef d1sadvantages — as compared to a hydraulic
sytem — are the need to clean and condition the air and the lack of positive-
displacerent control be- o © . :

cause of the compressibil~ .
' . - PUSH TO MOVE A LOAD T FUNCTIONAL

ity -of the working fluid. CONTROL

‘In the pneumatic sys- ) _ PISTON ROD - T—1
tem, ajr enters the com- FLTER | ¢ CYUINOERT l ] !
' press\\\through an intake oRiviNG | PISTON
filter. The c¢ompressor " Atf
‘jdereases the density, ' <~ AIR COMPRESSOR ] o
pressure, and potential . T
energy of the air. Most ——-——Jl——i_;;;:- mZi&?ﬁQTE———»
compressors are of the Pnsgsune 1L ] Ill
positive-displacement °  CONTROL |gy 7eg LUBRICATOR—>
typef delivering a con- REGULATOR fﬁ}§~ .
- stant volume flow of air. - 'L__’ - , JE__T
The cqmpressor is often - ‘
followed by a storage tank < . g
containing pressurized air Figure 2. Typical Pneumatic System.

that actg as g power source . o ’

FL-0TYPage 7
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. when the compressor is not in operation. This relative ease of storing energy
' ) for later use is one of the major advantages of pneumatic power systems, al- ¢
e . though the same principle can be applied to hydraulic systems.
The prgssure control of the pneumatic system may function in one of three
ways: | R f
1. Et thaly allow excess air teo escape to the atmosphere in much the same
) way .that the pressure,re11ef ‘valve of the hydraulic system allows excess

. Vv’

* fluidto flow into the reservoir. -
) regulate compressor power or 1ntake vo1ume ' D~

. 2. It m
"3, It may turn the compressor on and off at preset prgssures for systems
\ emp]oy1ng storage tanks.
. The compressor pressure control, and associated equipment comprise the f1u1d

. | . power sogzc$a>§§g$§2essed air from this source is distriblted for power appli-

N cations, < : , ) .'

Py A1r d1str1but1on systems are susceptible«o condensation, dirt, and sca]e

in the p1pes This foreign matter must be removed before thg air can be used

and the air must be conditioned. Three devices accomplish air cond1t1on1ng

1. A f11ter removes water and dirt.

2u7 A pressure regu]ator~supp11es air at a constant, preset pressure 1n-
dependent of fluctuations in de11very 1ine pressuyre. ’ '

3. A 1ubr1cator injects oil for 1ubr1cat1ng and sealing the dr1ven device.
These lubricators are usua]]y conta1ned in a single un1t (FRL unit] located
near the driven device.

The pneumatic cylinder, d1rec(1ona1 contro]s, and functional controls ]

\ are similar to those of the hydraulic system. -7 K
In a pneumatic systel, the speed of operation of a driven component may

increase with increasing pressure because the working fluid is.compressib1e.

(2

_The air expands to produce a delivery rate to .the driven component that exceeds

the f1xed delivery of the compressor — particularly if the system Contains o

»
¢

a storage tank, as most do. Th1s may lower system pressure for a short- time; -

|

but, if the total system volume greatly exceeds the volume of the component, -
L the effect js slight. Thus, increasing the pressure of a pneumatic system ' "

increases both the maximum force available and the operating speed of compo-
nents aga1nst a fixed mechan1ca1 resistance. - .

’,

&
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REVIEW OF PHYSICS FODAVENTALS =~

Fluid power systems transfer energy from one b]ace to another for appli-
cation. This section of.the module reviews some basic principles of physics

as they relate to energy transfer in fluid power systems.

»
.

FORMS OF ENERGY S . oo ’

e

'Energy is the ability to do work, to cause change, or' 0 produce motion \
in.a'physica1 system.lsIn'industria1 app]ications, this. enerby is usua]]y
'mechanica1, electrica] thermal, or fluidail. Fluid power systems are designed

o to de11ver energy in the form of fluidal energy, but they always 1nvo1ve other '

types of energy.as well. Pumps and compressors convert the kinetic energy
(mechan1ca1 rotational energy) ‘of the moving cgmugggnts to potential energy = -
of the pressuryzed fluid. The input energy to the pump may be supplied by
é,an e{ec§r1c motor or a heat engine. The output energy of fluid power systems -

is always mechanical motion. Fluid power coqﬁro1s operate through the appli-
cation of mechanical, electrical, thermal, or fluidal input signals. The - L

- presence and flow of heat energy in fluid power systems is often of great impor-

tance.” In short, a fiuid power system is always composed of eomponents that p
utilize other types of energy and is always 1ntegrated into a larger system

as a power delivery subsystem. F1u1d power never exists in isolation.- Since

the basic operat1on of fluid power systems consists of transmitting fluid . :
pover and|gf power conversions between mechaqgca],and fluidal systems, only .
those basic prin;ia]es are presentéd here. ‘

s ., ’
CFORCE AWD PRESSURE . - ; ) ' o .
Pressure is defjned as "the force per um1t area exerted by a fluid." .
< In fluid power applications, pressure is usua11y?¢936ﬁred in pounds per square
. inch and is expressed in,.gauge pressure (atmosph = 0 psig) rather than
absolute pressure (atmospher{c = 14.7 psia). The force produced on a surface
. '#y a fluid is given in Equation 1. '

' “ !“

“ : S 1; o . Equation 1 &
where E = Force, in pounds.
‘ p = Pressure, in Sounds per Square inch. , <
! ’ ‘ A’= Area,.in’ square “inches! ; ' .
. ’ . 14 FL-01/Page 9
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_Figurfe 3 shows the application

of this equation to fluid power. The

Mo %
force produced on thé piston is the
* product of the pressure of the fluid
t ’ " and the area of the cylinder. Example
' A.illustrates the application of this
"~ Figure 3. Relationship principle in a simple f]uid system for
< . of F?rce, Pressure and Area. force mul}ip]icétion.
. ‘ EXAMPLE A: FORCE MULTIPLICATION IN A HYDRAULIC LIFT.
. lGiven: A hydraulic Tift has an input 100 I \
. cylinder of 1 inch in diameter - ’ f{; Qﬁ{{{({(
and an eutput cylinder 6 inches fﬁ;_' ' o
~ . . in diameter. .A downward force of\\\\\ T ‘
to 100 1b is applied to the Hie
input piston.” Assume this produces a pressure that is equally ¢
distributed throughout the Tiquid.
Find: a. -The pressure. © . A o
b. The upward force on the output piston.
s 1 Solution: Find cylinder areas. 5
_ md? ' ¢
, A= - ‘ | |
— Ay = (3.14)&1.0 in)? ‘ A, = (3.14)&6 in)?
Ay ='0.785 in? ~ ‘ . Az = 28.26 in?
. ¢ I §
a. From Equation 1: .
ot _ -E—l- . . ~ X
Pl = Al N - °
. - _1001b_ -
~ 0.785 inZ_ - 7 <
. P, = 127.4 psig (1b/in? =.psig). ’ 5 .
b. F2 = PaA; ‘ ‘
" = (127.4 psig)(28.26in?)
’ ‘E, = 3600 -1b. . .
PR .
/
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WORK DONE BY A FLUID

F1gure 4 illustrates the work done by a fluid on a piston.

The work

done is equal to the potent1a1 energy removed from the fluid and converted

to mechanical work done by the e'

t
. [ ,
piston. Equation 2 gives the i -
work done by a piston under cons : D;—»é E_'{ ] ; .
stant load.. - ' p — A Y
) { ‘ L ViAd - K\‘~
N T W:Fd :pV
. Figure 4. Work Done by a Fluig.
Lo . .
" W=Fd=pV Equetion 2
where W = Work done. ; ¢ :
F = Force®on -piston.
* d = Displacement of piston. ’
p = Fluid pressure. A )
-V = Change in fluid vb]hme in cylinder (the productjof the. pisgon

area and displacement).

_Example B illustrates the application of Equatﬁon 2 in ca]chations~in-

volving the input.and output energy of a simple fluid system.

‘ -

o

i

EXAMPLE B: WORK DONE BY A HYDRAULIC LIFT.

Given:

Fiqd:

A3

Solution:

R

The 1nput p1ston of the Tift 1in Examp]e A is pushed downward a
d1stance of 1 ft by the appljed force of i00 1b. *(Assume no

energy 1osses ) .

a. The work dong on the }1qu1d by the 1nDut piston,
The volume of fluid transferred. -~

b
_Ce Th!L:pward displacement %of the output p1ston
a =

W = ¥Fd o -
= (100 16) (1 ft)
‘W = 100 Fe-1b.

-
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B
Cad

be
N B 2

. b V=y
. _ (100 ft-1b)(12_in/ft) ‘
N I 127.4 1b/in?

; V= 9.4 in*

This is t%e volume of a cylinder 1 inch in diameter and
“1 foot in gth.

=X
C. d"F \

_ 100 ft-1b | - | o

3600 Tb : '
. 0.028 ft : v
\ ‘ d 2:1/3 in.

-

I3RS 1]

¢

-

- ° \
ek fhams oD ann caus 2N 20 o oo N

As Example B illustrates, the multiplication of force in a fluid system N
is accompanied by a corresponding division of displacement. *
' i

14

TORQUE. AND WORK ~.

~

In many fluid power, systems, the output power is.in the form of rotational

energy instead of Tinear mechanical motion. .Input meéﬁanica] energy to fluid

\ ) . power systems isqa]mo;t always rotational’
energy to drive a or ébmpressor.
Torque is the forcelike quantigy of ..
mechanical rotanona] systems and produces

_ rotational motion as force produces

" Vinear motion. Figure 5_1'11ustratesT

" the definitibn'of torque. It is:the

CTIFL .
¢ W:T8 - . product of the force and the petpendic-

ular distance through,which it acts

’

Figure 5. Torque and Work.
(the Tever arm). The rotational work

done by a shaft is given by Equation 3. . .

L & N,
> W=Te Equation 3, I
where: - W = Work done. l
T = Torque. )
6 = Angle of rotation of thedshaft. l
Page 12/FL-01 o ‘1 :7 |
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POWER IN FLUID POWER SYSTEMS

Power is the rate at which work is done. “Power may be calculated in
any system by dividing the energy transferred by the timéﬁ}equjred for the
transfer. Figure‘6 shows three expres-
sions for péwer at three different $
points in a f1u1d power system The -
input power‘produced by the pump is :
its torque times its angular velocity
(8/t). The fluid power transferred
fhrough the.conductor is the pressure
times the volume flow rate (V/t).

The mechanical power of the piston
1ifting the load is the weight (force)
of the load times its upwaerve]ocity
(h/t)-. The most important relation-

ship in fluid power applications is

shown in Equation 4.

A

Figure 6. Power in a Sygtem.

”~

' p= pd e ’ Equation 4 *,
-~ 8™ . ,
where: P = Power. * i
p =-Pressure.
{ Q= Volume flow rate. ' <

Example C i]ﬂustn@tes the usg of this equation.
. > 4

EXAMPLE C: CALCULATION OF PUMP PONEQ.

Given: The operation of a hydraulic power system requires 5 gallons
of fluid per minute at a pressgre of 400 psig. "
. 3 te1b
(1 gal = 231 in®) (1 hp = 55? sec: =) _
Find: - The necessary power of the pump motor. »
?

Solution: Determ1ne vglume flow rate in cubic inches per second.

Q= (4 gawmm)(aom;gc)(“;a}” )

Q = 15.4 in®/sec

FL-01/Page 13
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Example C. Continued. - .
Power:* P'= pQ ]
-~ = (400 ]nz)(]S 4 EEE) ,
: N in-1b,, 1 ft
= (6160 sec )(12 in )
/ = 5]3

550 ft 1b

\ ec .
P = 0.93 hp.

A one-hgrserwer pump will 6perate this system if losses are Tow.

i e* *'-:-_:
<o

- Figure 7.

BASIC PRINCIPLES-OF FLUTD BEHAVIOR

"The characteri§*@cs of a fluid power system are dependent upon the char-

acteristics of the fluid used.

This sectionlﬂiscusses some of the properties

of liquids and gases that are of interest in fluid power applications.

PASCAL'S LAW

-

Pascal's law app]ies‘to bwth 11qujg§"§gg gases.

&

set up. in a fluid in_an enclosed container produces an equal force on all

APPLIED FORCE

Y

—

¥

THE CONTINUITY :QUATION

-

N - 3
Pascdl's Law.

.

surface elements of equal size and that the
force is a]ways perpendicular to the surface.
As illustrated 1n Figure 7, this means that

the pressure is the same at all points within

an enclosed static fluid. Pascal's law
is thg basis of fluid power transfer. It

is essential for the operation of the hydrau-

" lic 1ift in.Example A.

Y

.

The ' cont1nu1ty equat1on wh1ch on]y app11es to 11qu1ds, is 111ustrated

jnFigure 8
. /r’

Page 14/FL-01

. . The cont1nun1ty equation states that when a Tiquid flows through
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’
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It states that a pressure
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a conductar with no bran:Les, the i - N
volume flowing past any two points in _

a given period of time is the same. A1 vitAg v

The shaded portions of the figure ’
. represent the volumes of fluid flow-
ing in the larger and smaller sections
of the pipe during a time interval. A

The volume flow rate is the product

of the fluid velocity (v) and the Figure 8. Continuity Equation.

cross-sectional area of the pipe. For

a given volume flow rate, large diameter- pipes provide Tqger fluid velocities

and less frictional Tlosses. ‘. S '

Yool -

BERNQULLT'S THEOREM s ’ a )
Bernoulli's theorem is an abp]ication_gf the conservation of energy to

fluid systems. It states that the total energy per unit mass of & fluid in

3 closed, conductor is the same at all points. This energ} is the sum of three CLo.

r “' T ¢
components: the pqtential energy of the fluid due to its pressure, the kinetic )

energy of the fluid because of its motion (ve10c1ty), and the potential energy *
due to gravity. If the case of a horizontal pipe is cons1dered the grav1~ .
tational factor may be dropped (and is usually not a factor in fluaid power
systems). . ) '

,ngure 9 illustrates Bernoylli's theorem as it applies to fluid power
‘systems. The velocity of the fluid . o ‘

varies as the conductor size var1es with \ i

higher ve10c1ty in the smaller sections. . B / .
The increased velocity means greater X ) . ‘F_ ‘ ‘
kinetic energy per unit mass and, thus, . \ / '
}‘educed potential energy. Since the 15— vz'WA_’- V3 o3

potential enerdy per unit mass is Py | " _
4 A '
d1rect1y related to the pressure, the l P3
o . .
Thus,. the . , . :

pressure is, a1so reduced ¢

)
pressure in a conductor carry1ng a Figure 9. Bernoulli’s Theorem.
moving liquid drops as the diameter decreases, and constrictions produce low. .
pressure areas.’ This principle is applied in the lubricators of pneumatic \
" * )
systems to draw oil into a constricted air stream. - _
FL-01/Page 15 -
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© TORRICELLT'S THEOREM

Figure 10'111ustrates Torrﬁce11i's theorem — which states that the velocTty
of the fluid leaving a hole 1n the bottom of a large tank is equal to the
square/root of twice the product of the height,
" of -the  tank and the grav1tat1ona1 constant.
The importance of th1s theorem to fluid power

* techdology is that this condition is a good

- approximation of a small leak in a pressurized

fluid system, and it .alléws calculation of -

the approximate velecity of escaping’f]uid\'

\ _ . shou]d a 1eak occur. This #s.included pri-.
Figure }géorZ;rr1ce111 S ) mar11y to emphas1ze the hazards of 1eaks
' [Athe system pressure is onty 100 psig,

the'velocity of an escaping fluid jet-.is 120 ft/sec.

»

GAS LAWS TR N =

’

The gas laws are a series of.laws concerning the behavior of a gas as
its vo1ume pressure, and temperature change.. The' re]at1onsh1ps are illus
" strated in Figures 11, 12, and 13.

——— N .

The most important gas: law in pneumatic

e

systems is Boyle's.law (Figure 11) This

1aw states that at a constant temperature,

CONSTANT . ‘ the product of the pressure and vo]ume of

TEMPERATURE
> 5 a gas is a constant — if one is increased,

. pv=C~ . the other is decreased proportionally.. Thus,

if a compressor reduces the volume to one-

. VOLUME —

tenth thenvoﬂume of the same mass of free

air, 1t multiplies the original pressure
_ by 10. ‘(A11 gas laws are based on absolute
Figure 11. Boyle's Law. — —tempegature and pressure scales.)’
' T . Char]es' law (Figure 12} states that

e e

" PHES SURE —>

,

at.a constant pressure, the ratio of gas volume to gas temperature is a con-
" stant. Thus the volume occup1ed by a gas at a given pressure decraases as
the temperature decreases. This means that -reducing the compressed air teabera-

- ‘_4447‘ -— 77‘. - ~
. A w 4 .
N 4 .
. 4 -
. .

Page 16/FL-01
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R T ¢ | . .
ture'a11ows more air and, thuséfmgre‘hsefgf/energy td be stored in a smaller S
vo]ume ,

Figure 13 shows the pressure-temperature retationsiip of a gas at a con-
stant volume. This 1aw, ca]]ed Gay -Lussac's law, states that the pressure -
of an enclosed gas rises 1n—§%pport1on to its increase in temperatd§;::>$hls
law is of greater importance in combustlon engines and boilers than in fluid
power applications and is 1nc1uded pr1mar11y for completeness.

Y $ 4 ' . .
‘ CONSTANT o CONSTANT
T PRESSURE Nﬁ b T MOLUME
. N, ¥ . N . . .
? @ ®
&g A Wi, v
5 3 .
3 v v P :
> T - T . .
/ a 4 ¢ - -
y /
- z X P PAR . P
¢ TEMPERATURE —> - °  TEMPERATURE —>
Figure 12. Charles’ Law. - " Figure 13. Gay-Lussac.’s Law.-
S ) t
These three ‘relationships arg comb1ned 1n the genera] gas law g1ven by - ,
“Equat1on 5. o ‘ o N
i?i =C Equation 5 e
' R [ s 7 K % L.
where: P =.Absolute pressure. LT . . v
) : ' Y
7 v = Volume.
*T = Absolute temperature. S ‘e tor
C = A constant. - . .
.~ I Equation 5 shows the re]ationship of pressure, volume, and temperature®y  °

‘ and it illustrates that chang1ng any one of these quant1t1es produces a change
- in" ene or both of the other two. "‘Any of the three 1nd1v1dua1 gas Jaws may o
be derived from the genena] law by eliminating’ the quant1ty that is assumed .

tohbaqfonstanr.a.sﬂ M“mw__ikfgﬁ_#1d_“ v S N - ¢

<

BASIC FLUID CIRCUITS AND SYMBOLS

. -

-

The American National Standards Inst1tute, Inc., has approved a standard
set of fluid power symbo]s for d1agramm1ng f1u1d power systems: This section
- .

. ' : . FL-01/Page 17 .
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B “?"\
" of the module introduces some of the basic symbols and illustrates the’basic
fluid circuits to be constructed in the Laboratory portion of this module.

- .o
. .

HYDRAULTC CIRCUTT - ' oo

W Figure 14 is a'simple hydra\u‘lic circuit for opérating one single-acting
/ cyh’ndgr (hydraulic power applied in one direction only). This is the most
basitc ‘hyglraulic circuit. Each of the‘symbo]s is identified in the figure.
This type of directional control

L e ' o - ‘ - valve is ca]]ed a“three-way
i ?g valve because it has three
v ’ :
§/NGLE-ACTING CYLINDER « fluid connections. It'is also
) L %4\72¥fﬁg¢§F— termed a "two-position yalve"
‘ ¢ T «—DIRECTIONAL CONTROL VALVE " because it has two possible
/) - operating positions.” The fluid
Pl |T SPRING ~LOADED o
. - paths for each pqsition are |
177777/ T TeHYeRAuLc * shown in the valve symbol.
. DIRECTION OF , LU 3 - " POWER SOURCE ) . L
. = FLOW OF LLquxo-?*' . . | pRESSURE In the closed position, thel
. L N = ~Jy | RELIEF VALVE power line (P) is blocked and
' 1
LT, ¢ . ¢ .
E ¢ /)f: . the cylinder is connected to
FILTER ~ ‘ TANK : .
. LtJt’ﬁsssnvom): ‘ the tank 11pe (T). Thys, the
t - T ! s return spring of the cylindér
- forces the fluid into the reser-
. ‘ " voir. When the valve is operated,’

Figure 14. Hydraulic Circuit for : o _ .
Operating One Single-Acting Cylinder. the tank line is blocked and .
Ce the power line is, connected

to the cy11nder Many other types of. &1rect1ona1 contral valves are common.
These valves w111 be d1scussed 1n greater detaiT in Modu]é FL- 06 "F1u1d Dis-

-~

. tribution and Contro1 Dev1ces ‘ - .

PNEWATIC CIRCUIT 7 | L N

-

. -

. B . e e . 7 . - .
F1gure 15 is a simple pneumatic circuit for'operating one single-acting

’ éy]inder; Basic symbo1s‘are also identified in this figure. The needle valves
are used to control the flow rate of compresseﬂ air to and fromr the cylinder.
AdJust1ng these valves changes the extens1pn and retract1on times of the ’
cy]inder. With the d1rect1ona1 control valve (DCV) in the c]osed pos1t1on,

heY




the cylinder is ca,

connectdd to atmo-
o, DIRECTION OF FLOW OF AIR |

spheric pressure . :

. s FALTER-REGULATOR-LUBRICATOR UNIT

and is retracted = po-\v----- —_——

by the return
spring. The power - -

_J

%RECTIONAL CONTROL VALVE

= . ‘/
*\*&%—-

) . \
ﬂb SINGLE-ACTING CYLINGRER .

m
P
p=

line is Blocked
inside the'vq]ve.
In the open posi-

<“COMPRESSOR

) <“—FILTER NEEDLE VALVES
tion, the power L ’ ’

line is connected PNEUMATIC POWER SOURGE , §

to the_cylinder . - ’
Figure 15. Pneumatie Circuit for Operating

through the valve. One Single-Acting Cylinder..

SUMMARY

T Fluid power systems are energy transfer systems in whith mechanical energy
s converted to potential energy of pressur1zed f1u1ds, is moved to a remote

point as fluidal potential energy, and is converted back into méEhan1ca1 ene ij
for app11cat1on. Fiuid power systems have several advantages over other po(Ziy
delivery systems and are widely used in'transportation and industry. Hydraulic .
systems use a ldquid contained in a closed fluid system. Pneumatic’ power

. systems use aijr as a working medium and Jneed not recirculate the f]did The
most important physical pr1nc1p1e in fluid power techno]ogy is that the force
produced on a surface is equal to the product of the area of the surface and

AN

«Q

~

the pressure app11ed by the fluid. 4
L

Y
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EXERCISES. .

List nine advantages and fodrtdisadvantage; of‘f1uid power.

Draw and label diagrams showing the basic comboneqxs of a hydraulic power
Aystem and a pnehmatic power system. Explain thegga?bosé of each component.
\A\hydraulic cy]ﬁnaer 4 inches'in diameter is operated at a pressure of

350 psig. In six seconds, the piston moves a distance of 8 iﬁhhes.
Determine the'fo]]owipgf l '

Force on th piston
Work done by the piston

a

b \

C. . Volume d1sp1acement of the cy11nder (by two methods)
. .

Volume flow raté, ‘in gal/min

e. Power A ‘

A simple fydraulic 1ift has an input pistsn\yiEE;a diametg} of 1.5 inches

and an output piston with a diameter of 8 inches: The force on the output

piston is 3000 1b. Determine the following:

a. ' Force on the input piston

'b.  Distance each piston moves.when 500.ft:1b of work is doné’ B
The fluid power rate of "a fluid power system is 25 gal/min, and the’ pres~
* sure is 500 psig. F1nd the- power. N .

A two- horsepower. pump delivers hydrau11c fluid at a pressure of 250 ps1g
- It powers a cylinder 3.5 inches in d1ameter Determine the following:

a. Volume flow rate, in gal/min . ' . R

b. " Velocity of the piston rod as it extends,.in in/sec »

Dd scuss each of -the fo11bwiﬁg principles of fluid behavior and its appli~

cation to fluid power systems:

Pascal's law-~
Bernoui]i‘s theorem
Boyle's law
Torr1cefq1 s theorem ™
CharTesJ law

The continuity equation

.




’ mgoRATORY MATERIALS

I’

A1l laborato 1es in th1s course w111 use common hydrau11c and pneumatic
omponentg,equ1pped ~1th quick d1sconnect f1tt1ngs These will be mounted on a
norizontal surface-and secured—w%th~bo41’ or clamps. * All connections. w{ll be ©
made with f]ex1b1e hydraulic anq pneumatic hoses equ1pped w1th quick d;scon-
nects. The hydrau11c power unit consists of a pumps reserv01r, filter, adJUSc-
able pressure re11°f 'valve, and pressure gauge. The pneumatic power unit con-
s1sts of a compressor, intake filter, and a f11ter requlator- 1ubr1cator unit o
* with a-pressure gauge. L
Hydrau11c power unijt-
Hydrau11c ‘pressure relief va]ve
Hydraulic directional control va]ve { two- pos1t1on, three-way, manually-

actuated, spring offset) . .
‘S1ngle-act1ng hydraulic cylinder with spring return %f
Hydraulic fluid flowmeter © _ , e ’

A Preumatic air flowmeter: . ) . gﬁ; .
*Cdnnecting *hydraulic hoses . '

Pneumatic\power unit ‘ -,
Pneumatic directional control valve v
Singfe-acting pneumatic cylinder with spring returns -

+

Connecting pneumatic hoses

" Stop watch or timer’ , B ' .
English.scale (1 ft) . C : S
Egiying‘oevices for cylinders (This may consist of two disk brake pucks ‘with

T ¢ adjusting screws to vary the pressure exerted on a meta] bar that s11des.

hetween the pucks. The metal frame contaTn1ng the pucks must be bolted
secure]y to the work surface. )

N _LABORATORY P OCEDURES
B " % . \ - -
,g <

) > [

. LABORATORY 1. HYDRAULIC E,@ERIMENT K \

. 1.3 :Mounf the directional contro] valve (DCV pFESsure relief va]ve cy11nder,
and/~1owmeter on the work surface for convenient connect10n and operation.- ,
The f1u1e>c1rcu1t to be constructed is that shown 1n Figure 16. *"The* hydrau-
‘lic power unit is the, portion of th1s f1gure encldsed in thé box. Ibe f]ow-

.. - - ~FL-01/Page 21 -
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> )

T
L]

o . . ) feter is to be-connected in series .
. < in the power line to the DCv. The -
| Vﬁvz\fﬁqﬁﬁ—{::igij:] pressure relief valve of théJhydnau-
L ETJ ’ ' LOADING DEVICE 1ic power. unit is presef‘énd will
T }< . 2 - ' not be aqjusted. A second, pressure
. . L_:j;; L ] : relief valve installed by the stu-
A N A o dent on the work surface is used for
E JL , 3 E pressure adjustmeni by the student.-” -
i 'h__-Ji .4LE HYQEXJGc - -2.” Use ap?ropriate hoses to connect the
E(gf - ;<-powgg UNIT circuit shown in Figure 16 wzth(the
. j flowmeter in the power line. .. !

_ - _ 3. Connect the driving rod of the-
4 , ‘ Fégggsiigﬁta?yg;iﬂ;Tc ¢ cylinder to the loading device.
: ‘ Be sure both the cylinder and-the,
-~ 1oad{ng device are-securely attached to the work surface. ‘ ‘
| Héve the instructor check the circuit. -

5. Turn on the hydraulic power unit. Set the pressure relief valve to give-
thg(desired pressure (specified by the instructor) as indicated by/;he
pressure gauge of the power unit. . Co-

6. Ac&ivate the DCV to operate the cylinder. When thé cylinder reaches the

end of its travel, release the DCV actuator. This will check circuit

~— operation and: purge the lines and components of trapped air. Reduce the
A ténsion on the cylinder loading device to allow the piston to return i%
Y . necessary. - ! i
4 L 7. Oﬁerate the circuit several times. Adjust the tension,of the loading de-
h . vice to give a pressure near the preset pressure during cylinder operation.
‘ Meaéure~ang record the following quantities: | o
) a. Operating pressure '. v
’ b.. Fluid flow rate : o \ %\:
" ¢.  Time for cylinder to extend - o o .
8.  Set the pressure relief. valve td the second speqified pressure.  °
g. Repedt the above proéedunes and measurements at.this pressure with the T
ibgding device adjusted to vae an operating pressure near the preset
e " pressure. _ oo ‘ L
) 10. 'Measure‘the distance t¥aveled by. the piston during’extensidﬁ. Record in
) Data.fgble 1. - ' S
e , ] ' 3
Page 22/FL-01 4 ~ . ', '
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11.

12.

13.

w

10.

11.

-

i

~ ¢

. " For each set of data, determine the volume of the‘cylinder by multiplying-

the volume flow rate times. the time of extension (1 gal = 237 qn3y.

D1v1de the cylinder volume by the stroke to determine the cross-sectional
area Qf the cylinder. Detg/m1ne the inner diameter of the cy]1nder,
ﬁsing the equa;iQn for the area of a circle.

Describe the effecE of changing the pressure on the extension time of

the cylinder. . &7 ‘ ~ f
Disassemble the setup. Clean and store components accobding to -instruc-
tions. o ..

_LABORATORY 2. PNEUMATIC EXPERIMENT. - .

Mount the DCV, cylinder, f1owmeter, and two needle va]ves o the work
surface for convenient connect1on and operation. The fluid circuit to
be ‘constructed is. shown in Figure 15. The pneumatic power unit is the:
portion of this f1gure enc]osed in the.box. The flowmeter is connected
in' series in the power line, as it was in the hydrauiic exper1ment

Use the appropriate hoses to connect the circuit shown in Figure 15.
Install the cylinder loading device, as it was in the hydraulic @xperi-
ment. l '

Have the instyuctor check:the circuit. .

Turn on the pneumatic power_unit. Set the pressure regulatdr' to the
first specified pressure. Record;EDjs pre§sure in Data Table 2,
Actuate the DCl,tG’assure proper circuit operation. Adjust the cylinder

- loading device so the spring will just retract the p1ston

Operate the.circuit several times. Change the sett1ngs of the need]e
valves and observe the effect on the extension and retraction “times of

the cy1inder. Measure and record the air flow rate and the extgpsion o
and retraction times at the fiqa] valve settings. K e

Set the pressure'regu]ator to‘the secoqd,spec1f1ed pressure. Do not
change‘the settings of. the needle vaivés_or the cylinder loading device.
«Operate thé circuit: Measure and record the extension and retraction

times and the air flow rate. * . - . ’
_Déséribe the effect of chahging the pressure on the extens%on and re-
traction times of the cylinder. s
Disassemble, clean, and sFore all components.

28
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DATA TABLES' .

\

- DATA TABLE 1. . HYDRAULIC EXPERIMENT,

First Second
Pressure Pressure
Pressure (psig) =~ . .
Fluid—ftow rate {ga]/min) , .
Extension time {sec) s
Cylinder stroke (in) 4
Calculated cylinder volume-(in%) .
Calculated cylinder diameter (in), s K
Effect of pressure on extension ! N
gg% -
S ai o v
St DATA TABQE 2. PNEUMATIC EXPERIMENT.
First Second
_Pressure Pressure

PreiEUre (psig)

Air flow rate (cfm)
Extension time (sec)
Retraction time (sec)

Effect of pressure on extensioé and retraction time:

e
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: : | .+ GLOSSARY

. . T ) - ) . . '
Directional control valve (DCV): A valve that controls the direction of flaw.
of fluid tpwarg or away from the driven component.

hY

Fluid power: The teghnology that deals with the transmission and contro]l
erenergy by means of pressurized fluids.

Functional controls:. Controls that effect the speed of operation of a fluid
power device or the sequence of op@rations in a system.

Hydraulic system: -Fluid power systems that use a 1iquid as a working medium.

Hydrodynamics: The study of liquids %n motion. ‘ ok (
g Hydrostatics: - The”study of pressurized 1iquids in equilibrium.

Pneumatic system: Fluid power systems that use compressed air as a working
medium. '

Pressure: The forée.per unit_area exerted on a surface by a fluid.

¢
h - '

&
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 Advantages of flyid power systems do not include ...

a. fast response due to high pqggr—to-weight ratio.

ease of control from remote locations.

ruggedness and low maintenance requirements.

force multiplication with Tow loss. )

ease of insfé]]atiop as compared to mechanical power transmission

systemss : )
In a hydrad]ic power system, increasing the pressure at a fixed delivery

rate will ...

3
~

a increase the operating speed.
b -increase the maximumgforce produced.
c increase the sysfem power.

d. Both b and ¢ are true.

e. All of the abovq\are true. )

In a pneumatic power system, increasing the pressure at a f1xed delivery
rate will ... . i )

a increase the operating speed. '

b increase the maximum force produced.

c. increase the system power.

d. Bothb and c are true -

e. All of the above are true

A piston 2 inches in diameter is operated at a pressure of 200 psig. The

force produced is ...

a. 628 1b.
b. 400 ,1b.
c. 2512 1b. '

d. 1628 1b. X ) -
e. None of the above is correct. )
A volume flcw rate of 12 gal/min at a pressure of 200 psig produces how

~

much, power? . (1 gal = 237 in3)
a. 9240 ft.1b/sec
b. 412 ftslb/sec *
c. 46,200 ftelb/sec .. R ]
.
e

0.71 hp
1.4 hp »

" FL-01/Page 27
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6. A piston 2 inches in diameter moves 4 inches at an operating pressure ,
of 200 psig. How much work is done? T .
71672 ftelb .

| 1
b. N2512 ft-1b S - ) . l

c. 836 ftelb
- ' d. 209 ft-b .
e. 105 ft-1b
?.  If a‘pipe carrying a moving fluid has a reduction in diameter...
" _a. the pressure increases. '

W " b. thé—f1uig velocity increases. ¥
c. . both pFessure and flu§d velocity increase- ‘ ‘
d.  the power of the system'is reduced. ® 3 : \\

.e. Tneither pressure nor velocity increases.

d

8.; If the volume of a dé% at a constant temperature is reduced to one-fourth

of its 0r?gina1 volume, the pressure will be *..
. a. unchanged. //’//fs

a
b. doubled. ¢
¢. four times as great. - ’
d., halved. . ) - ‘ -
et eight times as great.
9. " The continuity equation ...
’ a. may be applied to either gases.or liquids. ’

o

states that the pressure of a liquid drops as the diameter of the
pipe carryind it decreases.

implies lower fluid velocities in larger diameter sections of pipe.
applies only to systems in which the power transfer fluid is re-

‘ circulated continuously. ‘

e. None of the above are true.
10.  Which of the following is an incorrect fluid power symbol?

a. + direction of flow in pneumatic line
b. z$> filter
C. ‘14| Pressurgrelief valve

.
. LB

d. @,Pump

% e. A1l of the above are correct.
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INTRODUCTION -

' The most important material in any fluid power system is'tﬁe working fluid.
In hydrau11c power systems, the working fluid is an incompressible 11qu1d -
usua]]y petroleum 0ils. In pneumatic power systems, the only working f1u1d
is compressed air. ) ~
This module discusses the character1st1cs and types of hydrau11c fluids,

as well as procedures for ma1nta1n1ng and\rep1acang hydraulic oils.” Advantages

and disadvantages of pneumatic fluids are also discussed.. "' o
* In the laboratory, the student will construct and operate hydrau11c and. * .

pneumatic circuits that “power dgub]e-act1ng cylinders and co 1inder

Al

' operation of the two systems.

]

PREREQUISITES
7

The sfudent should have completed Module FL-01, "Introduction and Funda-

«

mentals of Fluid Power."

OBJECTIVES '

Upon coﬁp]etion of this module, the student should be able to?
1. 'Def1ne the following terms as ﬁ%ey apply to hydrau11c fluids:
V1scos1ty
Viscosity index
Pour point ‘
Lubricating ability

gfhn‘strength ‘ ' .

emulsibility S ' C
Flash point .
Fire point

O -Hh O O O O o

ij. Specific gravity - ) ' e
. — 2 Explain the difference between rust and corrbsion and the cause of each

in a hydraulic system \

-

FL-02/Page 1
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: 3. List four undesirable cdnsequenceé of using an 0il with a V?scosity that
is too high, and 1ist three undesirable consequences of us1ng an oil with
a viscosity that is too low:

A
-

. 4. ﬁxp1a1n,the problems that arise when a hydraulic oikoxidizes and thq

.

*factors that cause rapid oil oxidation.- . o )

e 5. List 10 characteristics of a good hydraulic oil.”
6. Describe the desirable and undgsirable” character1st1cs of the following

- *

- . 'types of hydrqu11c f1u1ds / © "

S e

'
i
1
”~
.t
Al
35

a. Water-oil emulsions
. _b. N??er;glyco1 solutions ——
S c. - -Synthetic fluids ‘
7. List HO precautions_in”thermainténance, handling, and storage of hydraulic

N

oils. N
.8 Exp%ain’the steps necessary*in replacing hydratlic o0il in,a system.
" 9. List five advantages and disadvantages of compressed air as a fluid power

work1ng medium, as compared to hydraulic oil. - )
- 10.  Construct fluid power circuits for the’ operat1on of hydrau11cuand pneumatic
- double-acting cy11nders Compare the character1st1cs of the extens1on
and retraction strokes for each cy11nder and compare the operat1on of
the two cylinders.

Page 2/FL-02 - | ' '
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g o ©  SUBJECT MATTER

- PROPERTTES 0F vaRAuLlc‘FLuivs

- A var1ety of f1u1ds *-w1th d1fferent combtuat1ons of properties — is
ava11ab1e for use in hydrau11c power systems.- A good hydrau11c f1u1d must
transmit f1u1d power w1¢h minimum losses, act as a 1ubr1cant for system com-
ponents, and act as a’ sea]ant 1n the system, as we]] as prevent rust, corrosion,
.nd~deter40rat}on -of components Selection” of the proper fluid for the ﬁpp11ca;
tion and components 1nvo1ved has a conS1derab1e effect on system performance,
ma1ntenance cost, and service 11fe . The fo]]om1ng paragraphs discuss proper-
ties that should be cons1oered when selecting the proper f1u1d for a hydraulic

v

power system. - .
viScosiTy - '
~
Viscosity is a measure of the fluid's internal resistance to flow or shear
forces at a specific temperature and pressure. .Figure 1 shows two parallel
plates separated by a film of fluid. Tbe bottom plate is stationary, and the

=

top plate is being fioved by the gHeaR '

application of a shear force. - FORCE . ' MOVING TQP PLATE 5écg%'7Y .
The 1iquid in contact with FLUID :

each plate remains virtually . VELOCITY ! .

at rest witll respect to the ' - e LIQUID BETWEEN PLATES
plate. Therefore, the lowest: ;

1ayer of fluid in the figure . TR T TN ETHI T TIXTS|

is stationary (zero velo- FIXED BOTTOM PLATE

city). The upper layer has Figure 1.~ Fluid Velocity Profile Between

Y

“the .velocity of the moving - ParalTel’ Plates due to Viscosity.

plate and, thus, moves with it. Layers-of fluid between the two plates slide
past one another with the velocity profile shown. .

"The absolute or dynamic Giscosity of the fluid is the ratio of the applied
shear force to the ve]octty of the fluid. If the f]uig has 3 low viscosity,
resistance to motion 1s low and the upper plate moves'easi]y If the fluid

has a h1gh viscosity, resistance 1s high and,g\eater force is requ1red to move

@

-

the upper plate. ) > .

~FL-02/Page 3 °
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stcosity also affects the flow rate of a fluid through 4 pipe-with a
' given pressure drop. Low viscosity fluids flow easily at higher rates with
R Tittle power~1o§s. High ‘viscosity fluids flow more slowly and produce more
power 1o§ses. Thus, lower viscosity fluids are desirab]e}for increasing the . -
efficiency with which fluid power is transmitted through conducting pipes.
s , Howeyer, this- does not mean that Tower viscosity fluids are always the best
- choice — lower viscosity generally is accompanied by reduced lubricating andi
.. sealing ability: ‘ ' _
Figure 2 shows a Saybolt Un{ﬁg;sa1 Viscosimeter used for testing the visk
cosity of petroleum productg. This instrument doés not measure dynamic w@sf
cosity but.gives an .indication of re]a?ive viscosities on an arbitrary scale. .
Sixty milliliters of the fluid to be tested are placed in the inner cylinder.
o "« " Another fluid surrounding this cylinder
: is used'to maintain the proper test tem-
\JEST Llcuid - : )
T -perature. The cork is removed, and.the
g time required for the test fluid to run
= 23' out through a calibrated outlet tube, is. /
- measured. This time {in seconds), called
_ gt b 7T L) - - the Saybolt Universal SecondS (SUS). is v
e _f;: d_“{l‘ 5 ofteén" specified for hyg;aquc 0ils. Most -
afig,%jﬂhjl] " . £ hydraulic -011€ have viscosities in the- .
| © FLUID FOR Bl OUTLET.TuBE range of 135°to 315 SUS at_100°F; however, —~3
1 TEMPERATURE NCORK , ) . : SRR
- CONTROL . 0ils with higher or Jlower viscosities ¢
I * . are sometimes used. T e
Un§;g§;:1291552z?;lger. Thé'Soéiety.of Autombtivg.Eqbineerg .
(SAE) has established standardized numbers
for indicating the viscosities of automotive 0ils. Table 1 compares SAE numbers |
to the J?scosity in SUS at two temperature§, The designation "W" indicates
an oil having a viscosity that changes more slowly as temperature increases.’
Typical hydraulic oils have viscosities in‘the same range as higher grade motor )
0ilss /. B
éﬁ e N ‘ o ‘ §;D;& \
¢t B " ' .
% _ - .
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o
’ i




TABLE 1. COMPARISON OF SAE AND SUS OIL RATINGS.

< . SAE Saybolt Universal Seconds
Number (at-100°F) {at 210°F)
oW L2020 28
20 W , 323 . 57
- 30 ' 538 Lote8 T ”
__Jeo L 850 -
o 50 - o s J b 00

~

If the viscosity of the fluid is too high for\the system in which it 12 4
used,. the following undesirable conditions may result: ) .
1. High resistance to f1u1d flow may cause s1ugg1sh operat1on of various

components or pump cavitation. '

2.% Eff1c1ency may drop due to increased power consumpt1on to overcome fr1c-'
t1on losses. . -

‘3. - F1u1d temperature may- increase beoause of h1gh fr:ct1on

4. Pressure drop along conductors may be higher than desired, resu1f1ng in.

-

& - @ decrease in pressure available_for useful work.’

'l

If the viscosity of ‘the fluid is tog low, the following undesirable con-
ditions may resu]t .
1. Excess1ve leakage may-occur in c]earance sﬁéces in valves and driver com-
ponents. ] f ~
2. “Plimp 1eakage may occur, resu1t1ng in reduced pump delivery, prassure,
and eff1c1ency .
3. An 1ncrease in wear may occur because Qf reduced strength and th1ckness
- of the 4ubr1cating f11m between moving parts. . - e

et e
Since the pump is the'most cr1t1ca1 hydrau11c component/§1thirespect to
viscosity," the viscosity recommendat1ons of the pump manufacturer are used
for fluid selection, .Other components of the system aﬁe chosen that are“eom-
patible with the pump. , - L.

t

\vzscos\m/ L N | - \i

T Idea]]y% the visce¥ity of a hydrau11c f1u1d should either remain constant
or change very little as the f1u1d temperature changes However, this is not

~
- ~-
.

w - »
. . . 5259 FL-02/Page 5
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the tase for most hydraulic fluids. The viscosity index is an indication of

the relative change in viscosity as temperature changes Viscosity index is
measured on an arbitrary scale: a specific paraffin- base 0il with a small ‘
viscosity change is ass1gned a value ‘of 100, and a spec1f1c aspha]t—base oil -
with a large viscosity change is ass1gned a zero ‘value: Thus, h1gher values
of visegsity . 1ndex 1nd1cate less change in v1scos1ty as temperature changes.
It also indicates .a more des1rab]e hydrau11c fluid.  Since the viscosity index
is based on an arb1trary scale, some on]s have a value of less than zero These
0ils are generally unsuitable for hydrau11c power app11cat1ons.\.Chem1ca1 addi-
tives are included in some oils to raise the viscosity index to as_high as.170.
As the temperature is decreased, the oil thickens until it will no longer

- flow. The pour poiht is the lowest temperaturo at which the fluid will flow,
“usually 5°F above the temperature at which no flow occurs: The lowest operat1ng

temperature of a hydrau]1c system should be 20°F above the p@ur noint dh the
oil. . , s

o
P

LUBRICATLNG ABILITY , < .. . . N

.

wear is the actual removal of surface mater1a1 due to fr1ct1ona1 forces

. between moving surfaces in contact. ~ The amount of wear depends upon the f1n1sh
‘and hardness of the surfaces and the magnitude of_the.forces h6é1ding the sur-

faces in‘contact. Metal surfaces that are stationary with.respect to one another
and‘subjected‘to']arge forces form microwelds that bond the two surfaces together.

. Mov1ng these surfaces later breakséxhese tiny welds and roughens the surfaces,

_,_,‘4

thereby increasing the wear rate. - ) . >

@

The lubricating ability of an-oil, also ca11ed,1ubricit¥.or'oilness, is

the ab1]1ty of an~o11 to reduce friction and wear. Lubricat{ng abi]fty is
dependent in part upon the v1scos1ty of the 0il, but chemical propertwes are-_ ___

e ——

equally, if not more, important. The film strength of an oil — which is directly

" related to"its v1scos1ty — js the ability of the 011 to maintain an oil film

between mov1ng parts in order to prevent d1rect meta] to-metal contact. Higher
f11m strength reduces wear but it is generally accompan1ed by higher viscosity.
Adequate f11m’strength is 1mportant in, hydrau]1c systems in protect1ng pump
components‘ ! ) ”:g i : ®

Chem1ca] add1t1ves are often used to 1ncrease the lubrigating ability

. of oils. These additives are usua]]y organic compeunds that pcevent the micro-

.
- °
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we]dind of surfaces under pressure, They may piate out on the surfaces;xform-
ing a surface layer that adheres. strongly<to the surface.” Two ‘such surface
1ayers will Slide past each other more eas11y —-and, herefore with less

- damage — than unprotected meta1' Otheh compounds chemically react with metal
surfaces to prevent the format1on of microwelds under high pressure. This

prevents ‘seizure and the increased roughness resulting from breaking the seizure.

e Lubr1cat1ng ability and film strength are not determ1nab1e by oil specifi-
cations. They are usually indicated by relative terms such as "poor,” "good,"
or "excellent." . i >/

RUST AND CORROSION PREVENTION . ; .o

g Rust and iﬁrr051on are two d1fferent chemical procgsses that can damage
or destroy hydraulic components. Rust js the chemicatl react1on between oxygen
and. iron or steel surfaces. The oxygen necessary for the process is usually
provided by the presence of mo1sture in the system. Moisture may enter the
hydraulic f1u1d in the form of atmospheric moisture in contact with the oil
surface in the. reservoir or, through leaks in the system that ailow efither air,
condensation, or cooling water to enter the system. The moigture is part1a11y
d1sso1ved in the hydraulic fluid and may also be carried with the fluid in
the form of-small droplets. These conditions promote rust, particularly whehe
aesystem 1s jnactive for. a long period of time after operation at an e1evated
temperature. - . ' * )
Corrosion is the chemical reaction-between metal surfaces and acids. Many
hydraulic fluids conta1n small ‘amounts of acid.’ Furqhermore, the breakdan )
of the 0il —as it ages durqng use —-1ncreases jtstacid content. The neutra]-
1zat1on number, which is an 1nd1cat1on of the acid content of a hydraulic f1u1d,

1nd1cates the number of milligrams of potassium hydrox1de needed to neutralize
“\~thgzac1d in one gram\of fluid. The neutralization number dsually is not an -

jmportant cons1derat1on in se]ect1ng an o0ils.but it is usefu] in determining

when an oil has deterigrated and ﬁhou]d be replaced. .

Many of1s contain chemical additives that p1ate out on metal surfaces
to form a protective 1ayer,.thereby reducing both rust.and corrosion.

. FL-02/Page 7
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Although properly ref1ned petro]eum 0115 are 1nherent1y res1stant to de-
' ter1orat1on, oxidation of the o0il can — and does — take place. Excessive oxi-
dation results in the following: S
* Increase in oil vigtosity
+ Deposits of gummy oxidation products on pumps, motors,'and valves
- + Formation of heav& sludge that settles in low points in the System'
+ Formation of ac1ds that corrode metal parts ) ;/,

0il oxidation occurs primarily because of air in contact with the oil
in the reservoir. This -air is absorbed-into the-oil to a slight degree. Air
/ bubb]es that enter the system — either from foam in the reservoir or from air
1ea<s 1n the suct1on Tine or seals — are compressed by the high pressure at
- other points in the system. This high pressure air promotes oil oxidation.
oo The oxidation process increases at increased temperature. It is estimated
that the useful 1ife of a typical hydraulic oil s decreased by 50% for eadh
15-degree rise in temperature above 140°F. Heavier oils generally resist oxida-
tion better than lighter oils. The temperature of the oil in the reservoir
is not necessa?i]y a good indication of‘operating tepperatures. Localized
hot spots occur because of h1gher Ppressures and slight compress1on of the oil

at‘the gear teeth, at be§r1ngs, and at points where the oil fiows through X
small orifice under:h1gh pressure. Increased temperatures at these poipts.% P 2

part1cu1ar1y in the presence of entrained air, may cause rapid decomposition
of.hydraulic oils. *
The rate of ox1dat1on is increased by the presence of foreign matter 1n*~t
the 0il. Dirt, small particles of metal from worn components, and sludge fromvw
earlier oxidation tend to promote increased oxidation. Thus, maintenance of ¢ :
01l in & clean condttion is essential. to extended 0il life. As an oi] ages, A'Q%;EA
it becomes darker in color and higher in both viscosity and neutra11zat1on ;%;'
number. These characteristics may be used to determine when the f]u]d sh&uld
be replaced. A Many oils-contain chemical additives to inhibit oxidation.

o™
~

DEMULSTBILITY ) .
Demulsibility, the property of a‘hydrau1ic fluid-that enabTes ¥t to separate

e 1&"

‘ rapidly and ;oqp]ete]y from moisture, is important because most hydraulic sys- "
. : " ' ‘®
' Page 8/FL-02 - : ' S ¥
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 tems are susceptib]e to the presence of moisture in the system and because

of the damaging properties of such moisture. Most petro]eum-base oils have

. good demulsibility and maintain 1t well during the useful 1ife of the oil.
Howevér, in some 0ils, demulsibility decreases as the oil ages and as oxida-
tion occurs. This generaT]y results in greater water content, reduced lubri-
cant and sea1ant characcer1st1cs, and reduced 11fe of the oil and system com-

- ponents.

" SPECTFIC GRAVITY

. . g
RESISTANCE TO FOAMING ' g{) \

‘ \ . ’
As discussed previously, the presence of air bubbles in an 0il_increases

the oil oxidation rate. Foam may be fo*med when '0i1 is returged to the reser-
voir by a pipe that does not extend below the reservoir oil level or when the
pressure is reduced on high pressure fluid containing dissolved air. The de-
foaming characteristic of 011 is an indication of how rapidly such bubb]es r1se
to the ¢il surface and burst Low viscosity oils are more res1stant tg foaming
than high viscosity oils. Chemicals are often added to oils to 1ngrease the
rate at which air bubbles burst, thereby reducing foam leve]s

Foaming problems can also be greatly reduced by proper design of the oil

___reservoir and ma1ntenance of the proper 011 1eve1 Serjous damage may result

if a leak reduces the oil 1eve1 in the reservoir. to the: point that air is sucked .

into the pump intake.

\

FLASH AND FIRE POINTS /

-

Fire hazards are an important consideration in many hydraulic power appli-
«<ations. Flash point is the temperature at which oil gives off sufficient )

vapors to ignite momentarily, but not enough to sustain a flame. The f1re .
point is the temperature ~at which vapors. are given off at a rate sufficient

.to sustain continuous combustion. - 1

.
-

The specific weight is the weight per unit vofume of .the fluid. Water,
for example, weighs 62,4 pounds per cubic foot. The specific gravity of a
fluid is the ratio of the specific we1ght of the fluid to ‘the specific weight

of water. If the sp g ific grav1ty of a 1iquid is 1.2, then its specific weight
q -
. K \ ’ ¢ .
: : - 42 FL-02/Page 9
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— Ts (1.2 x 62:4°1b/ft>) or 7479 Tb/Tt>., Commercially available hydraulic flui ds ~—
- have specific gravities in the range of 0.80 to 1.45. The specific gravity
_fs usually of little importance in selecting a fluid.

TYPES OF HYDRAULIC FLUIDS “ '

Several fluids can be used in hydraulit power systems. This .section dis-
cusses characteristics and applications of common hydraulic fluids.

A

WATER
'

‘~, xﬂgter is sometimes used as a working fluid in systemiypeqUT?ing a 1arge,
CT) Vo]umeAOf‘f1yig, such as elevators and large forging presses. Water is inex-
pensive and nonflammable; however, the range of operating temperatures, pdor
lubricating properties, and promotioﬁ of rust limit its use in many hydraulic.
ﬁbwer systems.

- ©

PETROLEUM 01LS

1

A proper]y refined and treated petroleum qg] is the best fluid for most
hydrau11c power applications. A wide variety of petroleum oils is available.
__~-"~_<_444However three-types- of- petroleum 0ils are most commonly used: -Pennysivania,.
| or paraff1n -base, 0ils; Gulf Coast, or naphthenic-base or asphalt-base oils;
and Mid-Continent,.or mixed-base oils containing a mixture of naphthenic and paraf-
fin cgmpoupds. The operating properties of these oils dre improved by the
addition of several chemica1_compounds. These compounds increase the viscosif&
index, inhibit o0il oxidation, reduce foamiﬁg, increase film strength and 1upri-
cating ability, ‘reduce rust and corrosion, and prevent the formation of s]udge .
and gum in the system. Additives are inciuded in the processihg of oils and

‘ shou]d not be added by the user. . i

.y

. ]

A good hydraulic oil should include the fo110w1ng propert1es
o Correct viscosity to provide- fluid power transfer without excess1ve
friction losses and to seal working parts
« High viscosity index-to reduce changes in viscgsity as temperature

changes. ) : . \
.+ Good lubricating ability to prevent wear to working parts
. Prevention: of rust and corrosion-of metal parts . : A
B [ . I -

’
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Chem1ca1 stab111ty to resist oil ox1dat1on

. Res1st§nce to‘foam1ng
. Good demulsibility to remove water from the oil
Res1stance to prec1p1tat1ng s]udge and gum on working parts
. Compat1b111ty with seal materials. “

.

. Long service life

i : -

Petroleum oils are ava11ab1e w1th all of the properties listed above. ‘
e The onky serious d1sadvantage of petroleum 0ils is that they b§11 burn® and,
. . thus, present fire hazards in some applications. SeVera1'types of fluids have
been developed for app11cat1ons in which the five hazards of petno]eum o11s
are unacceptab]e — . <
The fire res1stance of the working fluid is part1cu1ar1y important in pro-
. cessing equipment for hot metals, coal mining applications, and aircraft and
marine fluid power systems.

WATER-OTL EMULSTONS ° :

Water-oil emu1s1ons are fluids consisting of about 40% water completely
\\‘ dispersed in 60% special petroleum 0il with a so]ub]e-o11 type emulsifying

agent added. — They afford good fire protection because-the steam released when = -

the fluid strikes a hot’ surface blankets the surface and prevents oxygen from
o reaching the oil vapors. _The water in" the fluid gives ‘good heat transfer prop-
. arties but also promotes rust and corrosion. Thus, large quantities of cor-
rosion inhibitors ‘are required. The-lubricating properties are fair but not
as good as that of pure oil. The operating temperatures of water-oil emulsions
range from -20°F to 175°F. They are compatible with most seal materials except
natural rubber. F]uiq maintenance is imgortant because the water evoporates --

"

duriqg use and must be replenished. - \

/ =WATER-GLYCOL FLUIDS

. Water glycoﬂ fluids consjist of a so]ut1on of 40% water and 60% glycol
with a var1ety of addftives. Their fire resistance "is excellent 'if the water
content is maintained. The viscosity index is high, but the viscosity increases
if the water content is reduced by evaporation. Corrosion resistance is fair,
except when used with radial piston pumps where rusting is usually a problem .
and_with exposurg“io zinc or cadmium m?tal Wear resistance is good at lower

, : : ©FL- M
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pressures; at high pressures, gear-type and piston-tyge pumps ofpen\show ex-

4

cessive wear. The high density of these fluids can also result in pump starva-
tion. The operating temperature range of these fluids is approximately -10°F
to 180°F. Wafer-glyco1 fluids are compatible’with most seal materials, but
special paints must'be used wherever they may come in contact with these fluids.

<

SYNTHETIC FLUIDS )

Synthefic fluids give the highest fire resistance temperafures Several
types are available, including phosphate esters, chlorinated hydrocarbons,

_ mixtures of the two, and several other chemical compounds. Synthetic fluids
are stable in operation up to asout'300°F. These fluids have good lubricating
properties but do not offer protection against rust and corrosion and reguire
latgerquantities of additivies. Disadvantages of synthetic fluids include

. a low viscosity index and incompatibility with many seals and other materials.
In partiou1ar, the phosphate esters readily dissolve paints, pipe thread com-
pounds, most seal materials, and'most electrical insulation. Samples of seal
materials should be tested for compatibility before ,synthetic fluids are used
in a system, » :

Table 2 1ists the recommended packing materials for use w1th f1re resistant

_ hydrau11c fluids.

TABLE 2. RECOMMENDED PACKING MATERIALS FOR FIRE-RESISTANT FLUIDS.

Fluid i , Packing Material

Water-oil emulsions Nitrile rubber (NBR, Buna-N, Hycar)
(pack1ng should be se1ected by testing
various rubber materials).

Braid impregnated with Teflon, suspensoid.

. Water-glycol . Natural rubber.
. Leather {treated for water res1stance)
Phosphate ester _ Butyl rubber.

SiJicon rubber.

\ Leather impregnated with Th1ado1

! Byram.

Braid W1th*EOap ~glycerine Tubricant which
will not wash_out.

Braid lubricated by -impregnation with
Teflon suspensoid.




-

Table 2. Continued.

Silicate esters , } ) Nitrile rubber.

Chloroprene rubber.

Polyacrylate rubber.

Leather impregnated with Thiokol.

l < - Braid impregnated with Teflon suspensoid.

Silicon base’ , Nitrile rubber.

Byram.
1F4 Rubber (formerly Poly FBA).
Braid impregnated with Teflon suspensoid.

MAINTENANCE OF HYDRAULIC 01LS

A1l hydraulic fluids require proper maintenance and handling both in the

—.  .—-system and during storage. Fire-resistant f]uids usually have special require-
ments that are dependent upon the fluid type. Because most hydraulic power
systems use petroleum oils, this section lists general precautions in the main-

tenance, handling, and storage of hydraulic oils:

1.

or contam1nants in.the system.

Store o0il in a c]ean conta1ner The container should be free of, dirt,
lint, used oil, or oil of any other type.

Keep lids or covers tight on all 0il containers to prevent dirt and dust
from settling on the oil surface and to prevent contamination by water.
Store 0il in a dry location. 0il containers shou]d never be exposed to
rain, ‘snow, or other sources of water. R
Use clean containers for transferring oil from storage to the tank or
reservoir. Always clean transfer containers before and after each use.
Select an 0il that is conpatible with the, pump specifiéations Pumps\
are the most cr1t1ca1 system component when selecting a hydrau11c oil.
Never mix d1fferent types or grades of hydraulic oil. Qils having d1ffer-
ent'propert1es are often 1ncqmpat1b1e with gne another and may result

in system damage. ' ‘ :

Make sure the entire system\is clean before changing the 0oil in the hydrau-
lic power un1t Do not addjxlean 0il to dirty oil. '

Check the oi] level and quality in the hydraulic power unit regularly.

Hdve the oil supp11er check samp1es,of used 0il to 1dent1fy any prob]ems‘
Drain all oil from the systeém and replace it at regular intervals. The’
useful lifetime of a hydraulic oil depends on.the quality of the oil and 1

the'operating conditions. Some systems operate satisfactoni1yffor as long

. FL-02/Page 13
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as two years without an oil ehange.A 0ther57redutre ¥1yid changes as
often as once a month. Most systems fall. somewhere between these two
. extremes. The 0il change schedule for a particular system should be es-
tab]iéhed after testing of the oil during initial system operation.
10. Disbose of used oil proper]y, and do not return used oil to the system.

REPLACING HYDRAULIC 01IL

The general prdcedure for replacing hydraulic 071 is as follows:
1. Drain all oil from the system, by disconnecting and draining piping and
components, or force oil out:®ith clean, dry air under pressure.
Inspect and-clean filters and oil reservoir.
FilTl system with a recohmended flushing agent and-operate for a period
of time. ‘
Drain flushing agent from system, inlcuding Yines and components.
Replace filters (if necessary) and refill system with new oil.

Several procedures may be used for fliushing the system. Since it is vir-
tually iﬁpossib]e,to remove all the flushing agent from the system, materials
that might be damaging to either system components or the fresh charge of oil
should not be used. Kerosene, naphtha, alcohol, steam, or water should never
be used ‘for flushing the system. In addition, the flushing agent should be

- compatible withta]] seals in the system. Carbon tetrachloride should never
be used because it reacts with water to form hydrochloric acid, which can re-
sult in serious corrosion probliems. .

. One procedure that is somet1mes used to flush a system is to fill the
system with a lightweight 0il*and operate the system for a few hours without
19ad, possibly at an elevated temperature. This flushing method requires that-
the pump operate for an extended period with an 0il of lower Viscosity than
that for which it is des1gned This can result in excess1ve wear and pump
.damage. Therefore this method shou]d not be used w1thout conqut1ng the pump
manufacturer N 7

A safer method is to fill the system with the operating oil as a f]ush1ng

. agent and to drain and refill the system after a few hours of operation. This ¢
method will remove many system ccontaminants but may not remove sludge and gum
that are not highly soluble in the oil.

'y
"
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The preferred method is to use a special purging oil that contains sol-

vents .for removing depos1ts from the system. - ‘
" If the working ‘fluid in a system is to be changed from a petroleu

to a f1re-res1s;ant fludd, or vice versa, special precaut1ons.must be followed
to remove all old fluid. In this case, the system should be completely disman-
-tled and cleared thoroughly. Steam cleaning of components and-piping is recom-
mended. A1l seals should be checked for compatibility with the new fluid,
and paints and sealers should be Ehecked for resistance to any of the fire-
resistant f1u1ds '

In all maintenance procedures and during system operat1on; the removatl
of spilled or leaking fluid is essential. Spilled fluids collect dirt and

e W

4

present safety and fire hazards. - . .‘;‘_;l

PROPERTIES OF PNEUMATIC FLUTDS

%

The only gas w1de1y used in pneumatic power systems is compressed air.
Other gases may be used, but their application is so rare that they will not

be discussed. . .
Pneumatic and.hydraulic systems usually do not compete for the same appli-
. \\- cations since the characteristics of the two system types are considerably dif-

ferent. Table 3 lists advantages and disadvantages of compressed air as compared

to oil as a working fluid. : ’ ‘ .

’

TABLE 3. ADVANTAGES AND DISADVANTAGES -OF COMPRESSED AIR

AS A WORKING FLUID. ’
 Advantages . . ] , Disadvantages '
- Air w111 not burn and may be used jn applica- - Due to, its comprassibility, air cannot be used
tions where a combustible fluid would present in applications where accurate positioning or
. fire hazards. rigid holding is required.
- Air can be used n applications where hot-spots . Because air is compressible, large cylinders
cause elevated fiuid tetnperafures. producing large forces.tend to be sluggish.
" - Because of its compressibility, air can pro- «+Pneumatic systems are far less efficient in power
-— - —duce more rapid motion than liquid. fluids. - transmission than hydraulic_systems. .. __
"+ Ajr is not messy. , - Air always contains dirt, dust, and water vapor
. Air is readily avail ble from the atmosphere . that must be removed before the air can be used
- at no cost. y availa pher in a pneumatic power system.
« Air can be exhausted directly 8ack “into the - Air has very poor lubricating ability.
¢ atmosphere, eliminating the need for return ,
piping. :

. Q. FL-02/Page 15
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‘requirements.

T
L) 4

Module FL-03, {'Fluid Storage; Conditioning and Maintenance," disGusses the

) prepara}ion necessary before compressed air can be used as the working medium

in a fluid power system. ‘

" SUMMARY

-

The most dmportant material in a hydrau]ic power system is the working
fluid. This f1u1d transmits fluid power, acts as a lubricant and sea1ant in '
the system, and prevents rust and corrosion of system components. The most
commonly used’hydrau1ic fluid is petro]edm 0il. Its major disadvantage is
that it burns. Several other fluids may be used when a fire-resistant fluid A
is\desirab]e The most important property of any hydraulic fluid is its
viscosity. Viscosity is an 1nd1cat1on of the 1nterna1 resistance of the
fluid to flow. Fluid pumps are designed to operate with Tiquids of-a specific
viscosity. Other system components, including the hydraulic f1u1d, are chosen
that are compatible with - pump requ1rements Using a fluid of the wrong v1sc6s1ty
may damage the pump. Hydrau11c fluids should always be maintained in. -2 clean

condition and checked regularly and replaced when they fall below m1n1mum\system

! AN

—-The -enly -fluid- eommonlyfuseGA1n-pneumat1c power systems is compressed e

‘air. The behaviar of pneumatic system plffers from hydraulic systems because

the working fluid is a compressible gas. *° )
v S

—_— .

» ) [

EXERCISES = =

1 L1st and explain the advantages and disadvantages of compressed ‘air as a-work-

1ng fluid for fluid power |systems, as compared to hydrau11c oil.s List.
each type of fluid. Consult a library.

sing a hydraulic oil of incorrect viscosity.
chydraulic o1l with a Tow visCosity index.

five examples of the use o
2. Explain the consequences of

3. Discuss the problems of using

/ .
4. Discuss’ the problems involved in the use of the following types of hydrau-
1 ”

"1ic fluids:

a. Water )
b. Petroleum o0ils
c. MWater-oil emulsions,

Page 16/FL-02
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”d.‘ 'NaQer—g]yco] solutions ‘ .
e. Synthetic fluids ¥ e
5. Explain factors contributing to the oxidation of oleum o0ils in hydrau- *

14t systems and the prob]ems that result from 011 oxidation.

6. Explain the difference between rust and corrosvon and the causes of each
in a hydraulic system. Explain how each may be reduced. ’

7. List and explain the‘precaut1ons necessary in the hand11ng, storage, and
maihtenance of hydraulic cils. '

8. Explain the procedures and mater1a1s that can be used in flushing a hydrau~
1ic system. ,/Exp1a1n the. dhngers 1n using so1vents 0ils of low v1scos1ty
to flush hydrauhc systems. é% '

9, List the four basic funct1ons that must be performed by a good hydrau11c

0il and the 10 character1st1cs of a good oil.

a

. L LABORA,TOBY‘MATERIA'LS

. !
’

. - O
o,a_ § 1

Hydraa]ic poweﬁ-unit with pressure meter and internal pressure relief valve - —
Hydraulic - pressure relief vaTve '
Hydraulic check valve

Y,
Hydraulic f]owmeter

Hydrau11c directional control va1¢e . ’ ’ ’ ) P
Doub]e -acting hydraulic cy11nder (p1ston diameter agd rod aiameter known)
Connecting hydraulic hoses = ' & . :

Cylinder loading device - ’

Pneumatic power, unit with FRL
Pneumatic f1ow£eter‘ . .
Pneumatic directional controigva1ve\

LY : .
Connecting pneumat1c hoses ':/}' - , : ' ’
Stopwatch

Double-act1ng pneumat1c cy11ndér ,

Y

. . ' .
; o o » °0 - . "FL-02/Page 17




LABORATORY PROCEDURES =~ = = =

3
4
.

N LABORATORY ]! HYDRAULIC .EXPERTMENT.

In this laboratory, the student will construct fluid power circuifs for
the operation of double-acting hydraulic and pneumatic cylinders and evaluate
cylinder oberat{on on the extension and retraction strokes.

1.

N

Record the pressure setting fo be used on the pressure relief valve (max1-
mum pressuré) the piston diameter, and the rod d]ameter in Data Table 1.

2. Calculate the area of the piston and the area of the-BjsIon minus the
area of the rod Record these figures in Data Table 1. The first area .
is the effect1ve area for the extension stroke; the second is for the
g retraction stroke. /4 é{r
‘3. Multiply the pressure times each area to obta1n the maximum forces, pro-
dyced’'by the cylinder for each stroke. Record force values in Dafa Table 1.
¢ 4. Construct thex;ircuit in Figure 3. Set the pressure relief valve for
sthe desired pressupé. o _ ‘
° \L//.. Yo ’ 5. Have instructor_check circuit
\ e before operation.
S s N '8?&‘3,%%;‘“"““j"“’67ﬂur‘n’ on the hydraulic power unit “XJ
e and actuate the DCV without tension
T X B Bgo%ge on the loading device. Operate
o A s % the cylinder in both directions
) . «:ij>(’ | ocv several times to remove trapped .
ST i air from the system. Observe the
) FLOWMETER ! speed of piston motion if both
. X~ PRESSURE : directions. .
CHECK. VALVE 3 ,%/’Citﬁi 7. Increase the tension on the cylinder
: —  reTuRN - loading ‘device to the point where
power | T T['TANK s—ihe\retraction force is just capable
‘_,_{;;}_1 %, A " of retracting tﬁj piston.
bt - \ ?5%%2””‘ 8. With the piston fully retracted,.
\ , Jﬂﬂ; - pesition the DCV/to extend the, .
= { piston. Measure and record the ‘i i
g i . following quantities:
F1gure 3. Hydri lic a. Measured pressure e
Exeerimenta] C1rcuit _ . b.  Flow rate . “Al

Page 18/FL-02_
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¢. _Time for exﬁension stroke
9.  With the piston fully extended, posiE?Bn the DCV to retract the cylinder.
Measure and record the following quantities: ,
a. Pressure ° .
b.  Flow rate ' ) b
c. Time for retraction stroke
>~ 10.  For each stroke, calculate the force produced by multiplying the measured
pressure times the effective area:énd record in Data Table 1. ,
11. For each’Stque, calculate the 6Bwer by multiplying the flow rate (1 gal =
231 in’) times, the bressure., Convert the ne;u(g to foot-pounds per second
- and record in Data Table 1. '
.12.) For each .stroke, calculate the total energy expended by multiplying power
times the time required. Record the result in.Data Table 1.
13. Increase the tension on the loading dgvice and operate the cylinder in -
> both directions until the cylinder will no longer move. '
141 In the discussion portion of Data Table 1, discuss the differences in
maximum force available and operating ;ime for a double-acting hydraulic

“

___cylinder during the extension and retraction strokes. Include the reason’
for these differences. '

a

15.  Turn off the hydraulic power unit. Clean and store all hydraulic components.

. Id

- - LABORATORY 7. PNEUMATIC EXPERIVENT.

7

1. Following the §éme procedures outlined in Stebs 1-3 of the hydraulic experi-
ment, cbmb]ete the calculation portior of Data Table 2 fore the préumatic
. experiment. a ' - | _ . -
2. ; Construct the circuit shown in Figure 4., Set the regulator for.the desired

-

pressure. Have instructor check circuit before operation.

. 3.+ Follow the same pro- ' ocv
€+ cedure outlined in \ . ' ‘
. V] .
Steps 6-15 of the hy- = i ! .
. ' FRL UNIT (. _ @
draulic experiment .’ g — = Lowome _ )
! ’ UBLE- .
. and complete Data @/ \ ACTING DEVICE . o,
CYLINDER
Table 2 for the pneu- FLOWMETER
L4 . B

o

matic experiment.
. - Figure 4.  Pneumatic Experimental Circuit.

L : FL-02/Page 19
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4. Write a report summarizing the results of this exper1ment and compar1ng .
the action of double- Qct1ng hydrau11c and pneumatic cylinders. : .

2 ‘

DATA TABLES . .

- ¥

A DATA TABLE 1. HYDRAULIC EXPERIMENT.

2~

Calculations:
Maximum pressure: ? ' =

Piston diameter: - — e
. ‘ Rod diameter: . - ’ —_ T

. -j . ]
Area of piston (extension stroke area):

. Area of piston minus-area of rod
(retraction stroke area): .

Maximum extension force:

Maximum retraction force:
Experimental: - .
Measured pressure for extens1on stroke:

Flow rate of extension stroke -

Time for extension stroke:

Force of extension stroke:

Power for extension stroke:

Energy of extension stroke:, .

Measured pressure for retraction stroke:

Flow rate for retraction stroke: ) ;
Time foZretraction stroke: '
Force of retraction stroke:

’

Power for retract1on strokk: -
Energy of retract1on stroke: —

l  fDiscussion: — ‘ .
|
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Calculations: -

Mdximum pressure:

Piston diameter:

Rod diameter; . :

Area of pistor (extensjon stroke area):

Area of piston minus area of rod
(retraction stroke area):

L)
Maximum extension .force:

Maximum retraction force:

Experimental:

-

Measured pressure for extensiqn stroke:

FTow rate for extension stroke:

Time for extension stroke:

-

Force of extension stroke:
Power for extension stroke: -

¥

Endgy of gxtensfon stroke:

_Measured pressure for retraction stroke:

. Flow rate for retraction stroke:

Time for retraction stroke:

Force of retraction stroke:

_ Power for retractiof stroke:

Energy of retraetiof stroke:-
Discussion: )

S
.
TR
n.(
»

° -

-~

A}
.

- L4

*

Esﬁosito, Anthény.kaiﬁid Power witﬁ Abpidcations.
Prentice~Hall, 1980:

24
A . .
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Corrosion: The chemical reaction between-metals and acids

Demulsibility: The.ability of a'hydraulic oil to separate from entra1ned or R
dissolved moisture.

Fire point: The temperature at which an oil will g1ve of f suff3c1ent vapor
to sustain combustion.

-

Film strength: The ability of a fluid to maintain & f11m between moving parts
«under pressure. -

F]ash‘901nt The temperature at which an oil will give eﬁf’itf icjent vapor
to ignite moméntarily, but not enough to sustain a flane.

Lubr1cating#abi1ity The ability of a fluid to reduce friction betweedgmov1ng
_parts and, thus, wear of the parts. .

- Pour point: The lowest temperature at wh1ch a fluid will flow, usua]]y 5°F°

.per unit volume of water.

Viscosity: A measure Pf a fluid's internal resistance to flow or shear forces .
H1gh viscosity 1nd1cates high internal resistance.

v

- &

V1scos1§y index: .An indication of the relative change in viscosity of a f]uﬁd
as its temperature changes. A high viscosity index indicates less changé
in viscosity as temperature changes.

)
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above the temperature at which no flow will occur. # -:. .
. Rust': 0x1dat1oﬂ of iron 4 steelw - S~ | L ‘a“g'*xv
Specific grav1ty The ratio of weight per bn1t vo]ume of a liquid to the weight
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Which of the following is not an essential requ1rement of a hydrau11c
0i1?
Prevent rust and corrosion of working parts in the system.
Transmit fluid power with minimum ]osses

a
b

c. Maintain v1scos1ty as temperature changes
d Act as a sealant for system components.

e

Lubricate moving partsipt the system.

the ‘most important cons1derat1om is ...
a. choosing an oil of the 1owest possible v1scos1ty to reduce fluid

st

When consjdering the viscosity of the o0il to be used in a hydrau11c system,

-

)

friction in piping. ]
( _ ..
choosing an 0il of high viscosity td reduce system leaks.

choosing an oil that is compatible with cylinder operation.

-

b

C. choosing an oil that is compatible with pump specifications.
d

e

Both a and c are equally "important. ™

3. Anoil,with a viscosity 1ndex of 100 indicates ee .
a. it has the highes poss1b1e viscosity 1ndex
.~ b, its viscoSity changes greatly as temperature changes
' e. its’ viscosity does not change as. temperature changes, ,"
« d. it should be used only under constant temperature cond1t1ons
" e. None,of the above are true. _ s
4. When a hydraulic oil oxidizes, which of the following. occurs? v
a. Its viscosity decreases. * . o=
b. It promotes rust due to increased acid content.
c. It deposits sludge in low points in the system. )
d. - Its v1scos1ty 1ndex falls sharply. ) e .
e. Both b and c are true. , ' .
5. Qi1 oxidation 1s promoted, by oo

a. entra1ned a1r bubbles. .

b .h1gh temperature operat1on or hot spots,
C. contam1nants in the oil.

d. ATl of the above.

e.. Only a.and b are true. - ~ - -

~

»
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6. Which of the following is the least important eharacteristic to consider
in selecting a hydraulic 0i1? ' '

- a. Viscosity
. b. _ Viscosity index ‘ ;# . ’
c. Lybricating ability . . ‘
i.n " d. Specific gravity ' ,
_§‘5 | e. Oxidation stability ' »
- " 7. Which of the follawing hydrau11c fluids is most 11ke1y to cause.problems K
. with seal materials?
a. Petroleum oils i —
’ b. Water-glycol fluids \ . :
c. ‘Water-oil emulsions , o T o - -
d Water -
e. Phosphate esters
. ‘8. Which of the fo]]owzng hydraulic fluids has the greatest fire resistance?-
a. Phosphate esters
. - b. Water-oil emulsions o oL
"¢.  Water-glycol solutions. ‘
d.. Petroleum oils . i
e. Compressed air
: 9. Which of the following procedures is accéptable in flushing most hydrau11c
systems when changing 0il?’ . . .
’ a. Use a very lightweight 011 and.operate .the system under load.
¥ b. ~F1ush the entire system with kerosene. - - ' R

c. Use the normal operating- o1¥<E9r flushing the system and operate
w1thout load for severa] hours. . S I
d. If"in doubt, add fresh 011 without f1ush1ng the system. This is ’
always the safest thing to do. '~ . .

e. Either a or c ds correct. . X
1§. Which of the fo110w1ng is not an advantage of pneumat1c power systems
as compared to hydraulic systems?
a. Air will not burn.
b. Air can be taken from the atmosphere and exhaustted back intg the 5
atmosphere. ’ ) '
c.. Pneumatic. systems are cleaner and less susceptible to cqptahiqation

“since the air does not recirculate and carry contamination.with it. . -
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Compressed air as a working fluid results in more rapid operation of

d.
large cylinders producing very large forcest
e. Neither ¢ nor d is an advantage of pneumatic syStems. .

»
.
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INTRODUCTION

’
(

e - The most vmportant mater1a1 in any f]u1d power system is the fluid itself.
Proper operat1on and extended 1ife of fluid power components is dependent upon
maintenance of the fluid in the proper condition for operating the system while
protecting system components. The components most susceptible to.damage be-
cause of contamination in the fluid are the seals of the working components.

Th}s modu]e discusses the types of seals used in hydraulic and pneomatic
systems and f1u1d conditioning methods used to maintain c]ean11ness of the
wonklng_flulds_and+vlhus+_protegtAthe‘sealsA_ Th__LU§;uss1on includes design
and functions of hydraulic f]ufd reservoirs and compressed air tanks; construc-

tion and functioning of hydraulic' filters; components uSed for filtering, pres- ™~ ~

sure regulation, and lubrication in pneumatic systems; and construction and
materials used in all common seais.
In the laboratory, the student will aisassemble and reassemble a variety
of fluid power components used in fluid maintenance and a variety of fluid power
Y seals. , Components included are hydrau11c filters, pneumat1c filter-regulator- _,
1ubr1cator units, and several types of seals used in pneumat1c and hydraulic
cylinders.

~ '

v

-

N

. '. PREREQUISITES
T .

. The student shou]d have completed Module FL-02, "Fluid Propeyties and
ks
e —(RAYaCteristics e .

OBJECTIVES

Upon completion of this module, the student snou]d be able to:

1. List seven characteristics of a good hydraulic reservoir..

2. Sketch a hydraulic reservoir and explain its construction and the func-
tion of each magjor part. T

3. Explain the role of the compressed air tank in fluid conditioning in a
pneumatic system.

FL-03/Page 1
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4. Explain the importance of‘controlling the temperature of the fluid in
hxdrau]ic and pneumatic systems and how this is accomp]ished in éach \
system type.

Explain -the operation of the following types of hydraulic filters:

(S 2]

a. Mechanical filter
b. = "Absorbent filter '
c. Adsorbent filter .
6. Explain the advantages and disadvantages of the following hydraulic filter
locations:

a. Suction line filter . ‘ .

5.  "High-pressuré line filter

c Return line filter

d. Bypass filter

Explain, witn the use of diagrams, the operation of each of the elements

in a pneumatic filter-regulator-lubricator unit.

4. Draw diagrams of each of the following types of seals, and Tist the appli-
cations and chéracteristics of each:
a. Compressien seals :

b O-rings *

o V-rings

d.. Piston cup packings , . ‘

e. Piston rings : (f//j

f. Wiper rings .

E%B‘ List the characteristics, aﬁpTicatioﬁs, and approximate operating temper-
X &

————gture raﬁgé§‘6f”thé“foiﬂbwﬁﬁg“SEaT“materiaTs: I

Page 2/FL-03 - 61

a. Leather

Buna-N

Buna-$ X

Viton ..

. Neoprene .

Silicone rubber

Teflon > Yoo -

10. In the laboratory, disassemble and reasseﬁb]é the following fluid power -
components. Make a sketch of each and discuss its condition and operation.
a. Sump strainer .
b. Line filter ' ¢

@@ -+ O© £ O O
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. .
c. fRL unit
d. Hydrau1ic§ieservoir
e. Compressibn packing
f; 0-ring seal
g. -Y-ring seal . b
h.© Piston ¢up packing

i. P{ston ring seal_

.
R - e R,
2
>
«
—
‘ v
-
.
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A
]
n
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4
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— * SUBJECT MATTER:

RESERVOIRS AND TANKS -

-

Reservoirs and tanks are containers for holding the working fluid in fluid
power systems. In hydraulic systems, the container, usually called a réservoir,
— holds hydraulic fluid at atmospheric pressure. .The fluid is drawn into the
pump inlet from the reservoir and returns through return lines and drains. In
pneumatic systems, the contginer—i® usually called a tank. The tank receives
compressed air from the compressor and holds it ‘at the working pressure until
it is needed. Used air is net returned to the tank. , ~

-

HVDRAULIC RESERVOIRS

A nydraulic reservoir is far more than a -container for the hydraulic fluid.

Proper design and construction of the reservoir_is of key importance to the
operation of a hydraulic power system. Characteristics of the reservoir in-

clude the following: . .¢;
. * Allows dirt and fore1gn particles to settle to the bottom and, thus, be
removed from the working fluid - a

.

- Large surface area to remove heat from the oil
Co . Large volume to contain all oil that might dra1n into it from the system
. Adequate air space to allow for thermal expans1on of the oil
» Maintains high oil Jevel to prevent air from being drawn into the pump
- . inlet . - . ‘
. Allows entrained air to 1§ave the oj] without being drawn into the pump
-~ intet

-

. A]]ows for ease of maintenance and’ c]eanup

~

Figure 1 illustrates a hydraulic reservoir that is suitable for most indus-
.trial applications. It is constructed of welded steel p]ates and coated inside
with a protective coating td prevent rust and corrosion due to water or impuri-
ties in the oil. The 1egs or risers support1ng the resérvoir should have a

. height of at least six inches to allow adequate airflow across the bottom of

the reservoir for oil cooling. The top of the reservoirtis a steel plate that
bolts into place and usually supports the pump and pump drive.

The reservoir should be as large as space permits to allow better cooling
of the 0il and to conta1n.a~Jarge enough vo]umek\f oil that there is time for
particles to settle out of returned 0il before it is returned to the pump. The

"
’
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.o , . minimum allowable. size of ‘the

DRAIN o AR . ’ reservoir is i
ORAIN p:m R cx MOUNTING PLATE determined by the

AND  FOR ELECTRIC MOTOR - )
UNE  glier D Puwp largest of. two factors. The res-

RETURN LINE

. ervoir must be large enough to,
SEALED FLANGE . "o s ,
contain all oil that may drain

SIGHT GLASS into it from the system. In sys-
’ . -tems with large cylinders or 1on§
' piping runs, this is often the
J deciding factor. In*other sys-.
) \\<§§¥ téﬁs, the reservoir size is based
pArrit on pump .capacity. Reservoir ca-

pacity should be at least three

-

CLEAN-OUT
PLATE-0TH ENDS STRAINER gﬁgx times the galjon per minute rat-
Figure 1. Reservqir Construction. ing gfafhe pump. -
) : : Reservoirs are generally

rectangular in shape with the depth approximately equal to the width. If the
"reservoir is too shallow, the wa]] area hay not be sufficient for proper cooling
of thé’811, if it is ‘too deep and narrow, there may not be sufficient surface
~ area for the removal of air bubbles in the oil.

The reservoir contains an internal baffle that is about 70% of the he1ght
of the maximum oil level. O0i1 is returned to the reservoir on one side of the
baffle ang withdrawn on the other side. This cayses the returned oil to remain
in the regérvoirqfor the maximum time for remobg{ of air buBb]es, particles, and
heat energy. The return line extends to within two pipe diameters of the bottom
of the tank to prevent foaming of the returning.oil. The pump inlet line and

i strainer are located near the bottom of the tank to pre{ent a "whirlpooi" qffect,'
which would carry air into the pump. ) - .

The Tower surface of the reservoir is dished or s]oged to a drain plug lo-
cated at.the Towest point for removal of all sludge and water during draining.
The filler cap on the top of the reservoir is equipped with an air breather that
allows air to enter or leave the tank as the oil level changes. A filler is in-.
corporated to prevent contamination from entering with the air. Each end of the
réservoir contains a large clean-out plate that may be removed for complete
cleaning of the reservoir interior when the system bi] is changed. This plate

.
- )
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may atso contain sight gla$ses that are used to determine the oil level in the
// reservofru Vertical g]asg’tubes can also be used as sight glasses.
The location of the feservoir should allow free airflow around all sides
for efficient 0il cooling and easy cleanup of any spT1led or leaking oil. The
location should also afford easy access to the si@ht glass and ease of mainte-_
nance. The reservoir should be cleaned thordugh]y at every oil change: as most

’

oil con;aiminhnts accumulate in the bottom of the reservoir.

R}

| PNEUMATIC TANKS '

The air tank of pneumatié power systems is a container for storing com-
.pressed air. Like the re§ervci(\of the hydraulic system, the air‘tank is an
essential component for proper fluidconditioning. Much of the dust contained
in the air entering the compressor is removed by the intak; filter, but a sig-
nificant amount is passed on into the system. When the air is compressed and
cooled, the moisture it contains condenses and must be removed. Both of these
flyid contaminants are removed in the air tank. ‘A drain ETEE\a{-Epe bottom of
the tank may be removed to a]]ow‘condensed water to drain out and carry with
it dust, dirt, and any rust or corrosion particles that may be present. In
“many syétems, this drain is automatic aqg cycles whenever a preset amount of
1iquid water has accumulated. - . )

The size of the air tank varies .from one system to another, depending on
the use of-the pneumatic power system. The tank should be large enough to

. allow for the condensatijon of most of the moisture while air is in the tank and
should be located so th&kg\if adequate ventilation for Eoo]ing the air. . ®

- TEMPERAIEBE CONTROL

a

", Both hydraulic ‘and Qneumatic power systems require that.the temperature of
\the working fluid be within the proper range.' When hydraulic systems are used

in extrem&ly cold cohditions, it is sometimes necessary to heat the oil to main-

tain the propeg viscosity. Under most operating conditions, the function of
temperature, control devices is to remove excess heat from the system.

/

[
S
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COOLING IN HYDRAULIC SYSTEMS : ’

Heat is generated in hydraulic systems by several comnbnents. Most oil
heating occurs in the pump, pressure relief valves, and diréctional control
valves, although small amounts are also produced in pistons, motory, and piping.
This heat energy raises the temperature of, the.oil and must removed to main-

tﬁ?-ﬁ]uid Proper-
ties and Characteristics," descr1bes the prob]ems arising from overheat1ng the

tain the oil at the proper operating temperature. Module FL-

»

hydrau11c fluid. , . . )
In many hydraulic systems, waste heat is removed primarily through the

walls Oof the reservoir. Air circulating over the outér surfaces of thg reser-
voir coods the walls and the fluid inside. Some reservoirs are equipped n}th
cooling fins. A fan can be directediﬁ:)Me reservoir in order to reduce the
+temperature enough to overcome minor heating nrob1ems.

Larger s}stems often employ heat exchangers to remove éxcess heat and
maintain oif temperature. Water-cooled heat exchangers consist of a bundle of
tubes, which carry the hyaFEET?€ fluid, surrounded by a she]], which carries
cooling water. Heat is-conducted from the pil, through the 4alls, and into
the water. The tubes carrying the oil contain turbu]atcrs, which results in tur-
bulent 0il flow to br#mg all the 0il in contact with the walls. The heat -ex-
changer is usuafay located in the return 0il1,1ine so that oil returns to the
reservoir through the heat exchanger. The flow of cooling water can be con-
trolled by temperature sensors in the reservoir. ' .

Air- coo]ed heat exchangers consist of a series of finned tubes, wh1ch

carry the oil to be coo]ed, and a fan for forcing air over the tubes. Th1s
type of heat exchanger is usual]y 1ess expensive to purchase and operate but
is less efficient than the water coo]ed type. ) ) . . -

. .

L ot

COOLING IN PNEUMATIC SYSTEMS ) . . o

The primary purpose of fluid cool1ng in pneumatic systems is to remove
water vapor from the compressgg air. When afir is compressed, some of the water
vapor it contains condenses as Viquid water. Lower.air. temperatures_result in
" more condensation. Since the compressor also raises the temperature of the
air, the water vapor does not condense immediately, anq more condensation oc-
curs when the air temperature drops. If moist air enters the distribution

»
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1Q1n§, it will cool in the pipes and result in liquid ‘water throughbuf the .
di;tribution system. The presence of this liquid water i;,not usually elimi-
nated entirely, but it must be reduced to alleviate problems.

In many smailer pneumatic systems, air cools in the air tank by conduc-
tion of heat energy through the walls of thertank. This removes Most of the
" moisture and the remainder is removed by filters in the distribution system.
Larger systems often employ a heat exchanger in the air circuit between the
compressor and the tank. This is usually a w%ter-cooled heat exchanger iIL_____;___ o
which the compressed air flows across water-filled tubes with f{ns, thereby .E////' h

~

-

cooling the air before it enters the tank and speeding the condensation pro-
cess. The 1iquid water is still collected ‘in t%ﬁ bottom of the air tank. -
-
o) <
FBLTERS AND STRAINERS
Both hydraulic and pneumatic systems employ filters to remove particles
— from the working fluid. Proper operation and maintenance of these filters is
' of.prime jmportance in the operation of the system. AT Fluid power systems
iné]udg seals that must prevent leakage around accurately machined moving metat
parts. The presence of particles in the working fluid destroys these seals

W

and damages the metal surfaces. ”

°

" _TyPES OF ITERS . - ~ .

——— ——

N . 0i1 filters for:hydraulic sy;tems are available in three basic:types:
' size or mechanical filters, absorbent filters, and_adsorbent jﬁlters.

Mechanical filters are the-most widely used and are available in-a wide
range.of sizes and configurations. In this tyde fiiter, also called a strainer,
oil is'fqrced,through a material containing many small openings. Particles too
big to pass'thnough the openings are separated from the 0il. The most common.
... type of mechanical -filter is shown in Figure 2. The filter element consists \

of finely woven metal screen, fabric’, or specially tredted paper. The filter ' yd

. »element isﬁfo1ﬁed to provide the maximum surface area for.filtration. Other
types of mechanical filters employ a thick layer of felt or cellulose or a
stack of disk-shaped metal elements with small spaces between them. Magnetic
rogs .are often‘inclgded to attract and hold any inon or steel particles that -

- P

.

.
1 * .
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present. Mechanical.filters are usually
by the diameter of the openings in the fi];,)
b in mi .. A micron is one-égggsandtﬁ
i1limeter, or 0.000039 inches. Standard .
ers are usually in the range of 50 to 150
microns, but*sqpe special purpose filters
have openings of only 5 microns. ¢ These are
used toxprotectas\nsitive elements. such as.servo
valves. One of the major advantages of the most

popu]ar mechanical f11ters is that they can_be

Figure 2. Cutaway View of
Take-Apart Sump-Type Fil-
ter, Showing the Pos1t1on other fjlters are used once,and rep]aced.
of the Magnetic Rods. ;

_cieaned and reused a1most 1ndef1n1te1y, whereas

Absorbent filters employ porous or permeah\e te

-

- materials as filter elements. Materials used in-
clug# cotton, paper, wood pulp, cloth, and asbestos. Absorbent fiﬂte? elements
db‘not simply block the passage of particles — as do mechanical filters — but
absorb and trap the particles within the filtering material. These filters '
genera]]y remove particles of smaller size that may be passed,by most mechan-
1ca1 filters; howq“er they do not remove any chemical products of 0il ox1da-
tiony , , . Co ey

Adsorbght filters remove impurities by caus1ng the particles to c11Q§§to
;he surface of the filter e1ement and, 1n some systems, by chem1gﬁ2’act$%n

Maﬁer1a1s used in these fllters 1nc1ude activated clay and chemically treated

paper)'*Changgal and Fuller's earth are rarely used because “they tend to rg-
fiove: 1mp0rtant'611 add}t1ves , o

L
f‘ ¢ H
/

/ LOCATION OF HYDRAULIC FILTERS - , . .

o -l
l?i]térs may be located in sevgya1 plages 1n hydrau11c systems. The most
| common type is the suction-type filter, also ca11ed a sump straindr, whith is
-f1ocated inside the reservoir on the end of the pump inlet 1ine. This filter
is usually ,a wire screen mechanical filter. It is the Jeast expensive fi]ter;.

however, because of several disadvantages, it is considered the minimum accept-
able protection and the least effective filter. The major problem with this
filter location is its ipaccessibility for inspegtion and maintenance.. The .
| Page 10/FL-03
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reservoirvhust beﬂdrained end opened before the filter can be inspectea or
. . " cleaned. If the filter becomes clogged, the pymp may starve for 011, resulting o
: in pump damage or 1mproper,operat1on § .
Tnese problems: may b€’ ovércome by 1nstalling the filter in an external por-
tfon of the suction line. Suction filters are often provided with a. bypass '
that opens to ailow uhfiltered 0il to flow to the pump if the f11ter is
clogged. Several types of indicators may be included to indicate the condi- .
" tion of the filter without opening the system —a lever that indicates the ,
h '1oading of the filter element, a plunger. that extends when the bypass opens, )
and an e]ectr1ca1 switch that controls an indicator T1ght In al] cases, ‘
these indicators are activated by the pressure drop across ‘the filter ele-
. ment. . - - . .
It is extremely iébortant that a suction filter.be sized to accommodate
, the ﬁumpccapacity. The only force available to'deliver oil’ to the bump inlet .
is the force of atmospheric pressure on the surface of the oil in the reser-
voir. Therefore, only a small pressure dyop can be tolerated across the fil-
ter element, If the filter is too small, it will restriet the flow to the
po1nt of 'starvirig the pump. - ° . l
' Figure 3 shows a hlgh pressure line filter. This type of f1]ter 1s lo-
’ categ fn the high-pressure 0il line downstream from the pump. It is the most
? ~  expensive Lype, as“{ts‘casing must withstand
Athé full operating pressure of the system
This f11ter 10cat1ow,has~severa1 serious dis-
advantages as compared.to suct1on filters. It
P does\jot protéct the pump, from contaminamts
entering‘it from the reservoir If the filter
) becomes c]odged the e]ement may collapse be-
cause of the 0il pressure and, the f11ter be-
: comg’s indgperative. H1gh préssure line f11-

v

ters also result in a pressure dropy thus re- I
‘ * Figure 3. Cutaway View of
duc1ng the effective pressure of the system. High-Pressure Line
¢ Advantages of thi$ filfer location include ~ Filter.
“ease of service and ease “of f11terang out - " - ‘ T,

extremely small particles. This is because there is more pressure available

¢ to forge 0i] through the smaller holes required to reﬁbve very small partlc]es
- N4
Q ' . .
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041 11né@§g]ters may a]so be located in the return line to the oil reser-

voir. This arrd%gement removes the f]]ter from the high pressure part of the
system but 1ntroduces other prob]ems 0il1 line f11ters become loaded more

quickly because tontam1nants have no opportunity to. sett]e out in the reser-

" voir, and the o11”pressure in the return lines is raised. Doub]e acting cyl-

inders may return oil to the reservoir at a rate much higher than the pump v
delivery rate. Therefore, return line filters_must be sized for the maximum

0il return flow rate rather than ®the pump delivery rate. .
The filters discussed thus far have all been full-flow filters.. This

‘means that_a]] 0il flowing through-the system must pass through the filter

element. Some systems employ proportional filtering in which only a pdrtion,

. of the oil passes through the filter on each trip through the system. In such

a system, also called bypass fi]tering, the filter may be located in the, 1ine
that returns oil to the reservoir from the pressure re1ief~va1ve, in a bypass
off the main~syppjy line, or in a bypass off the return line from directional
control valves and working components. This filtering scheme allows the sys-
tem to continue to function with the filter clogged but does not provide the .
protection of fult-flow filtering. ' '

PNEUMATIC FILTERS ' , o '

Filters are normally.located at two points in pneumatic systems. Intake
filters remove particles from-the intake air and protect the compressor. Air-

Jine filters are located in the air line near--the driven components.

Intake filters are usually either dry surface fi]ters or oiT-bath‘fi]ters . -
that use an-absorbing mater1a1 soaked in oil to trap part1c1es. They remove )
larger part1c1es that m1ght damage ‘the compressor but do not usually remove
smaller particles that could damage work1ng compdnents of the system, These
particles are removed dater by air-line filters. , . )

Even though many contam1nants are removed from the a;r of a pneumatic . .141
systemwby the intake f11ter and by condensat1on‘1n the air tank, some contam-
ination is a]ways present «in the air lines 1ead1ng to the work1ng comppnents
Fhese include dust part?€1es, water vapor and 11qu1d, and p1pe scale A1r; ‘f
1ine filters remove these contam1nants just .before the air 1s used The*two L
maJor types of air- 11ne f11ters are the mechan1ca1 filter and the absorbent -
filter. a : L7 . ‘ . L
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" of the housing by the water that is ‘removed -O‘@

[} N ——

Figure 4 shows a centrifugal, mechanical

air-line filter. It consists of four rotating 4
. oo a4 %
disks through whxé’h the q1r passes. Airflow . — R
g 3
through the fﬂter causes the disks to rotate. / @ »
The rotat1on.causes any heavy particles, such o Q
as dustr or water droplets, to be thrown out . @\ /{_/5.1
of the air stream by centrifugal force. . :

These particles co]]ect on the s1des of the

filter housing and are carmed to the bottom ) o

' i
from the air line.- @

Figure 4 shows:an absorption-type. Figure 4. Mechanical Filter.
air filter. In this filter, air enters .

Baffles that sw1r1 the air to remove

. 1a£ger part1c1e§ by centrifugal force. oy = 4 _———— Al OUT ﬂ@_ ’
These particles fall past the quiet zone . e !
_baffle and are trapped. The main filteir f"‘s"«”““
elepent is a cellulose surface- type seon I e
fﬂfter, or an absorpt»gon element of ";;p:'i_gg_f::% 0318263 .
some other material, thit allows Lo voLse o
the am passage but traps gentaminants.’ WL swrgwre

-
JRAIN
.

In some filters of this design, the
il ter element 1s made of porous brass .

*

. QUID

water drop]ets are removed pr1mq?ﬂy by SouEETG
centmfu.ga] action and collect in the

bottom of the fﬂter.' -The filter may  Figure 5. - Operation of Air Filter.
be drained"either. manually or auto- ! R . .

1)
¢

s NPT DSAIN
s0RT 7

mtically. - . ) - ‘

Air dryers .are devices used to remove all’ the mo1sture from compressed
a1r to dehver dry air- to the point of apphcatmn . They consist of,a cart-
mdge cont‘&mmg a des1c.cant Material that reacts chemically with liquid

‘water or water vapor to remove it from the air stredm. <

\ . . A
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ATR PRESSURE REGULATORS

Air compressors are usual]y set to turn ON when the pressure in the air
tank drops below a preset level and to turn OFF when the pressUre rises to
another preset level. Thus, the pressure of the delivery system varies during
normal operation. Pressure drops in lines and'the simultaneous operation of
several pieces of equ1pment may also affect air pressure at any point in the
system. Air pressure regulators are used neah working éomponents to deliver
compressed air to that component at a constant pressure.

! _ ' Figure 6 shows a typi-

A5/ 4 o,

fhtwerge —— T T cal air pressure regu]ator.

lC USTUEN"

"It consists of a disk-shaped

A valve cperated by a vertical
rod. The rod is driven by
Tyl forces applied by a 'spring
' and by air pressure on a
. diaphragm. The sprihg
) forces the rod down to open
" the valve and is adjustable'
‘to set the operating pres-
' ‘sure of the regulator. Air
Figure 6. Air Pressure Regu]etor. '.‘ pressure from the downstream

s -

side of the regu]ator causes

an upward force on the d1aphragm and, thuss on the operating rod. If the down-

stream pressure,1s at or above the preset level, the valve remains closed and

no ‘air flows. If the pressure is pelow the preset level, the force o?'thq

spring exceeds the force on-the diaphragm and the valve is forced open unt11

the pressure is restored at the proper level. '
) y

AIR-LINE LUBRICATORS N

s
Air will act as neither sealant nor lubricant in pneumatic systems; )
therefore, 0i1 must be added to” the air stream to perform these functions.
This is accomp]ishéd with the air-1ine lubricator. shown in FigUre 7. Air from
the supply 11ne enters the bow] of the. lubricator to produce a pressure on the

surface of the Qi1 equal to the static pressure of the supp]y line. The ar

Page 14/FL-03




flowing through the Jubfi-
cator travels through and
‘around a small tube,
cdlled a mist generator.
Because the air has a
greater veloCity in the
,miét generator, its ' . -
static pressure is .less '
than in the supply line .

and bowl. The greater T
“pressure in the bowl

forces oil to flow up the
. siphon tube and drip down

into the mist generator

_ Figure 7. Lubricator with a Sight-
(Bernoulli' Theorem, see Feed Glass.

Module FL-01, "Introduc- , .
tion and Fundamentals of Fluid Power"). 0il flow may be adjusted by a small
needle valve at the top of the siphon tube. Air flowing through the %ist gen-
.efator breaks the oil droplets into a fine mist, which is carried along with
the air stream for lubrication and sealing. Larger oil droplets are carried
up to 20 feet in the air stream. Smaller droplets travel as faf as 300 fgeF.

N

&\ - For maximum efficiency, the Tubricator should be located near the working
' component. Generally, the volume of air in the air 1ine—befween the lubri-
“cator and the working component should not exceed the volume of the woerking

component. S T a

w .~

FRL u~1rs . : ‘ -

In most pneumatic systems, the air-line filter, pressure regulator, an
air-line lubricator are combined in a single unit called a fijter- regu]ator-
lubricator {FRL) unit. Figure 8 shows one common” FRL unit conf1gurat1on 1n
common. use. Usually, these units are located near the working component " No

mor'e - than, two components should be operated from one FRL unit.

“ -
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" SEALING DEVICES

éoth hydrau}ic and pneumatic systems
require sealing devices to contain inter-
nal pressure and prevent 1eékage of the
working fluid. Several types of seals.
are common in fluid power systems.
Static seals are those between components
Fiéure 8. FéL Unit. that do not move with respect to one
. another, such as between the walls and
end of a cylinder.. Dxnamic seals aqs‘those that seal components that do move
relative to one another, such as between a cylinder and piston. Positive
seals are designed to préVent all fluid flow between two components. The
seals bétween a piston and cylinder are positive seals—RNonpositive seals
are desiéned to allew a small amount *of 0il flow through the seal at all times,
such as the seals between the body and spool of a directional control valte.
Nonpositive seals are the result of two c1£§e1y ﬁating rigid surfaces with no
flexible §ea11ng @1ement. Positive seals always involve a flexible sealing
. material that forms a tight fit ijh the two rigid surfaces.

_COMPRESSTON PACKINGS

Compression packings are static seals between two rigidly attached'com-
ponents,‘ds shown in Figure 9. The seal material is a fiber gasket positioned
between the two components to be sealed.” The

BASIC CAMGE JOINTS

. bolts holding the components together can be
éﬁf%g ' tightened, thereby compressing the gasket and .

oRsxts 4 ° producing a positive seal. These seals pro-

METAL-FO-METAL JOINES
‘

vide Tong, trouble-free service and need not

lﬂ @' @ be serviced unless the seal is broken by re-"

moving one of the components.
. ) N : ‘
Figure 9. Static Seal

Flange Joint Appli-
v cations.
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= O-RINGS

0-rings, the most widely used seals for hydraulic systems, are molded syn-
thetic rubber seals with round cross sections. These rings are available in a '
wide range of sizes. "0-rings provide effective dynamic seals through a wide
range of pressures and temperatures’, seal for movement in both directions, and
result in low operating friction for moving parts. . )

Fi-gure 10 shows the installation of an ¢
O0-ring in an annular groove in a piston.

(Note: ‘Clearances are greatly exaggerated oriye

for explanation.) The O-ring is compressed
slightly at both diameters, creating a
static seal between the two *surfaces '(Fig-

ta) ) 4

ure 10a). When pressure is applied (Fig-
ure 10b); the O-ring is forced against the

surface of the groove and the cylinder wall
, to provide ™4 positive seal in either direc-

tion. O0-rings are widely used in applica- s

tions 1nvoly[ng sliding motion but are not . Figure 10. Operation

well suited for rotational motion oryappli- of 0-Ring.

L3 Y

cations where vibration is excessive.
At high pressures,-the 0-ring may

.. extrude into the space between the two ’ 3 L_lJiﬁi\
mating parts, as shown in Figure 1la. . . .

’ -Th1§‘ damages the 0-ring and quickly de- e v
; stroys the seal. This can be prevented by : —= oqé;f_ ‘; —
' installing a back-up ring (Figure llb)'

If pressuye is to be applied in both di- ti;jf::? v
.rections, a back-up ring must be installed \

‘on both sides of the O-ring., - T T a;
- {b) Backiyp Ring

F1gure 11. Back-up Ring - ' ¢
Prevents Extrusion of
0-Ring.

AN
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V-RINGS ,

V-rings are compression fittings used in all types of reciprocating seals.
This type of seal is common in rod and piston seals in hydraulic and pneumatic

INSTALL MALE OR 3OTTOM

cylinders and in pumps and compressors‘

ADAPTER AING FIRST, Figure 12 shows a V-ring seal

N " LEAD-IN CHAMBER

uPS ALWAYS | ——r installed as a rod seal. The open *
ZACE TOWARD = ! . -
PRESSURE. \‘ ' end of the V is always installed
' 4 N -
facing the pressure.. In applica- mk
NSTALL FEMALE OR san ] ; ; 3
ToR ACAPTER AING. LAST. tions where pressure is applied in
) both directions; two sets of V- -
Xy . . . .
RS rings are required — ene facing
each direction. V-rings may be
/ STAGGER ALL JOINTS ' used s1ng1y or in stacks and are

ALTERNATELY 80

THEN 90°2INGS SHOULD
" OVERLAP SLIGHTLY AT LOINTE < compressed by a’ flanged follower.

OON T CUT AINGS, - GLAND SHOULD FIT SNUG AGAJNST

PACKING IF NECEISARY TO PREVENT 1 i
PN P NECEs AT ProEer tightening of the follower

USE SHIMS AT THIS POINT . e . R
is essential, as too much tension

Figure 12. Application of

V-Ring Packings will cause rapid wear of the seal.

’ V-rings are available either as
unbroken rings or as sp]it.rings. When insta]]ed, the .sp1'1't rings witl o‘ver]ap
. slightly,. Compressing the seal will align and seal th‘e joint. V-rings should.
not be trimmed for an exact fit with no tension applied. i

PISTON CUP PACKINGS

»

Piston'cup packings are designed specifically for sealing pistons in hy-
. draulic and pneumatic cylinders and in recipr\‘ocating ‘pumps and compressors. .
They offer the ‘best service life for

' %x S \ b7 these apph’cation‘s, require the min-
1 “_‘ _ % ) imum recess space, and are easily and
/ ——__ —""':: quickly iﬁstaj]ed. They are cup
‘ 23 ANA shaped with a hole in the center.
N ’ & Singre-ecting Crtingwe . Double-acting Cyllncer ‘ igure 13 shows piston|cup, packings

installed in single-acting and double-

a Figure°13. Piston Cup Packings. + |
: ) acting cylinders. Since the applied
pressure forces the cup open and into contact with the cyhnder w]aﬂ] piston cup

packmgs can handle extreme]y h1gh pressures N

o Page 18/FL-03 - ' ’
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PISTON RINGS

k4
<

Piston rings are circular seals with a rectangular cross section used to
seal pistons in cylinders or pumps. They may be used singly for low pressures

~or multiply for»p{gher pressures, as shown in Figure 14. ~

-Other common seal mater1a]s are discussed below.

Metallic piston rings are'made of cast o P!S'Toq SEAL RING

[

iron or steel and are Q]ated with zinc phos- o gl

phate or manganese phosphate to resist rust 5::::::::=L
and corrosion. These types of piston rings -

offer considerably less resistance to motion = f-tanna 1

S

than do rubbey seals, 0-RING CYLINDER BARREL

A variety of other materials can also Figdre 14. Use of Piston
: Rings for Cylinder

be used for piston rings in fluid polier Pistons.

-systems. The most common is Teflon.

These rings are available in a variety of

styles for specific applications.,

WIPER RINGS ,

Wiper rings are seals designed to prevent foreign matter from entering a
cylinder. They do not seal against pressure. Figure 15 shows the shape and
__jar_

made of prass, but synthetic rubber is a more common . - ENLARGED

installation arrangement of a wiper ring. They may be

material.

SEAL MATERTALS —

»

Several mater1als are common]y used as seals in
hydraulic and pneumat1c systems. Natural rubber is (GROOVE DIAYD
seldom chosen because it swells and deteriorates with Figure 15. Wiper
timg and in the presence of most 0ils. Metal seals are Rings.
commonly uséd as piston rings in pumps _and compressors.

Leather is the o]dest mater1a1 used. fbr cylinder pack1ng and st111 1s used

" today. Modern leather seals are 1mpregnated with synthetic rubber compounds to

[ FL-03/Page 19
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eliminate problems arisind.from,its porous nature. Leather seals cannot be uged
at temperatures above 200°F bht provide satisfactory service at temperatures as
low as -60°F. Leather does not accumulate abrasive materials and, therefpre:
will not Hamage moving metal surfaces. The:continued movement of 1eather;’
against the, syrface has a polishing effect which actua11y improves the surface
finish. Leather has good lubricating properties and low operating friction and
résists extrusion. It cannot be used with fluids that are either excessively
acidic or alkaline. .

Buna-N is a synthetic rubber material widely used for seals in systems
using oil as a fluid or 1ubricgnfl It has an operating temperature range of
-50°F to 200°F. A similar material, Buna-S, is used with water and synthetic
fluids. These Synthetics arg mere resistant to acidic fluids, as compared to
leather; however, they are worn more quickly by rough surfaces and, thus, re-
quire a smpother, finish for ving parts. They are used for O-rings and V- .
rings and often include a fq931c for extra stﬁéngth/1n piston cup Dack1ngs
Viton is another synthetic rubber material that is widely u§;d for hydrau-

lic seals. Its major advantage is satisfactory operation in a ‘temperature range

) of -20°F to 500°F,

Neoprene is a synthetic rubber mater1a1 sometimes used for O-rings and

other seals. Its operating temperature range is -65°F to 250°F.

Silicone rubber has an operating temperature range of '-90°F to 450°F but
has low tear resistance. Because of its su;ceptibiiity to damage, it is not
used for reciprocating seals. Silicone rubber is widely used for rotating
shaft seals. g ‘

Tetrafluoroethylene (TFE), commonly known by the “trade name Teflon, is the
most widely used plastic material for seals in many app11catﬂons Its advan- -
tages include extremely low friction and resistance to chemical breakdown at
températqus as high as 700°F. Its major drawback is its tendency to flow
under pressure to form very thin films. This is greatly reduced in some seal
materials by including graphite or fibers of g]assﬁ metal, or asbestos. TefToq
is used primarily for piston rings. ‘ B

, A variety of other synthetic rubber and plastic compounds are sometimes

used but none are as common_aélthose 1listed above. . -

. - ’ / - -~
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SUMMARY B .-

Fluid conditioning and maintenance are essentia1\to the'operatiQn‘of all
fluid power systems. In hydraulic systems, the reservoir, is the central ele-
ment in storage, conditioning, and ma1ntenance of the hydraulic f1u1d, It re-
moves waste heat from the f]uf%’ allows particles to settle out and a1r bubbles
to escape, and usua]]y contains the filter that removes smaller particles that
are carried along W1‘E the oil. In pneumatic systems, the air tank serves as a’

conta1ner in which most of the water vapor is condensed and removed. Bothktypes ,‘

of systems require filtration of the working fluid. Pneumatic systems also re-
quire that a small quantity of oil be added to the air stream to lubricate and
seal moving parts. Excess heat may be removed from the fluid in either typea
system by the use of heat exchangers. '

One of the major reasons for conditioning the fluid in fluid power. systems
is %b protect the seals of the system. The most critical seals are the positive
dynamic seals in moving parts such as pistons, pumps, and_ﬁ]uid motors. A va-
riety of seal materials and configurations can be used, but proper operation .
and extended life of all seals depends on the condition of the fluids that are

L
in contact with them.

7

Al

- | ~ EXERCISES

1. - Draw the components of a hydraulic f1q1d reservo1r and describe the con- '
struct1on and ‘purpose of each component and feature. )

2. Compare the functioning of th reservoir in a hydraulic system and the a1r

~ tank in a pneumatic system for \both fluid storage and conditioning.

3. Explain methods and importance §f removing heat energy from the fluid in
pneumatic and hydrau11c systems.

4, Explain the functioning of the ‘three major types of hydrau11c f11ters and
.the reasons for thgare1at1ve popularity of each.

5. List the possible locations for the filter <n a hydraulic system, and
describe the advantages and disadvantages of each. X

6. _Exp1a1n the operat1on of each of the major sect1ons of a pneumat1c filter-
regulator-lybricator unit and the necessity of each for proper system
performance: . /

o 79
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7. Explain the construction and operation of the following seals:
Compression packing
0-ring
. V-ring ' . . ¥

Piston rings . »

/

a

b

c

d. Piston cup packing ° e -

. :

f.  Wiper rings ) ! . .

g. .List the commonly used seal materials and describe the charaqter?stics and
applications of each. )

é

LABORATORY MATERIALS

‘ LY
Hydraulic reservoir . . ’/FT\\\\\

Sump strainer

Suction line filter . |

High-pressure line filter

FR@ unit .

Various hydraulic and pneumatic cy]indgrs with a variety of seal types and «
materials.

EI Y

»

LABORATORY PROCEDURES ’ <

This laboratory consists of the disassembly, inspection, and reassembly of

I

a variety of fluid power componenﬁ§. .

. 1. Observe the instructor in the disassembly and assembly of the various fluid
power components. Make notes of procedures and materia]é used in each com-
ponent. )

2. Disassemble each component using the methods demonstrated and explained by
the instructor. Make notes or working sketches during the process to
assure-pfoper reassembly of the componént.

3. ,_Skefﬁh the major parts of the component. Use a separate 'sheet of paper

for each. \

-
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4. Examine the component for wear ot/ggmége. Record the condition of each
component on the sheet with the drawing.
Reassemble each component. .

6. drite a brief report descriBing each component. Include tﬁé materials
used‘in its construction, the purpose of the comﬁonent, its operating
characteristics, and any wear or damage. - Also, include any probiems or
difficulties encountered ingassemb]y or disassembly of the component.

REFERENCES

«

Esposito, Anthony. Fluid Power with Applications. Englewoed Cliffs, NJ:
Prentice-Hall, 1980. S

Hardison, Thomas B. - Fluid Mechanics for Technicians. Reston, VA: Reston
Publishing Co., 1977. ’

Stewart, Harry L. Pnehmatics and Hydraulics. Indianapdlis, IN: Theodore
Audel and Co., 1976. - y o

Stewart, Harry L. and”Storer; John M. Fluid Power. Indianapolis, IN: Howard
W. Sams and Co., Inc., 1977. '
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<L | G " GLOSSARY

Absorbent filtration: The refoval of particles from hydraufic oil by pgssing
the oil through an absorbent material that traps the rticles within the

material.

Adsorbent filtration: The.removal of particles and ch mical compounds from
hydraulic oi] by passing the oil through a material that attracts parti-
cles to its surface and adsorbs some chemicals. .

<

Air tank: A cdétainer holding compressed air at the working pressure in a
-pneumatig system. .- * . o R

Ed o
ta

« Full-flow fjltering: Hydraulic filtering s&stem in which all gi1 is filtered
on each pass, through the system,

‘Hydradlic rese%voir: A container holding hydraulic oil at atmospheric pressure
in a h?p?au]ic power system. , -

.
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Mechanical filtration:

The removal of particles from hydr

~

7

lic' 0il by passing

the oil through a filter w1th holés that will not a1135 the, particles to

pass.

Proportignal filtering:

N

theoil is filtered on each pass through the system - S

N
‘.

)
y
- . {t
@ ]
%
R
£ P v
1L
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Hydraulic filtering system in which only a port1on~of
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. A e - TEST .

. \ . B

L }H}\dr_aulic reservoirs and pneumatic air tanks have which of the following
functions "in common?

& ~ Removal of contaminants from the worKing fluid ~ | f
, b.  Removal of heat from the working fluid
o7 ‘c. S.to'rage of ‘the working ’f]_uid under pressure for future application
4. Bothaandb - T .
. ;e. AH’.of the abdve ‘ -
2. - Which of the following are characteristics of mechanical hydraulic filters? .
;- ®  a. Least expensive tybeQ o ‘ . b
2 D: Least effective type -~ s
c.  Most common type T a,
¢ . d. Both a and b T o : (
* . e. Bothboandc - " ‘ Coe
‘ " f£. All of the above d s / . . .
' 3. wmch of t@ following are, charactemstms of mechanical pneumatic filters?, s
M a. . Contdin absorbent elements to remove small. particles
- b \ Used pmmam]y for intake ‘filters
vu . c. Ineffect%)ve 1n removtng water droplets
N " d. Both a andb © ° - -
S e. - None of the above . _ _ ’
. * 4. Which séal materials have the highest oper;'aeting temperatures? -
.4 -a. Buna-N and leather N © g
o . b. \‘ Buna-$ and silicone rubber .- . A "
Coer V1ton and neoprene - -G ‘ . :
d.- Teﬂon and viton .. Coe e, e
i e, Tetraﬂ uoroethylene and .Buna-N - ‘ .

". 5., Nh1ch of the fo]]dwmg seal types will seal agamst preSSure in e1ther

- -

<. Q1rect10n of-a s1ng}e seal?’ * °. - . -

’f‘ 0-ring ; o : e

> . . V": ‘. ’ ~
oLt b. .V-ring ' s - T e
- . ¢c. ‘'Piston cup packing . Sl . ) . -
° < . . ., ' " ~ . . .7 .
.. do Wipgrering v . X . A ,
e . -~ . { . : S
e Both a:and‘b LA T . \ : R y .
» , - . AE SRR L8t 4.
. £ Al of the above C e PRI L. R RN
. .o . ;.. . . ~ . - -. . [y . .
* 1) PE . i \ -
- * *a . s . 2 AR
- 4 L3 ‘ 'Y qb ’ - r N -
S , - 83 . §L-03/Page 25
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N ,
.i,i,; e Y . . .
- "s " e ,.‘
Y ﬁﬁﬁ O ' ‘ a
6. Hic 8? the following statements is.not true of full-flow filtering?
‘<$f&a »{It %s the most common type of filttering 1n hydraullc systems. .
b, It may be accomp]1shed by e1ther sump strainers or line filtefs. ~ -~ .
c It f11ters all the 611 each t1me 1t passes through the sxstem - ’
d It is usually accomp]1shed.w1th a mechanica)l f11ter '
. e. None of the above. (A1l are true.), f . " Eh -
* 7. A seal between a piston rod and the end of the cylinder is classified as
what type of sea]? ’ ' ]
. a. Positive, static o ‘
b. . Nonpositive, static . _ l ) _‘ ",
¢c. Positive, dynamic o T
d. Nonpositive, dynamicl . T .

e. None of the above ? .
€3. Which type of seal offers the longest 1ifé for.hggh—p%essure nydraulic

cylinders? ) | ‘

‘o a. 0-ging . ' ' “
b.  Piston cup packing | ST
- _ ¢ Piston ring | . . . ». . LK
'd. Both aand b S : . e
e. <Bothbandc’* . ' R S

h)

. Z
9. Which of the following is not, true statement«concern1ng the s1z1ng oﬁ\a -
<
@ . v o 2
a. It shouid have a capaCTty of at least three times the gallon per

hydraulic reservo1r7

P

K& g

'm1nu e capac1ty of the pump.

N b. It should have a capacity greater than the total vo]ume of 01] that
' e can dra1n into it from the system. )
c. It should be as sma]] as pract1cab1e»to accomplish its- func¢1on to -
Save space. . . . B -
L. - do It should have a large enough surface area to atlow removal of all
. excess1ve heat from the oil. '
.. ¢ - e, None of the above( (A11 are true statements h o,
: o : @,
. : ?:-— r 4
N , . . .‘ !
2 -7 ; « .
[ g ~
Se l.. z , - Y . 'l . )
s ) ' ‘// S ) 84 .
: . 'z . . ‘ b .
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10. * Which of the following is got a d®sadvantage of high-pressure ,]ine' filteysy
" a ompared to other types of hydraulic fﬂters? ’ -
a) Reduced protection for "the ;’) ' s !
-~ b. Greater expense for. the h1gj1 pressure casing ‘

'c. Redﬂced filterdng ability because smaller no]es would produce too

- much pressure loss * | ' s . "
5 d. ﬁreater 11kehhood of the fﬂter element collapsing than with: any‘ .
v .. < other type o 5 %) | Lo
. e. . None of the above. (A1l are disad,‘v'a'n ges oﬁ‘high—pressure°h'”ﬁe
© filters) s : S = -
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Lo L INTRODUCTION

¢ - '

power systems. Hydraulic pumps are positive-displacement pymps that provin

\\;\ v e Pumps and compressors pndvide the flaid power in hydraulic and pneumatic .

constant liquid flow rates. Air cdmprossors are used in pnegmatic systems to
compress air,from the 1n1etopressure to the des1red pressure 1eve]

This module discusses the constfuction, types, characzeristics, and
ma1ntenance of pumps and compressors. In the laboratory, the studént will
measure uhe vo}umetr1c eff1c1ency of a hydraulic pump and determine the com-

pressed.air delivery. rate of<? compressor.

L4

<

- " -

The student should have completed<ﬁ6du1e FL-03, "Fluid Storage, Condi-
® tiorfing, and Maintenance." :

Jea . ‘ - 2t ¢

R4

-

13

Upon cqmpletion of this medule, the student should be able to:

o . PREREQUISITES

1. Oraw'diagrams of simple positive-displacement and, nenpositive-displace-

ment pumps and exp1a1n the operation of each. ° ’ .
2. Compare the operat1ng characteristics of positive- d1sp1acement and non-
. pos1t1ve d1sp1acement 11qu1d pumps and exp1a1n how these character1st1cs

~ — )

affect pump appuuxuun:
3. Explain the following terms: °

°

I

- 3., Slippage - - ‘ : . R
, b.. Volumetric efficiency . X .
: Ce Overall pump efficigncy R

4°  Sketch the components of the following hydrau11c ﬁumps List .the oper-
ating character1st1cs and relative lifetimes of each.
a. External gear :

' b. Internal gear ) " o0t s : .
S . "¢, Gerotor o o .
¢ .d.  Lobe - g S L
e. Screw o . ' _ o . .
v - ] ’ » . 8:7 .IFI..-04/Page 1
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5.

4

6.
7..

8.
9.
“10. "
1.

12.

f.
g.
h.
i.
J. :
Explain the character1st1cs that detenﬁ1ne the applications of the

fo]]ew1ng.pump types: . ' ,

a. Gear pumps : ’ *

b. Vane pumps )
c. Pistonipumps . ' BN

Explaﬁﬁ_tﬁe opgration of a pressure booster.
Calculate the delivery rate of a compressor at its delivery pressure,
g1ven the fo]]ow1ng

a. Free air de11very rate : . ‘ ‘

b. Delivery. pregsure ) '
c. Temperature(éf intake air N . {"\~.;§ i
d. Temperature.of outqu\a1r . 3

Exp1a1n the importance of cooling\in a multi-stage piston compressor

and how cooling is accomplished with both air and water. -, : ,
Explain, ‘with diagrqms{ two methods of unloading the cutput of recipro-

cating compressors. : ~

Explain the operation of pos1t1ve d1sp1acement and nonpositive-displace-
ment rotary air compressors

Exp1a1n .the two most common types of damage to hydraulic pumps and the s
most 1mportant factor in both pump and compressoeranntenance

In the laboratory, measure the’ volumetric efficiency of a hydraul®c
pump, the overall eff1c1epcy of a hydrau11c power system, and the
delivery rate’ of an-air oompressbr.b g

+ Balanced vane

Unbalanced :vane

Bent-axis piston
In-lige axial piston : s
~ Radial piston ' ‘

r
L]

Y

\'n

@,
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~ . ~ . SUBJECT MATTER

THEORY OF PUMPS

The heart of etery fluid power system is a device that converts mechan-
. 3 " ical energy to the energy of a fluid Tlowing uhder pressure. In hydraulic
systems, this device is called a pump; in pneumatic systems, it is called a
.. compressor. Botn pumps and compressofts operate according to the same prin- » .
ciples. Tne differences arise From the fact that one uses an 1ncompress1b1e\(\\“/\
liquid and the other uses a compress1b1e,gas. A1l pumps and compressors can
‘be divided #ito two classes: positive—disp]acement and nonpositive-displace- -

ment. ) o~ o .

POSTTIVE-DISPLACEHENT PULPS ' ' p N
Positive-displacement pumps eject the same volume of fluid into tne

system for each revolution of the pump drive shaft, regardless of system

pressure. The simpile piston pump in Figure 1 jllustrates the principie of

positive-displacement A ?

pumps. It consists of | ‘ ’ ‘e .

’ .
. a piston that moves ! . ) TOHYDAAULIC SYSTEM _ DISCHARGE
| . 13 LiN
back and farth in a . J{r’

b . Cyhn%\d two theck MOTION N e m— \‘&‘N

valveé (an inlet valve F L Ao _.. PISTON ‘G\\\\
. ] Y ° PRIME S\ — _ CHECK VALVE
. Kl' - EXEAARES
“ and a 1;charge.va1ve). MOVER SYUINGER

FORCE E . Hllt‘llrfs‘r
VENT
A_S the p1St0n Moves v : ATMOSPHERIC PRESSURE ’
.to the left, the dis- . y ‘ .
. . . ciL
charge valve is ciosed s I oL ITANK
- . LEVEL
because Of the high ., Ce ? | .
. pressure in the dis- ] ’ S -
charge line.. This , Figure 1. Pumping”Action of § '
“~ Simple Piston Pump.

prevents f1u1d from
/ .flowing back into the cy11nder from the dlscharge\11ne The vacuum created
by .the p1ston motion produces a Tow pressure in the Cy11nder .Atmospheric
/jpressure on the surface Qf the oil. 1n the reservo1r forces the oil up the
S 1nlet line, openwnb the inlet valve and f1111ng the cylinder.
. >

' ' : FL-04/Page 3
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When the piston moves to the right, the 1ncreased pressur on the
cy11nder closes the "inlet valve and 6pens the discharge valve.] The f1u1d
nn the cylinder is then forced out through the outlet valve. hus, for each
stroke of therpiston, th& same constant volume of f1u1d 1§\de11vered by the
pump.

_ Pump slippage is the leakage of 011 {or other incompress ble liquid)
a_,\Nefrom the output side of the pump around pump components to the inlet side.
S11ppdge is very small in pos1t1ve d1sp]acement pumps "because| of the very -
“smdll c]earances between moving parts. ‘Thus, large increases| in delivery
pressure cause very small decreases in delivery rate.. Pos1t1ve-d1sp1acement
pumps have a de11ver4 rate that is almost constant at any pressure. The -~
. delivery pressure is determined by the resistancé to fluid flow in the ‘high-
pressure fluid circuit. If the pump outlet is open to the almosphere, the
) delivery pressure is atmosphegic pressure. If the high-pressure oircuit of
a nydraulic system is c]ose&,é%\kaiflow is not possible and the pump con-
tinues to, deliver liquid at the same rate. The‘pressure increases rapidly
until the pump breaks. Therefore, pressure relief valves, which open at a
preset pressure, are requ1fea—_o protect the pump. The maximum pressure
produced in a hydraulic system is determined by the pressure relief valve -
not the pump.. .
S11ppage of- poSitive-displacement 11qu1d pumps 1s low enough that air
can be pumped out ofAhe suction line while liquid is drawn up the line.
’ These pumps are called self-priming because they can begin operation without
-being filléd with liquid. B ' ‘
Most air compressors for pneumatic systems are of the posifjve-displace-
A ment type: Because the working fluid is compressible, there is no danger of
' a rapid pressure %hcrease. However, if a posifive-displacement compressor -
‘continues to pump air into a€%1osed container, the pressure will eventually
increase to the point of causirdgdamage. In pneumatic systems, the system
— pressure 1s limited by a pressure switch, which. turns the compressor off at
the des1red ‘maximum system pressure

Page 4/FL-04 ‘ . Ry ~ -~




CHARACTERISTICS OF POSITIVE-DISPLACEMENT LIQUID PUMPS

. The volumetric eff1c1enCJ of a pump 1nd1cates the percent slippage in

the pump. It is the ratio of. the dehvery rate at operating pressure ‘to the

, delivery rate if no slippage occurred Thus, if 10% of the oil leaks back
.~ through the pump, the

+ 100
volumetric efficiency is -. .. : . ) |

' hd voL el 3000 PSi |
90%. The volumetric — -\ S —

efficiendy of a pump ¥n-

- creases at higher delivery

R
. "N
L
\
\\\;
A
1
I
1
1
[}
/
4oy
l !
4
3 -
38
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pressures and decreases at 3090 P8 ’;7 s
v “higher pump speeds. This T v, 7 sscos: -
is shown f,Or a partlcular
. I— “WMESE TLRVES NCL.ZE  C0SSES -"C‘f NTESRAC
pump in the example per- SENVO/CRARGE. ZMP 3 TIISUISSON AuE P62 .
formance curves shown in '
Figure 2. o} —
The overall efficiency %0 ; <
7
of @ pump is the percentage . ? o vt o /.4’:
* of the mechahical input v ol N AT
. . V4
power that is converted /7 =
to fluid output power. - Gt S A , 7 A
. z 3 = TSR socoom
Some power is always lost = s, /_/_/ ~C
N 2 _ il
because of friction and 3 § f — A
fluid furbulence. This 2 ol 3L /Z/ A
. i / P N Koo em
1pads to'heating of the : ‘ 21 ///—/ .
ump and liquid. Figure /A *
2 also shows how pump — s 7
. . . —t LA N \
efficiency varies withl A T e mm me P

pump speed at two - _ O T S (AP

Figure 2, Performance Curves for 6-in?

deliver ssures. - }
y pre Variable-‘msplauement Piston Pump.

‘The output ﬂow rate . N
of a positive- d1sp]acement pump 1ncrea§es proportionately with pump speed
At a fixed dehvery pressure, the mechanical mput power must also increase
proportwnate]y in order to power the pump. DeHvery rafe is influenced
very httle by change in pressure, as is shown by the lower ‘graph in Figure 2

€ . 4
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Noise is another important consideratiof in pump operation. The oqtp’t .
of many positive-displacement pumps pulsates and produces noise in the system.
In pumps that are small aqp compact, the noise is transmitted through the -
1iquid to other components. .Quiet operation is desirable, and increased.
no%se‘in a hydrauléc. system usually indicates pymp Wear.or damage.

. ' ‘ ' TN

N

NONPOSITTVE-DISPLACEMENT PUMPS \ .

e

R ' : Nonpositive-Lisp]acement pumps are pumps in whicﬁ\ﬁge.f1uid delivery ——— "
' ) rate Varies with the delivery pressure. Such pumps prgduce a maximum p}es-
sure with no flow and cannot be damaged by their own pressure. , o..
F1gure 3 shows a simple nonpositive- d1sp1acement puinp. The rotat1ng
impeller causes the 11qu1d to rotate and be forced qutward.by centr1fuga1

force. More 11qu1d is drawft into the

v o
, pump through the center of the impeller.
) OUTLET ~ INLET These pumps have large component clear-
) ances and high slippage. If the output
. ‘i) port is blocked, the .slippage limits the
p}essure and protects the; pump. The
maximum pressure possible with nonpositive-
IMPELLER® - ‘quid B g ' P
s displacement 1iquid pomps is about 300 psi: .
q P The Targe slippage prevents these pumps
' from removing a1r from the suction line -
Figure 3. Centrifugal
_ Pump Components. and drawing 11qu1d to theepump Thps,
’ . they are not se]f—pr1m1ng and must be .
— -= filled with liquid before they can begin operation. Large s11ppage of .non- .
positive-displacement pumps also results’in quiet operat?bn and 1ong pump ’
life. . .G =

-~ ’ Pd ¢ ’
Nonpositive-displacement pumps are not used in hydraulic power systems

because of their low pressures and variable delivery rate. These propeYties ':

i make them desirable for fluid tran§port applications such as water utiljity:
systems and rec1rcu1at1ng water systems. Until recently, most air tompressors'
were of the pos1t1ve -displacement type, but nonpositive-displagement - centr1ﬁ- o 3
ugal compressors are becoming popylar. They are also used in most 1arge~a1r

I3

conditioners. . B SR
. R
\ . . ) : -
. : v ¥
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"drives the.ather geay.

- forced out of the pressure port (3).
© The outlet pressure against the t toeth{

HYDRAULIC PUMPS

Al hydrau11c ‘pumps .are pos1t1ve d1sp1acement pumps. Many types are
used, but all fall into three: maJor categories: gear pumps, vane pumps, and
piston pumps. - - . .

.\5 * ' o v
.

N s

The external gear pump (F1gurq 4) consists of two gears enclosed ip a

GEAR PUMPS

c]ose—f1tt1ng casing. - fne of the gears is driven by a.motor and, in turn,
A vacuym is
created as the tee unmesh; and oil . 13)

enters from the reservoir (1). The-

01T is trapped in the spaces between %?XE

the gear teeth and casing (2) and
carried to the outlet. As the gear
tee€h mesh on the outlet side, ofl is

-—-i\

; d ] .
causes heavy side- 1oading on the Figure 4. External Gear

“shafts (4). o Pump Operation.

F1gure 5 shows an 1nterna1 gear
pump . The inner gear is driven-by a motor and drlves the outer ring gear.
The inner gear, has féugr%gizzh;than the outer gear.- A crescent seal sepa-

. rates the two gears where teeth do not +mesh. -071 entering the pump (1)

is trapped between the gear teeth and

’

the cresgent seal (2) and carr1ed to B &
the output. The . teeth of the twe

gears mesh on the output side of the. (2)
: CRESCENT

pump (3), forcind the oil through the = SEAL

‘port (4). T E ( .

' Figure 6 is a Gerotor,pump _-\\\\" ‘SSES ' N
The Gerotor elemént, the powered .- o ’ S
element, has one fewer teeth than ; Figure 5. Internal Gear- s
the outer gear rotor The gear . p Pump 0peraf1on
teeth are shaped S0 there is always P , r~\,'/.

K ° .
N - ~ . *
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‘ a seal at the top and bottom of :
CASE ‘ ‘ .
TOR ’ - : ‘
GEROTO FEMALE the pump. The bottom tooth: of the
GEAR ROTOR Gerotor element forms a seal with .

the outer geat rotor as it slides

PORT 7 across the lower arc of the‘rotor.

This fbrces oil through the output
and draws more 0il into the 1iquid.

SLIDING SEAL

Gear pumps are. widely used in

hydraulic power applications be~

Figure 6. Operation of Gerotor Pump.,

cause they are the simp]est‘and

least expensive type. Disadvantages include & higher hoise level, shorter

1ifetime, and lower volumetric and overall efficiencies than other pumps.
The Tower 1ifetime 7s the result of wear on gear teeth because af sliding

contact and on bearings because of side thrusts. S]%ppage between gear teeth

and the seals and across the 2%595 of the gears results in lowered efficien-

cies. Gear pumps are suitable for hydraulic power systems that operate at
less than full power most of the time, and for systems that are used anly
intermittently. Most mobile hydrau]iC‘systems use gear pumps.

Figure 7 shows a var1at1on of the gear pump, called a lobe pump. Both/

lobes are dr1ven so that the surfaces do not actualty coge in contact. . The
~character1st1cs of the Tobe pump are s1nn1ar to

those of the internal gear pump, but the no1se ¢

1eve] s higher. Lobe pumps produce greater
output for their size than other gear pumps
Figure -8 shows a screw pump, wh1ch is also

a_variation of the gear pump pr1nc1p1e The

three helical screws are sealed in a close-fittiMy .

-

_..casing. The power‘notor 1s\dr1ven’by(a motor and

f . . K " drives the two idTer rotors. -0il isltrapped in
- Figurg 7. Operation oo R - - .
of the Lobe Pump. the spaces between the "idler tegth and the side

. . wal)s of the.caéing“and carried from one énd of *
5 the pump tof;he’ﬁther The rotors make ro111ng contact rather than s11d1ng

. contact (as in gear pumps) .and there are‘ho side thrusts on the power shaft. -
' f; Thus, screw pumps’ Have a 1ong, reliable 11fe They are also among the- qu1et-

' est and mo$t efficient pumps Strew pumps are cons1derab1y more expens1ve

than any bther pump 1n the gear pump family. "

3 ) c
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nnnnnnn

- Thrust Cage idter Rotor Balance Piston

A,
Balance Cyp Rotor Housing " Mechanicgl Sesl

Figure 8. Nomenclature of a Screw Pump.

. VA\.E PLPS ' . - ‘ ¢
~

N

- F1gure 9 shows the s1mp1est type of vane pump. It is called-an un-

' ba]anced -vane pump because the rotor is offset from the center of the pump
pav1ty and is subject to side thrusts. The cylindrical rotor has a series
of vanes set in slots, which extend to contact the circular cam ring. The
* . vanes may be” extended by . _— o/

centrifugal force when the
. ROTOR  cam AING SURFACERE
. BATERY " 2

pump is in operation, or

. ) PUMPING
by springs. The most common CHAMBERS
u o ENTRICITY
method is to emp]oy‘%hanne]s ' SHAFT -
that, direct high-pressure . a L
0il from the output to the INLET => N
. R ; R
spaces behind the vanes’ ’ 2

. As the vanes extend at the A1)
. tap of the pumg,cav1ty; oil .
is drawn into the enlarged ‘ CASTING 3 ’
spaces between them through’ Figure 9. Vane Pump Operation.
grogves in the s1des of the, 4 g ~
pugp body (1). After rotating past the top of the cavity, the vanes are
" forced. back into the rotor and the 0il is forced through the ouflet (2). ,
A side load is exerted on bear1ngs because of pressure 1mba1ance (3).

VANES ’

v
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A balanced vane pump hds an elliptical cavity and a centered circu]'ar‘

_ rotor (Figure 1Q),.. Ije has two outlets, two inlets, and pumps$ on both sides

WA
. =
. s ‘,3\?‘2
D
LR

of the rotor. This reduces side thrust on the rotor shafteand gives quifter . '

operation. Because of the lack of Isid'e thrust, balanced vane ‘pumpsf»can .
operate at higher pressures than unbalanced pumps. - )

\/ o - - - , .
ROTATION OUTLET .

. o ) se - creases, ‘thereby
Figure 11. Variable- Dl&p]acement Pressure--° N
’ Compensated Yane Pump. M °°"‘P"95‘51”9° the spring

o »,’\ »
- R . ' . . . g
. . A % - * - .
{0 - . [N 9/
- >
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°“” by the pressure ring . -

S cAMRING INLET \,4% . t ROTATION
VANE )‘C{__ J I
) \ . )
. .
2 ¥
Al
ou'T/ET< OPPOSING ‘ '
LT* PRESSURE PORTS 'N-‘-ET ,
ROTOR CANCEL SIDE , Sda
& | OINLET . LOADS ON . .
. ORIVE SHAFT, SHAFT _. ~
——ty . .

. . Figure 10.- Balanced Vane Pump Principle. - .

. | \ ! (’ / < “"‘ ) i " ’

* The pumping rate of an unballanced vane p{mp can be varied by moving the
centey of the cavity with=vespect to the centédr of the rotor. The more .’ -
nearly the rotor is centered .in the cavity, the lower the pumping ragebe-
comes. Variab]e-vo1 vane pumps ‘have a; pressure ring that can be moved
within the pump cas1ng Thiy can be accomplished with a manual adaustment .
or with an automat1c pressure hsator, *as shown in F1gure 11. The T

e . / o compensator consists * -~
» ’ C - of a large sprin
PRESSURE COMRENSATOR * ‘ ge spri g’j,

OJUSTMENT (TURN ; P e . ..
cALézxsterémcnsAsE . which ?pphes,a force - .
SETTING) . N . A
‘ j| . . to keep the pressure 4

S __THRUSTBCOCK )
PRESSUREAING - ring off center. hen
\{ . { = the dehvery p €3 ure o
E@;A[u om0 . increaseg, the Yorte U
MAXIMUM DISPLACEME N
AOJUSTMENT(TURN applied to the r1ng.,/'° .
cr.dcansg\ro nsou / ?
H MAXIMUM o

»
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anﬁ.reducing the’ flow réte.' If the output port is completely blocked, the
pressure ring.becomes cente;ed and no fluid flow .is producedi‘_jhis is the
only type of oositive disp]acement pump that' has automatic over-pressure
protection w1thout using a pressure relief valve. (Other pump types are
sometxmes protecfaq_py pressure relief va]ves bu11t into the pump casing.) -

Vane DUMoS. are generally bet'ter in all respects than gear pumps, but
they are also more,gxpens1ve They are widely used where extended life at
fairly constant power loads is required and where ;he pulsating properties
of Gear pumps is objectional. |

R !
- N ‘ . .-
QT ,,.ﬁ A l . -
.[ Zbl v N P\.u" S . R .
< - 4 < .
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TWo tyoes of piston pumps are in common use, employing two different,
nethods of applying drive power to pistons. Figure 12 shows an axial piston
JumD .. This is called ‘a bent-axis type because of the angie in‘the rotational

o

UNIVERSAL LINK l
. fon ¢
. PISTON .
CYLINDER BLOCK, 'S On *0 /

- . \ ASTON | ! ROTATING $HAFT CAUSES
C | / msrorq/s TO RECIPROCATE

. N ) \\ . / !

. JIL FORCED TO <

4 . QUTLET AS PISTON
. IS PUSHED BACK

9
PISTON IS WITHDRAWING
FROM BORE AT INLET

. \
Figure 12. Axial Piston Pump
(Bent-Axis Type).

-~

axis of the pump. ‘The only stafionary part of this\bump is the bJock con-

taining the infet and outlet ports. As the cy]indé? block rotétes, openings
in the cylinders move past the 1n1et and outTet ports The pistdns recipro-
cate because of the bend in the pump shaft. At the bottom of the pump, the

R

. - ‘ e, FL-04/Page 11.
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pistons are extended jﬁto the cylinders;

o MAXIMUM PISTON STROKE

;ﬂ——x_, ; af the top, they are withdrawn. Thus, Qi]

‘r?f,?;_'_ . MAXIMUM ANGLE fills each cylinder from the inlet port and

P -
is forced out into the outlet port. The
..-"'QEPUCED STROKE . . ' ] b £ ]
: fiaf[_::: | Less ANGLE pumping rate depends ?n_the angle be wegn
= : the drive shaftrand the- cylinder block
(Lo TRoKe shaft.
—ﬁ" : NO ANGLE -

=

-

The pumping rate of a beMN-axis
p1ston puip can be- var1ed by changing ‘the

. ang]e, as illustrated 1n Figure 13.
Figure 13. . Volumetric

Displacement Changes with - _ ,
Offset Angle. "~ piston pump. Tt has a straight axis and

Figure 14 shows ‘the in-line axial

moves the p1stons by means of a rotat1ng
shoe plate at a fixed angle to the pump shaft. Pistons withdraw from the
bore at the inlet (1) and are forced back “in at the outlet (2). The shoe
plate rides against a stationary plate, called a swash p]ate The angle of
‘ ' the swash plate can be var1ed
to change the pump rate. In
VALVE PLATE SLOT many such pumps, the swash p]ate
will tilt in either d1rect1on v
to provide pumping of fluid.in
either direction in the fluid
circuit. ) .
\ D;VESHAFT The radial piston ‘pump
- éH;::CiLmATE' illystrated in Figure 15 has a
CYLWDERBLOCKBORE (I)fﬂanACTonmNG) circular case and rotor similar

. to a vane pump.  In this case,
Figure 14. In-Line Axial Piston Pump. pump-. .

hoWever, the rotor carries

pistons that ride against the casing. The rotor is off center in the casing
so that each piston reciprocates during each revolution of,the ﬁotor.' The
center of the rotor is a stationary cylinder, called a pintle, which contains
channels by which 0il enters and exits the cy]inders’ﬂnd seals the input and - .
outpuﬁ.portS'agajnst the moving rotor. The pistons are moved outward durinq
the intake stroke by centrifugal force. The'output of some radial pumps can
be changed by moving the circular casing with respect to the rotor, as in a
variable vane pump. Because of their similar construction, vane pumps and

A}

Pige 12/FL-04

98




- radial piston pumps, cannot be CENTERUNG — | CYLINDER BLOCK
) j " CEMTERLINE

operated at speeds as high as
_ other pump types. Radial piston
pumps are more susceptible to S

vear than axial piston pumps.

Pistonspumps are the most

. expensive and complicated types, CYLINDER SLOCK
, but they are the best in terms

REACTION RING

. of eff1c1enty qu1et operation, : ’ s
. Figure 15. Operation ‘of Radial

and serv1ce 1ife. These charac- . :
-~ Piston Pump.

teristics are the result of the .
close seals between the pistons and cylinders. Axial piston pumps can be
operated at speeds up to 5000 rpm, prov1d1ng the greatest power-to- -weight
0 ratio and the smoothest flow of any pump type They can tolerate the great-
. ) est fluid v1sqosqty rangé -of any pump. They are also the most difficult to

.

repair in the field.

SELECTION OF HVDRAULIC PUMPS - .

Hydrau11c pumps are §e1ected according to the characteristics of the
hydraulic system of which they are a part, maintenance requ1rements, and the
cost of the pump. The pressure and flow rates requ1red are determ1ned by

> the‘hydrau11c actuators- used in the system‘ The pump is chosen to give

satisfactory service at the required pressure and flow rate. The type of ~

pump chosen is ‘determined by the fp11owing characteristics:
. Delivery pressure ' ‘
. Service life
« Maintenance requirements
. Dependability .

T « Efficiency

. Noise level ™
-+ Cost " . N , o ' 3

Table 1 11sts some of the‘typ1ca1 spec1f1cat1ons for the most common .

types of fluid pumps

v
N . - .
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CTABLE 1. COMPARISON OF VARIOUS PERFORMANCE FACTORS FOR PUMPS.
) {

v Pump Pressure Speed Overall* \gg/lb Flow \ ]
Type Réting Rating Efficiency tio Capacity Cost
(psi) {rpm) (%) {gpm) _ {$/hR)
External- Gear 2000- A200- |.  80-90 2 _1-150 4-8
) . 3000 1 2500 A
. internal Gear | _ -500- 1200- | 70-85 2 1:290 3.7
. 2000 . 2500 , Y
- Yane : 1000- - 1200- 80-95° 2 1-80, 6-30
) ' 2000 1800 .
Axial Piston 2000- 1200- 90-98 4 —T~ 1-200 6-50° ’
e 12,000 3000 ) - -
" | Radial piston 3000- 1200- 85-95 3 1-200 5-35
o~ . 13,000 1800

.

e

[

The pump is sized according to the necessary flow rate and the speed of
the mechanicatl drive. Slower drive speeds‘require larger displacement pumps

" for the same delivery. M

_/f C 1
PULP %AIVTENANCE w'

The most common causeuof pump failure is d1rty, contaminated, or ox1d1zed
oil. The pump is more 11ke1y to be damaged by rust and corr031on than any
other system component. .The most essential factor’in proper pump ma1ntenance
is proper fluid maintenance. H1gher operating pressures and c]oser tolerance
of parts require better fluid ma1ntenance thus, p1ston pumps. are most sus- N
ceptible to damage.

Pump damage occurs in two ways. éear and'yane'pumps are most susceptible
to a long-term degradation as the seals are worn by impurities in the 511.
__Their efficiency and outputs generally decrease gradually. A gradual decrease
in pump rate of any pump may occur because of leaking internal parts. If

this is suspected, the output f]ow rate of the pump should be measured under

pn pumps are more suscept1b1e to sudden se1z1ng of pump: components,
preaks a component and ends pump1ng 1mmed1ate1y Th1s usualtly occurs

-t

pufp part. Th1s is more likely to occur at h1gher pressures and operat1ng .
speehs " For th1s rea'son, p1ston pumps are poor cho1ces for systems in which

a sudden loss of fluid flow could result in large 1osses. C .
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Any time a pump fails, is damaged, or is .disassembled, the entxre system
should. be dra1ned of oil and cleaned.-

Loud or unusual pump noise indicates a serious problem. The pump snoula
be shut down'and inspected immediateiy. Increased pump noise indicates wear
of pump parts, starvation of the pump for oil, or air in the hydraulic fluid.
As 1ittle as‘ones percent air bubbles in the oil can cause sefious pumc prob-
lems. The most Tikely cause of pump noise is pump starvation because of
clogged filters or entrained 0il due to a low oil Tevel in the reservoir.

If checking these does not reveal the problem, the pump should be dismant]ed
and inspected. A1l pump parts must be absdlutely clean before red?semb]v

Routine pump maintenance consists of keeping_the pump exterior clean
and ma1nta1n1ng the system 0il in a clean condition. Pumps should be rou-
tinely inspected- for leaks, and attention should be paid to any cnange in

pump sound. ° %

PRESSURE BOUSTERS

A pressure booster consists of a large piston with two smailey rod ends
and a series of valves for automatically reciprocating the piston. Low-
pressure 0il from the system pump drives the large piston. The force produced
is app)ﬁed to the smaller areas of the rod ends to produce an increased pres-
sure in the cylinders containing the rods. The pressure booster is essen-
tialty a high-pressure fluid pump driven by lower pressure hydraulic fluid.
They are available with pressure'ratios of 3:1, 5:1,’and 7:1. Pressure
boosters are used in a variety of systems to produce high pressure for driving
actuators with Bamps, piping, ard valves that operate at much lower pressures. '
They are particularly suited for abp]ications in which a piston myst extend
quickly to meet a load and then produce extreme]y large forces with a s1ower
extension. A low-pressure pump With a h1gh,f1ow rate extends the p1ston
until it is loaded. Then the pressure boostet takes over and “produces much
greater forces. One such application is in metal punches and presses.
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U AIR COMPRESSORS

In‘pnéuﬁitic systems, air combressors act .in the same capacity as pumps
in hydraulic systems, Several types of air_compressors may be'uséq. Most
. ‘EFé‘positiye—dispiacgment types; however~aonpositive-displacement compressors
‘have become more popular in récent years. - T - .

) e . \
COMPRESSOR CAPACITY . .

4

The flow rate of air compressors is.usually specifigd in terms of the
free air delivery rate. This is the number of cubic feet of air at standard

pressuwre that the compressor will deliver per minute. Standard pressure is
— 14.7 psig. The delivery of the compressor at the working pressure must be
calculated using the universal gas law equation given in Equation 1.

\ . ! .oV, = P;Z%TZ ’ Equation 1
:where:. P, = Atmospheric pressure. . .
P, = Delivery pressure (absolute). ’
T, = Absolute temperature of intake air (°F + 460°).
T, = Absolute temperature of output air (°F + 460°).
Vy = F}ee'air delivery rate. '
' Vo = Delivery rate at working pressure.

A1l temperatures and pressures must be expressed in absolute terms in this
equation. Example’A shows the use of Equation 1 in solving a problem. )

- EXAMPLE A:” ~DELIVERY RATE OF AN AIR COMPRESSOR.

Given: A compressor with a free-air delivery of 300 cfm produces a
“ . .

" delivery pressure of 150 psig. The input air temperature is

70°F, and the output air temperature ‘is 95°F.

'y
°
?

‘Find:

The delivery rate at 150 psig. -
Solution: Py = 14.7 psia = . )
— -, T ‘P2 =150 psig + 14.7 psi
I . Py = 164.7 psia | |
. Tp = T0°F + 460° T :
e Ty = 530°R (degrees Rankine, absolute)
- Page 16/FL-04 . : e . ) .
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Example A. Continued. - ' . L

T, = 95°F + 460° M , , , - -
T, = 555°F - v S
v, = 3007sfm . L '
V, = ————Plvsz - .(s : -
PoT, . )
_ (14.7 psia)(300" cfm)(555°F) A
~ 7 “{164.7 psia)(5302R)* ’ .
V, = 28 cfm . :
The compressor delivers 28 cfm of air Et 150 psig and 95°F. -

’ Most compressors are rated at a specified drive speed, which 'may not be
the actué] drive'épeed in a particular application. If'thétge1ivery rate is
calculated based on the compressor specificqﬁions, the drive speed should be
checked and a correction made if the'compressor is being driven at a speed
different from its specification ‘speed. 3 '

. R . ” .
vt

Reczpnocgrzwe COMPRESSORS A
. Most air compressors are the .reciprocating type shown in Figure 17.

This compressor operates as a positive-d%sp]aceﬁént pistoﬁ pump. The  cylin-
ders of this model are equipped with 1a;gg fins for air coo]ingf\LargeV
models are often water-cooled. Compréssors may have a single compression
stage or mthid]g stages (up to fou;). The compressor shown(iB Figure 17 is ¢ -
a two-stage compressor — the most common type. In multi-gtage coﬁpressors, B
the output from one cylinder is the input for the next. Since air préssure
is greater in-each successive stage, each piston has a smaller diameter to.
produce an equal load on the crankshaft. LThe air travels from one stage to
the next throug intercoolers: These are finned tubes that dissipate som ’
of the heat of compressioh before\;he‘next compression stage, resulting il
‘more gffici&‘F compgessor operation.- The flywheel cafrigs a fan that forces
cooling air acrpss*fhe‘jntercooTers. "Water=cooled combressors use water
cooting for both the compressor sheads and Jntercoolers. Table 2 lists the »
pre§sure,capagities of single and multi-stage piston air compressers.

—~ - ) :

.
-
. o o ‘
. - .
. . Co.
A - .
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COMBINATION . )
*. * IMPROVED HEAD DESIGN Cu ”tTiEfﬂLENCER MULTIPLE VALVES ’
© CASTINGS \“""%t:‘-; 2t o / _ ¢ -
: CYLINDERS B0 .///// - | ' ‘
.‘ \ T“;fz;gmsr4‘ ’ ' ‘ o .
; _ : . _
PISTONS INTERCOOLERS .
WRIST PINS e, - ’
g i -8
WRIST PIN ! : "K FLY WHEEL
BEARINGS eI N\ N .
" CENTRIFUGAL 2 -
UNLOADER —
] v
- CONNECTING - o S f;,'f_f
RODS ; ) \d ¢
OIL GAGE AND FILLER /f// . \\\ MAIN BEARINGS
LUBRICATION SYSTEM cRANésuArr CRANKCASE .
P4 . ) . . L '
- - ‘Fi\qu_re 17. Design Eﬁtures of a Piston-Type Compressor.
TABLE 2. PQESSURE CAPACITY OF RECIPROCATING ' |
’ PISTON AIR COMPRESSORS. - )
Num53¥ of Stages Pressure Capacity (psig ‘ .-
1 150 ' .
) s 2 500 -
3 . 2500 \ _ :
’ 4 ‘ 5000 )

’

Piston bompressors cannot start operation agains@ a high pressure. The
compressor must be brought up to, speéd before its output is connected to the

high-bressure‘ténk. Figure 18 shows a common method of accomplishing this.
) ":\

¢

’
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‘release valve. The pressure

1the selected value, the pressure'

The‘compressor output is connected
to the receiver through a check

Va]ve,and-gp a pressure-operated

S\ DIAPHRAM

RELEASE ™\

release valve also operates the
VALVE

LEVER

compressor motor control. When

the pressure in the tank reaches CNDER.

Not Running)

RECEIVER -
Up To Pressure

sw1tch turns the motor off and

opens the're1ease valve. 'This - -
Figure 18. Pressure Switch-Type

releases the high-pressure air Unloader Control. '

_ trapped between the compressor -~
and tank. The check valve prevents high-pressure air from leaving the tank.
_When the pressure in the tank drops below another presét va]ue, the pressure

switch closes the.relief valve and turns the motor on.

L 4
* . Figure™19 shews the centrifugal unloader used on most newer COmMPressors.
This unloader is an integral part of the compressor and is mere dependable

.
s

“than ghe pressure sw1tch W1th the compressor stopped, the counterweights
of the centr1fuga1 device are held in a position near the shaft by spr1ngs -

This holds the ball valve open and ma1nta1ns atmospkeric pressure at- the
compressor output. The compresspr must approach its operating speed before
centrifugal force overcome$ the spring force to swing the counterweights
away from the shaft and close the ball valve. ) .

o

" T < ¥ @ . ARINTAKE . ‘ :
. r3 " . ' [y

" . BALL CHECK YALVE COMPRESSOR
; PIN OPERATED ~CENTRIFUGAL COUNTER- CYLINDER ,
£ WEIGHTS ON LEVER ARM il e ol ~ (Compressor -
N RELEASE Not Rynming
VALVE Unloaded

CHECK
VALYE

Position) :
K a ' \\,/

CRANKSHAFT

COMPRESSOR RUNRING
LOADED POSITION,
SHOWN DOTTED

, , ATMOSPHERE N g

‘*\‘ Figure 19. Centrifugal-Type Unloader Controk. ’ -
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* . < .
" Several types of rotary compressors” have become popu]ar in recent years. .

Thes include botﬁ positive- d1sp1acemen¢ and nonoos1t1ve -displacement types.

The Cos1t1ve d1sp1acement types 1nc1ude vane and lobe compressors s1gn]ar 1n :

construction td liquid pump types. Vane compressey's usually consist,of two

vané‘stages in series. Screw'Eompressors operate like scféw pumps but employ.

two power dr1ven screws instead of‘a dr1ven shaft with two idlers. ’

. F1gure 20 shows a centr1fuga1 compressor of the nonpos1t1ve d1sp1acemeht

- type. This compréssor consists of four centrifugal impellers in- series.
) N . .

> ROTARY COMPRESSORS : - .

: ‘)k' HOUSING
T
i IMPELR
. SHAFT
OuPLA‘vG

Figure 20. Cutaway View of a Centr1fuga1
* Air Compressor. _ - | -

Atmospheric pressure air enters operiings in the center of the f1rst01mpe11er
Centrifugal force moves it out through smaller open1ngs n the edge of the
1mpe]1er, 1ngreas1qg Jts pressure. This process is répeated.in the'other .~ -
. compressor stages. Axial flow centrifuga] compressors operate in a similar
manner, but employ & single rotat1ng element w1th several stages of vanes
. that rotate past fixed vanes in the casing. )
Rotary compressors are ‘capable of’prov1ding large air volumes at pres--

N

sures up to aQout 150 psig.

~
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COHPRESSOR \MINTENANCE Lo . d
~ - b '
fach compressor type has spec1f1c malntenance requirements, but -the most

impartant factors in each are the ma1ntenapce of clean input air with proper]y
" sized, 1nsta11ed, and maintained intake filters and the maintenance. of the
> compressor lubricating oil in a c]ean state at- the proper level. As with
\\Epmpso excessive or unusua1 noxse 1nd1cates problems.

‘ "7 - VACUUN PUMPS : ’ R
_Many pneumat1c app11cat1ons emp1oy vacuums for ho1d1ng aga1nst atmospher1c
pressure 'Vacuum pumps employed in these applications are similar to compres-
sors in construction. = The vacuum pump iptake 1is connected to the Vacuum tank
and the output is,open to the atmosphere. Most vacuum pumps are of the vane
type, but- piston pumps and severa1 other types of rotary compressors are atso
used } )
.. -
SUMMARV

Pumps and compressors prov1de the input ‘power.in hydrau]lc and pneumat1c
power systems. Most are of the pps1t1ve d1sp1acement type, prov1d1ng a con-
. Stapt volumetric d1sp1acement with each rotat1on of the power shaft. The
most common and 1east expens1ve liquid pump type is the gear pump. Rotary/'
. piston pumps are the,most expens}ve and eff1c1ent 11qqu pumps. Vane pump '
character1st1cs_j311 between those of. screw and p1st3n,pumps

- Mbst air compressors are. of the” rec1procat1ng piston type; These are

. ava11ab?e inemulti-stage mode]s that can produce pressures up to 5000 psig.

Rotary compressors of both pos1t1ve d1sp1acement and nonpos1t1ve—d1sp1acement .

types have bec0me more. popu]ar in recent years. . . . .
In all f1u1d power, pumps and compressorg, the most important ma1ntenance ~

'factors“a:e the c]ean11ness of. the flu1d pumped 3and‘ adequgte 1ubr1cat1on

Excess1ve or. ‘unusual no1se is usua11y the f1rst sign of ma]functlon

* - ' - © . FL-04/Page 21
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EXERCISES
: K4
1.} Exp{a1n the; advantages and disadvantages of pos:t1ve displacement pumps
and nonpositive- d1sp1acement pumps in hydrau11c power systems. )
£xplain slippage and volumetric efficiency and how these vary with
delivery pressure in the following pump types:- . ‘

a. Centrifuga],pumps

b.  Gear pumps ™

C. Yane pumps

4. Piston pumps-

Explain the effects of pump vibration and noise on the hydrau11c power

system and how pump noise is used as an indication of pump \cond%tmn

.Choose a major hydraulic pump .type for each of the\f011ow1ng app11ca-

tions and explain each choice: -

a.. A large industrial-hydraulic system will not be greatly affected .
by pump noise. The fluid condition of the system is f\ke1y to be
poor,*and the sudden loss of power will result in damage to the
product being'manufactured. '

A hydraulic pump for aircraft application must provide a smooth
delivery at high préssure. Fluid maintenance in the system is
excellent. . ‘
An industrial processing mach1ne requ1res fluid flow at var1ab1e
rates. A small amount of pu]sat1on is acceptab]e Fluid ma1nte—
- nance will be good, and it is desirable that sudden pump fa11ure
) be avoided. , < . .
- Compare the operating efficiencies, ?vai]ab]é delivery rates, and
max imum operating pressurés of the following pump types:
Internal gear '
External gear

Radia]ipistcn
Axial piston . faé’ .
Explain the construct1on and operation of pressure Sitch and centr1fuga1 N

AN

a
b
c. Vane
d
e

un]oaders for rec1procat1ng a1r compressors.

Determine the de11Very rate of’a tompréssor at a pressure of_175 psig™
if the free air capacity 1s 250 cfm, the input temperature is 85°F, and
the output temperature is 100°F.

;age 22/FL-04
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Explain what type- 0f compressor is likely to be chosen for fhe following”

applications and why:

a. Pressures exceeding 200 psig \ .

b.* Large délivery ratesiat pressares-‘below 150 ps1g .o
‘State and exp1a1p the'mps;\\mg__tgntftactor in pump and compressqr

aintenance. « . .* i - > ,

2

I4

LABORATORY MATERIALS

.
L]
Sy - .
: o ,
. g

Electrical wattmeter

-y -

Hydrau]ﬁc power unit with pressure gauge

-

»

Hydraﬁ]ie fluid flowmeter
bressure relief valve
Directional control va]ve
Double- act1ng hydraulic cy11nder arranged to move a load vert1ca11y
Load of known weight ‘
One gallon container ‘
Connecting hydraulic hoses

One hose with anﬁopen end -

English scale

Stopwateh

Air compressor

Tachometer (optioha])

4

LABORATORY ‘PROCEDURES

L

LABORATORY 1. VOLUMETRIC EEFICIENCV OF A HVDRAULIC PUMP.
i

Connect the following ser1es of hydraulic components on the work surface::

power unit outp*t' pressure relief valve, d1rect1ona1 control valve,..

hose with open end Place the open end of the hose in a hydraulic fluid -

dra1n (Note: Pump must be, protected with a pressure re11ef valve in

the hydraulic power unit.)’ v : .

»

LN

Turn on the hydraulic power unit and operate the DCV to assure proper f;

operation. Be sure‘hosg remains.in drain. . A

- ¢
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3. Set Fhe.préssure relief va1ve‘f% the lowest specified pressure. This
must be done with fluid flowing through the output hose. ST
4. Check the oil level in the reservoir to ensure oil level does not drop

?

be]ow'ghe minimum safe level during the experiment.
5. Use thie system and the stopwatch and container to measure the time
. - rquired for the pump.to deliver one gallon of oil. .
6-. Calcu]ate the flow rate 1n ga]]ons per minute and reco#d in Data Table 1,
Also record the ‘delivery pressure. 1"
7. Repeat th®s procedure at the pressures specified by the instructor.
8. _Remove the pressure relief valve from the system and determine the flow

‘e rate for delivery at atmospheric pressure (0 psig). Record this flow .
- rate in the last line of Data Table 1. &
9. Determine the volumetric efficieﬁbvaZJ at each pressure by dividing
- each flow rate at that pressure by the flow rate ﬁt atmospheric pressure
é>' : ‘ and multiplying by 100.

" 10.  Plot volumetric efficiency versus flow rate on a sheet of paper and

explain the resulting curve. d

LABORATORY Z. OVERALL EFFICIENCY OF A HVDRAULIC SYSTEM.

g
1. Connect the electrical input of the motor of the hydrau11c power unit
to a wattmeter. Have the instructor check connections 1f this 1nstru—
ment is not familiar. P .
‘ 2" Construct the circuit, from the Laboratory section of Module FL702, -
- » "Fluid Properties. and Characteristics,"” for.the operation of a double-

acting hydraulic cylinder. “fnclude the flowmeter in the circuit. Mount’
cylinder .to 1ift a known weight. This may be accomelished by supportingl
L “the cy%ﬁnger fFOm an .overhead sgppbrt or by bolting a flat mpetal plate ’

‘ to each end for Lifting a weight placed on the upper plate. .
3. Operate the ciYeuit with the weight in place to assure proper operation.
4, Measure and record the following in Data Table 2:

’ ‘ a.” Electrical input power during hftmg
b Dé11very pressure
. »
¢. Flow rate , _
d

Extension distance
. .. .
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5.

6.

7.
8.
9.

+10.

1.

2.

3

e. Extension time
f. Weight lifted .-
Determine the fluid power delivered by the pump by nu1t1p1y1ng the

‘delivery pressure.times the flow rate in ind/min (1 gallon = 231 in?).
. Convert the power to fte1b/sec-and enter in Data Table 2.
. Determine the output mechanical power by multiplying the weight of the

load times the extension distance in feet and dividing by the extension

.time in seconds. .
Convert the electrical 1nput power to fte1b/sec (1 hp = 746 W) (1 hp =
550 ftelb/sec). ) . N

Determine the efficiency.of the motor and pump .using the electrical input
power and the caleulated fluid-power. )

- Using the electrical input power and the mechanical output power, deter-
. mind the total system efficiency. '

Discuss the two efficiencies. Is either the efficiency of the pump?

N

LABORATORY 3. COMPRESSOR CAPACITY.

~

Determine the rated capacity_oé the compressor from the compressor data
plate. In most casee, this will be stated in cfm at a certain drive
rate (rpm).. For some compressors, the bor? and stroke may be-gi}en.

In these casee} calculate the volume per revo]utjon in cubic feet.
Record the rated delivery in cubic feet per revolution and the method

" by which it was determlned in Data Table 3.

Determ1ne thes rotatxona] rate of the compressor dr1ve The most accu-
rate way to accomp11sh this is to operate ‘the compressor and measure

the rotational rate of the flywheel with a‘tachometer. If a tachometer
is not available, read the speed of the compressor drive motor from its
specification plate and measure the diameters of the motor pulley and
conipressor pulley. Using this data, calculate the compreseor rotational
rate in rpm. Record the rotational rate and the method by which it was

determined in Data Table 3. N i
Multiply the rated delivery in cubic feet per revolution by the operat-
ing speed in rpm to determ1ne the de11veryipate in cfm. Record this in

o F Data Tab]e 3. . . -

¢ - -
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4. Determine the delivery of the compressor at the working pressure, as
‘ i]lus;rated in Example A.. Use the room temperature asﬂthe input tem-
perature and assume temperature rises of 20°F and 40°F. Calcu]afé the
delivery rate for each of these temperature rises and explain how thlS
'111ustrates the value of water coolers in the compressor outlet line and

intercoolers in multi-stage compressers.

\ , . / N R
. * ! o
DATA TABLES
- DATA TABLE 1. VOLUMETRIC EFFICIENCY OF A HYDRAULIC PUMP.. 3
- . Delivery Pressure Flow Rate " Volumetric Eff1c1ency -

(psig) {(gal/min) - £%) :

Atmosphérﬁc D)

7

DATA TABLE\2. OVERALL EFFICIENCY.OF A HYDRAULIC SYSTEM.

~

Input electrical power in watts .

Delivery pressure
Flow rate

Weight 1ifted ' &
Extension distance

Extension time . ’ -
Electrical -input power in ftelb/sec

. Fluidfpower from.pump
— Qutput meghanical power . ¢ T (

Motor and Eggp,eificiency

. System efficiency

2 <
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_Data Table'2. Continued. -
‘ -D{scussion: |
1 H
" DATA TABLE 3. COMPRESSOR CAPACITY. .
Compressor Capacity: -4 \{:
’ . ' * L JEN
N . ':;
- o

¢ .
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GLOSSARY .

'

Free air delivery: The delivery rate of an air compressor in cubic feet per
minute at atmospheric pressure:. .

Nonpositive-displacement pump: A pump.whose delivery rate drops as the
. delivery pressure increases. 'y

Overall pump efficiency: The percentage of the mechanical input power to
the pump that appears as f]uidaj‘output power. - .o

PBsftiVe-disp]aceﬁent pump: A pumptthat delivers the same volume of fluid
to the pump outlet for each rotation of the drive shaft at all delivery
pressures. : '

Slippage: The flow of 0il from the output side of a pump back to the input
side through’ clearance spaces between pump ‘components.

Volumetric efficiency: The ratio of the delivery rate at operafing pressure
to the delivery rate if no pump slippage ocsyrred; equal to 100% — the
percent slippage. '

’

' ) ) ~




TEST

1. Nonpositive-displacement liquid pumps ...

a. have nly limited application in fluid power systems.’
b. orovide an almpst constant flow rate within their rated pressure
range. : ) .
c. require a pressure relief valve for safe operation. .
d. have high volumetric efficiencies. ‘ /7
e. None of the above are true.
2. Which hydraulic pump type has the best operating characteristics?

a. Piston Q
b.> VYane
C. Gear
d. Lobe

e. Centrifugal .
3. Variable-volume hydraulic pumps include which of the following types?

a. Balanced vane . .
b.- Internal gear
c. Axial pisthn
d. Both,c and.d . '
e. Only a, ¢, and d ' , )

4, Which of the following hydraulic pumps requ%res no pressure relief
valve for pump proteétion7 . '

.* Adjustable axial p1ston pﬂmp

»Variable internal gear pump . ‘ R ’

Pressurefcompensated balanced vane pump ]
Both-a and ¢ : RREEE | et . .
Both t and d ' \

5, ° Gear pumps are popultar for many industrial app]iéations because- ...

[l

a
b
C. Pressure-tompensatedtunba]anced vane pump
d
e
£

a Ihey are 1nexpens1ve o n
b they have a re]at1ve1y 1ong operat1ng 1ife. )
c. * they are least likely to be damaged by contamfpéted fluid.
* d. they maintaif their delivery rate throughout "their. useful life.
e. Botha and c are true. ) N
£

Both a and d are_true.

£ A
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6. » Axial piston\gumps are the only acceptab]e hydraulic pump type for
. applications which requi ' ’
a quiet operation.
b high-pressure Qpergtion. ) -
c. large capatity flow. ) '
d nigh-speed operation.
e Either a or d is true.
7. Vane pump characteristics include ...
a higher pressure operation than ‘gear pumps.
b maximum available flo@ rates about the same as gear pumps.
c maximum available flow rates about the same as piéton pumps .
d. operating efficiencies as high as many p;;ton'aymp .
. .
£

Both a and d are true. o N
, a -
8. The free air capacity of a compressor is 500 cfm. The output air tem-
perature is 90°F; and the input air temperature is 65°F. Tﬁe output
pressure is 150 psig. ' The delivery rate at the output ‘pressure is ...
a. 500 Gfm. ' SR
b.  35:38 cfm. . ’ “
c. 32.23 cfm.
d
e

‘None of th§ above are true. =

46.75 cfm. &
59.02 cfm.
9. Which of the following are true of rotary centrifugal compressors?
a. They are used primarily fbfiapplications requirind fairly constant

delivery of-air at relatively low pressures. ¢
b.  They require an unloading device for beginning compressor operationn
c. They may .be used for high-pressure app11cat\pns by increasing the
number of compressor stages. -
v d Both a and c are true: i .
_ é; "Af1 of the above are true.’ : g R
" f. None of the above are true. ; / :

10; The most 1mportant factor in both pump and compressor maintenance is ...
a. keeping the casings and surroundings free from oil and dirt.
b. maintaining the operating fluid at the proper temperature.
c. maintaining the fluid in a clean conqitioﬁ. .
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R d. listening for unusual noises. é' s ’

e.. All.are equally impo&gant. °
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INTRODUCTION -

"?ﬁs,
_ Actdﬁtors and fllid motors are the fluid power components that convert
" - the.power of . .the wbkking fluid moving under prvessure to mechanical power for-
application to do usefu] work} The most common type of actuator 1s tne™inear
motion cy]1nder This module digcusses the construction, materiais used,
Vz;pp11cat1on, and maintenance of hydraulic and pneumatic cylinders. Severai
,speciat cylinder types are presented. Rotary actuators are those that provide
limited -rota¢ional motion in fluid power systems. The basic construction and
application of these actdagors are a]sé discussed. Ty ~
. F]uid'motérs provide continuous rotational motion: They are sim11an in
construction and characteristics to fluid pumps. The discussion incTudés the
'characteris£1Cs of all types of f]uyd motors conmonly used in pneumatic and

-

hydraulic systems

In the la oratory, the student w1]1 operate hydrau11c and pneuma',s‘f’u1a
motors and observe their operating characteristics.

. PREREQUISITES

A
-

’

The student should have completed Module FL-04, "Pumps and Compressors.”

4 ' OBJECTIVES

/

- Upon comp]et1on of this module, the student should be able 'to:
State the mater1a]s commonly uséd for the-cylinder qpbe cylinder covers,-
piston, and-rod in hydrau]1c and pneumatic cylinders. . -
Explain the: app11cat1ons and character1st1cs of the fo]]owlgg methods of
attaching-the £ylinder covers. ofea hydrau]1c cy]1nderw
a. Tapped Cy]1nder ) ] .
b. Tie rod '
¢. Tube ring
d. Threaded tube o -

- Explain, with the use of diagrams;‘tﬁe operation of a cylinder cushion.

>

* .
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v . o
A, Given the d1ameter of the piston, the d1ameter of the rod, the fluid flow
rate, and the mechan1ca] "load of a double- act1ng hydrau]1c cylinder, cal-
_ “ culate the following:

~ ' a. Hydraulic pressure during extension .

b. yPiston velocity during extension

o Cylinder poyer during extensibp.
d. Hydraulic pressure during retraction )
et Piston velocity during retraqﬁzen . .

f. ' Cylinder power during retraction
~ 7 é. Explain why air cylinders are usually larger than hydraulic cy]ingers for
oroducing the same forces. I

Oy

Sketch diagrams and explain the operation of the rol]ow1ng actuators:

~

a. Tandem cylinders
b. Duplex cylinders
c., Double-rod cylinder : .
d. Telescopic cylinders v,
. e. Ram .
f. Rotating cylinder
' g. Vane rotary actuators . : (:" ,
. h. Rack and pinion rotary actuatdrs ’ (/F‘
i. Helical rod rotary actuator
List and exp1a1n six common causes of actuator failure.
8. Explain the procedures necessary in the inspection and repa1r of a damaged
cylinder. .7
’ §. ' Compare the 0perat1ng characteristics of the following types of hydraulic
“ - motors: R
. a. Gear
® b vane <« .
c. Axia]\piStoq . .
d. Radial piston
10. Compare the operat1on of air motors and, hydrau11c ‘motors. ‘o
11.  Construct fluid power c1rcu1ts for ‘the operat1on of hydraulic and pneu-
. matic fluid motors and compare ;he characteristics of the two types. ° ",
. ' . ’ i ' <
\ Y
. \ -
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Nt
SUBJECT MATTER

FLUID POWER ACTUATORS'

Fluid actuators, the muscles of the fluid power sy .em, <onvert the power

of {gilowing, pressurized fluid to the power of meghanicé}-motion. The motion
dused may be eitner 1inear or..rotary.. The most common fluid actuator %s

the.linear motion cylinder. In s1ng1e acting cylinders, the pistop is forced
through the extension stroke by f1u1d pressure and returns by spring action o?
gravity. Spring return cy]1nders may have an external spring or an, 1nterna1 '
spring around the p1ston rod Idﬁdouble acting cylinders, both the extenslon
and retract1on strokes are produced by the app11cat10n of fluid pressure. A

pro

var1ety of cylinder types and sizes are uséd in both hydraulic and pneumatic
power systems. \ _ . " ) . :
- \ P ) ~

CONSTRUCTION OF HVDRAULIC CYLINDERS ’ -

¢

‘The cy11nder tube of most hydraulic cyT1nders is made of steel dnd is
usua]]y chrome p]ated to resist wear and rust. The tubes of low- pressure cyl-
inders are made of cast"iron, bronze, brass, or aluminum. The p1stona1s
madé of cast iron or steel. The p1ston rod is chrome- plated steel. The ends:
of the cylinder are called cy11nder covers and may be made, from high- tens11e

_cast iron, . stee] bar stock or cast of forged steel. The. cy11nder’xn/rs con-
) ta1n the inlet and outlet ports and cylinder cushion valves, if app11ca le. .,

The rod end cover also conta1ns the piston.rod seal. o

The cylinder tube and covers can be connected by several means, dgpe d1ng
on the cy11nder pressure and- app11cat1on Figure 1 shows four methods of qon-
.necting and sealing cyﬁ1nder covers. In Figure la, the ends of the cy11ndek
tube contain holes’ tapped for machine screws. The screws extend through hol~
in the cover to hold it in place The seal is an 0-ring in a groove in the ef\
-cylinder cover. , This method 45 used primarily on shorter cy11nders as the pro-\
cess of dr1111ng and tapping holes in the ends of long cy11nders 1s d1ff1cu1t
and expensive. One disadvantage of this method is that a screw may break off {n
the cylinder tube, cau;?ng a delay in repa1rs )

Figure 1b shows ‘the yse of tie rods in cylinder construction. Tﬁe tie
rods are steel rods that extend from one cover to the other: The seal is a com-
press1on fitting 1n a slot in the cy]xnder cover. Pressure is app11ed to the
seal by the tension on. the t1e rods.- This a popu]ar method of cylinder -

~

—

¥ ) . 3
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- (cvunoen TUBE TIE ROD NUT L + construction because i P
SCREW - —~ N TIE ROD _ )
N ‘ TR %5‘ ! KL is the simplest and
' {jit! 3 ’
KT : .
7oA =T - " . least expensive,to man-
‘ : '\ —Cover | ) . . g .
s e COVER [N CYLINDER TUBE ufatture. - Tie rods ol
. . )
a. Cylicder Tube with Tappély b..Tie Rod.Construction cannot be used on long, -

Holes for Machine Screws . .
.high-pressure cylinders

TUBE RING - ! tuee ming because they W§§] . \
: . COVER BOLT .

{ cyunoer - stretch slightly, re-
Y TUBE Co e
= R sulting in a poor seal-.
' Cover TUBE v | COVER - ‘ .
- . the standard -tube ring
c. Tube Ring of Standard . - - d. Tube Ring with O-ring . .
P Heavy-duty Cylinder ? Seal for High Pressure  constructionm used-in °

Figure 1. Methods of Mounting Cylinder Covers. most heavy duty miil-

type cy11nders A ring
is weldea to the end of the cylinder tube, and hoies are ariiled in to match

. holes in the cylinder cover. The seal’is a'compress1on pack1ng! 3s in tie rod
ty11nders Figure'ld is a tube ring connection for a high-presdure cylinder.

Aq 0-ring provides a seal, and the contact ‘between the tube ring and cover .
raduces the changes, of distortion of the end of the cy11nder tube by over-

£

t1“hten1na the bolts. . - . DO

[N

In some smaller cylinders for use at Tow pressures, the cylinder cover and
tube are threaded and simply screw, together. An O-ring seal is usua]]yrused in
this cylinder type. = : ’
P ' In many hydraulic cyiinders, the 1mpact of the p1ston on tne cy11nder cover

-

at full operat1ng speed would damage the cover. Therefore, piston cushions are

used to- stow the piston at the end of its travel. The piston cushion consists .
of a taperea extension of the piston rod that enters the out]et port of the
cylinder cover, as shown in Figure 2. Exhaust oil passe free]y eut of ;he -
cylinder (1) until the plunger enters the-cushion cup (22, The p1stonv1s‘§]owed
\ initially by restricted o0il flow around the tapfred por ion of the p]unger &3
when the main exhaust port is completely closed,-oil must flow out~of the'cyT-,»
inder through a smaller opening (4), which can be adjusted to control the rate RS
.of deceleration. This produces a back pressure on the pistos and slows it fur-
“ther. MWhen oil ehters this end of the cylinder, a'ball check,valve.opens to :“?_

.
s LA

‘allow free flow of 0il to the piston for quick extension (5).

C N
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Figure 3 snows the construction de- - % A ’
. . ’ . ! .- = ’
tails of a typical double-acting hydrauliq . I ’; C /
s : : : - - S s TS
cylinder with cushions for both the exten- t '——v/ Ak
—_——)
sion and_retraction strokes. Piston and R S S
i . : . 'l ‘Al—l TN
rod seals, rod bushing, -and wiper rings are b B
. . ST ] 2 WL
also shown. it-is important that the cyl-. g )
e A
inder ports be large enough that they do _P . '
not restrict fluid flow and slow the oper- |,
. » - . ) . p' A
{ ation of the-cylinder. This is particu- ]
§
larly important in double-acting cylinders )
with a fast retraction stroke and a large .
diameter rod. In such cylinders, the vol-
.
ume flow rate out of' the cylinder may be
b more than twice the flow rate into the '
cylindeg. )
' Figure 2. Operation of
Cylinder Cushions.
1 { * - ’ / :
K {lONG WFARING DUAL PHRPNSE O MNG . *
. { CAHTRIDGE TYPE WHTH RA KHIF WARHFR
s RIONZF RY,SHING ADIMIATE PORTING . -
SuGh TENSILE STREL | SrHEL ThAY
*_SUPER FINISHED 1ARD :‘ti:?’:JCONSY:’:lé:'Y.?NFOR .
UM STR
S ae FToNOh < .
* §WRENCH FLATS ’
) ' .
QOUBLE ACTING i
y TOOWIPER SELF LOCKING TIERDD
» ASSISTOR PAY GROUVE FOR / nus
Z' EASY CARTRIDGE REMOVAL
¢ Y
LOW FIICTION SELF.
- ADJUSTING. LONG - -
WEARING MULTELIP AL STEEL HEADS ¢
ROD RACKING T AND MOUNTINGS
o ~, ‘
EASILY, RELIQVED BRONZE . TAPERED CUSHION
ROD CARTRIDGE - HELD . RPN PISTONS FOR SHOCK FRFE ~
y INPLACE BY STEEL DECELERATION .
';5’,",::;"&;‘" SCREWED MODIIED U CUP PISTON ) .
. . 3 M
. DUCTILEAON PISTON, THREADED - { . g bt
Ano I.SCREYIED 7oR0D BALL CHECK D<RING - '
M SEALED ‘ ~ 0
3 - EXTRUSION PROOF ¢ <o
N p-RlNG .
Figure 3. Double-Acting-Cylinder Design. .
. , D17 ,
: R ' ! 2
. M - ‘. ¢ A
i » N
x M '&
. N 123 B . .-
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" <CYLINDER OPERATING CHARACTERISTICS : .

The operating speed of a cylinder is'deteFmined by the oil delivery rate A
to the cylinder and the area of the piston. In double-acting cylinders, the
;etraction stﬁoke is faster because the rod occupies some of the cyiinder vol-
ume. For calculations of speed and force, the rod area is subtracted from the
piston area. S1nce the maximum force produced by 2 cy11nder is dependent on

the effective area on which the pressurized, fluid acts, "double- act1ng cy11nders
have a Tower maximum force on retraction than on extension. The pressure in a
cylinder during extension and retraction is not the maximum system pressere-~
this is determined by.the mechanical 1oad of the cylinder and its effect1ve

area. - .
" Exampie A i]]usErates caiculations of cylinder operatgﬁ;/characteristits.‘

EXAMPLE‘A; CALCULATION OF CYLIDER OPERATING CHARACTERISTICS.

Given: A double-acting hydrau]ic_cy]inder 2 inches in diameter has an
Co. . app]ied load of 2000 1b for both extension and retraction. The
piston rod diameter is 1 inch and the pump supplies oil at 10
gallons per minute. 5 '

Find:  (a) Hydrau]ic($ressure‘du?ing extension stroke, (b) piston velocity
during extension, (c) cylinder power during extension, (d) hydrau-
lic pressure during retraction stroke, (e) p1ston ve]oc1t during
retraction, and (f) cy11nder power during retractwon\ {X

Solution: , ~fd%
4

Al
. 4

. . " ) I V- iﬁ 2
.. Piston area: Ap = 3
= 3,14 in®
* : 2, N t T
"Rod area: A. = E—Llﬁlﬂl—
. ~ .
. = 0.79 in?
T | Piston area - rod area: A, - A = (3.14 in’ - 0.79 in?) ,

2.35 in?

Y
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Example A. Continued.

Force
Area

_’2000 1b
PT3430

N . p =637 psi o S

a

(a) Pressure

(b) Velocity fl%¥;£§E§ (1 gal = 231 in?)

. : ’ . v ,231 1 3\ (1 mi
o ~ . v.= @0 gal/min)( ?]g;? )(som;enc)«

’ e 3.18 in?
_ 77 in’/sec s
3.14 in* ' -

1 ft, ' I
12 in

(24.5 in/sec)(

v = 2.04 ft/sec

Force X VeTocity (1 hp = 500 ft-1b/sec)
(2000/1b)(2.04 ft/sec)

* (c) Power N

)
"

1 hp
(4080 ft-1b/SeC)(550 ft-]b/sec)

0
I

7.42 hp

or -

Pressure X.Flow rate

(637 1b/in%)(77 in¥/sec)
= (49,049 in-lbfsec)(1 ft/12 in)
= (4087 ft-Tb/sec)

p = 7.43 hp (slight difference is due to round off)

Power

o
1]

©

il il
oo ™
IS
i

o

=

wn -t
-t 3
°

\

¥
>
<
it
o

' . © 77 in¥/secy, 1 ft . TN
(3550 7 m) :
2.75 ft/sec

<
il
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’ Example A. Continued.. . - .
— — —— T —— A —— — G S — — — — ——— — — — — — — —— — —1
(f) P=FxV. .
~ _ [ ’ 'l hp . ¥
. = (2000 1b)£2:75 ft/sec)(550 i ]b/sec) |
.. P=10np _ ) -~

The retraction stoke has a higher velocity than the extension

stroke and a higher power since the load is the same and is moving
faster. '

cousrnucrzou OF AIR CVLINDERS R
' ”/£51;5y11nders are s1m11ar in construction to hydrau11c cylinders. However,
since most air cylinders operate at pressures of around 1 psig, they. -are not
constructed as heavily as hydraulic cy11nders= Most are made of aluminum or
other nonferrous metals to redqce weight and withstand the corrosive properties
of air. SéaF& are designed to withstand the damaging pﬁoperties of air but '
need not contain the high pressures of most hydraulic cylinders. Air pistons
for the app]iigtion of large forces must have large areas because of the rela-
tively low openating pre%sures. They are available in diameters up to 30

inches. 8 . \ (

-4 ° 4

MOUNTING AND APPLICATION OF CYLINDERS

Both'hydraulic and pnedmatic cylinders are available with a variety of
‘:cy11nder mount1ngs Figure 4 jllustrates the more common'types of cylinder
mounts. In most cases, the rod is threaded, but other types of rod connect1ons
are*available, One of the major causes of cylinder damage is side thrust on
the piston due to misalignment of the mounts. This can be eliminatedeby mount-
ing each end of the cy11nder in a un1vew‘a1 mount.
- The choice of a cylinder for a part1cu1ar app11cat10n depends~on several
N factors. Obviously, the cylinder must be ab]e to w1thstand the maximum system
pressure and must have the appropriate d1amater and stroke ‘for the application.
It should also be setected with seals and finishes that are compatible with
the expected fluid conditions. If the cy]indé@ is to be used only occasionally
or at reduced;1oad, a Tight-duty, less expensive model may serve the purpose.
For frequent operation at full load or for extended service life, heavy-duty

P
-
.

[ .
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vcylinders should be chosen. In many 9 Y

systems, the down time resulting from 2001 a0 RECTANGLLAR SCuARE FANGE

TENTERUINE . SLANGE MCUNT + MCUNT

G MOUNTS

component failure is extreme]y\impord

A
tant. Cylinders in suech systems should £ - '
be chosen for dependability, ease of @f E{E 5; @ @ ‘ ‘

servicing, and availability of replace-

TRUNNION SLEVIS MQUNT LUSH SIDE
ment parts. In applications where the uount , wount
extended piston rod is subjeht to dust, e L=
dirt, or other contaminatioﬁ, it should § = b\
) N " by " - | N \\
be protected by a rod boot (Figure 5). = | = )
] \\
. iN;‘Ei;:ANE?é»\\.‘TE E).(\’(ENDSD Dsb;LS 00 iNO {
SPECTAL CYLINDER TYPES . v o |
) Figure 4. Various Cylinder
. Several special cylinder types have - Mountings.
been developed for some applications and . ) ’

conditions. The tandem cylinder (Figure 6)

is used when space limitations prevent the

use of a single cylinder large enough to pro- = ’
duce the necessary force. It consists of two . /\/NyAyf\/\/\/\gza
cylinders and pistons with one common rod and ) 0o .

produces twice the force of a %ing]e piston.

Tandem cy]inde}s are used in both hydraulie F1Q§E2t§5 Ogr:ssas gg;ina]

and pneumatic systems, but air’cylinders are

’

more common because of the large areas nec-

1
essary to produce large forces with lower 7 7 j Y
pressure pneumatic systems. :;ﬁ
Figure 7 shows.a duplex cylinder, e d |
ROD PACKING

which is actually two separate cylinders ' ‘ .
ate cylince

mounted in line with concentric but sep- Figure 6. T?ndem Cy]lnder. T

arate rods. Either cylinder can be actu-

A

REAR PISTON FRONT PISTON

ated separately. i1 PISTON RODS
. . \ 7/
Figure 8 shows a telescopic cylinder FU[____Lutﬂf
for achieving long extensions with a com- ]
. ) : 1 ROD SEALS
pact size when retracted. These cylinders
are commonly used for 1ifting operations in Figure 7. Duplex Cylinder.

both hydraulic and pneugfatic systems.

FL-05/Page 9
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Rams are single-acting cylinders with ‘a dng-piece )
rod and piston with a constant diameter. They are usu- -
ally used in high-pressure hydraulic systems to proéuce
extremely large forces. A.double-rod cylinder is one

with a single pigtongand a rod extending through each
cylinder cover for moving two loads at a time:
"
Figure 9 shows the components of a rotating cylin-

der. This cylinder does not produce rotational motion
but is, rather, a means of translating a rotating shaft
along its axis ofyrotation. Since rotation of the pis-
ton in ;he cy]inder would endapger the piston and rod
seals, both the piston and tle cylinder rotate with thg\\
. spinning shaft. A steel drive pin extends through a
Figure 8. Telescopic hole in the.piston and into each cylinder cover. This

Cylinder. . . . ‘
y prevents piston rotation awd, in some models, can be
{ ¢ G COVER SEAL  ~
e . O-RING PORT SEAL |  PISTON RING Y
SCREW. SEARING RET. ! .l PISTON )
CUAD RING A ' PISTON CHECK NUT <
OIL SHAFT STEM “ / / PISTON ROD PACKING

RET. RING
OIL SHAFY BOOY /ROD PACKING

: ' -
SCREW. SHAFT COVER - RSl o) g
. y o =F - T s
! RS crioe L SRR W PACKING RET.
UM, BN b \ £ WWASHER
e P W el A y o 4 “
‘ A) N “:

it PISTON ROD
coveh, / / I~CYLINDER 300Y
SHAFT 80CY ] | ; SRIvE PN
¢ SHAFT B00Y [ !seamne) A "\ O-RING PIN SEAL
SNAP RING, BEARING ;’“ET““EF‘\ S RISJSMSF‘;;; NuT
' RADIAL BEARING VN e wisen -
. COVER  cy(iNDER COVER : ~

SCREW

Figure 9.“Hydrau]ic Rotating Cylinder.

used’to tr;nsmit rotéf?anal bower. 0i1 is channeled to and from the cylinder

by a statidnary 0il shaft on the end of the cylinder opposite the piston rod.

Rotating cylinders are available for. either 0il or air service. Some models’

have an opening through the center with oil or air feeds in a stationary outer

OC$sing. Jhis type_i§ comﬁﬁn1y use? to operate power chucks on 1éthe§ and mili-
l ipg machines,

K | \
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ROTARY ACTUATORS

Rotary actudtors are deviges for producing limited rotational motion.

Figure 10 shows the simplest rotary actuator. It consists of a cylinder- con-

taining a stationary barriet and a shaft that is rotated by a vane. Fluid

pressure on one side of the vane causes the rota-

-

tion. A sing]e-véﬁe rotary actuator has a rotg- -

tion* of 280°. Double-vane models have two bar-
riers and a rod with two vanes. They produce-
twice the output torque but have a rotational

angle of only 100°. Vane-type rotary actua- - —

tors can be used in both hydraulic and pneu-
matic systems but are more common in hydrau-
lic app]i;ations.xl .

The rack and pinion rotary actuator,
atailable for either oil or air, consists
of two cylinders with pistons attached to
rack gears: (Figure 11). The linear motion

of the racks is

\

transformed to
rotational motion o

STATIONARY BARRIER

ROTATING VANE

Figure 10. Limited
Rotation Hydraulic
Actuator. ’

4

of the pinion and HOUSING #4009

output shaft. REAR BEARING #4003
Pressure applied

to one cylinder ° GREASE FITTING
. 24013
produces rotary

motion in one

direction; pres ' ’RAcfotzoo(lf%F
irection; - 74012 -

sure ap91ied to

the other cylin- - PISTON BEARING LisTon sEAL
. 0-AING #4011

44014
der reverses the

rotation. ,Typi-_
cally, this type of
rotary actuator -

SPRING WASHER
24008

~
3. >/ SHAFT 3§ PINION #4004

\
ENO CAP 34005

FRONT HEARING #4007

r

Figure 11. Rack and Pinion Drive Rotary

; Actuator.
provideg rotation |
through 360°. . SR ‘
oo . 129 FL-05/Page 1]+
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Fjgure.12 is a hid;au-
lic rotary actuator using a
helical rod and a piston
with a matching hole in the
center. Rotation of Ehe pis-
“-ion“is‘pneyented by a pair.
> of guide rods extending
thrbugh the piston and an-
—_——choring in each cy]ﬁnaer )

cover~ ETheqr motion of the

. . piston causes the output
© SHIELDED THRUST BEARING ) PATENTED HELICAL SEALING RING :
©) SPECIAL MEAD FASTENERS €) 4ONED STEEL TUBING shaft to rotate. This type .

© ALLOYED HELICAL PISTON © 2 HIGH TENSILE GUIDE RODS £ t tuat .
© cusHiON PACKING D HARDENED HELICAL PISTON 00 0T rotary actuator 1s cqm-

gngo”s'°:°;°‘{::;’:§b‘"*w; plex and expensive, but it
allows fine controls can be
stopped at any point, and
Figure 12. Rotary Actuator with ] provides positive holding
Helical Piston and Rod. even if power is Tlost.

CAUSES OF CYLINDER FAILURE 1 v

With proper installation, application, and cylinder and:fluid maintenance,
f]uid.power'acthators will give long and dependable senvicé./ Thg fo]]pwfﬁg
are the most common causes of cylinder failure:

* Dirt:” The greatest causg of cylinder failure is dirt in the Workihg'
parts. Particies may enter through the rod seals but are more likely

. to be'canried into"the cylinder Qy dirty oil or air. Dirt can destroy
the seal materials or score the cylinder, pi}ton, or rod. This can

‘ cause leaks aﬁd, if severe enough, can cause the pigton to sejze.

- §1§@£; Excessive heat causes detefioration of packings and seals. Cyl-
inders should never be operated above the temperaturew1imits of the
seal materials. For most common cylinders, the'upper limit is 140°F,
although special materials for up to 500°F are now available.

. Misapb]ication: ‘A large percentage of cylinder failures can be attrib-
uted to misapplication of the cylinder. Cylinders with cast iron
covers should not be used in applications invo]vjng high impact shocks

\)

L4 . . E 3

Page 12/FL-05 ' 1 30

—




or eccentric loads. Light and medium-duty cylinders used in heavy-
duty applications will often fail™in a few days.

. . Misa]ignment: Side thrusts or eccentFic loads will cause excéssive
wear on onebside of the piston rod: and cylinder‘tuBe. This can de-.
stroy seals and result in scored parts, bent ‘rods, and cracked cy]dn-

der_covers. _° . o .

. Improper mounting: If the cylinder is not secure]y and proper]y
mounted, it may not able to withstand the forces prodOced‘by norma]

-3
¢ opera£1on It can break away, from its mount causing damage to both
, 1tse1f and surround1ng equ1pment If the mount becomes 1oose3 the
’ cy]wnder is much more suscept1b1e to misalignment. , : s

« Improper lubrication: In air cylinders, failure is often the result

of improper lubrication. The proper maintenance of air-line 1ubr1ca-
tors is the most essent1a1 element—in pneumat1c cylinder ma1ntenance'

oY

“
. CYLINDER'MATNTENANCE - . s <.
r\” A1l cy11nders should be checked rout1ne1y and removed from serv1ce at the
first sign of problems. Continued operat1on will usually result in more seri-
5 . ous damage in a very short time. The following steps should be tahen in in-
specting and repairing a defective cy]inderf ‘
1. Remove the cylinder from the system and disassemb]e it in a clean loca-
tion, Cy11nders stiould not be disassembled while in place in: the sys-
tem unless absolutely necessary ! .
2. 'Clean each part. If the cy11nder is not to be reassembled immediately,
coat each metal part with a good preservative and store in a protected
container. ) ' . . " )
3. Check piston rod for straightness. If it is bent, it must be straight- -
ened or replaced. ' '
4, Exam1ne the rod for any stratches,11ndentd51ons, or blemishes. Any
damage that can be detected is serious enough to require correction.
ﬂ& Sma11 shallow blem1§hes and scratches can be removed w1t2§emery cioth.
. If gr1nd1ng the red is necessary, it shou1d be, chrome p]ated to restore
. its original diameter and prov1de‘protect1on -
3 5. Examine cover and cushion bush1ngs for wear and f1n1sh Replace any
. parts\that show the slightest defects, ‘
\ . ) N . . ?
. : ' 131 ) FL-05/Page 13 B
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’ 6.. Examine the cj]%nder tube for scratches. Replace or replate damageu

s

tubes. ’ .

t

77 It is strong]y adv1sed that all seals and packings be replaced: Only

.

'those seal mater1aLs that are in 3ng% condition shou]d be reused. ' A i o
1ight coating of grease on pack1ngs will often make assembTy easier. )
8. "If a piston: w1th r1ngs is to be rep]aced the p1ston shou1d be attached‘
to the rod and ground concentrically w1th it for &) close fit in the
cylinder. ;

. 3 .
» t . -~

. 9. " Cylinders with foot- mounted covers should be assembled on a sUrface
plate, and all mounting pads should make full contact w1th the surface.
Otherwise, the\p1ston -may bind dur1ng operation, ] )

10. Tighteh all _cover pp]ts evenly, but do npt'overtfghten Compréssion . ~
) packings requ1re cons1derab1y more tension than 0- r1ng seals. B

o f#. .Operate the cy11nder at reduced pressure and check- for proper opera-
tion. Then operate at full pressure and check for any leaks.. Check .
for internal lgaks by pressurizing one cylinder port with the other

)

a  open to atmosphere. y

”
<
.

FLUTD MOTORS R

4 « N . ‘

i

Fluid motors provi&e continous shaft rqtation. Essentially, they are
pumps operated in reverse. Module FL-04, "Pumps and Compressors,"
\diag;aﬁs of major pump and motor types. Thg basic desigqs are the same. The
diff
figurations.of forces on uorking componentsi .

cqptains

rences in construction details are.primarily the result of different con-

. HYDRAULIC MOTOR TYPES . oo

.
-

Hydraulic motors fall into three major classes: gear, vane, and piston.

Internaf and external gear motors are available in configurations essen-
tially the same as pumps. and having the-same limitations and characteristics.
Howevers, pressure channels in the external gear pump app]y full pressure to
the gears 180° apart to reduce side thrust. SCrey motawrs are similar in a]1‘ -
deta1ls to screw pumps and offer the same character1st1cs

Vane motors are constructed similar to balanced vane pumps. Centrifugal
force cannot be used to.bold the vanes in contact w1th>the pressure ring for

~motor starting. Vanes can be he]d in place by springs or by high- pressure

Page 14/FL-05 ; - .
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fluid channels leading to the inner phrtiohs of the vahe Slots. Umbalanced
vane motors can be built for variable speed operation; but theée are seldom -
used bécause other varj p]e speed motors give superior performance. > - .
Axia] piston mop6¢z are available in bent-axisfandh\n-ljne-designs.
Variable speed motors are controlled in the same way as v:%able output pumps.
n-1line mode]s with adjustable swash plates can be reversed by changing the
.,‘ angle of the swash plate. Like axial piston pumps, ax1a1 iston motors pro«~b
_vide-the highest speeds and best performance. . A
Radial piston motors_are the only ' . \
type that are greatly different from
“their motbr counterparts. They are
designed for low-speed,- high-torque

applications. Figure 13 shows é Staffa

piston niotor cons1st1ng of fiwg radia]
pistons connected to a central cam- ; .
shaft.. It is designed to operate. /
smoothly and efficiently at speeds as
low as 3 rpm. . A hole in the top of : : )
" : s T gl
each pjston allows high-pressure oil ™" FITEHEleErun ot - a2
to flow between the closely fitting %;*“ﬁg”l*%??% i°f.h{j;;”§fu ﬁ%jé;y‘
‘pistons, connecting rods; and cam- LA SR AN . AESTERSE N :
shaft. Since all parts ride on a j_' ) ‘ ‘
cushion of oil, friction and wear Fiqure 13. Eo;v.peéé, - "' <
are almost eliminated. These motors "7 High-Torque Motog. .
are the ;bst efficient available with ! ' . )
overall efficiencies as high as 98%. = . . © v
£1gure 14 is a diagram of another type of low- speed radial p1ston motor )
often ‘used in the hubs of vehicles, It has a stationary. hub and a rogating
outer rim. An even number of opposing ﬁ1stons are 1ocated in the fixed hub. -
They apply forces to/; specially shaped cam ring through rollers that reduce - N
] fﬂ?rict1on Slide guideswride in a slot in the cam ring to absorb any sida '
» 4 thrusts. 0il is directed to and from the prope} cylinders by a rofary oi
distribution valve that rotates with the cam ring and rim. The direction o , -~ .%
rotation can be reversed by changing the oil flow, and throtF]ing the flow * ) L.

»
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i 'provides speed control. Free
ROLLERS CAM' RING o

wheeling is accomplished by
STATIONARY — A\ pressurizing ‘the case and re-

CYLINDER HOUSING ,
e ' tracting the pistons and roll-

HIGH-PRESSUR
OIL INLET

ROTARY OIL.~ et T - . HYDRAULIC MOTOR PERFORMANCE ..
DISTRIBUTION - \

VALVE The-similarity of hydrau-
* ¢ g 1 v
RETURN QA / 1ic motors and pumps leads to

OIL OUTLET .y . . i
similar operating characteris-

tics. Table 1 lists the char-
Figure 14. Operating Principles of acter1st1cs‘of major hydra?‘?c
Low-Speed, High-Torque iotor. - motor types. (Compare these to
pump characteristics ig Module

FL-04,.”Pumps and Compressors."

" TABLE 1. HYDRAULIC MOTOR CHARACTERISTICS.

Maximum Max i mum © Maximum I Overall

. Pressure -~ Speed Flow Rate® Efficiency
Motor Type .1 (psig) (rpm) (gpm) (%)
Gear 2,000 2,400 -] 50 ©70-75,
Vane ot 2500 ] 4008 |0 250 75 - 85
Axial piston 5,000 12,000 450 . 85 - 95
Radial piston 3,000 500 180 - 90 - 98

-1

—

Fﬁdure 15 shows the performance cyrves of a vartable speed axial piston'
motor. Other qzdraulic motor types have simi]ar curvés with different specifﬁg
ava]ues. As* w1th pumps, vq]umetr1c eff1c1ency 1s h1ghesﬁ§at lower pressures -
and h1gher speeds. .Porqye produced depends on:the: operat1ng pressure of the
motor — not on motor speed. Motor speed:vincreasqs in direct proportion to

0il f]ow rate: Thus, the speeds of f1xed d1sp1acement hydraulic motors can

be contro]]ed by regu]at1ng the oil flow rate to the motor.

Page 16/FL-05




AIR MOTORS .

Air motors have the
same general Jesigns as
hydrao]ic motors.* Sev-

. eral types of gear mo-
‘tors may be ysed, but .
. they are not popular.
. Véneetype air motors
are avqi]abfe inssev= .
' er@loéesigns.
3of the unbalanced’ type.
Some are desjgned for -

Most are

rotation in only one -

direction and others
4y/mhy besreversed by

changing the direction

of airflow. Axial

piston and radial pis-~
* ton air motors are .

» similar in design and -
performances to-those
t}pes‘b? hydr&ulic mo-
tors . . " .

_dince airis a com-

p%essib]e fluid, air mo-
N L .

. tor cpafacterjs%ic

curves differ consider-
ably from those-of
similar hydraulic motors.

> ’F1gure 18 shows typical performance-turves for an axial piston air motor sim-
ilar in design to the hydrau11c motor.
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F1gure 15, Performance Curves for 6 -in?3
. Variab]e D1sp1acement Motor

These Curves show the variations in

torque. and power delivered as speed var1és at three constant, delivery pres-
sures.” Unlike hydrau]fc motors,.the speed of an air motor depends on the

-~

load driven by ‘the motor.

<% L3
I N

" but do not deliver much power.

4

At Tow speed;, air motors produce maximum torque
As‘speed {ncreases, torque decreases.

. ) L -
. . » v
-

- . ~
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Figuré 16. Typical Torque-Speed and because air motnr speed s de-
‘ Horsepower-Speed Curves for Axial pendent on load.
\ Piston-Type ‘Air Motor.

.u&memfyqe OF FLUID MOTORS ™

Fluid power motors are subject to the same maintenance problems and re-
qUirenents as pumps, As with pumps, the most serious 5kob1em§\arise because ,
of impurities in the working fluid. Unusual noise is often the first indica-
tion of malfunction. . . ‘

¢ T . &

SUMMARY L

-

. Fluid power is converted to mechanical power by actuators and fl id mo-
tors. The m@st common type of actuator 1s the linear motion cy11n er.- Thesd
cy11nders are available in a wide var1etv of configyrations for both hydrau11c
and pneumatic app11cat1ons Fheir-major components include a cylinder tubé
Wit 0 cy11nder covers, a piston, a piston rod, and appropriate- pack1ngs and ’

‘°sea?—Iw\Thé,se1ect1on'pf a cylinder for a particular application depends on the
force the cylinder must produce and the stresses it w111 encounter during nor— '
mal operation. Rotary actaators prov1de 11m1ted rotat1on and ane usually of
the vane or rack and p1n10n type. The most 1mportant consideration in cylin-
der ma1ntenance is the cleanliness of the working fluid, but proper 1nsta11a-
tion is a1so essential for good performance and extended life. ’
Fluid .motors are constructed-ih much the same way ‘as fluid pumps.and have

similar operating chaﬁacteri%fics. The épeeq of hydrau]ié‘motors is cémp]eté]y
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controlled by the oil flow rate and is 1ndependent of the motor load. The
spged of air motors can be adJusted by changing the air flow rate, but the1r
speed varies with the mechan1€a1 load on the motor. Maintenance considerations
for fluid motors are the same as for pumps. )

“EXERCISES

A double-acting hydraul1c cylinder has a p1ston 4 1nches in diameter.
The area of the rod is one-half the area of the piston. The mechanical
Toad for both extens1on and retraction is 3500 1b and the fluid flow
rate is 20 gpm. The stroke of the piston is 15 inches. Find the
following: bt
a. Pressure during extension
b. Pressuré during retraction
c. Extension time |
_-d. _. Retraction time, . _..__.___ . ___
e. Power during extension
f. Power during retraction
LA double-acting hydraulic cylinder has a diameter of 5 inches and a rod
diameter of 2,5 inches. The cylinder must retract a distance of 1 foot
against a farce of 6000 1b in 1.5 seconds. Find the following:
a. Pressure requived (assume no losses) ‘
: b, Volume ﬂ]ow rate of)pump
¢. “Power of pump
ds Maximum extension force with the same pressure
e. Extension time
List the advantages of f]uia motors over electric motors. Consult the
1ibrary for further information. ° -
Compare the qperating characteristics of hydraulic motors and pneumatic

-~

motors., e

&
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5. Choose, a hydraulic motor type for ea¢h of the following applications and

explain each choice:

a. An industrial motor must deve]op 300 hp at a constant speed of
XY , 3600 rpm. The least expensive motor with this capability is de-

sired.

b. A motor must opefate at variable speeds up to 10,000 rpm-and must

be reversible.

L. A motor must develop high torgue 9t less than 50 rpm.

d. The least expensive motor is

30 hp at 1800 rpm. Fluid ma1ntenance is 1ikely to be poor.

d for an application requ1r1ng

6. Exrlain the six most commory causes of cy11nder failure,

N

LABORATORY MATERIALS

Hydraulic power unit
Hydraulic pressure relief valve

Ty

Hydraulic directional control valve
gressure-compensated flow control valve
Reversible fluid motor -
Hydraulic flowmeter ‘.
Hydraulic pressure gauge
Connecting hydraulic hoses
Pneumatic power unit

Two .pneumatic direcfiona1.contro1 valves
Air pilot valve

Needle valve

Air motor [
Compressed air flowmeter
Air pressure gauge -
Muffler . _
Connecting pneumatic hoses -

hotor loading device censisting of a steel disk attached to the motor shaft

- and riding betweén two disk brake pucks in a support bolted to the work
surface ( stable tension), .

Tachometer or strobe to measure motor speed

Page 20/FL-05 ¢ .
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* LABORATORY PROCEDURES

' /
u( . e
LABORATORY‘]. OPERATION OF A HYDRAULIC MOTOR. s
1. ™ Construct the circuit shown in REVERSIBLE MOTCR : °
Figure 17. ' . ‘ P?=£:>“
i ) PRESSURE-COMPENSATED —
2. Connect the loading device to FLOW CONTROL VALVE - <
_ ) N HA R S
the hydraulic motor sha&ft. . W L= A T
Set for light tension. FLOWMETER ~Za B
. . . h P v - oQv
3. Have instructor check the l
setup. RELIER VALVE | es SURE
PRE3SUR
4.  Turn on the hydraulic power ~ : 3 GUAGE
ynit and set the pressure re-.  jyprauuc T M M
“lief valve to the desired POWER WRIT \ Seoe i '
pressure. ' P*-~-“---------ﬁ~j

5. Operate the circuit with light

+ tension on the loading device.
Vary the setting of the flow

. control valve and verify motor

speed control. Operate the PR SR z T
DCV and verify motor stopping Figure 17. Hydraulic Motor Circuit. :
. and reversal. : . : .o .
6. Turn the motor on and adjust the flow contro] valve to produce the first i -
- . desired f]ow or motor speed as specified by the instrauctor. The loading
“device shou]d be set forjvery 1ight tension.
7.  Measure the flow rate, motor speed,.and fluid pressure at the motor, and .

< -record in the_ low tension line of Data Table 1.
8. Increase the tens1on on the loading device to bring’ the pressure at the

° motor to one-third the maximum System pressure. h’: - y
9. Measure the flow rate, motor speed, and fluid pressure and record in the \

med1um tension line of Data Table 1.
/ ID.z Increase the tension of the loading dev1ce to produce two-thirds the max-

imum system pressure at the motor. -Repeat the above measurements and’
'record in therhigh tension Tine of Data Table 1. .

11. Set the flow control to two other flow rates or motor Speeds as spec1f1ed
by the 1nstructor and repeat Steps 7 through 10 for each.

12.  Descrjbe the effects of 1ncreased motor load on flow rate, motor speed,
and fluid pressure at. the motor.

139 ‘ FL-05/Page 21-




LABORATORY 2. OPERATION OF AN AIR MOTOR.
\

Construct the fluid
power circuit shown*
in Figure 18..

. - Lonnect the loading
AIR PILOT VALVE .

PHESSURE - device to the air
GAUGE 2 '
dD gbt’or shaft. Set
: for Tight tensign.
AIR MOTOR . Have instructor
check the setup.
Close the needle

MUFFLER

valve for minfmum

flow and turn on the

pneuﬁatic power unit.

Set the regulator

for the desifed pres-
) sure. 7 )
Operate the circuit with light tension on the loading device. Open the
needle valve to achieve motor rotation. Verify proper operation of start
and stop controls. '
Turn on the motor and adjust the needie valve to produce the first desired
flow rate as spe;ified by the instructor. The loading device should be '

set for light tension.

Measure the flow rate, motor sbeed, and fluid pressure at the motor, and

' record in the low tension line of Data Table 2.
'Increase the tension of the loading device to increase the pressure at
the ‘motor :to one-third-thg maximum p;essure. 4
Measure the flow fate, motor speed, and fluid pressure, and record in
the medium pressdre line of Data Table 2.
Increase the teqsion of the loading deyipe to produce, two-thirds the max-
imum pres;uref'~Repeat the above measurements and record in the high ten-
sion line of Dati Table 2.

e
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Set the needle valve for two other ¥low rates ﬁs'specified by the instruc-
tor and repeat Steps 7-through 10 fdr’each Needle valve séttings should
be made with light tension on the 1oad1ng device:

Describe the effects of increased motor load on f]ow rate, motor speed,

and pressure at the motor.

Compare the characteristics of the hydraulic motors and the air motor

DATA TABLES

DATA TABLE 1. OPERATION OF A HYDRAULIC MOTOR

Flow Rate Motor Load Motor Speed Fluid Pressure
(gpm) (relative) (rpm) (psig)

Low

.Medium
High,
‘Low ‘
Medium
High
Low

Meddium
High
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\§5 L " DATA TABLE 2. OPERATION OF AN AIR MOTOR.
Flow Rate Motor Load ‘Motor Speed F]uid'Pressure
. (cfw) (relative) (rpm) ) (psig)
v ) wa ' * ~ - 9. (/

. Medium 3 2
' High , ' Ny

Low .

Medium -
High =
Low

Medium
? High T

’ -
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GLOSSARY o K \

+ Actuator:" A fluid power cegLonent that converts fluidal power to mechanaca]
pawer, either linear motion or limited rotation.

Cylinder cover: The c]osqres on the ends of the cylinder tube.

}
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+

Cylinder tube: The tube in which the piston moves.

Double-rod cylinder: A cylinder with a piston rod extending out through each
cylinder cover. ° ’

Duplex cylinder: wa.cylinders mounted in line but acting separately with
one piston rod inside the other. .

Fluid motor: A fluid power device that converts fluidal power to continuous
rotational mechanical power. )

. . 4 .
Piston cushion: A device for decelerating the piston and reducing mechanical
shock to the cylinder. .

Rotars actuator: An actuator that produces limited rotary motion.

Rotating cylinder: A cylinder that rotates as part of a shaft and imparts
Tinear motion to the shaft along its axis af rotation.

Tandem cylinder: Two cylinders in series with their pistons acting on a sin-
gle rod. -

°

-

7
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TEST

1. Chrome-plated steel is commonly used for which of the fo]]o%&ffz//
a Pneumatic cylinder tubes ‘
b Hydraulic cylinder tubes .
c: Pistdn rods ' ' |
d. ° Hyaraulic pistons ’ \\ ‘ ) <
e Both b and ¢ )

f. Only b, ¢, and d
2. Which of the following cannot be used to produce rotary'motion? . . .

v
.

Lineaf motion cylinder

Vane rota)y actuator . -
relical rod actuator. - .

Rotating ‘cylinder -

llone of the above (A1l can produce rotary motion.)

-4 (D a O o

he speed of a hydraulic motor depends on ... ?ﬁ

the fluid pressure.-

the fluid flow rate.

the mechanical load.

Both b.and ¢ are true.

A11 of the above are true. . . "
4.  Which of the followfﬁg fluid motors can be reversed without changing

A

the directipn of fluid flow? ; _ 4

\

Axial pistonr-air motors .o ' N

1 o O o o

o V]

Radidl piston hydraulic motors
Unbalanced vane-air motors T , ;
» 4 - .

Balanced vane hydraulic motors . :

{
ﬂ) a O o\

None of the above

5. The most eff1c1ent type of fluid motor is the .
‘ a. radial piston motor. .
b. axial piston motor.
ct gear motor. ‘
d.  sCrew moter, -
e. Both b and d are true.
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6. Tie rod construction is.popularvfor hydraulid cylinders because .
a.  tie rods make long'cylinders more rigid.

b they put more pressure on the Q-rings for a bétter seal. ‘
C. they are less expensive to construct than other types.
d they are better §uiféd\for high-pressure applications than other -
‘typegg. ’ |
e. None of the above are true. h ,
7. The most common cause of cylinder failure is ... ' >

imbroper cylinder mounting.
.~ contamination of.the working fluid.

a

b

c. misapplication of the cylinder.
d lmisa]ignmeﬁt'of thé cylinder.

e

. over-temperature operation. .
8. Wnhich of the following cylinder types can apply a force to two separate

' \ loads at the same time?
_a. Tandem ’ T s . ’
b.  Duplex ' P
c. Douwblerod ~ < T ‘XY S
d. Bothaandb . BN .. o
e. Bothbandc’ \\\\\\\; ‘ o
& f. A1l of the above . ) '

»

9. A double-acting hydraulic cylinder has a diameter of 2 inches and a
' stroke of 12 inches. The rod diameter is 1 inch. The extension time of
the cylinder is 3 sgconds. What is the fluid flow rate?

a 0.054 gpm . .
b 3.26 gbm X - ¢
. c. 7.34 gpm ' ' ' -
’ A d. -2.45 gpm - e
) e. 13 gBm" -

10. A doub]e-actiﬁg hydrauNc cylinder has a cylinder area of 8 in? and a
rod cross sectjon of 4 in<e.
The retraction time is 4 seconds. What is the extension time?

a. 8 seconds

’ v -
b. 2 seconds ) - o //
c. 4 seconds ,
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d. 5.66 seconds /
e. Cannot be determined from the data given- T
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INTRODUCTION

The f]uid'djstﬁjbution system of any fluid power system must deliver
fluid power to Fhe point of application at the proper time with the proper
flow rate and pressure for the application. Such systems always include fluid
conductor and control devices- and may‘aﬁso contain means of storing fluidal
energy‘and increasing the delivery pressure at the component.

This module discusses the major components of fluid distribution systems.
Accumulators for storing hydraulic fluid under pressure and pressure inten-
sifiers for increasing the pressure are describ d, as well as types and
applications & fluid conductors and the conneéiors used with each. The
discussion includes descriptions of function and application of directional
control valves, pressure control valves, and flow control valves in hydraulic
systems. < r ’

In the laboratory, the student will construct and operate fluid d1str1-
- bution systems using accumulators, pressure intensifiers, directional control

valves, and sequence valves.

A ' -

PREREQUISITES

The student should have completed Module FL-04, "Actuators and Fluid
Motors."

~

. ‘."OBJECﬁVES

Upon comp]et1on of this module, the student shou]d be able to:
1.~ Draw and label d1agrams of the following accumulators and describe the .
‘functions-and characteristics of each:
a Weight-Toaded
b Spring-lqaded ' .
o Gasligaded, nonseparable : ’
d. Gas-loaded piston oo .
e Diaphragm 4
f. Bladder .

FL-06/Page 1
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A

1.

12.

Page 2/FL-06
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)

List three appligcations of accumulators and the type used for each

%

application. .
Exp1a1n the operatign of‘a pressure, 1ntens1f1er .

G1ven the flow rate of a hydraulic’ conductor and the @ijmum a]]owed
fluid velocity, calculate.the diameter of conductor necessary.

Descr1be the materjals used for each of the following types of fluid

“conductors, its application, and the connectors used ‘With each:

. Rigid *
b. ~ Semirigid, . _ ] ) Z,
.¢c.  Flexible .

Describe the construction and operation of a four-way, three-position
djreetional control spool valve. l -

List and explajn three -methods of activating a quol valve.

Explain the operation of a servo valve. . RS

Explain the operation and application of each of the following types

of pressure control valves:

a. Pressure relief valve
b.. Unloading valve .
c. Sequence valve .. . '

.\ 4
d. Pressure reducing valve

Explain the difference in the dderatiop\gf§§ pressure-compensated flow
control ,valve and a'noncompensated flow control valve.

Explain how accumu]ators/and unloading valves can be used to increase
the energy efficiency of a hydraulic power system, o

Construct and operate a circuit using an accumulator to power a pressure
i ]

intensifier and a circuit for sequencing the operation of. hydraulic
cylinders. o . k¢
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- - . ,
* N - .

SUB ECT MATTER

T . ?NJ‘ ACCUMULATORS
e ab! - ®
An accumulator.is a device that stores the potent1a1 energy. of an in-

compressible fluid ukdér pressure by doﬁng work against a dynamic force.

This energy can be recovered for latel use iq the fluid power circuit. j <iif/

) ¢ ) . . . ' . b

ACCUMULATOR TYPES _ .
There are three Eas1c types of accumulators, ea;h classified accord1ng

to the méans qf app1y1ng force. to the liquid in ‘the accumulator. Th1s may

be. accomp]1shed with a weight-loaded.piston, a spring-loaded p1ston, or by

. v

several methods of applying gas pressure. above the liquid surface. s
Figure la shows a we1ght 1oaded accumu]ator and its fluid power, symbo] -
Fluid pumped into the Cy}1nder raises a.large we1ght attached to the piston.
% The we1ght forces the ]1qqu out of the cylinder.-at a later time, providing
power. Weight- loaded aCCUmulators are the only type that deliver a constant o
fluid-pressure: They are ]arge and heavy and must be mounted in a vertical
_ position: ’ e , /
—— ' 5’;%\'_;","6 "GAS VALVE . . o \\
p— 74

SYMBOL x\

2 \

SYMBOL - . !
h . sYmsoOL :
v - e

fo-r— PISTON :

Azg ‘Q_g,_ PACKING : . ‘ PISTON
) . SR ST
P ayw .
¢/

' ,

: UL\_ C. ng , ZolL PORT - .
i FLUID PORT ¢ - - FLUID PORT . .

“

.
e e e

- .

. Weight-Load . ind-Load ] - . -
a\efht Loaded b. Spring-Loaded ¢. Nonseparator T{ype‘ R
Figure 1. Types of Accuguiators. o . ;
.- " The spring- ]oaded accumulator in Figure 1b uses the compression force
of a spring to aaply a'force to the- piston. Most spring-loaded accumdators .
are designed to deL1ver sma]] fluid flow at re]at1ve]y ]ow pressures. Large
'” v ) - ¢ N \ v
- ' _ FL-06/Page 3~ -
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or high-pressure models require a heavy spring and are heavy‘ahd bulky. These
accumulators are not suited for applications requiring high cycle rates, as
“this results in spring fatigue and failure. The pressure delivered by spring-
loaded accumulators is not constant but decreases as the spring extends.
Gas-loaded accumulators of several types operate according to the prin-
ciple of Boyle's law, which states that the pressure of & gas varies *nverse]y
with volume at a congtant temperature The simplest type of
i} . . gas-loaded accumulator is the nonseparator type.shown in
/[f- . Figure 1c. It'consists of a preg§ure tank with oil in the
4 — - bottom and high-pressure—gas in the tdp. Pumping more oil
into the tank compresses the gas and raises the pressure. *
There is no physical barrier between the gas aqd 0il, and

§ VALVE

this accumulator must be mounted vertically to maintain the
PISTON  geparation. The major advantage of this accumulator is that

1 " is can store large amounts of oil in a relatively small

. e N space. 'However, gas is absorbed into the 0il at the air-oil .

. surface, which makes the fluid more compressible and results

L~ in spongy operat1on»of actuators. The absorbed gas can also
‘.iﬂtégﬁgif result in cav1tat1on in high-speed pumps. ¥ For these reasons,

. o sonr - nonseparator accumulaters are unsui ted far ﬁ&&?’systems <

The symbol shown in this f1gure is used for all gas-loaded

Figure 2. . accumulapprs. N
Piston-Type N . R
Accumulator. Three types of separator gas-loaded accumulators-main-

. —_— .~ tain a seal betweep tHe oil and gas. Figure 2
Suiem fug - -
, 1 « ~. . shows & piston-type accumu]ator Piston accumu-

1ators are expens1ve and are limited to small

. - ) sizes. The friction of the piston seal may
' ] cause problems in low-pressure systems. Lsekage
’ = !; Aeround the seal tends to occh over a long périad
- R B g /of time. These accumulators are used primarily
)k with high or low temperature fluids or with .
\ ) fluids whose characteristics are not compatible .
t %E@?ﬁm” g < §f° 'with other gas-loaded accumulators. Piston seals )
25 i can -be provided for anwy fluid. .
: %igure 3.. Diqphradh-Type Figure 3 shews a diaphragm-type separator r
eccumulatgr. ‘ " accumulator. A f]exible\diaphragm is c]amped-"\‘\\\\
R Page 4/FL-06. . -
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\\\\:sed extensively in aviation

+

/

“can move from the bottom of the

“tinuously pump oil igto an accumu]ator 0i1 flow from the accumulator oper- -

3

between two shell halves. A shut-off button on the bottom of the diaphragm
closes the inlet port and prevents extrusion of the diaphragm. The diaphragm

tank almost to the top, giving

Vaive quad.

this accumh1ator the highest e e
volume-to-weight ratio of any ::'m-——:\“'_"‘ﬁ . )

Nameplaté——""

separator type. This type/is

pplications. e e TR | | ; -;e_,;s.;
Figure 4 shows a bladder- '
type accumulator in which the . Biaddy

SAubber nng
{ Steet sheit 4 R#aNING ning

- Nashet

gas is contained in a flexible

e
\\‘/ Saai 1ing ’
- Z-Support tng

synthetic rubber bladder. Its Sacont varve

Vaive housing

opération is similar to that of  , = Sreoter crem

T Sioigd nut
T~ Seat ung

the diaphragm type. The bladder . N -,
type must be mounted vertically

Figure 4. Bladder-Type Accumulator.
to prevent oil from be&ng trapped A S

by the bladder as it e pands -The quick responsesnj:ihe\lightweight b]adder
provides the best performance for pressure regulation and pulsation dampen1ng.

ACCUMULATOR APPLICATIONS . :
H ) s 3

Accumutators arg used as power- saving devices .in several ways. In a
‘system perform1ng intermittent operat1ons, a smaJ] pump can be used to con-

ates the actuators and provides an 0il flow rate several times that delivered
by the pump _ This allows ‘the use of a small pump and improves overa]] system
efficiency by providing for more nearly constant pump output. Accumulators
can be employed in a s]m11ar manner in any system to 1ncrease fluid de11very
‘rate momentarily and, thus, increase the speed of an actuator "This is often
done in rap1d retraction of doub]e -acting cy11nders '

An accumu]ator canm a]so be used to save power when a system -requires high
pressure but a small flow rate. The accuMuTator provides the pressure while’
the pump is unloaded by an unloading valve (descr1bed later in this module).
This allows the pump to operate with the outlet pressure near atmospher1c and

Al

requires 1ittle input power to the pump drive.

b

- . o -  FL-06/Page 5
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Another application of accumulators is to° provide fluid pressure and
power when the pump is turned off Many industrial applications require
positive positioning of actuators for long pér1ods of time, Because of small
leakage through components and valves, pressure must be ma1ntained and a
small 0i1 flow must be provided. An accumulator can achieve this with the
pump off. o f '

A similar application is the use of an accumulator as a.back-up power -.
source for safety purposes.' Pressure loss due to pump or component fai]ure
can cause hazards to equipment and personnel. An accumulator in the c1rcu1t

can provide emergency fluidal power until the actwators can be proper]y
positioned for safe shutdown. N - ) )

One of the most 1mportant industrial applications of accumulators is
the réduction or elimination of f]uid pu1sations. Some pulsation is present
in all pump outlets, and it is a morfe serious problem with the more comnon
gear pumps.. These pulsations can cause a pulsating motion of actuators and
can set up damag1ng vibrations in piping. - The rapid c1051ng of a valve can
- produce a high-pressure shock wave as the f]ow1ng 0il is rapidly decelerated.
The sevefity of the hydrau11c shock (sometimes called Water hammer) is greater
at h1gher flaid velocities and can rupture fluid conductors or damage compos
nents?‘ A proper1y chosen accumu]ator absorbs these shocks, thereby protecting
the system. Bladder and diaphragm accumulators are used for this purpose
because of their quick responses' Weight-loaded and spr1ng -loaded accumula-
tors and piston type gas-loaded mode]s are not suitable ‘or reducing pulsa-
tion shock. .

-

' ACCUMULATOR MAINTEVANCE

.

The proper operation of any accumu]ator depends on the maintenance of ° «
the seals in good conditian and the application of the proper force to the
enclosed oil. In wedght Joaded accumulators force is provided by the weight
and is present as long as the weight rests on the piston. The neduction of
app]1ed force in spring-loaded types occurs on]y if the spring is’ weakened .
or broken. Gas-loaded accumulators depend on the praper-gas pressurew. This
pressure is usually specified and set.with all the 0il exhausted from the
accumulator. Gas-loaded accumu]ators should be checked per1od1ca11y and the
proper pressure should be maintained. - o~ ’ o

. .. - . IR
- 5

-
/e
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The rupture of a’diabhragm or bladder will eventually result in das
entering the hydraulic lines. This will cause sduggish motion of actuators
and a reduction of accumulator pressure as more of the gas charge is lost.
Leaks may not be evident unless the oil level of the accumulator drops to
its minimum. Leaks can be detected by a11owing all oil to flow from the
accumulator and monitoring the gas pressure. If.the gas pressure continues
to drop after the,acgymu]a;or is'empty of oil, the gas seal.is leaking.

a .

PRESSURE INTENSIFIERS -

Many hydraulic and pneumatic systems require one pressure for the opera-
tion of most of the system and a higher pressure for specific actuators. )
Pressure intensifiers are used to produce the higher pressures/needed without

a high-pressure puhg. Module FL-04, "Pumpé and Compressors," described a
reciprocating pressure intensifier that provides a cont;nuous flow.of high-
pressure oil. The type described here produces a momentary flow oﬁly.
ﬁjgure 51is a sind]g-acting hydraqlic pressure intensifier. A piston
‘with a large area is driven by low-pressure oil. Its piston rod, called a
ram, is forced into & smaller diameter

cylinder. Since the forces on each end \\;)
of the piston rod are the same, the C 17
. .. . y % BOOSIER
ratio of pressures i$ the ratio of “éag//aumua
areas. In this model, the piston is
<O RAM
.retracted by spring force. Other in- e K
. . pr : . PACKING SYMBOL
tensifiers may use gravity or the .
pressure caused by the load itself Z % :
; . o], 2 ] LR
for retraction. Double-acting pres- Nl bo sraing
. . , ' N . >
sure intensifiers retract the piston \ :i 9 iy ¢
by the application of high-pressure \PZEZ g | PisioN
fluid above the piston. _The high- \ ‘Q. BLIND
- s, -, N | covee
pressure fluid is always oil, but

- 3
.- KL,_Lfa(IMI
either 0il or compresséd air may be * ///442;4f/9/22?27 .
S

used for the low-pressure fluid.

-

With the proper valving pressure, Figure 5, Typical Single-Acting

intensifiers can be used as recipro- Hydraulic Booster.

cating pumps that proyide intermittent ,

‘flow; S - . : ) ’ .
- | 154 FL-06/ Page 7
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* FLUID CONDUCTORS AND CONNECTORS

. In fluid power systems, poWer is transmitted by fluid £1ow through
conductors and fittings. In hydyau]ic systems, the conductor system takes
0il from the reservoir to the pump, then to the actdators, and finally back
to the reservoir. The conductors used must be capable of Qithstanding the
applied pressure and must be large enough to allow fluid flow at velocities
low enough to prevent turbulence. Pump jn]et lines are sized to 'give fluid
velocities of not more than 4 -ft/sec. Higher velocities result in lower
inlet pressures, which may cause pump cavitation. The maximum recommended
velocity for high-pressure lines is 20 ft]éec. Higher velocities result in
turbulent flow, which wastés-power and heats the oil. The velocity values
given are for any average velocity — not for the maximum velocity at the
center of the pipe. Example A illustrates the sizing of conductors.

EXAMPLE A SIZING HYDRAULIC CONDUCTORS.

2 . - R ] >
Given: A pump delivers oil at a rate of 50.gpm. The maximum fluid

velocity in the outlet piﬁe must be limited to 20 ft/sec for
efficient operation. )
Find: The minimum acceptable inner diameter of the pipe.

Solution: Flow Rate: ;
_ . 1 miny, 231 in

Q = (50 ga]/'mn)(so sec)( ga] )
Q = 192.5,4n°%/sec o

Fluid Velocity:

v = (20 ft/sec)(
v = 240 in/sec

12 iny_
1 ft

™

Flow Rate
Conductor Area

Q

v

_ 192.5 in?/sec
240 in/sec

0.802 in?

_ md®
i

Flutd Velocity =

Page 8/FL-06




Example A. Continued: - .

) ” ¢ =V3A

V(4)(0.802 in?)
3.14

= V71,02 in?
d=1.01in ,

The inner diameter of the conductor must be greater than 1.01 in.

3

.any practical fluid pressure. .

. FLANGE
. inner,and outer diameters of
stand&r'd pipes vary as the wall’ a. SOCKET WELD PIPE GONNECTIONS
thickness varies.
Figure 6 shows f]anged con- ' ' T LOCK WASHER
v “SCREW

- to fluid power components These .

™ L

RIGID PIPES ) .

Rigid pipes are fluid conductors that cannot be bent around obstacles.
They are straight pieces of conductor that have mate threads and are connected
with p1pe fittings. Steel is the

only mater1a1 that is widely used

LOCK ~ASHER

for p1pes in hydrqu11c power Sys-
tems. Steé] pipe is avai]ab1e>in
many standard sizes and strengths
and may be manufactured to contain

Pipe size is specified according
to the size of the threads. Both

nectors used to connect r1g1d pipe

connectors bolt to thevcomponent w
and seal by means of an 0-ring.
Pipe can be welded to the_connec-

tor or screwed into female threads —1— - -

i

i

. . . R . FLANGE
in the connector. Hydraulic pipe ‘
has tapered, dry-seal threads. b. THREADED PIPE CONNECTIONS
The pipe and connector threads - > '
make a compression seal at the Figure 6. Flanged Connections for
crests and roots of the threads. = . Large Pipes (Stra1ght Type).
] \ : : ‘ FL-06/Page 9
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Each time a joint is reassembled, the threads must be tightened fgrther"to .
_ provide a positive seal. - Frequently, this means that some of the pfpe in a
rigid system must be replaced with slightly longer pieces when the system is
disassembled. This problem can be overcome to a large degree by using Teflon
tape on the threads.
o ‘Steel pipe provides the highest pressure service, but, because of the
difficulty of its 1nsta1]at1on, it is usually  limited to those applications.
Rigid pipe is sometimes used for internal connections in a machine driven by
fluid power where mechanical or hydraulic shock make a strong or rigid con-
ductor desirable. Compressed air conductors are usually made of ga]vqgized
‘pipe to resist rust formation. Galvanized pipes should never be used for:
hydraulic oils, as the zinc cogz?ﬁa\?apﬁdJy increases. the oxidation rate of
many oils.

SEWIRIGID TUBING ”

I . =

Sem1r1gjd fubing is a metal f1u1d conductor that is not flexible in
operation but may be bent during 1nsta11ﬁt1on It is the most popular type
of hydraulic conductor because it is easily installed and requires less space
and fewer connectors than pipe. The use of tubing in pneumatic systems is
wsually Limited to short runs near the point of application of the air. Seam-
less steel is the most common type of ‘tubing, but stainless st , aluminum,
and copper tubing are sometimes used. Copper tubing is not(igijlmended for
hydraulic, oils because the copper acts as a cata]yst in breaking down 011
additives and because it can work_harden from vibrations and becomg brittle. '
Tubing is available in several wall. .
£;;cknesses. Its size is specified by
the outer diameter of the tubing. “The

pressure handling of %hbing varies with
dfameter and wall thickness. Some steel

tubing can operate at pressures above

5000 psi.
FITTING SHOULDER CL\ITTING EDGE Tubing cannot be threaded but is
. . -connected with a variety of tubing con-
Figure 7. Flareless Tube fitting. nectors. Figure 7 shows & popular type

! - of flareless connector used with tubing

Page 10/FL-06
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. the tuﬂ1ng by means of two meta] ferru]es that are com-

-

that cannot be flared. ‘A cutting edge on the inner surface of the sleeve cuts

into the surface of the tubing and prevents it from being forced out of the

connector. The sleeve is compressed along its length

to grip and reinforce the tubing at the connector. This

forms a pos1t1ve seal without constricting‘'the tubing.
Figure 8 is a Swagelok tubing connector. It grips

pressed onto the tub1ng The compression forms a t1ght
seal but does not noticeably constrict the inner diam- -
eter. This type of connector Ean ﬁe disassembled and
reassembled manmy times without leakage. "It will also
withstand greater pressure than the tubing itself. This
type of connector has become very popular because of its

reliability and ease of installation.

F1gure 9 shows several other common types of tyb1ng'=
connectors. The 37° flare f1tt1ng is the most widely-

used fitting for tubing that can be flared. The 45° Figure 8. Swagelok
Tube Fitting.

flare fltt1ngs were used for h1gh pressure applications

before compression fittings were developed, and they are still in use today‘
0-ring fittings are also used for high-pressure Seals,of tubing that cannot

be flared. _ i
A A - -
. STANDARD INVERTED
‘/ [

37° FLARE FITTING ., 45° FLARE FITTING
N <
““B&I E:Eé;;;;::‘ 1 E;jjﬁ;i
v FERRULE COMPRESSION O-RING COMPRESSION SLEEVE COMPRESSION

FITTING . FITTING FITTING

4

Figure 9. Threaded Fitt{hgs and Connectors Used with Tubing.
& '
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Several- precautions are necessary

»
| —_— 1 in the installation of tubing. Care must
| ;E; ;E AR - be taken to avoid mechanical stress.
"~ CORRECT INCORRECT - - |onger lengths of tubing should be sup-
1 X:»O | por’t’é.d, and tubing should never be used
f EE - . 4}45? 3 ‘to support any compoq;nt: A1l .parts
b CORREGT 7> \nCORRECT | installed in tubing lin%s, such as heavy
‘ fittings and valves, should be bolted
;ﬁ_‘\ @ @ I MfBQQn-to‘prevent«motionwthat—cou1d Tead to |,
.Ei " tubing fatigue. Straight 1ine connections,
CORRECT | INCORRECT particularly for short lengths,%should be

.avoided. Tubing tends to lengthen and

Figure 10. Tubing Installation  copntract s1ightly as pressure is applied

in a Fluid System. .
Y and released. This produces stress on

straight tub1ng sect1ons which can lead to fajlure. Tubing connections
should a]ways conta1n a bend to allow some flexure. Figure 10 §hows'correct

3

and 1ncorrect ways to make tubing connections.

- . -~
- £

FLEXIBLE HOSES -

F]e;jb]e hoses are used to connect fluid power components whenever the
component is subjected to movement.— These hoses are made of layers of wire
braid and synthetic rubber with‘an inner Eonductor that is compatible with
‘the*f1uid uSédT“SéVéfET*st?]es are avaijlable with maximum working pressures
from 250 to 5000 psi. Higher pressure types have several layers of wire
braid that may or méy not be alternated with layers of rubber.

Hoses are ava11ab1e with male-and fema]e p1pe fittings and with compres -

sion fittings. Fittings may be stra1ght or may have angles of 45° or-90°.
Permanent fittings are attached to the hose ends during manufactur1ng and
cannot be removed and reused. Reusable-fittings are compréssion fittings
designed to gr1p the hosé between a s1eeve inside'the hose arid a compression
ring on the outs1de\ This type of f1tt1ng can be remaved from one p1ece of

A

hose and installed on another. i
Systems in which components are frequently disconnected may employ quick
disconnéct couplings (Figure 11). "These are available in straight through

models that do not seal either the male or female connector when disconnected
/

Page 12/FL-06
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* and in models that automatically seal -
one or both conductors.
shown in Figure 11 is a two-way shut-

of f coupling.

against seals by fluid pressure when_:
the couplers are disconnected.

operation,

gether by ba]l bear1ngs that_catch in .
a groove in the male connector and are are

" The connect

The plungers are held

- Duri

the couplers are held to-

or

ng

held in place by the locking sleeve of

the female connector

Figure 11.
. :of~Qu+ck—B%sconneet—€eup%ing;

Cross=Sectional View

~

When the locking sleeve is removed the ball bearings

may retract, and fluid pressure fprces the couplers apart and seals the ends.

These connectors should be protec{ed from dust and dirt, gs these particles

could easily enter and con-
taminate the fluid lines.
Under pressure., a hose
may change in length, becom-
ing either slightly longer
or‘shorter depending on the

type of hose’.

-hoses should always contain '

some s

~ Hoses should never be twist-
ed in installations, as
pressurizing the hose tends .\
to straighten it and may
loosen the connec€0(._ ATl
hose bends should be made
with & radius large enough
to prevent pinching of the
hose, and the motion of

. components should not re-
strict or kink the hose.

"Figure 12 shows several

ck to avoid tension.

b

COARECT

.

INCORRECT

Connecting

.
g ) g-
"E CORRECT T3 INCORRECT
!
[ ——
INCORRECT
q S z
i >
.V - -
INCORRECT
' v
|
CORRECT !
INCORRECT

correct and incorrect hose

installations.

r

Figure 12.

-

160
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Hose Installations.
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- PLASTIC TUBING ) her- 37

Plastic tubing has gained in- popularity for low-pressure fluid power .

—apb]ications because it is inexpensive and easy to install. It is widely
used in pneumatic'systems because the pressure is usually under 100 psi.
Low-pressure hydraulic systems may also ugg.p]astic tubing. Fittingg\gigd

. . . . . L e s .
with plastic tubing are_almost identical to these used with steel tubing.

FLUTD CONTROL DEVICES -

Fluid <control devices consist mainly of valves for controlling the
direction of fluid flow, fluid pressure, or fluid flow rate. A-wide variety
of control components is available. Some of the more common ones are dis-
cussed here.

N

DIRECTTIONAL CONTROL VALVES

Directional control valves (DCV) are used to control the direction of
fluid flow in fluid power systems. Figure 13 illustrates a check valve, the

simplest type of directional control valve. The éﬁgzﬁ\vglge allows flow-in
one direction only. This

3

POPPET ] SPRING. ¥ . . . <
: particular model is a simple
SYMBOL ) .
G spring-loaded poppet valve
FREE FLOW NO FLOW i 3 3
DF:REC;:'O»Y DIRECTION n the f]u]d flow Tine.
.. Fluid_flow_from._one direc- . ©
tion pushes the poppet opern,
. IN | —] OUT . allowing flow. Pressure

applied from the back side .

of the valve acts with spring

Figure 13. Operation’of Check Valve. tension’to close the valve,
- preventing reverse flow.

Check valves are used in both hydraulic and‘pneumatié systems. Some are )

pi]b@ operated and can be controlled by fluid pressure from a remote location.
Othe} types of directional control valves are used to direct fluid ﬁTow ‘

to a rom  components. Two-way valves have two ports and can be opened or

closed to control flow in a single ¢onductor. Severa] valve types may be

used for this application. Three-way valves have three ports: -one connected )

»
[
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to the fluid power source, one to the power cg%ponent and the third to the
reservoir in a hydrau11c system or éxhaust -in a pneumatic system These
valves are used to connect a single-acting cylinder to the pump foy extension
or to the drain f&* retraction. . Some have a third positioh;in whith fluid
flow through the valve is blocked, locking the position of the acfuator.
Four -way control valves have four ports and are used toﬁgpntro] doub]e—

acting cy11nders, fluid motors, and other reversible fluid actuators. - The

* four ports are connected to the pump, reservoir, and each port of the actuator.
The most common type of four-way control valve is the spool valve sh%wn sche- -
matically. in Figure 14. It consists of a valve body containing fluid ports
and passages and a spool S )

that can be moved from ' "8 A A8
side to side. The center - 5’ —
port on the bottom of the. vl_vrq ~ S -
diagram is connected to | =A% : )
the fluid power sourcé. ] &
The two outer ports of the X ' t?
diagram are actually con- T P o s RN
nected internally within ' et Ak A b ' it iel

. the valve and to a fluid . . i

' conductor leading to the _ :><: } | SYMeoL-

reservoir of a hydréu]ic - P S
~system or to exhaust 1;' : Figure 14. Spool Positions Ins1de

. ‘ ) . Four-Way -Valve. ’

a pneumat1c system: The -
upper ports Tead to the ends of a doubJe acting cy11nder or other actuator.

LY

The schematic d1agram of this va]ve shows the two connectlons possible with -~
a two—p051t19n valve. -One pos1t1on exterds the cylinder and the other re-
tracts it. . ‘ .
The seals in spool-valves are nonpos1t1ve seals and allow a small amount
S -eﬁ1041hf10w.thrgygh the space between the spool and the valve body. This
fluid is drained back to Ehe‘{?nk through the tank connection. SpooT'v?1ve
faiTure usually occurs because of worn seals, which results in excessive ’
‘Fluid Teakage. \ o
Figure 15 shows a ‘manually actuated, spring- cedfered,_three pos1¢1on,
four-way control valve. In the center*pos1t1on,’g11 ports of th1s valve are

.
- 4 . »

8
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T (TANK) PASSAGE

“8" PASSAGE

P (PRESSURE) PASSAGE

3Ty
P

"A* PASSAGE

P T
SYMBOL N

) . "8* GAUGE PORT

_‘ « PRI
Ry d 4
>
X ¢

Figure 15. Manually Actuated, Spring-Centered> -
Three-Position, Four-Way Valve. .

blocked and no ffow occurs. Springs on the ends of the spool return this
.valve to the center position automatically. A1l four-way control valves have
the same connections for the two end positions. ,'
Spool valves may also be actuated by fluidal or electrical input signals.
In a pilotsoperated valve, a fluid cylinder is located at each end of the s,
spool with its piston connected to the spool. Applying préssure to one of ’
. these cylinders shifts the valve spool in the direction away’ from that end of
. "the valve body. The use of-gilot-operated, control valves will be discussed
in Module FL-07, "Fluid Cireliits.". A solenoid-actuated valve is.ome in which
the valve spool is movéd by-an electrical solenoid. It allows direct elec-
trical control-of the direction of fluid.flow. Pilot-operated and solenoid-
actuated control valves usua]ly have $prings: for centeﬂ?ng the spoo] when the
. 1nput s1gna1 is removed. .
Most d1rect1ona1 control valves are of .the spoo] type, but others are
also in use. Figure 16 shows a rotary DCV consisting of a rotor with oil .
passages closely fitted inside a body with 0il ports. Rotating the control
. ". handle moves the rotor to one of the three positipns indicated. The syﬁbo] 3
for this type of valve is the same as that of a spool valve. The symbol in—
dicates the function of the valve — not physical construction.

- . ’
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M ) . :
. A
R > - ROTOR TURNS IN *
BOOY 1Q TANK
v INTEPCORMMECT 3
OR BLOCK PORTS . !
.
d .
e 8 R ) .
v .
. CENTERED ‘ o
PUMP 8 . L (CLOSED CENTER) ¢ fumMp T 8 .
i ~ PRESSURE PORT 1O ‘A" ' ALL PORTS BLOCKED ' PRESSURE PORT 1O '8
. "B TO TANK "A" TO TANK
. A L1 .
? T T o A -_ \7 — ,,,h__‘”____q" . '3 R ' .~
L 4 - A ‘[ T o -
. ] CL
SYMBOL
Figure 16. Rotary Four-Way Valve. R
& Figure 17 shows a shear-f]ow\r}tary direction contkol-valve. , The fluid '
N [y »
N ) N L d ‘ N
passages of this.valve have the same pattern as the valve in Figure 16r,£§t .
the .special seal design allows this valve to act as both a directional control
valve and a flow control valve. J > "
- o \t + v’
- *' > o
A
. / HANDLEN . ;s‘
. ® . 5w « R ﬁ‘
C 17 - €
STATIC
T ”,‘)gsm . ,
: S e THRUST BEARING
3 HOUSING * - ‘
P \ y A ®
> L. -, \a-SROTOR % -
~ " ( B J of.’ - '
' e ~ 5147 ~
) ¥ BN .
. i 1 | 'SHEARSEAL’ RING . .
- P g - '—‘( . ] .
. . ‘ SPRING .
» . . %
0’ \ L]
V] - % w800y
—MINIMUM TURBULENCE "
—MINIMUM PRESSURE DROP
__Figure 17. Shear-Flow Rotary ,
Directional Control Valve. : . '
>, ¥ - ¢ .:
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. Rotary directional eontrol va]ves;are usually activated manually or
mechanically. Both spool and rotary DCV% are used in ppeﬁmatﬁc as well as
. LY

nydraulié systems. . ) // °

SERVO VALVES L

[v4
-~ -

Servo valves are directional control spoo] valves that can contrgl both
the direction of flow and the flow.rate. They are similar to the rotary
va]ve in Figure 17. Servo valves are used with feedback sens1ng dev1ces to .

“provide very accurate position, ve]oc1ty, or acceleration of an actuator

Figure 18 shows the pr1nC1p1e

' CYUINDER with a mechanical feedback link
., OUTPUT ' o * ) . ‘s . :
< 5 | ) ¢ used to position a piston in a
FEHfACK//,. F%BAzzraf =1 Stﬁbf cylinder. The position of-the -
e s 1= " valve spool is controlled manu- ‘
! +’ d_ + o INPUE ally; the position of the valve
A\ TANK INLET “TANK ’ : body 1§\qgntr011ed by the me-",
- ot . ‘ chanical 11nkege to the piston.
Figure 18. Mechanical-Hydraulic .-, 1f the spool in hhe_f1gure 15 .
Servo Valve. moved to the right, oil will

PR

flow from the inl&t port to
port A and from.port B to the tank. This causes the piston.and the valve

s - <
[ .

-body to move to the right. The speed of the motion decreases as the center

portion of the spool comes into alignment with the inlet port. When the
inlet port is EEﬁbletely blocked, the piston is held in place. This type ef
control is‘used ‘in power steering in automobiles. The feedback to thg Servo - y
\afve may also be electrical or fluidal.

«

!

PRESSURE CONTROL VALVES ' . ' . .

In pneumatic systems, the pressure is controlled by pressure redu]atofs

.(desgrihed in Module FL-03, "Fluid Storage, Conditioning and Maintenance").

In hydraulic systems, pressure control, is &chieved by a variety of pressure

contro] valyves. * ~ " L
The most w1de1y used pressure gontro] valve is the pressure relief valve ”

shown in Figure 19. The inlet from the pump 1s sealed by a spr1ng -loaded )
- . . - ' \ . N ) ° .

v , . I
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Zﬁ; .
piston (1). Whén pressure is less 3
than the valve setting, the vatve [:”j ' t -
" remains closed (2). The valve is - , symedtJ

closed until it reaches the crack %I%
in pressure At this pressure, - . » 1 [ :SPRING | © ‘

9 R 15 TENSION hﬁ\¢
the valve begins to open, and oil = R e
flows through the valve and back ~g__i: L i;

. . s - : S INLET .
to the hydraulic reservoir (3). (FROM PUMP) , %,
Higher pressures cause the valve @
to open, wider until it will carry - Figure 13. Simple Pressure

the entjre pump output if the rest Relive Valve. h

of the system is closed. Almost, every hydraulic pump is protected by a pres-
sure relief valve.

The schematic diagram of the pressure relief valve indicates that it is
a pilot- opérated deivce. This is a device'in which fluid pressure moves a
piston. In the valve in F1gure 19, the pilot pressure is the pressure of the
pump outlet applied d1rect1y to the valve piston. Other types of pressure
relief valves can be operated by p1lot s1gnals from other locations.

An unloading valve is similar to a pressure relief valve but is con-
structed to operate due to pressure applied to a pilot port. This valve
.remains closed until pressure at the port reaches a preset level. Then the
valve opens and remains ppen as long as the pressure is applied to the pilot

port. Unloading valves,are used to "unload" the pump in hydraulic circuits ..

using- accumu]ators for energy storage. The pilot pressure is app]ied by the
pressure of the accumulator. The unloading valve is used to allow ‘the entire
pump output to drain into the tank at atmospher1c pressure This means that
the pump does not pump liquid against pressure and consumes very little
energy. A pressure relief valve requires that the pump be fully loaded when
no oil is required'by the system. The maximum pressure must ‘be maintained
‘to operate the pressure-relief valve. This causes uﬁneéessary consumption
of pump drive power and converts this power to heat1ng of the oil in the
pressure relief valve. Unloading va]yps and accumulators improve the enerpx
efficiency and thermal propert1es of hydrau11c systems. Its schematic‘symbo]
is the same as that of a pressure relief valve, but its pilot is connected

to some other component.

-, N 18¢ ' FL-06/Page 19
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A sequence va]ve operates exact]y 11ke\a\pressure relief valve, and is
- used to control the sequence of.operation of hydraulic actuators. . A sequence
valve is qsed to control the operating sequence of two s1ng1e-act1ng cylinders.
The va]ve’1s set to rema1n closed at the pressure requ1red for the operation
" of one cylinder. When pressure is app11ed to the circuit, thed/alve remains
closed and the cylinder extends. When it reaches the ‘end of its travel, the
pressure rises and the sequence valve opens to operate the other cylinder.
Another type of pressure control valve is the pressure reducing valve.
This,va1ve does not b]ock/f1uid flow but maintains a reduced pressure down-
stream from the valve for the operation of lower pressure components. The
pressure reducing valve allows- a portion of -the oil entering it to flow ba
to the tank from the spring chamber. .Only enough oil is allowed to flow aéi

the valve outlet to maintain the reduced pressure. ' ‘

FLCW CONTROL VALVES

Flow control valves control -the rate of f]utd flow through tne valve.
In most pneumatic systems simple needle valves are used for flow contrel.
-Flow contro] valves for hydraulic systems usually incorporate a checﬁ;vaTve
to prevent re%erse flow.  In the noncompensated flow control valve, the flow
rate varies with pressure This type of valve is suitable only for systems
in which the pressure is relatively constant during valve operation. The
pressure- -compensated flow control va]ve adjusts to changes in system pressure

in order to ma1nta1n an almost constant flow at a]l*pressures . -
® \ " * ’

¢, : -

-

_OTHER CONTROL DEVICES

Several other control and,safety devices are used jn fluid power systems.
F1gure 20 shows a hydraulic fuse for pump protect1on It is a thin metal. ¢
disc that ruptures if the pressure,

RAl ! ) . -
78 #ANK _ exceeds a certain value., .Tne sche-
:*""‘ matjc diagram shows ,a hydraulic fuse
& o ~ used as fail-safe protection for a ‘

‘ SYMBOL
,,=,& ) —_ Ppressure-cémpensated pump. If the .
INLET ¢ THbQ ' pump pressure contro] fails, the
PRESSURE|  MeTaL DIsC o
. , ydrau]1c fuse p tects the pump
Figure 20. Hydrauh’\c Fuse. components
) . . Y .
Page 20/FL-06 . ) .
.~ . . ‘ .
. 187 ,
P o




' some components. N
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3
Q

Hydraulic systems often include temperature -activated electric switches
that shut down the system or sound an a1arm if the oil temperature exceeds a
certain value. In pneumatic Systems, pressure- -activated switches are used to

-

turn_the compressor on and off. o .

.- SUMUARY

&

The fluid distribution system of a fluid power sjstem includes fluid

conductors and valves and may contain -accumulators and pressure inténsifiers.

Fluid conductors in pneumat1c stems are usually galvanized pipe with short
runs of hose or metal or plasiig tub1ng for component connéctions. The most
widely used hydrau11c fluid conductor 1s steel tub1ng, but stee] pipe and-

flexible hose are also important in hydraulic systems.

Fluid control=valves can be grouped into three basic classes. Direc-

tional control valves control the direction of fluid flow to and from compo-

nents The- most €ommon type is the spoel valve. Pressure control valves
a11ow fluid flow only under certain pressure_conditions. These include

. pressure.relwef valves, unloading valves, sequence va]ves, and.pressure re-

ducing valves. F1u1d flow valves contro] the rate of fluid flow through- thd”

valve. T ,
Hydraulic fluid distribution systems may also contain accumulators for

__Storing energy in fluid under pressure. Both hydrau]ic and -pneumatic systems

may use pressure intensifiers to produce h1gh pressures for. the operat1on of

| 3

- - EXERCISES

14 _Exp1ain the uses of accumulators ‘in hydrau]ic‘circuits, including twos .

ways*they\gag\mage systems more, energy efficient.
Draw a diagram of a doubTe -acting pressure intensifier in a pneumatic .

-

circuit. Include the va1ves neeessary for its operation.

3. A ‘-hydraulic pump de11vers f1u1d at a flow rate of 150 gpm: Determ1ne
. the m1n1mum acceptable d1ameters for the pump . suct1on‘T1ne and the pump
out1et line. - ' ’

~ . 5 .
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4, Explain the abp]icatioﬁs of each of ‘the following types of fluid con-
ductors and the‘reagons they are chosen for those applications:
a. Rigia o ~ .
e b. Semirigid |
c. Flexible , ‘
Oraw schematic symbols for each of the following valve types and de-

(83}

scribe the function of each: i
Three<position, four-way DCV

a.
b, Two-position, three-way DCV
c. Pressure relief valve
d. Unloading valve ¢
e. Sequence valve
f.  Pressure Feducing valve '
g. Noncompensated flow control valve
\ h. Pressure-compensated flow control valve
e 6. Expléin, with a diagram, the operation of a servo valve.

7. Explain the difference jn energy efficiency of a system using a pressure
relief valve and one using an unloading vaive.

LABORATORY MATERIALS

"Hydraulic powef unit

Pressure relief valve

Two double-acting-hydraulic cy11nders . . e

Single-acting hydraulic cy11nder

, Pressure intensifier

' Accumulator (spring-loaded or gas-loaded)

DCY T N T

" Two check valves . )

' Two sequence valves,

Two ‘pressure gauges _
tonnect1ng hydrau11c hoses . - i«~

’
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@
- LABORATORY PROCEDURES

-

" 1. Construct the hydraulic.circuit shown in Figure 21. This circuit i?]us-
trates the operation of both accumulators and pressure intensifiers.

2.7 F111 the high-pressure section of P2
the pressure intensifier and the ' , I (/? (=

_ hose to the cylinder with oil. ' Py B :
The pistons of both should be : @_‘

fully retracted. The pressure AN L4 XM
intensifier must have sufficient Q ' 1

volume "displacement to fully ex- ‘ ¢

“tend the cylinder. Cl '_'_E -

3. Turn on the hydraulfc power unit. L= ,
Operate the DCV to assure proper: : =

) circuit operation. R

4, Retract the cylinder, measure Gy .
and record P, in the Data Table, Figure 21. . Accumulator-Pressure

~ and turn off the hydraulic power Intensifier Circuit.

) o units”
5. Operate the circuit. Measure and record both pressuces at the fuli
. extension of the piston. Operate the circuit a total of four cycles
or until it will no, longer operate. Record both pressures at the full
. extension of the Piston on each stroke. CYLINDER A _ CYLINOER B

6. Explain the operation of each compo-
nent in the system. Include the __, I )
pressure ratio of the pressure in- S/ 2 J
tensifier and the reasons for any D S ! :

' pressure variations betweeh succes- ‘5 A -
sive piston strokes. \ . | :

7. Disassemble the circuit and assemble . 2 Tt 3
the cylinder sequence circuit shown wi it T W
in-Figure 22. = ’ ‘L

8.  Before operating this circuit, pre- - m

. - dict the.sequence of actuator opera- . . i_____,- =
tion, starting with both pistons ’ T
Figure 22.. Cylinder Sequence —_
' Circuit.
. - o '+ FL-06/Page 23
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- fully retracted and continuing for a full cycle of the circuit. Record
this in the Data Table.
9. Operate the circuit. Were your predictions correct?
10. Explain the operation of each component in the circuit. ’ .

DATA TABLE .

DATA TABLE.

Accumulator-Pressure Intensifier Circuit

Trial Py (psig) P, (psig)
Initial {~ : S
' 1 ' | . '
C 2
3 5
e 4
; > il Explapation: ‘
4 . ’

~
¢
. -
v

JCy]inde}‘ Sequence Circuit

Predicted sequence of operation::
- 4 ..

. ) .
“Circuit explanation:

Page 24/FL-06 Lo , Lot
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GLOSSARY

-

Accumulator: A device for storing 2nergy 10 2 nydraulic,system by storing
hydraulic fluid under pressure,

Check valve: A valve that allows flow in one direction only.

Directional control valve: A fluid control valve that controls the direction
of fluid flow to and from components.

Flexible hose: A fluid conductor that €§ flexible jn use —usually a hose
reinforced with wire braid. U

Noncompensated flow control valve: A valve for controlling the flow of
-hydraulic fluid in which fluid flow rate varies with fluid pressure.

Pressure-compensated flow control valver A valve for Eontro]]iﬁg the flow
Tate of hydraulic t1uid in which the flow rate is the same for ali
pressures. ‘ ’

1

Pressure intensifier: A double cylinder and piston device used to produce
higher pressures in pneumatic and hydraulic systems. .

Pressure relief valve: A valve that opens when the pressure on its inlet
exceeds a certain value - used. for pump protection.

Pressure reducing valve: A valve that maintains’'a lower pressure downstream
from the valve. * -

L4

Rigid pipe: A fluid conductor that is qfnnected with pipe fittings and cannot
be bent — usuaTly steel pipe. ' /

Semirigid tubing: A fluid conductor that is not flexible in use but, can be
bent for ins}a]]ation — usually steel tubing. '
. ) ) . \

~
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Sequence valve: A pressure relief valve used’to gg]ay the operat1on of one
actuator until another has completed its operat1on e

ae -

N Servo valve: A d1rect1ona1 control valve that has feedback control and caﬁ
control fluid flow — used for accurate positioning.

-~

o Unloading valve: A pilot-controlled pressure relief valve that allows a pump
to deliver fluid at atmospheric pressure while the system is powered by
an accumulator.
. * 9 -
. .
[} ‘ -
? »
N ‘ .
'
s -
—- ’ /
4 S,Jf —
r‘ ‘ N . hd
. ) .o
. 1?3

Page 26/FL-06 — _ )

" * ¢ 7
A




TEST

Which of the following accumulators can be used effectively for pulsa-

tion dampening? C . . k )

"a.* Spring-loaded” type . ‘ e

b. ,Gqs-loadéd piston type [

c. .'Gas-loaded bladder type -t

d. Weight-loaded type

e. Bothbandc

Pressure intensifiers ...

a. ﬁay be powered by.eFEher compressed air or hydraulic fluid.

b. may use eithe} compressed air qr hydraulic fluid as the high-
ﬁr955ure f]uid.k’"“‘ .

c. can orovide con\dhuous flow at high pressure with the proper

o valving. . '\ . ( L
d4.. Both a and b are/true. /-
e. 3Botha and ¢ are true. )
qu max1rum fluid velocity in a pipe carrying 80 gbm is 15 ft/sec.

Jdnat 1s tﬂe .fnimum allowable'diameter of the pipe?

.3 inches ,

.2 inchqs
.7 inche§

GV - DD

.1 inches
4.3 inches y
Semirigid hydraulic cenductors ... oo

-

e

(1] a o0 [ . eV}

"a. are connected with pipe fittings.

b. are not widely used because they are too f]ex{b1é. . s l
c. ™ cannot be used at pressures above 1000 psig. , .

d. ~ should never be used in‘straight lengths for short connections.

e. are more dnff1cu1t to install than rigid types.

. Which of the fo]10w1ng should never be used for hydraylic oil conductors?

a. Copper tubing
b Ga]vanized pipe
c. P]ast1c tubing o
d Both a and b o / x N )
e A11 of the above
. . . 174 - . . FL-06/Page 27
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A three-wa& directional control valve can be used to control which of
the following companents? ) )

a. Single-acting cylinder - ' S )

b. Double-acting cylinder '

C. Constant speed hydraulic motor’

d

Reversib]eqhydrau1ic motor :

“
-

e. Bothaandc . \ .
Which pf the following is not true of spool-type'four-way directional

CE?“§f° valves? - .
&
a.

They always block fluid flow to and from fhe actuator while in

the center position. ' )

They have nonpositive seals and allow some 0il leakage ét ail ,

times. X -

They may be designed to return the pump output directly’to thevekf.

reservoir while in the center position. ) .
d. They are not as widely used as rotary Dng.,
e. Both a and b are true. )
f. Both b and c are true.

Which of the 'following pressure control valves s used to increase the .

w
.

energy efficiency of a hydraulic system?
Pressure relief valve
Pressure reduciﬁg valve

Unloading valve

’

a
b
c. Sequence valve -
d
e

. Pressure-compensated valve
Most pneumatic systéms use which of the following for flow rate control?
Pressure regu]a\ rs’
Pressure-cémpens ted flow valves

¥

a
b

‘c.  Needle valves
d Pressure reducing valves .

e. -Both a and ¢ :

Servo va1§g§ for position control include which of the following design
features? ‘ ' ’

a. They can control both direction of flow and rate of flow,

They have a stdtionary spool and a manually pbsitioned valve body.

Page 28/FL-06
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‘.They connect pump pressure to both sides of the actuator when the

load is in the correct position.
They require electrical sensing circuits.
_ Both a and b are true. | ‘
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Ql;&d power circuits ;re always ;Esigned around the cﬁrcujt actuators'and
should as simple as possible to accomplish the desired results. In pneumatic °
circuits. the actuator speed depends oh the rate at which _the delivery system

can prov1de compressed air at the actuator and the resistance to flow in, the e
actuator exhaust In hydrau11c SYsSEems , actuator speed depﬁndQFEnt1re1y on

the flow rate of oil, to the actuator® -

.0*\_ This module discusses the basic design features of pneumatic and hydrauTic
circuits and controls. Topics include basic hydraulic gnd pneumatic circuits,
speed control, motor control, synchronous operation of actuators, methods of ‘
increasing the speed of hydraulic actquors, and the overall eff1c1ency of hy-

. L]

draulic systems, .

In the laboratory, the student w111 construct two hydrad]1c circuits for .
operating the same (compone t — one using a pressure relief valve and one us;ng
a pump unloading valve The\efficiency of the twp c1rcu1t§fﬂ111 be measured

and compared. . o o o

- , -

! I

The student should have completed Modu1é FL-06, "Fluid Distribution and .
, \ ¢

Control Devices.;// L/) T

o

OBJECTNES

- -l

Upon completion of th1s module, (the student should be ang to:
1.  Explain the operation of q given fluid powér Circuit and 1dent1fy each «
‘ component. R '\ ‘ ’ » < \> o
. Explain the basic procedure used in des1gn1ng s1mp1e hydrau}ﬁc circuits.
3. Explaim the factors that 1imit the speéd of operation of actuators iﬂ"pﬁeu-

matic and hydraulic circuits. - ‘\\ S N,

o

4. Explain three methods of flow control used in hydraulic circuits, O stite
which method; is used in pneumatic circuits. - -

r ¢

.
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N

Draw, label, and explain circuits for accomplishing synchronous motion

. .
’

in the following:
a. .Hydraulic cylinders.
(1) by series connection

“(2) ‘'using motors as synchron1zers
b Hydrau11c motors ..

c: Pneumatic cy11nders" . E ) .

Explain how each of the .following is used to 1ncrease actuator speed in
a hydradulic c1rcu1t. /
a. Regenerative circuit / A

b. Accumulators * ° . .

.

'Exp]ain how'the speed of a pneumetic cylinder cansbe ,increased. ¢
Draw and label hydraulic circuits with the following features and explain

how each saves it ‘equipnient cost and operating energy:
a. Pump un]oad1ng with center position of DCV
b. . Pdmp un]oad1ng w1th an unloading valve . ,‘
c. Doub]e pump system ; .

d. . Accumu]ator used as a 1eakage compensator
e. Acoumu]ator ina double pump circuit
Construct two hydraulic c1rcu1ts for powering the same load ~ one using a
pressure re11ef valve and the other using a pump unload1ng valve. Deter-

mine the energy consumpt1on and efficiency of each circuit during a full

-

. AN
cycle and compare the two. \
. .
.
. .
b ) ¥ !
P -
0 ~ E4
> - Q: ) -~ ! -
‘e . . 4 .-
» - " -
. -
“ +
- v . ° 4
- N -
X : .
» , - b
s .
- 1) . ~
. ¢ PR ° 1 v >
L]
, s e R hd ®
. ’ ! - ae
. -, N . L ’
" * . A [ - ~ ‘ -
. -
N} L N h .
» .~ <’ * . 4
;
“dy s .. . b e ‘,
- o .o
Ed * ’ -..-— '...’ i 4 ’ ¢ . " -
. . TN [y ¢ ? . ‘\ - ? ¢ -
- - “ ' - “‘u . -«
- * - . .
’ L4 . ~ - * A ‘ .
. - 1' . . ‘
. v f o e 1 7‘)' -~ K o~ . . .
. . . .
0\ N . q 5 o4 .
» . ‘ . . . e ' -
, \ ¢ -, ' - s ¢
~ 'o*.;
. - - LI K )
° N 3
f :
o & MEE 4 “a

1




SUBJECT MATTER .-

- . . R ¥} ] .

FLUID POWER SYMBOLS = - T

[ . .

Several symbols used in fluid power schematic diagrams have been introd,uc:ed

and used in the previous modules in this course. Table 1 Tists some of the

more common graphical symbols that confor/m to the American National Standards .
cInstgitute (ANSI) specifications. Man‘y of these symbols will be ‘used in the

circuit diagrams in this module. Refer to this table as necessary for component

Y identification. ) : .
. ' ¥ ¢ :
* ’ TABLE 1. ANSI SYMBOLS OF HYDRAULIC COMPONENTS.
* . 3
; LINES AND LINE FUNCTIONS | PUMPS ™
LINE, WORKING J [ ,
\ PUMP, SINGLE /N
: FIXED DISPLACEMEN /
& LINE, PILOT (L>20W) —_— r, ) coment . \J
" LINE, DRAIN (L<5W) N ‘ |
& : PUMP, SINGLE . @
¢ . X ¢ VA £ LACE .
cORnECTOR N . AABLE DISPLACEMENT .
» . -
. . . D ¢
- LINE, FLEXISLE , MOTORS AND CYLINDERS o = .
» s T \_/ ~ v
T
LINE, ,t'ommok . ' ‘ MOTOR, 20TARY, / ' Nt -
+. ZIXED DISPLACIMENT NIATE .
/ ‘ 4
LINE, PASSING 2 o \ )
L MOTOR, ROTARY
4 VSMABLE DISPLACEMENT . 2
SIRECTICN OF FLOWY,, ’ ")
~YDRAULIC - > —~—
 PNEUMATIC el MOTCR, OSCILLATING - 7N .
. ' . .
¢ LINE TO RESERVOIR ! -~ e
. A3OVE FLUID LEVEL -— CYUNDER, SINGLEACTING b ———
2ELOW FLUID LEVEL
= s . . b !
—— P ————
. E-ACTING N —
LINE TO VENTED MANIFCLD — CYLINDER, DCUBLEACT L . .
: — L AL
ac ,
. P0G OR FLUGGED % g;lémosa, DIFFI:R.NTIAL : Ez,
, CONNECTION =
r ’ . - L > ’ ¢ &
" bt RESTRICTION, FIXED —_— g;flél?oogﬂ, OOUA}K E_
@ oo e N .
[ it N ' ‘ -, 7 . : 4
o s | —— | | Fpegtmes 1)
4 M  — -
ﬂ’ 6 L4
I3 [ - & ' ’ d - . ’ -~
“ : - “. L4 1 ’ .
- P : .
« .?* L * “ . .
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. ' _ .
Table 1. Continued. ' B .
a \
_ * . S
L& - : ' y
1 e * ‘ 4 i //) *
s - . ~ . .
. . . . ,
[} [] L
MISCELLANEOUS UNITS 3 3ASIC UALVE SYMBOUS CONT..
' ) ! , DIRECTICN OF CTATION ¢ VALVE, SINGLE FLOW Il
Y T AROW IN FICNT CF SHAFT) - . "PATH, NORMALLY OPEN — -
S CoL o] - Py vaLvE, MAXIMUM . © M1 A -
* ‘ CQMPGNENT ENCLOS\JRE + PQESSURE :QEUE.:) :‘:__::\ ‘:
\ PN ' , - _—-—JI b . i .
’ A . 4 3ASIC VALVE SYMBOL, . —_——
v 4 .
- RESERVOIR, VENTED . l | , MULTIPLE FLOW PATHS o A=
CEPN . . — FLOW 'PATHS 3LOCKED . =
| FESERVOR, PRESSURIZED s & N CENTER POSITION e
e = N — MUBTIPLE FLOW PATHS LARROW :
. . PRESSURE GAGE N SHOWS FLOW DRECTION) b
. €E PLE [ ' —:
TEMPERATURE GAGE: R VALVE EXAMPLES
4 , - UNLOADING /ALVE, N
: ) L ROwaETER FLOW 2ATE) —-g— INTEANAL DRAIN, - __:L__
- ' REMCTELY 0°8Ra%2D - .
' ELECTRIC MOTOR Q * : ) —z
. . . ' LECTS < < -~ . DECILERATION VALVE, . :_
= . . ~ NORMALLY OPEN —
T ACCUMULATOR, SRING A e SF.
) LOACED . - U . L
. X e . SEQUENCE VALVE, 20
s N — - Py DIRECTLY OPERATED, —
., ° BN | ACCU/A:\ULA\TOQ, GAS S ’ EXTERNALLY ORAINED .=
CHXRTED ' T : - :
° . : N 1. PRESSURE REDUCING A
. ) . \‘?\ YALVE ° —_
. FILTER CR STRAINER . N LT
L U e . ) ~ — . —
’ HEATER ’ »"Z\}- g counter majancs Co A
. - JALVE 4 H INTEGRAL L=
gootr - %_ CHECK _ S _
, . . . =
A N JTEMPERATURE AND e ——
IMPERATLRE CONTICLLRR - .
N LN e . PRESSURE COMPENSATED . | 0o dt
N FLOW CONTROL MiTH !
. INTENSIFER » T e - INTEGRAL CHECK . A
T | smessure sren . Y olascruo.\"miva$\/e, ' -
N . ‘ | - TWO-POSITICON, THREE- RIEAY R
- N . BASIC VALVE SYMBCLS . . 1| ° CONNECTION , ‘
A4 N RS
EHECK VALVE ' o
’ . . —O— * DIRECTIONAL VALVE, v
. MANUAL SHUT OFF - b THREE-POSITION, FOUR- . HEIE’
* 4 VALve » - T CONNECTION .
o . ! o 3ASIC VALVE 0 . [:] - -
I 3 ENVELOPE ’ ' VALVE, INFINITE
e > .4 VALVE, SINGLE FLOW ’ : POSITIONING (INDICATED
.8 PATH, NORMALLY CLOSED —Q— . 3L HORIZONTAL-8ARS) *
- L] L
o L :’9“ - :'. T ST RO - o Toe . . .\.
Y - ' N ":%i ) M \- . v f = ¢ ¢
» - 5N W . . .
. PR | ¢ 2 - , P .
. - \.' . ' - - ' ”_ -t d *
. c s . d . .
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Table 1.

Basic hydraulic c1rcu1ts are w1de1y used to power a s1ng1e»actuator

.

&0

Conttnued.

. N
. - Y '
\ -5 ‘
- i <
N ’ * ~
METHODS OF DPERATION . METHOQRS @F OPERATION,, 5 o P )
. -
PRESSUNE COMPENSATOR ol LEVER ! s '
i v Ll £Y
oglENT | PILOT PRESSURE o
. .o .
MANUAL r;i SOLENQID - ¢ o IZ( v .
e — T— ; %
SOLENOID CONIROLLED, -
MECHARICAL af rd PILOT RESSURE OPERATED Wf\\
"PEDAL OR IREADLE = ‘ SPRING Ll w .t
PUSH BUTTON g S8RV B el \ <
AY
-~ ) -\ )
BASIC HVDRAULIC CIRCUITS '
S . -

d1scuss1on centers on the operat1ng pr1nc1p1es of simple c1rcu1ts wh1ch a?so

govern the operat1on of more comp11cated c1rcu1ts

'CYLINDER CIRCUITS

The simplest hydraulic ciretit 1s one used to power a s1ng]e act1ng cyllnder

-

»

-

* D
”,
]

kd

. Such a circuit consists of a hydrau11c power unit; a s1ng1e -acting cy]inder a
three-way, two-pesition d1reetxona1 control vaivé“for d1réct1ng f1ow to- and,

from the cylinder; and adequate piping to transbort fhe oi1.
was constructed in the Laboratory section of Modu1e fL-O]

- Fundamentals of Fluid Power. ")

A]f hydraulic cjrcgﬁ:zzpre designed around the o?rcuit‘actuatOrs
simple single-acting cyl r circuit, the cy11nder is chosen first based on«the

Toad, extension distance, and c1rcu1t pressure

operation in the desiréd pressure range

to gfve the correct operating speed of® "the actuator based on the’ vo]ume of’ f1u1d'
necessary for fu]? extens1on and the desired extensijon t1me
valve protects the pump and estab11shes maximum system pressure,

-«

-
H

(Such a circuit
"Introduction and -

In the

The pump is chosen for proper

fhis -

L4

The deliver rafe of the "pump is chosen

A Pressure relief
Piping 3s .

sized to a onnndate full pump de1ivery with an accé%tab]e fluid velocity,
usua11y less’ than_ 20 fpsé_jThe direct1ona1 ‘control valve (DCV) is se1ected to
i A1 _component$ should have fluid ports large

. give the proper

it funcfions.

FL-07/Page 5. *
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enough to maintain the f1u1d velacity at an acceptable va]ue If the ports

. are too sna11 the flow may be restricted enpugh to part1a]1y open the pressure -

re11ef valve and the cy11nder speed will be less than desired. -Turbulence in

sma]] ports will aTso consume power and produce heating of the hydraulic oil.
Figure 1 shows a circuit for operating a dpub]e-acting cylinde?, which‘is

s1ight1y;more complgx. It is controled by a four-way ‘DCV. If the }eft_envelope
of the valve is used, the cylinder in this circuit is. retracted,'it the right -
envelope is used, the cylinder is extended. At the end of 1ts travelin either '
direction, the pistdn stops and oil flows through the pressure relief valve to
the reservoir. .The system pressure is maintained at the mak imum by the pressure .
relief valve. A two-position valve has only two pbssible positions and cannot
be-used to stop the load at an intermediate po1nt .The three pos1t1on valve 1n
F1gure 1 has a center b]anked position’ for stopping the load at any des1red
point. . ' ' v
‘ During the retracting stroke of the
double-acting cy11nder 0il enters the *

T,

ié/{lfd/ﬂ ity o)

ery rate. Because the rod occup1es some

of the volume of this end of the cylinder,

the piston velocity is greater than fdr_

L__L-— the extension- stroke (and the forece pro=
: duced~1s lTess). “The faiter motion of .

' the piston forces ojeout of the bTanked
end of the cy11nder at a rate greater

'than the'pump de11very rate. "F1u1d con- .
ductors, wh1ch carry 0il from the b]anked .

end of the cylinder back to” the reservo1rh
must be s1zed for this higher -flow rate

Fygire 1. Three-Pogition,
~Four-Way Directional Control or f]ow restu;ct1ons may ‘occur.
Valve Used to Control Piston

Movement in the Cylinder.

Y o

-~
. N ®
AU Y

MOTOR GIRCUTTS. et e s

)

4 P ‘e
The .simplest’ circuit for controlling a hydrau11c motor is one for a CcoR-

stant speed motor that rotates in only one &irection, fhe circuit* coritrol con-
ststs of a two-way- valve that turns fluid flow to the motor ON and OFF. The\
nntor drains- direct1y to the reservoir. | )

Page 6/FL-07
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v

- lic motor at a constant speed. The

Figure.2. shows the simplest cir- g 0
cuit for operating a reversible hydrau- ’ .

" controls of this circuit are identical ) @
,to those of the cylinder circuit in l"r‘ g ', L §
Figure 1..3\This circuit is designed -~ L"—'l___;————-l ‘
around the specifications of the fluid L M
motor chosen. S )
» _L__- l Y ‘ __1
N g-—' X TTd E y MW
.+ SPEED CONTROL o J
~ Inmany circuits, the speed of *
operation of attuators must be con- Figure 2. C(losea-Center, Tnree-

.. . . Position, Four-way JCY Usec to
trolled. -This is a lished v > AR
Thi ccomp ed with Control & Hydraulic Hozcr “cr

flow control valves, which can be Rotation in Ei\ther direction
applied in three ways. Any of the ' ’

three methods discussed can be used } *

to c-ontrp.l the speed of ‘actuators or ’ ) ,
motors. , : ! . - b

Figﬁre 3 shows metering-out or exhaust flow cc;ntrol. in this circuit, the
forward movement ofvtﬁe‘lpiston is controlled by the adjustable orifice in the\,ﬁ
flow control, which controlss the yoiume of oil exhausted from the cylinder on

“its forward stroke. The extension velocity ' . : Ce

~

of the piston ‘is set by a' flow control valve .. » | 3
located between the piston exhaust port and - A
~_the DCV‘: " This valve limfts the, flow from ' r e :
. the rod end of the piston and, thus, Timits . . 3 ' (\A )
' %}ow»into the blank 'gnd of the pjstor% for 1. 'X —\ l_ i
extension. B -—
In Figire 4, a similar flow control ol
valve fs—jocated in the~bo“w'er line be- |, FROM HYDRAULIC POYER SOURCE _ jﬁr

*' tween the"DCV and the piston and re-

Figure 3. Metering-Out or— ‘

. . +
stricts flow into-the. blank end of .the Exhaust Flow Control. C

pistop, thereby 1imiting the extension

" speed: This is called metering-in flow control. In both cases, a check valve
is.jncTuded to allow full flow around the flow comtrol valve during the

M - | | - R p

- . ‘. .o . '/ ) N i FL-Q7/Pagfe~7,
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) retraction stroke. When flow is limited in

N
either of these ways, the excess output of the
pump 1is returg;d to the reservoir by the pres-
sure relief valve. The flow vajJve in Figure 3

is a noncompensated valve and will work prober]y

“only if the system pressure is maintained near
'iZi) the maximum value. The vertical arrow in the
valve symbol in Figure 4 indicates that thigs

valve is pr&ssure compensated and will control

FROM HYDRAULIC POWER SOURCE - the flow at any pressure. Such valves are also
7~ .

Figure 4. Metering-in '

FTow Control. © tain.a constant flow as 0il viscosity changes

-available with temperature compensation to main-

with temperature.
Figure 5 illustrates

flow control in which a porfion of the

pump delivery is passed thqough a flow
control valve back to the tank. The
cy]indér speed is reduce

because it
only operates on the portion of the
flow that is not passed by the flow

: | M . control valve.
* FROM HYDRAULC :POWER SOURCE

~ Figure 5. . "Bleed-off"
Method of Controlling Piston

Movement in a Cylinder.

. ) ‘
—_— ‘.,

BASIC PNEUMATIC CIRCUITS~

- . — , . @ : .
Basic .pneumatic circuits are similar to basic, hydraulic circuits but are
somewhat simpler since the working fluid is not returned to the system. ATl
&
pneumatic circuits employ the basig principles presented in the, following para--

- e

‘graphs. ‘ g .

F

‘
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§
. t CYLINDER CIRCUITS

’

The basic circuit design for air cylinder operation is the same as for
hydraulic cy11nders except the working ftuid is exhausted Jgst past the DCV rather

than being returned to the system. F1gure 6 shows a pneumatic. c1rcu1t for double-

- acting cy11nder operation. Like the @ N ¢

-

R_‘\\?ydrau11c circuit shown in Figure 1, this - ::}____;;___

circuit al]ows the load to be stopped at . .

any.p01nt along its travel. Since air .

js compressible, accurate positioning

is not possible and the piston is likely ’ '
it vard iR =
g _to move if the load on it varies. - ) ERIER:

The speed .of operation of the air . . EXHAUST PORT

5cyf1nder depends on the rate at which MUFFLER
“ compressed air can be delivenea\gguzne
side of the piston and exhausted ™om the

‘ other. Since compressed air is stored in - f<::::>__; éé
\ l i L u ™AL

a tank under pressure, the capacity of

L 4

. the fluid conductors — not the compressor. : o,
capacity — limits the speed of actu-

ators. Increasing the diameter of the , ;

Figure 6 Three-Position, Four-
Way DCV Used to Halt Piston

cyinder. Movement of the Cylinder at

This cdrcuit also shows the filter- . éntermediate Stops.

pipes will increase the speed of the.

regulator-lubricator unit. This component §hou1d~be located inagpe air line
to eath pneumatic circuit as close to the actuator as possible. In cases of
a 1ong air line from a contro1 va]ve to an actuator, an additional lubricator
may be required at the actuaﬁg¥ The remaining pneumatic circuit diagrams in
this module do not show the FRL.umit; but it should always be assumed to be

present. ' ' )

s
-

MOTOR CIRCUITS - L “f

The circuits for operating air motors are simiTar to those for hydraulic
motors except that air motors.usually exhéust'dﬁreq;1y to atmosphere. . Figure
7 shows a slightly moreveemplicated control scheme using push-button valves

B 4 ‘ ' o
v L] . . . \/\_ |
: . L. - M ' |

Ay

= _ _ . ‘ '
. i , FL-07/Page 9




Fmmmmmmmm e e . for pilot control of the DCV. This

non-reversible air motor could also

be operated with a manual DCV of

s1m11ar des1gn Air motor speed

RN

var1es with the Toad on the motor

[
qP
L]
-
S

but also depends upon the rate at
which air is delivered to the motor.

!
e
ik Rt "/v
/
L)
)
1

[P KR!

) —_— FRL ) .
' \ SPEED CONTROL
), Speed control of pneumatic systems
Figure 7. Push-Button” Control of an is accomplished by metering the flow '
Air Motor.

) S into or out of the component. Pressure
’ . Tine metering is usually avoided with
cylinders because it can result in

(WWWVWW”Zj - erratic cylinder movements. Most pneu-
7/, AULU 4 ’ - . Lt
dewond” , matic flow'tontrols consist of adjust-
! — Af% - able néedle valves on the exhaust side

PN— JooHH of the component. ’
— Y b !
— él LA ; ;‘ | The speed ?f a? actuator ca? be

! L£::> o IR 7 % | varied by the circuit shown Tn Figure 8.

A | Y | The rod end of the_cylinder is confected

FROM . | ini -
. AR SUPRLY |- | {} [ to fa component coptammg a two-way
B L______r___rJ valve, a check valve, -and a metering

_ A — valve. The switch is operated by a cam

// Figure 8. Cam-GCperated Speed Control on the pisfon rod. At'thie begianing of

Used to Provijde Two Different .~ the extension stroke, the two-way valve
. ., Piston Speeds - is open apd the a}r in the rod is vented

' _ /ﬂb atmosphere. This gives the Jreatest

piston velocity. en the cam actuates the vagve, aif must exit the cylinder

throdgh.the flow valve. ‘The-check valve allows full flow in the opposite direction

for rapid _retraction. This control circuit can be used to move a load at two dif=
« ferent .speeds or ‘to decelerate the pistom to reduce shocks. '

.

v . -
- ' 13
.

. “» * ) . . N , . ‘ 'I‘ .
) f' * . . | - . ..
, Page 10/FL-07 . o, C
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The” speed of air motors cannot be closely controlfed unless the load iJ
constant. The speed is usually adjusted by a metering valve on the exhaust

MULTT-PRESSURE CIRCAITS | , o

!

Pneumatic systems often-operate at several different pressures/é/The main

‘of the air motor. )

air supply usual]y‘has a- pressure J? about”90 psig. Regu]ators for gach c1rcu1t

"are set to reduce the line pressﬂre to .that required by the circuit’ P1lot-
contro]]ed circuits ‘1ike the one 111ustrated in F1gure 7 often use pL]ot control

o pressures of 10 psig. - R e

In some cases,'tvo different working pr°ssures are required in one pneu-

matic circuit. .The air-pbwered chuck shown in F1gune_9 _requires a large holding

force during deep rough cuts on the.part

being machined and a lighter holding force

during finishing cuts to prevent distor-

-~

tion of the part. The large force is

applied by actuating the right solenoid’ - - ZZZ;;VT'POWERCHUCK

. Vwal

X X

°

valve. This applies_full circuit pressure
to the rod end of the pistpn. Wthen force

reduction is required, the left solenoid ™ 'E: ]

o
} valve s actuated, which channels lower Ea (;) g: ~%}

pressure air from a second regulator to

the blank end of the cylinder. This accom- REGULA““ i v T s
plishes a specific reductigh;in holding s T
“force. Pressure reducing valves perform Figure 9. \\Pneumatﬁc Circuit
the same function in hydraulic circuits. 0p2$:t?g§d1:ogelgﬁngtfgsuzsth
- . - Power Chuck1ng'Equ1pment L
v "~ SYNCHRONOUS HOTION ' o

In many fluid power applications, the motion of two or more actuators or-
motor;must be syhchronized. Various methods of accomplishing synchronous mo-
r

- tion dre discussed in the following paragraphs. , NN




.

"
HYDRAULIC CYLINDERS IN SERIES

, Figure 10 shc;ws a simple method of synchronizing two hyd'rauHcécyh'nders.
The cylinders are connected in series so that the oil flows from the - rod end
of cylinder A to the blank end of cylinder B on the extension stroke. If the
cylinders are the same si.ze, they will both extend at fixed rates, but A will
- ) : ' extend more rapidly and move farther
than B. In order to produce synchro-*

. ' D - : nous.motion, the area qf the piston
“ VA Cvunolr A in cylinder B must qua1 the differ- -
F . ence 1n areas of the piston and |
" rod in cylinder A. The pump must )

J / S CYLINDER 8 be capable of delivering a pressure

| ’ :J ’ that will provide the total driving

k»1"orce of bot‘ﬁ pistons on the piston
in cylinder A. Half this force
i will be transmitted to the piston

Figuré 10. C_yh'nders' © in cylinder. B. These restrictions

Connected in Series. [ make this circuit undesirable for

y . Rt . .
' , many applications.

4 Figure 11 shows a simpie method of
synchromzmg several identical hydrauhc
c’yhnders Each cylinder is connected in
series with a positive-displacement pump.
The pump shafts are connected so that all
pump's rotat@)getherﬁ. The pump and cyl-
jnder combtnations are connected in par-

-. © . dllel. " This produces exgellent syncf}ro-

. K J _ﬂ_ FLUID MOTORS AS SYNCHRONIZERS

C @ LT . nization of any number of-cylinders. o
’ . ’\ Cylinders of different sizesgcan be ‘§yn-
% - 7. chronized tf the pump displacement. for
l ,each, cyhnder s, changed accordmg]y
* B ~'~w» “The maaor d1sadvantage of this system is”

. . Figure,11.- Syrrchron'izatmn of _ er_methods ma be
Threb Hydraulic Cylinders. - its COSt' Severdl..other m I

= used to synchromze hydrauhc cyhnders U4

- . ’ ~ o
< s 13 S N

Page 12/FL-07*

Q

b~
Co‘
Ne)

D T - - . =




a -
£ . N

ATR.CYLINDERS

4

: S1nce air is a compressible fluid, it cannot be used as a synchroa1z1ng
med1um A1r cylinders are/orten synchron1zed by using air and 011 cy11nders in
aandem, as- shoWn tn Fiugre 12. Each N
air-0il cylinder consists of a )
double-acting air CJT.nder and a a
double-acting nydrau]1c cylinder

*  with a common rod. - Compressed air .

is de11vered to-all a1r cylinders,
,in: para]?e] for actuat1on together.
The ser1es hydradulic c¢ircuit
causes a11 plstoas_»oemoxe_iogether
This is one of the best synehro-

nous «circuits and is also used in . ~ T R
- ' < ' :

hydraulic power systems.

3

~

HYDRAULIC MOTORS - c

v <

Fixed-displacement hydraulic

motors can be synchronized by con- . - .
ncting thes naries, as sron PO AR deerion

in Figure 13. If the two motors’ ‘ ’ . B
have the' same ‘displacement, they.. _ ' .
will rotate together. As with - o - N
‘ series piston q1rcu1ts; the pump " ) -J,' — . ) )
must be’ ab]e to de11ver Sufficient ~ Cd:ﬂf =L :*z,:j '
- -

\Pressure at the first motor in .- —- - )
the circuit to’drive the loads of EL ‘ .
‘both. Air motors: cannot be syn-

L. 8 Y . ’
-chroniized. - o ‘ -

5 v

. F1gure 13, Two Identical Pos1t1ve-
D1sp1acement Motors Connected in Serdes.
< L

Pree T L  FL-07/Page 1%
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. ACTUATOR SPEED W £/ S
In ;ome applications, the speed of fluid power actuators must. Se‘incﬁeased

' Tbeyond that which is available with the simple circuits discussed earlier. This
. section d1scusses how this may be accomp11shed in. pneumat1c and hydrau11c c¢ir- = A

cuits. . . VA © L2

 PNEUMATIC CTRGUTTS

The’ speed of a pneumat1c actuator can be increased by 1ncreas1ng the air ‘&——\>>

delivery capab111ty of the high- pressure piping and controls or by decreas1ng )
Ve . resistance.to a1rf1ow in the exhaust

) Tine. Figure 14 .shows a qu' k-exhaust
§ ﬁi," va1ve used to 1ncrease t& operat1ng .
With the valves
_ " in the positigﬁ showng“airﬁggters the
ot ,. ) N ) t/yuw' ~rod end of the cylinder ‘and raises the
. ‘ ‘ $ Y . Joad. When the DCV jg moved to the gther
::f ¢ ‘ position, the air in the pilot chamber

X 4 B 4 i speed of an air hammer

e ‘ . of the exhaust vg]ve 1s'exhéusted;through S
. v , the DCV. The spring return of the exhaust
o FROM AIR "SUPPLY _ - \F{ / L,
. . valve pushes its spoo pward, venting.

- ' '

. \ . the rod end of the cylinder directly

Figure 14. Qujck-Exhaugt’Vafve to atmosphere at a ]ocat1on near the R
Used to Increase Piston Speed o4 .
in the®*Cylinder. Cj]1nd?r . ot
$ N ) ’ .
S HYDRAULIC CIRCUITS S S
The speed of h érau]ic actuators is limited by the rate at thch the pump
éanqde1ivgr hydraq}io fluid? Speeq can be increased'5n1y if the ‘fluid de]jvery'

| v rate can Be increased. Economics and efficiency often demand that this be
|
r
|
\

*

K accomptished without increasing pump capacity. Figure 15 sho&% a simp]evmethod
of increasing the extension velocity of a double-acting hydraulic cylinder.- = ~. :

This is called a regenerative circuit because the oil in the-rod-end of the
,£y11nder is channeled to the blank end during extension. The extra vo1qu of

. 011" extends the cy11nder more rap1d1y Because both ends of the cyiinder are

) B 4 3

T

. - . ""\' / L ‘. , 131 <’ . . < -,o‘
© oy Page 14/FL-07 o ' oo }2 ‘ ,




at equal pressure during extension, the L -

J -

area of the piston rod. Thus, the regen- . ® . -

effective force=producing area s the

erative circuit trades maxmium force for “ >F'3Lgc;<'gu
increased speed. Other methods of pro- & A ++ ‘—q\ -
M -4 W

vidiniyincreased flow rate fo_rrapid. T ’
-/ ! .- s, [} >
actuatow/movement during part of a cycle - - .

are discussed in the following section.

5

[y

Figure 16 shows an accumu]ator - ¢

used toincrease the operating speed of
a hydrauhc cyhnder in both d1rectwons
When the JCV is actuated, the flow from .
the pump is supp]emen?ed by flow from I o e
the accymulator to 1ncrease the flow - Figure 15. Regenerétive C.
raté into the cyl Lnder The mcrease . ' ‘ ~

, in speed is dependent up:/ . . ‘ . -

. the capacity of the accumi- ) . o )
Tator and the size of the.con- //”

necting pipes. Pipes and . r oR , | — . '

valves between the accumu-¢

Tator and the cylinder should T D R . ’

be enlarged to dccommo i ‘(;" | ’ )
--the -increased flow r'a"ge.' T Y —-JJ ‘ :

pressure relief valve in, “. e o Co.

this gircuit may be replaced = o L :

by a pump upioading,vawe, Q L Lo , o e . "

as describedy in the ext ) ' . o ‘ AR

i ot iz woane. © 7 PRI Mt

L ! ) ) . ' 'S

-
i

ENERGY EFFICIENCV IN HVDRAW.IC CIRCUITS . -

4
’F1u1d power systems have varymg power req‘u:irements dur1ng d1fferent*part~s o

of their operating cycle. In pneumat1c s]ysten% the compressor stores the work
., ing. Fluid under pressure dnd, whén the en(ergy is use@the power requ1rements )
have 11tt1e effeTt én system ,efch1ency Hydrauhc pumps,,dn the other hand, -

/
deliver ﬂu1d ata constant f"low rate whether the system requ1res\1t or not.-
H ol . \ . R N
." } s s . C ’ a‘ '.. — " ‘J ) - N i 4 " . ~ b
.;" o - g & , A . . ,: LY o ) o RN e \
/ . r - l : . 192 T oo FL',A-07/Eage‘ 1? ) ‘-a .
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. ) nect1on<¥hat retyrns the pump output directly to the tank. If a circuit such

v

Q

- . , .

The power required by the pump drive increases Qith de]ivery‘pressure, as de-
scr1bed in Module FL-04, "Pumps and Compressors " when a hydraulic system with .
a pyessure relief valve requwres no o11 flow, the pressure re11ef valve allows.
the pump de11very to flow back to the reservoir wh11e ma1nta1n1ng the maximum

. system préssure. Th1s requires the maximum power 1nput on the pump drive. The
input energy is éon_erted to heat in the 011 by the presstre relief valve.

Thus, when such-a_.system does nat work, it consumes the maximum amount of energy
~and creates the greatest amount of heating to. hasten the decomposition of the
0il gﬂﬁ seals. Higher pressures.and temperatures.also promote pump wear and
fa11ure The energy eff1c1ency of a hydraulic system can be increased by re-
.duc1ng the_amount of fluid flowing through pressure Felief valves. This may
be accemplished in several ways' dependang on system requirements. i '

f
. . N
! v

PULP UVLCADIV i

Pump unloading in a hydraulic system consists of reduc1ng the pump delivery
pressure to’ near atmospheric’in order to reduce its 1nput pOWEr requirements to

the minimum value while the pump output is not needed ?ne simple method of
’ unloading a pump «is- to Use a three-position, four-way DCV with a center con-

as theqone shdwn -in Figure 1 1is used for’ holding a load in & fixed position

X \/////jor any léngth of time, this s1mp1e ohange can greatly increase its efficiency
3 )

nd the "1ife of the oil and components - .
, v Figure 17 shows the use of‘% pump unloadirg
' valve. 'This is'a pilot- operated vadve that
' ' a11ows the pump output to flow to the reservo1r
- T [IEEEE;;E}——: at atmospheric pressure as long as a preset
S ‘ " pressure exists at the pilot port. The check
== 5\ valve permtts fluid from the system actuators

L .. to flow through the un]oading valve and maintains
the pressure in fphe-system. This valve unloads

the pump any timexits dutput is not needed to

o -

move the piston.

*&s

. Figure 17. Simple Pump -
Unloading Circuit. .

. Y . . ‘ . 193
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DOUBLE-PUMP HVURAULIC SVSTﬁMS -

> )
: Hydrau11c systems for operating presses often require a 1arge Flow rate
at 10w gressure for extend1ng the piston until contact is made with the work .
,pLece and a Tow flow rate at.a uch h1gher pressure i;:/the form1ng operation.

This can be accomplished with one large, high-pressurg pump; however, such pumps’

are very expensive and have other drawbacks as well. During rapid ex ansion,
they wou]d‘operate at low power. During the“press{ng gperation, mostt:h their
fluid delivery would be forced through a pressure re1iet_va1ve.

The most economical solution to this problem for most such app]jcations

is the doub]eepump circuits shown in Figure 18. .Both pumps can be drivén by

the the same power source. During
rap1d axtension of the piston at low

pressures, both pumps deliver fluid ' ‘ [ j o
to the system. When the rod en- —

counters the work piece, the pres- v . /%3' ‘ ji‘jxiEé\ :
sure' increases, thereby c]os1ng the o ‘;io .
check valve above the low-pressure . . '
| pump and opening the pump unloading ~+ E ) tm_._J'__] '
‘valve. The high-pressure pump pro- “1GH PRESSURE - : P
duces the neceSsary pressure at'a low Low —Zz . =
flow rate. The éxcess flow from this FLOW POMP gi::jis::; '
pump ‘goe$ through the pressure relief = - :
valve, but this fluid volume is’ _ . . ‘
usua114 so small that there is Tittle | Figure'18. Double-Pump

" ° heating effect in the total fluid " Hydraulic Systemi

2

volume of the system:

PN

USE OF ACCUMULATORS TO_IMPROVE SYSTEM EFFICIENCY

Figure 19 shews the use of an accumulator to reduce the size of pump nec-- !
’, .

essary for a hydrau]ic system in order to increase system efficiency. .The
accumulator increases the actuator speed’ above the speed available with the
pump alone and acts as an*auxiliary power source for holding and compensating
for lgakage. A pressﬁre actuated electrical switch turns the pump.off when
it is not needed, reducing the power consumption to zero during extended ho1d1ng
operations . * : -,
o . D
C 1Q4 - ’ FL-07/5"age17
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e v . PRESSURE [+ )
O - - SWITCH | * M

Figure 19.( Accumulator as a Léakage Compensator.

USE~OE=ACCUMULATORS IN HIGH-LOW CIRCUITS ~

- Figure 20 shewg//ﬁ/;gg?g< eff1c1ent dual power hydraulic circuit using an
. acgumu]ator as an.auxjliary power source The f1gure shows the circuit with
\ N the valves pos1t1oned for rap1d exten-
® ‘ ) ) sion of “the p1stDn Fluid flow {s pro--
| ‘ U ~ vided to the cylinder by the high-pres-
J_ ’ . sure puﬁp, the ng-pressure pump, and
a ' y= [ n _ the accumulator. When tTe pressire jn
> ’ ] . (ia the cylinder rises above the pressures -
—> of the accumulator and low-pressure pump,
v +’ the Sﬁngg>ya1vg§ in-the lines from these
> i components close. This pressure-also
poccm g ‘, [ . actuates the pilot-controlled DCV direct-
5 Y [j; 4, __ ing the output of the low-pressure_ pump
| LS - to the actuator to recharge it. The
T T '"——————'1<E§J‘:L check valve below the accumulator prevents
. Jpngsgas Y Low:_°" any reverse TTow from the accumulator .
PUMP .o . PRESSURE

P . and allows the use of a pump unloading .
valve.for the low-pressure pumpf An:

- unloading valve is also used with the
h%gh-pressure pump . The check va]Qe

[ - - J

t F1gure 20. Accumulator as an
Aux111ary POWer Source. )
v - above it maintains pressure for holding

e
S, . 4

perat1ons wh11e the pump is unloaded.

O Page 18/FL-07 - o luu | :




,SUMMARY o (

Fluid power circuits are always designed arouoh\the circuit wctuators and
the functions they perform In pneumatic systems, the speed of an actuator
is determined by the_flow rates-in the &ir deljvery system and the resistance
to flow in the exhaust-ports. In a hydrau11c system the maximum flow rate
is the delivery rate of the PUMP , unless SO&C]aI c1rcu1ts oy, compgnents are sed
to provide auxiliary flow. The piping of hydraulic systems,1s sized to present
jttle resistance to fiuid flow. ® ' i
 Speed conhtrol is accamplished in hydraulic circuits by the use of flow
control va]ves in three locations. In pneumatic circuits, flow control is -~
" usually apo]1ed to the exhaust port -for smoother cylinder operation. derau11c
cylinders can b synchronxzed by connecting appropriate cy11nders in series
or by us1ng*ﬁ5ﬁlee1ed positive- d1sp1acemert pumps as metéring devices to supply
each oy11nder with the same flow rate. Compresced air cannot be used as & syn-
chron1z1ng f1u1d but-air cylinders can be synchronized by using air-oil tandem
cylinders with a closed ser1es‘¢wdrau11c circuit connect1ng the oil cy1|nders '
Fixed-displacement hydraulrc motoxs can be synchron1zed by s1mp1y connecting
them in series. The speed of hydraulic cy11nders can be increased by using
a’regenerat1ve circuit, by using an accumulator as an, auxiliary power sqgrce
dur1ng fast extension, or by using a dual pump sxstem
The key to increasing the energy eff1c1ency of a hydrau11c system is to
reduce the amount of 0il that flows through pressure relief valves. - This is

usua]]y accomp11shed by unloading the pump so its. deJxvery pressure is atmo-
spper1c pressure. ’

v

N ,--QEXERCISES

Deseribe the operat1on of the following c1rcu1ts, start1ng w1th the cy11nders

fully retracted in each case. .£xp1a1n the _purpose of each component

v

I
[

Y
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« 2. Redraw the circuit shown in- Figure 1, ‘showing the use of a pump unloading,
valve and an accumulator acting as an_auxiliary pump source and leakage 9\ ’

. compensator.’ ‘ - . °

"3,  Draw a simple fluid circuft show1ng the synchronous operatign-of three.
double-rod hydraulic cylinders. )

4. Consult &he library, and draw and descrﬁbe at least one method of synchro-

" nizing the fluid power actuators not discussed in this module. .
. Explain three methods of ‘speed control i hydrdulic circuits.

6: In the regenerative circu%t in Figure 115, the.rod area is‘one half the’
piston area. If the pump delivers f1u1d at 20 gpm, what is the flow rate
into the blanked end of the cy]1nder dur1ng extens1on7 Explain,

. L 1 -~
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Exp]q{n How each of the following can increase the efficiency of a fluid

power system: ' ' - .
a. Pump unloading valve .. -~ *

b. Double-pump system
ot Accumulators used as auxiliary power sources,

2 .

——
-~

LABORATORY MATERIALS

Pvdrau‘1c cower unit

Four-way, tnree-position.DC/ with blanked center

Double-acting hydraulic cy]1qder with friction-type loading device
Check valve
Prassure relief valve’
Unloading walve ‘
. Conneeting hoses
Electrical wattmeter
Stopwatch

_ English scale

.

LABORATORY PROCEDURES

-

Construct the fluid power circuit shown: in Figure 1 of this module.
Connect the wattmeter to the e]ectr1ca1 input of the hydraulic power unit.
Operate the c1rcu1t to assure proper operat1on Set tension on loading
dey1ce to produce near the max1mum pressure during the retraction stroke.

4, Operate the circuit and measure the quantities listed in the Data Table.
A1 powers are electrical iﬁput power measured in watts.

‘ Calculate the total energy consumed by the power unit during a cycle, -

including a holding time of 20 seconds.. Convert the answer to foot-pounds.

2

+{(786°0 = 550 ft+1b.) | | .

v ) .
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10,

o . ) : ) C
Calculate the mechanical work done by the cylinder during the cycle. This

L

can be done by first determinifg the force exerted by the piston for ex- .
tensjon and retraction stroke;\by multiplying the pressure for each stroke

times the‘effective area for that stroke. Work for each stro e‘is the

product of force and piston stroke. Express the total work for the cycles

dn foot-pounds.

> v £ <

Calculate the overall efficiency of the cylce based on the electrical in-

&

. put energy and the mechanical work done. - ' .

Disassemble,this circuit and construct a similar circait using a pump un-
loading valve. This is the circuit from Exercise 2 without the accumula-
tor. This circuit must include a éheck valve in the pump out]gt line.
Havé instructor inspect tne circuit. Do not changej%he tension on the
cylinder loading device. .

Perform Steps 4 through 7 using this circuit.
Compare-the operation and efficiency of the tWo circuits.

o

[XY

¢
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DATA TABLE.'

to

Zircait vitn Pressurs Reiief Jalva:

21sTan sIroka.

Sgwer JLring exIansicn: .
- [

“Power during retraction:

Power auring nolding:

Pump delivery .oressure during &xiansion: <

ivary orassurs Jurtng fetraclison,

1very pressurs gurtng noil'ng:

.....

Taarq, 580 0 T4072 A1TA M0 ITng TTre 27 10 5econas:

Quar durt g 2«t2nsion N

SFagr 2ominy feTracticn.

Sower durtng "0i3Ing.

7.mp 3e.ivery oressur2 adring extans”in. R

Pump .qelivery pressure ddr:ngﬂ'gz?acfzon: ‘

Pump delivery pressure'dur1ng nolding:

=

Caiculation:

;7er;, Jsec “or cyele with noising <ime 9f 20 seccnds:

“acnanicas w0rg done: 4 .-

cscie efficrency: -

~ -

PAFulToxt Provided by ERIC
)

1

!

oo
(]
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GLOSSARY

N ’.\ L - B
Air-oil cylinder: A tandem cy11nder consisting of an air cylinder and an 011
cylinder with a common rod, used for synchronizing the operat]on of pneu-
matic: cy11nders -

Bleed- off flow control:‘ Hydraulic flow control “in'which a portion of the pump
-delivery is allowed to flow directly to the reservoir.

Double- -pump circuit: A hydrau]ﬁc circuit using a high volume, low-pressure
pump for rapid cylinder extens1on and a low-volume, high-pressure pump
+ for exerting large farces”on ‘a Toad that is nearly stationary. :

Meter1ng in flow control: Flpw control in which the flow rate of oil enter1ng
a cylinder or motor is cﬁntro]]ed

Meter1ng -out f]ow control: Flow control in which the flow of exhaust f1u1d
from a component is controlled.
Q
" Pump un]oad1ng A method of increasing system efficiency by delivering the
) full flow of the pump to the reservoir with atmospheric pressure at the
, pump outlet ‘port while no fluid flow 1s requ1red by the system.
.Regenerative circuit: A hydraulic circuit in wh1ch the oil exiting the rod
end of the cylinder on the exteénsion stroke enters the blanked end to
increase the rate of extens1on




~

T _TEST

o~ -
1. In"a proper]y designed basic hydrau11c c1rcu1t the speed of an actJator .
~'d ends on ... f S T ‘ |
I a.z the delivery rate of the pump. o T .o,
b. the resistance Lo fluid fiow 1Q‘~he high-prgssure fluid conaucters,
c. . the resistance to fluid flow in the exhaust lines. ' .
d. “Both a ang c are true. &+ Co - ,
P 2 A1l of the above are true. ’ X - ‘ )
2. In a proper]y designed basic pneumat1c c1rcu1t the speed of an actuator
& depends upon ... ) ] ’ ) -
a. ‘the cipacity of the compressor. _ . , - '
D the resistance to fluid flow in the compreSsed air de11very lines.
. Cc. the reS1sLance to f1u1d flow in the expausy 11nes
" d.. Both.b and ‘c are true’ : ) . o
e. All of the above are true. L -
3. Which-of the following speed control méthods is most cqmmbn-in pneumatic
systems? - . ] . ; . ‘ ‘Q
a. Metertng-in flow control . . Ch 3
5. Metering-out flow control 7 h
c. Bleed-off flow contral ¢ - ) -
d. Both a and b are used about equally.’
e. A1l are commonly used. ' C . . ‘ .
4. The first component selected in the design of basic hydraulic systemd Co
is the ...’ _ . R -
a.. pump. S o - R
b. ‘control valve., - T . ‘
c. 'cylinder. et - ; ' -
d. piping. . Co L ] . T
e. pressure relief valve. : ’ - oo ”
5.

¥

. In the most cqmmon type of s1mp1e hydrau11c system, the pump- requires thé
“greatest input power during . ’ . -
a. p1ston exten51on aga1nst a load. )

. p1ston retract1on with no load. .

holding at full retraction with no piston load.

b
"c. «¢holding at full extension with no piston Toad.
d
e Both ¢ and d are true.

[}
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Hydrau11c cylinders cannot be synchronized by which of the fo110w1ng means? -
Connect1ng two cyl¥aders in series with the piston area of one equa]
to the d1fference in piston and rod areas of the other .
Connect1ng identital double- rod cyf1nders in series )

" Using identical tandem c111nders<Tth the forward cylinders of each

’

_tandem cylindér eonnected in a closed series loop
Using hydrau]mc pumps w1ch the1r output shafts connected as metering
devices for cy11nders - e o
_ None of the above are true. (A]] may ‘be successfu]]y used. )
The speed of a hydrau11c actuator cannot be 1ncreased by ...
a. wusing én accumu]ator as an aux111ary power Source.
b, using a lew-pressure, high-volume* "pump for part of the extens1on
-cycle. i

*

-

. c. .incréasing the sfze of the f1u1d conductors.
" d. increasing the maXJmum pump,de11very pressure.
.o .

(3

. Both ¢ and d are true. . T ‘2 .-
The most 1mportant factor in 1ncreas1ng the energy efficienty of a hydrau-
Tic power system is .... ° PR .
a. decreas1ng the amount, of fluid flowing through pressure re]tef va]ves.,
L 'b. decreasnng the am t of energy 1ost because of resistance to flowrin
« fluid conductors
using 1ower operat1ng pressures
i, us1ng higher operat1ng pressures
' Both a and ¢ are equa11y 1mportant
Nh1ch of the fo]]ow1ng circuits does not norma]]y 1nc1ude a check valve?
a. Pump un1oad1ng c1rcu1t _ ;
“b. Doub]e -pump <ircuit
. c; . Accumu]ator used as a 1eakage compensator
«_Exhaust f]ow contro] circuit . - . ¥
, Nope of ‘the above are true. (A1 norma]]y requ1re check 'valves. )
Replac1ng a pressure’ re11ef system with a pump un]oad1ng system will

L

- usually fesult in ... . I -y,
"a.  Tower bil pressures, .. '
higher;oil temperatyres.

. longer 01l Tife.

Torger pump Tife.

-

'Both c and d are true

. .Q,%, .
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* INTRODUCTION

. ma]functions and failures in fluid power systems. In many cases, this can
be difficult and frustrating because the cause of many fluid power problems
may not be rea&i]y apparent. This is particularly true of hydrauﬁie systems
where a var1ety of probleps may.ar1se in the components of the hydraulic power
unit. The variety of f]q}d,power components and the variations and complexities
' of fluid power circuits m;ke descriptions of detailed troub]eshoot1ng techniques
‘ for specific circuits and components a task beyond the scope of this module.
"The intent of this modu]e is to g1ve genera] gundel1nes that can be app\1ed
to troubleshooting in any fluid power system. Top1cs discussed include the
causes of most fluid pover failures, méasurwng instruments used for trouo1e-

. shooting, and common measurement techn1ques. A variety of failure sympioms

o

“are listed and the poss1b1e.causes of eacn system are given. Thé discussion

a1so inc]udes sdfety circuits, precautions, necessary for troubleshooting safety )

circuits, and safety regu]at1ons . !

In the laboratory, the student w111 perform troub]eshoot1ng procedures
on f1u1d power circuits and prepare a. report of the ondition’ of * the c1rcu1t

and any prob]ems Tocated. R o

/s

PREREQUISITES

Y,

The student shou]d have completed Module FL-O7; "Fluid Power Qircuitst"
. .

. \ +

Upon completion of this modute, the student should be-.able to:

> i * . N - [ . - '
Troubleshooting fluid circuits is the procéss of locating and correcting =

’ 1. Explain the purpdse of troubleshooting in f]uid power, systems. i =
~‘—)/2 ' List and explain seyen causes of fa11ure in fluid power systems. .Include

‘. . the steps that must be’ taken to prevent each. - . = h

¢ 3. , List and explain 10 m1stakes that are somet1mes made in f1u1d power ine .
’ . stallations: . . ] :
L4 S L , . e .} ‘ - ..

. . - FlL~ ; .

o ‘ o . 205 L 08/P'io:e 1 .

o .

« N
Y -

e | ., OBJECTIVES .

#




4. List.the three quantities usually measured in hydraulic circuit trouble-
shooting, and describe the instruflents USed for the measurement of\each
5. Draw and label & diagram of a hydraulic c1rcu1t tester and explain its
operat1on. Coa . . !
. 6. Draw c1rcu1ts show1ng test1ng of fluid power components and explain what -
’ problems each ‘test will reveal. .
. J. Given symptoms of malfunctions in fluid power systems, 1dent1fy possible
‘ ma]funct1ons that" wou]d resu]t in each symptom. 4 . .
8. List and explain the Seven steps that shou?d‘bexfo]1owed in troub]eshoot1ng
“ procedures. v '

9. Draw and label diagrams of a‘hydrau11c circuit using an accumu]ator as
- ““an emergency power source and a two-handed pneumat1c contro] circuit.

Exp]a1n the operation of each eircyit. ) -
j. 10.-  Perform troubleshooting procedures onvpﬁeumat1c and hydraulic c1rcu1ts

, ~ and prepare_a report on thé copdition of each c1rcu§t. . .
é ’ - - s ! . ~
. v , * . .:A
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SUBJECT MATTER"

‘- .
MATNTENANCE AND TROUBLESHOOTING IN FLUID'POWER SYSTEMS
. Fluid power maintenance is the routine inspection, repair, and replacement
o% components and materials in a fluid power system to ensure the proper and
i efficient operation of that system and to prevent unscheduled stoppages. Trouble-
shooting.is the ¢oilection pf‘methods for 16cating and correcting a problem
that develops in the system.. Maintenance and troubleshooting functions tend
to ovérlap. For-example; a routine maintenance procedure js often to listen
to the pump and note'any'unusua1 noise, as such noise is often the first sign
of developing problems: -Noise is also.an important indicator of the 1ocation
of a problem during troubleshooting. )
Fluid power systems are easily damaged bécause of the high working forces
and the close tolerances of surfaces moving under high pressure. Tney require
fore maintenance than any other power delivery system. ®Procedures discussed
in th1< module are primarily intended to 1dent1fy failures in {he 5jstem They
are often a part of maintenance procedures since many circuit prob]ems are
found during maintenance. The troub]eshoot1ng techniques described here are
employed to locate the'cause of the problem. Emergency troub]eshoot1no can
be avo1ded by implementing a well-planned ma1ntenance program

-

——_—

CAUSES OF -FATLURE o Lo T e

In a well-designed, installed, and maintained fluid power system, fai]ures
durlng norma] operation are rare. Unfortunately, many systems are subject

to bu11t 1n |rrors and neg]ect The following discussion centers on factors
that contr;bute to malfunct1on in fluid power systems !

t

°

-

ﬂm \. .. ) i ‘ - .

The most common cause of failure of working components-in fluid power
»’systems'is contamination of the worEiné fluid with partic]es that destroyﬁsea1s
and metal surfaces in sliding contact. Contamination of the working fluid
results in scored pistons, rods, and cy]inders,'deter}oration of pump seals,
and worn valve seats. Particles may stick in smaii openings and valve compon-
.ents and cause ma1functlon§ If a dirty working f1u1d is used leaks wili

develqp-qufck1y and components are likely to seize. The 11fe expectancy of

all components decreases as system cleanliness decreases.

FL-08/Page 3




Heat
. Heat is not often a problem in pneumatic power systems, as the working
fiuid acts as a cooling medjum and is exhausted to the atmosphere. In hydrau-
lic power systems, the 0il carries the heat away from components, but the heat
energy is contained in the recirculating oil and i\st be removed through the
reservoir walls or by heat exchangers. Heat causes rapid ox1dat1on of hydraulic
0il and can damage packings and seals and cause spool valves to stick. Opera-
tion at h1gher temperatures reduces the lubricating properties of o0ils and ‘
may result in more rapid pump wear or seizure in high-pressure, high-speed
pumps.

Misapplication

One common cause of component failure in fluid power systemswis misapplica-
tion of components. Cylinders are often damaged because they are subjected

_to strains and shock loads’ for which they .were not designed. The use of cylin-

der;s with cast iron -covers in applications with high hydf?blic shocks is sure
to lead to failures. Long piston rods may be bent if subjected to. side loads
or if used to develop forces beyond their rated capacity. In :;Te ting fluid
power ‘actuators, the buyer should provide the supplier with detai]gﬁ informa-
tion concerning actuator load and use. For most app]icgtions, several types.
of actuators are available with varying costs and re]iabi]ittes Inadequate
components aré a]ways 1ess expens1ve 1n1t1allx, but are often qU1te cost]y

in the long run. . . . : - ’
!

.

IS

Impnoper FLuids on Poor FRuid. Maintenance -. , ’\

.

A variety of problems can result in a hydraulic system when a f1u1d is
used whose propert1es are not suitable for the system. If the v1scos1ty is
too low, the pump may wear more quickly and excess1ve leakage may occur;-4f
it, is too high, pump cavitation and sluggish operation may result. If the fluid
is not compatible with seals or other materials in the system, chemica]zreactions
may destroy components. 0i1 containing water or that is highly oxidized wikl

/—T-\

promote rust and cofrosion. In pneumatic_systems, component fa11ure often

resu]ts beoause of inadequate 1ubr1cat1on
i
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\ﬁx The fo]]ow1ng problems may result from ipcorrect installation procedur°s'
1. Flow controls may be reversed, limiting flow in the wrong diréction.
2:\L~Uirectiona1 controls may be conneéted incorrectly. This is more probable

. in complicated systems involving numerous pilot connections. -
3. P1p1ng may be too small. This is particularly Tikely when accumulators
are used for rapid p1\ton extension in hydraulic systems. A]l'piping

o must be large enough to provide full fluid flow-at velocities Tess than

| 20 fps. Using conductors that are too small in pneumatic systems will
cause the actuator to be-sluggish. i ¢
4. Actuators may be installed with too much back pressure Long runs of
exhaust p1p1ng in pneumatic circuits may reduce the actuator speed. In
hydrau11c systems, small return lines on the location of an actuator so.
\ it ‘must return oil to a reservo1r located above it will not usually slow
the component but will rob the system of poyer because‘of the pressure
drop along the line. . ' . s
5. The 1nsta11at1on of a hydraulic power un1t in an enclosed area w1th poor
ventilation is 11ke1y to cause overheating. The ‘reservoir must be .sur-
rounded by freely flowing air for proper oil cooT1ng ’
*Fajlure to make all drain connections te valves and other comggpents hay
. result in improper operat1on. Many hydraulic components—have nonpositive

o C
. L]

seals that leak a small amount of oil during operation. If this 0il is
not returned’to the tank, the back pressure in the component will increase
and the compqment will not operate properly.

Actuators may not be firmly anchored. Even a small amount*of "play! in”

~3
.

"the mount*of a working cylinder can resu]t in serious damage because
~ the large forces involved.’ x :
8. Misalignment of piston rods will result in side thrusts on pistons and o
v rods that may damage seals or cause uneven wear of-components. Misalign- .
. ment of rotary shafts lead to the same problems. . N
9. Lack of protection for piston rods in dirty‘TBEEtipns may.shorten the
life of rods and seals. * ’ ' ' ' .
- 10. © Improper anchoring of pipes, tub1ng, and hoses can resu]t in undes1rab1e
N “ conductor motion in high-pressure hydraulic systems and can lead to con-
- “ductor failure. A1l piping shcrg]d be securely anchored.

L]
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11.  Leaks may occur because of imdrEperly‘Epnnected pipes - and fittings or.be-
- cause of improperly installed seals. All system leaks should be repaired
immediately. '

Poorn Maintenance ¢

Most fluid power failures can be attributed to inadequate maintenance
procedures. A good m@intenance prog;am should Jocate developing problems before
v_they become severe and should prevent damage due to fluid contamination. In
pneumatic systems, the most important maintenance proEeduFes are the cleaning
of air filters and the refilling and checking of air-line Tubricators. In
hydraulic systems, the most important maiptenance item is proper fluid main-

‘ tenance. This inc1hdes cleaning or replacing filters and #epfacing oil at
specific intervals. The condition 8f all fluid power actuators should be checked
regularly. A Maintenance procedures for each fluid power system are unique to
.that system and are degsident upon system design, application, and location.

“ .. ' AN
Impaopenﬂy DQAAQHQd Cincwits \

Occas1ona11y, a f]u1d power circuit may be 1ncapab1e of performing its -
Jtask because of errors in systéa/jss1gn Prob]ems resulting from des1gﬁ errors

] 1nc1ude pressures or flow rates that are too 1ow, lack of speed control, over-
heat1ng, “and actuators that gre too small-to deliver the required force.

L d

SVMPTOMS OF FAILURE

vt Tab1e 1 lists some o¥ the more common symptoms of fa11ures in fluid power
systéms and the malfunctions ‘in the system that could 1egg to those symptoms.’
ProbJems that occur only in pneumat1c circuits are 1nd1cated by the letter P;
| those that occur in hydrau11c circuits only are followed by the letter H;
and those common to both'systems have o designation. ?
¢ ' N .
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TABLE 1.

AND THEIR POSSIBLE CAUSES.

COMMON FAILURES IN FLUID POWER SYSTEMS

Component

4 Problem.

Possible Cause

Cylinders

4’,‘;"

Excessive wear on one side |
of p1ston rod

« Misalignment or side thrust
. Incorrect mounting style

‘Bent piston rod

« Excessive side load on end !

« Cylinder used abovérlated

of piston rod

pressure \

[4 .
Slow or erratic motion of
actuator

N

N 3

\ .

-

. Air in system (H)

. Fluid viscosity too high (H)
. Insufficient lubrication (P)
. Worn-or damaged pump (H)

. Leakage through actuator

. Leakage through valves -
« Faulty or dirty flow con-

+ Faulty check valve
« Low fluid level in reservoir

« Defective pressure re11ef

. Lack of lubrication (P)

seals

trol valves

(H)

valve (H)

Cy]inderédoes not move

2

+ Load on the cylinder too

. System pressure too low

. Cylinder cushion sejzed

« Defective cy11nder seal

« Check valve 4n backwards
. Faulty pump (H)

« Stuck d1rect1ona1 control

+ Pressure relief valve stuck

great

valve

open (H)

Valves *

. does not operaté

So1eno1d or pilot-operated
directional control valve

+ Valve actuator received no

input signal

Defective valve actuatoi
Dirt caused valve to-stick
Lack of lubrication (P)

Sequence va1ve does not open
to permit._proper actugtor
sequence

. Dirty valve . ¢

Valve pressure setting too
high .

Valve spring or seals have
‘failed.

~

-
.
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" Table 1.

~

Continhued.

ko

>

Speed control valve does not
f%nction properly

+ Wrong valve setting

« Valve reversed in fluid line
--D1rty valve

* Line pressure f]uctuates and
* valve is not pressure com-

pensated

Hydraulic Power
Unit (Hydraulic
Only)

Noisy pump

« Air in fluid /N
« Excessive 0il viscosity -

"« Misalignment of pump and

drive shafts
+ Clogged or dirty fﬁﬂter
« Damaged pump
« Excessive pump speed
+ Chattering relief valve
« Loose or damaged inlet line

A}
»

No pressure

\

* Ruptured hydraulic line

. FPessuEe relief valve stuck
open . ‘ .

« Pump turnjng in the wrong
direction

« Full pump ftow returned to
tank through faulty valve
or actuator

Low or erratic préssure

h\i

Air in flhid

Low oil leve] in reservo1r
Defective or.worn pump -
Defective pressure re]
valve

. Defective actuator |.

Overheating of the hydraulic
0il

» Continuous operatign of pres
sure ‘relief valve

« Insufficient airflow for
cooling reservoir

‘Reservoir "too small

Dirty fluid:® ‘
Heat exchanger inoperative
Piping sized too small
Ianrcht fluid for system

task ‘for several reasons.

)

<

TROUBLESHOOTING HYPRAYLIC CIRCUITS :

Many failures have si
others may, be difficult to d1aqnose and explain

Troub]eshoot1ng hydrau11c circuits is often a complicated and confusing

Eﬂﬁégand obvious causes, but
component often fails

to function property because of a hidden fault in another component that was

caused by still another fault in the total syste

Hydraulic system trouble-

shooting must be approached in a systematic waf inlorder to locate and cqrr%ft

Page 8/FL-08
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" all problems assoc1ated w1th a system fa11Jie This‘process usually includes
several poss1bTe causes based on system performance. Suspected components -
are then tested separate]y and the condition of each is determined. Tests
include d1sassemb1y and 1nspectTon ,of components and measurements of pressure,
flow rate, and temperature at var1ous points in the system during the operating

~

cyecle. Troubleshooting procedures should not be term1nated with the location
of a single fault in the system, partytu}ar1y if that fault is related to fluid
type, condition, or temperature, If one component fails because of these fac-
tors, others are 1ikely to be affected also: - -

’ -

>
HEASURING EQUTPMENT : S~

The most common measurements in hydrau1jc system—troub]eshooting are of
pressure and flow rate. 0il temperature is also measufed frequently.

_Pressure measurements.are usually made with Bourdon- -type pressure gauges.,

These are ava11ab1e in a w1de~range of pressure capab111t1es and some have . °
(iprov1s1ons for measur1ng pressures below atmospner1c in the suction 11ne Pres-

sure gauges usually read d1rect1y in psmg for pressure 1ings -arid 1nches of .
I3 *

vacuum for suct1on lines.
F]ow measurements can be madé with severa] types of flowmeters. The most

|

on type consists of a meter1ng “float conta1ned in a tapered tube. The
f]oa is actua]]y made of meta1 and is pul]ed down by gravity. Fluid f]ow . .
around the float forces, it upward The he1ght of the float indicates the flow |
rate op a scale on the side of the transparent “flow tube Th1s type *of flow-
eter must,be mounted vert1ca11y with_ the flow upward in order to be effective.
“A similar device uses a nghtwe1ght piston that is spring-loaded and can be

uséd in a hort;on:al_pos1t1on. Turbine flowmeters and p1ston and rotary pos1, ’

t1ve d1$p1acement type meters may. alse be used. _In many systems, a f]owmeter

is permanent]y mounted 1n—the pump de1?very 11ne for flow monitoring. A pres-

sure gauge 1s.often-permanent1y mounted #n the same location. If a f1owmeter

is not available, the flow rate for—systems or compopents with Tow flow rates

.can be’ deternfined by catch1ng the return oil in a graddated container for a
N measUred time and ¢alculating the vo1ume‘fjow rate, Th1s procedure may be par-

* ticularTly useful in checking the drain 11nes of spool valves for valve 1eakage. '
Temperature can be measured at various points.in the system with any ain BN

.

’

,ven1entxtaermomeger. "The most common measurement is of 0i1 temperature in the

’
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reserrbir. 1f hot spots are suspected fn the system, temperatures may be mea-
su;ed just downstream‘of the- suspecﬁ%d froub]e spot. One method that may be °
- successfully used is to bring the sensor of a contact thermometer into close con- .
tact with the fluid conductor and ‘wrap the area with a thermal insulating material.

* A portable hydrau11c q1rcu1t pester consists of a flowmeter, pressure . ..
iiIi(;auge, thermometer, and loading val&e. It is used to test pumps in systems '
that do not have bu11t4ﬁn,meter1ng and forttests at other points in the system..
F1gure 1 shows a hydraulic c1rcu1t tester in a circuit. _This device measures

fluid flow rate, pressure; and 01T tempeggture at the po1nt of connection 1n .
the circuit.. In Figure 1, the tester is installed for pump measurements and
. may also be used to de11ver spec1f1c pressures and to measure total system i
L pressure and flow rate as com-
oA - ! -
B -.Ponents are‘actuated. The flow -
’ _SYSTEM PRESSURE .
OUTPUT ) RELIEF VALVE OR - rate of a specific compopent
< * FLUID LINE ] UNLOADING VALVE ) _ ‘ .
\\) 1 . . can bé measured-by conndcting -
-- FLOWMETER ) ] X
. iy~ ol ¥ -the tester in series with that
MANUAL $— Y | - - . . .
SHUTOFF t - : component.. S
T e . o
(CLOSED gSE‘fD VALVE ‘ .-
TESTS) | MEASUREMENT TECHNIQUES
LOADING The performance of the pump °* :
_ - 7/ VALVE  ~ ? - ‘ E? Po s
RRESSURE . can Be evaluated-by using the

-

GAUGE S . :
- : circuit tester connected as shown '

in“Figuregl.. The pump test pro-

o0 cedure is outlined n Madule FL-04,
Figure 1. Hydraulic Circuit Tester. © "Pumps and Compressors," and con- .
. - sists pr1mar11y of measuring the

H
.

change 1n delivery rate as deliv-

ery pressure 1s varied from atmospherrc to the system working pressur§ ?Th1s
data can be used to determ1ne the vo]umetr1c eff1c1ency of the pump. A com-
parison of the result to the pump spec1f1cat1ons and past test results w111
indicate the amount and rate: of- wear of the pump. ’ g

. Iy The pressure relief valve can be tested with the same circuit connect1ons.
This is accomplished by" b]ockIng the ftow of 011 1n the output fluid 11neMu
A11-fluid must then pass through e1ther the pressure re11ef~va1ve or the load-

) ing valve of the circuit tester A graph of f]ow rate versus pressure for

. Page 10/FL-08




4

”,

/

-~ : ’
- \J ’
‘ P

———— 3 N [

the pressure relief valve can be drawn from the data collected. The operation
of other pressure -actuated va]ves, such as sequence va1ves, may be tested in,
s a s1m11ar manner by appropriate connections of the c1rcu1t tester .
The circuit shown in Figurg 1 can @lso be used to measure tota] leakage
vof thef circuit during holding oze?at1ons. I\1s is accomplished by settmng
the Toading valve to produce a pressure at which the pressure relief valve
allows np f]gw. 0i1 passing through the flowmeter during holding then indi-
cates total Jeakage. Checking the leakage rate at different points inﬂthe

+ ~ machine cyc]e‘w111 often indicate a particular group of compohents as having

a high leakage, but usually does not pinpoint’the problem. For examp]e,'if
' the leakage i3, h1gh with a cylinder extended but low with the same cylinder
retracted, either’ the rod seals of the cy11nder or the seals of the valves

in that part of the system ‘are leaking. . :
¢ Actuators can be checked for Teaks by measuring f1u1d flow to or from

the actuator,at full extension and full retraction. D1rect1ona1 control valves

_can be checked for ‘leaks by measuring the flow through their drain lines during

operat1on Flow-contrp]l valves can be checked by measuring flow through them

s

during the system cycle. For assurance.of correct measurements for a particular
component the c1rcu1t tester or f]owmeter must be p]aced so it measures fluid
flow to or from that component on]y ‘ . ]

In- a11 test procedures, d list of components to be tested should be pre-
pared before~test1ng begins® Each component should be tested and the test-
results recorded. .Permanent records should be kept of all test procedures
and resu1ts These may prove 1nva1uab1e in future system tests. Maintenance
procedures should be mod1f1ed to prevent the recurrence of the prob]em If
" necessary, the system shou1d be mod1f1ed for more trouble-free operat1on The
. purpose of the troub1eshoot1ng procedure is nﬁ’/on1y to a1ace the system back

in*operation but also .to e11m1nate the need for-future troubleshooting.

N (]

re

TROUBLESHOOTING PROCEOURES o | N

L .

Troubleshoot1ng techn1ques vary greatly from one hydraulic power system

to another, but some gengral precedures should always be followed. The follow-

ing steps are essent1a}~parts of-all troubleshoot1ng procedures Experienced
technicians accomp1lsh some of these o) antomatwca11y that they Fail to notice
the significance of the step., Beg1nners should write down and, check the1r

-
RS
o . .
* - -~ .
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troubleshooting plan before beginning-to—assure all steps are covered and ro
procedural errors are-included.:

. e

1. Operate the system and record operating bheracteristics. Observations‘

. made by the system operator should also be recorded. Remember that ex-
cessive or unusua1 no1se is often an 1ndncat10n of malfunctions."®
Def1ne the component're1at1onsh1ps within th® system. Obtain 'or draw
a system schema®ic and trace fluid flow through the system dur1ng each ‘
phase of system operat1on A’&1ear understanding of the purpose and opera-
tion, of each circuit component is essential for troub]éﬁhoot1n?"_
Determine the pressures and flow rates to be expected at var1ous po1nt§/‘—~_\r
in the system. Note these on- the system schematic and in detailed test -
procedures. This will allow the troub]eshooter to spot problems 1ﬁmed1ate1y
during tests. o . -
Based on the operatjng characteristics and system schematic,'estab1ish
a step-by-=step troubleshoot{ng procedure. List-the components to be tested,
the conditions under which each is to be tested, .the quantities to be mea-
sured, ano)the test-method including the location of measuring equipment
Conduct system and component tests according to the established trouble
shooting sequence: In emergency situations requining the quickesgpodsible
return of the system to operation, the troub1e§hooting sequenoe Q:;pbe\
terminated when the fau]ty component is located. If this is.done, the
test sequenoe should be completed as soon as possible to'Jocate other
possible faults in the system. 'If time permits, the troubfeshooting
sequence should be comp]eted as pldnned even though one trouble Spot has
'been located. This may save another system fa11ure in*the near future.
Repair or replace faulty components and operate the system with no applied
load, *If no problems are apporent, operate the system with normal load
and observe its operation. Additional measurements may-be required at
this point. > - B

. Record all test procedures and results in é_notebook for future reference.
If changes are indicated in maintenancé procedures or system design, ré-

2

cord thgse and initiate the ohanges‘as seon as possible,
: . ",
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: TROUBLESHOOTING PNEUMATIC CIRCUITS | .o

. ‘

Troubleshooting in pneumatic circuits is usually less compTicéted than in
hydraulic circuits. A1l hydraulic system problems associated with the pump,
reseigoir, préssure reli®f valve, and fTuid\return are absent. Many of the
problems w1th actuators and valves are the same as with the hydrauT1c systems,
as 1nd1cated by Table 1. Dneumat1c systems have two major probTems that are
.not present in hydrauTic systems. The first is lack of lubrication because
of lTubricator failure oc.1nadequate 0il supply. The other is the pres-
ence of contamination in the air deT1very T1nes that may be carried to the
component through, a defect1ve filter: Air T1nes typlcaTTy,conta1n water, dirt
that has' come in through the.compressor, and pipe scale. Thus, air-line filters
are required near every branch circuit. The iTure(of either filter or lubri-
cator will cause problems with both valves an:Q;ctuEto ’

Troubleshooting techniques for pneumatic systems‘are‘essentiaTTy the same
asifor hydraulic systems. .Measurements are made with pressure gauges and flow-
meters. Since filter- reguTator -lubricator units often contain pressure gauges,
pressure tests may be conducted very easily. Problems 1n the compressor and
deTnvery system can be 1dent1f1ed quickly by neasur1ng the ava1TabTe pressure'
and flow rates at var1ous work stations. Since there are rfo fluid return 1ines
in compressed air systems, all leakage rates must be measured on thd high-
pressure side. Pneumatic eonductors should be inspected for leaks‘and bad  **
connectors. > ) ! .

N‘[ ‘ Y

SAFETY CONSIDERATIONS P

The safety of personnel must be a cons1derat1on in the des1gn, operation,
and ma1ntenance of any fluid power.system There can be no comprom1se in £fluid
' power circuits where safety is concerned. The high fluid pressures, Targe
forces, and high speed operatiofs all Ppresent serious safety’ hazards, and main-
tenance and troubleshooting procedyres are often far more’ hazardous ‘than ndrmal "-

system operation. *© . . . L .
SAFETY CIRCUITS . L
- _ ° >

e~ -

SeveréT fluid power C1rcu1t features are ‘often 1ncTuded as safety pre-
caut1ons to protect operating personneT "F1gure 2 shows an qccumu]ator used~

-

- bt
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as an emergency power source for automatically retracting a piston in case

of power fa(fure in the system. The rpd end of the cylinder is connected to 4

. the accumu]ator and maintained at thé .
T > ’ ’ .‘f_____fmaxmum worJ<1ng pressure. A pressure «
I c—— """ relief valve is included.in th1s part K -
o ‘ @ o . qf the system to return 0il ta the _reser,-_:
p—— . S ‘_,LL‘ voir during the extension stroke. The.
. T effective area of the cylinder is the
\ W - : -~ area of the piston m1nus “the area of ., . .
Cﬁ T - ' the rod, since full pressure is apphed
2 . - to both sides of the piston. The s'olen01d-
1 —1, . actuated valve operates the circuit and !
L] o ‘ is also part of the safety system. If *» .
' there is an electrical ‘power failure,
this valve is actuated by spring force
. to connect the blank end;of the cylinder - .
F1gure 2. Acéumulator as an ,, to- the drain.  The energgfyw in the B
. Emergency Power Source. : accumulator retracts the p1st0n If '
. any component in the system, faﬂs resulting if Towered system pressure the
pressure of the dccumulator circuit wﬂl autgmat1ca11y retract the piston.
Ouring troubleshooting operat1ons, safety cfrcu1ts often present spe-
‘ciad hazards.. In this circuit, a failure. that completely shuts the system down'
1eaves ,high- -pressure hydrauhc 0il in the accumu]ator resultmg in, & potent1a1
’zard\t-o/\the troub]eshooter. Test1ng of this system may require 'that the ° -
accumulator be drained. ] B S
’ el SN F1gure 3 shows a tw'o-
. { 4; , ' : .+ handed safetuontro] Circuit -
/ : g - | often used for the operation of
EBL I e __‘;‘._1 pneumatjic presses, _The piston
‘ AT T I . can b extended only if both
' ’ LJ:--—;J : N push blftons are. depressed at -
) Lo } W Sl ; the sgme time.' -If either is T
- L—Em.r_ '\\4%--1 released, the piston automatI- o
: [ . — — ' ".caHy retracts. The pus'h ti— .
1 el ‘ . tons are: 1ocated so thaf :rty. A
.Figure % Two-Ha’n.ded Safety Contr:ol' Circuit, - cannot be pushed whﬂe any part
Page 14/FL-08’ N S * '
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. of the operator's body is in thgdpath of ﬁ\_ iston rod _
‘Maintenance operations on such a circuit may require’ that one of the but-
tons be locked in the deoressed position dur1ng some test-procedures. Such
procedurés should be conducted carefully,. and the(button should be re]eased

s

e
U',

immediately after each test run.

] .
0

. [

SAFETY PROCEDUREé AND REGULATIONS )

The Occupational Safety and Health Adm1n1strat1on (OSHA) has established "
-safety standards that apply to industry 1ocat1ons-where hydraulic and pneumat1c
Detailed 1nformat1on on QSHA standards and r§§u1rements

®

equ1pment is operated
’may be found in 0SHA publication '2072, General Industry Guide for App1y1ng
Safety . and Hea]th Standirds, 29 CFR 1910. These standards deal with the. fb]]ow-

ing categories.
- &

Workplace standards. - This category includes the safety of floors, gntrance

andeexit ageas, sanitation, and fire preventian. Hydraulic equipment

4 ?

must be maintained in a clean and leak-free condition to meet these stan-
dards. ' C oo
Mach1nes and equipment standards | Important items in this category include
machine guards, inspection and mdintenance techniques, safety devices, .
‘and the mount1ng, anchor1ng, and grounding of fluid poweb equ1pment

_ ) Mater1a1s standards. These standards speC1fy the acceptable 1evels of

. toxdc fumes explosive dust part1c1es and atmospherf% contam1nat1on .

f1u1d power systems and components;are included.

)
. JThese 4nc1ude employee training, persona] protect1on

- “equipment, and medical and first aid services., °
.Power source standaros Spec1a1 safety'étandards are applied to all in- ’
dustrial power.sources, including f1u1d power sources \
‘Process standards. Special standards are established for many 1ndustr1a1
7 processes including welding, spray1ng, dipping, mach1n1ng, and abras1ve )
b]ast1ng. These standards do not apply directiy to fluid power but in- "’
fluerice the design of "fluid power systems used in such applications.
Admfnistra%%ve -standards.— Industries are requ1red ‘to_post staoements
of the r1ghts and responsibilities of both employees and the 1ndustry

“ and to keep safety reCords on accidents.

7

@
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SUMMARY '

-~ R ¢

x

" . Maintenance and troub]eshoot1ng operations in fluid power systems employ
f"‘ ‘ many of the same techn1ques Troub]eshoot1ng technfqués are 1ntended to 1ocate
| '~ malfunctions 1n the system, to correct them, and to prevent their recurrence
by mod1f1cat1on of the, system or ma1ntenance procedures. Troubleshoot1ng is
beSt accomplished during schedu]ed ma1ntenance périods, and better ma1ntenance
programs result in less emergency.troub]eshoot1ng to restore system operat1on ‘

s ! b

’ after breakdowns ’ /

t

The most. common cause of system fa11ures in both pneumat1c and hydrau11c
systems is dirt in the working fluid. In pneumat1c systems,‘th1s is fol]owed
closely by lack of 1ubr1cat1on Common problems in hydraul1c systems 1nc1ude
low 0il levels in the reservo1r and poor 0i1 cond1t1on -

Troubleshooting techn1ques include’identifying the pr96/p1e trouble spots
and check1ng the operation ofgeach component. by pressure, flow rate, and tem-
perature measurements Future problems may often be avoided by'checking every
item on the list of suspected components because more than one component is

11ke1y to be 1nvo1ved in. many system prob]ems : !

. Safety standards and regulat1ons should be fo]lowed during both system . .
operat1on and maintenance.
P ; ¢

EXERCISES ‘ ' L. ' S
e L, Py ' 3
1. List and explain seven causes of failure in'fTufd power systems. Include

ithe steps to be taken -to prevent the récurrence of a failure resulting :
from each. ' - ‘ ’

List and exp1a1n 10 common m1stakes in f]ufﬁ power installations.
3. Draw and labél a hydrau11c c1rcu1t tester and exp1a1n its operation. ‘
Draw, label, and explain the following safety circuits. Inc]ude the po-
‘ tent1a1 hazards for a tethn1c1an during troub]eshoot1ng procedures
" a.k Accumu1ator as.an emergency power source
) b.  Two-handed safety-contro1 circuit ’
5. ¢ Draw a scnemat1c of a f1u1d “power circujt us1ng a direct1ona1 control,

v

: va1ve, two sequence valves, and two flow control valves to control the

B .
t * . -

220 - ..
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operation of two hydraulic cylinders. The speed of eacn;piston is to
be controlled on the extension stroke but not on the retraction stroke.

. The ‘cylinder that extends last also retracts last. ~'Discuss the probable

causes of the following symptoms 1n this ¢ircuit:

a. Actuators operate in the proper sequence, but both are sluggish . .
,/~\\dur1ng extension and retract1on , s .
b. , The actuator that extends first operates properly, but the second ~
actuator is sluggish on both extens1on and retraction. o T
c. Ope actuator extends too rapidly and retracts too slowly.
d." The second actuator extends slowly and erratically but retracts
properly. 5 S
e. Both actuators have a tendency to be erratic or Jerky 1n\operat1on
This is accompanied by unusual no1ses apparently coming from the
actuators and piping.
For each set of symptoms 11sted for the circuit in Prob]em 5, write a
liet of test procedures that w111 reveal any problems in the system. .
Draw a Schematic of a hydraulic circuit in which a three-position, spr1ng— ¢
centered directional control valve is used to control a cylinder for posi-
“tioning a heavy 1oao on a horizontal rail. A flow control valve is used
‘to give the same piston velocity for both extension'and retraction. Dis-
cuss the probable cCauses:of the fo11oWiﬁg‘fai1ure symptoms'in this circuit:
Piston will extend but will not retract. T ' ; .

a
b Piston extends and retracts too slowly. _

c. Piston extends too slowly but retracts at the proper speed.

d Piston retracts too slowly but extends at the proper speed.

e. - Piston extends too slowly and retracts too rapidly.

For each set of symptoms fﬁsteo for the cffcuit in Problém 7, write a

list of test procedures that is most likely to return the system to proper
operation in the shortest time. A
Redraw the circuit in Problem 7 with an accumulator installed as an auxjliary

‘power source for moving the ylinder in either direction. Explain how
this inclusion changes each of the test procedures in Proplem 8.

-
-

221 . FL-08/Page 17




LABORATORY MATERIALS e -

. Hydraulic power unit

3™

Hydraulic circuit tester or appropriate flowmeter, pressure gauge, themometer,
* and 1oad1ng valve , ‘ , ’

Hydraulic omponents to include directional control valves, pressure relief
. . e;( valve, sequence valves, flow control valves, and actuators
0

Coflnecting hoses
Melchanical load for hydraulic power system .
o Notebook . ‘
LABORATORY PROCEDURES
In this Jaboratory, the student will troubleshoot a hydraulic power system.
The system may be assemb]ed by the 1nstructor prior to the lab or may be bu11t
by the student accord1ng to directions supplied by the instructor. The system
may contain either design faults or worg or inoperative components.
. 1. Assemble’ the system as indicated in the instructions provided by the in-
= structor, using the-designated components. Attach the actuator to the
‘ mechanical lodd ‘as specified. ) .
2. Operate the“system according to 1nstructions and observe gystem operation. _—
Note any symptoms of fai]ure or problems in the 1aborato?y notebook.
3. Prepare a schematic diagram of the circuit. List the functions of the
major components and the sequence of control operations in the ci{tuit. :
4, DeterminE'thg f]ow‘rates\end pressures to be expected at key points in .
+ the c1rcu1t thrbughout the operating cycle based on the schematic and )
- the pressure and f]ow rate from system design data. The rated delivery
’ of the pump will usqa]]y be given the pump data plate. The pressure
can be determined:by dividing the ﬁgximum 1oad‘of the system.by the area
N . of the wdrking piston. Record bressures and flow rates on the circuit
,/"";\;/ schematic. Identify the conditions necessary for edsh data point.
5%-' Estab11sh a step-by-step troubleshooting procedure for this system. List
components to be.tested, test procedures,.and expected results. )
6. Conduct all tests in a safe manner. Record all test results in the labora-
tory notebook. . , .

~

- - ‘
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/7. Iaentify and explain faults in the system and the conditions that have
caused these faults. * _ ‘ N
8. Replace faulty components or correct the circuit assembly for proper oapera-
tion. Test the circu%t with néﬂﬁoad and with its normal working load
‘to assure p}oper operation. - .
9. Record changeg necéssary for proper operation of the circuit without the
recurrencé of this problem. Include circuit and component changes and ‘
S recommended-maintenance-procedures._ The completed notebook should contain
s a history of trohb1eshooting techniques, the results o? all tests, evalua-
tion of problems, and all recommendations .concerning the system.
10. - Discuss briefly how this system could be made more énergy efficient. (See

Module FL-07, "Fluid Circuits.")
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S GLOSSARY

. Emergency hydraulic power source: A hydraulic power system using an accumula-
tor for the automatic rgtraction of a piston in case of \power failurg.

Hydraulic circuit tester: ‘A testing device for hydraulic troubleshooting that
! includes a pressure gauge, a flowmeter, a thermometer, and a circuit load-

ing valve. y

Troubieshootigg; A collection of techniques for locating problems in fluid
power systems, returning the.Eystems to operation, and determining the =
cause of the problem so that recurrence may be prevented. .

' FL-08/Page 19.
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! (/ )

Two-handed control circuit: -A safgty control circuit used in press «applica-
tions in which the operator mus{ use both hands to actuate the press while

standing clear of the machine. )
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- . '. TEST

1.

rl
~

No -

2.

-

3.

5.

. Insuffictent atrflow for coolingthe reservoir— — - e

. °
The most common cause of failure of w6?€Tﬁ§‘Components in a hydraulic
" power system is ...
a m1sapp11cat1on of the component.
b. dift in the system.
c improper circuit design. ’ R
d overheating of seals.
e. 'None of the above are true.
A major cause of actuator failure in pneumat1c systems that is usual]y
not a problem in hydraulic systems is ...
lack of lubrication.
side loading of piston rods.

‘Both a and ¢ are true.
None of the above are true. . t
The two quantities that must be measured for troubleshooting of hydraulic

a
b
c. excessive temperatures...,
d
e

systems are ... : o \
a. oil temperature and flow rate.
b. 01l temperature and pressure.
c. oil pressure and flow rate.
d. oil v{scosity and pressure.

e. o0il viscosity and fuow rate. ,
In order to check the operation of a pressure relief va1ve e N
a. o0il flow to the rest of the system must bé blocked. .

b. a flowmeter must be connected between the pressure relief valve and
the reservoir. .
. C. a pressure gauge must be connected between the pump outlet and the
_ pressure relief valve. . \ .
d.+ Bpth a and c are true. \ ) '
e. A1l of the above ane true. ‘ '
Overheatiny of the hydraulic fluid does not 1nd1cate which o? the following
possible proplems? '
,’a. P1p1ng sized too small J‘ ' . e
b. Pressure relief valve set to maintain a pressure that is .too high

v . FL-08/P3
. 225 /Page 21 L.
\ ¢ \. . . /’_ ™

- ) . ~
;




.

d. Excessive'1eaks through spool valves “
e. Reservoir sized too small - ) - .
In a hydraulic circuit, an actuator is operated by a sequence valve that
directs fluid to it after another part of thé cycle is completed. :The .
piston speed is controlled by a fluid flow-valve in series with the cylinder
for exhaust metering during extension. If the piston will not extend,

which of the following is not a possible cause?

a. -Flow valve is installed backwards. g .
b. - Pressure setting of sequence valve is t0o high.
c. Pressure setting of pressure relief valve is too low. o

d. ~ Both a and c are_true. ' - . -

In emergency troubleshooting to return a system to service when an actuator

is sluggish or .erratic, which of the following steps should be taken before -
any of the others? \

. Replace the actuator. :
b.~Check the pump output and volumetric efficiency. i P

gﬂ Consult the circuit schematic and identify all components controlTing
cylinder operation. : J,#

’

d. Rep1ace directional control va]vee in the circuit.
"“e. Measure the fluid flow rate to the actuator.
In a hydraulic power systet, all‘actuators operate too slowly. Which
of the following could not cause this problem? .
a. Pressure relief valve is leaking. )
b.” Pressure setting of pressure relief valve is too Tow.
c. Pump seals have worn,®reducing the volumetric efficiency.
d

Fluid level in the reservoir is too low, allowing air to enter the
suction line. . -
e. Both b and d are true. ' . \)
. Which of the following is true of a hydraulic press circuit using an accum-
' sliger as an emergency power source for 3utomatica11y retracting the piston

£
.

-

n case of a power failure?
a. The accumulator must be connected to the rod end of the cylinder
‘ through a check valve. *
‘A check valve must be located directly after the pump output.
. The pressure relief valve must be replaced with a pump unloading
valve.
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10.

d.

e e:

~accumulator. ‘ .

»

At a given maximuﬁ system pressure, the maximum force deve]opea by

_the piston will be lower than for a similar system without an

» © ~— >
v

None of the above are true. . .

Which of the fo110w1ng are not specified by OSHA as safety requ:rements

for fluid power systems° . .

-

Cleanup for al spilled fluids to prevent f1revhazards ard falls

)

*a.
b, Secure mounting and “afchoring of all actuators N o
C. Rﬁequate ventilation durvng the use of c]ean1ng so]vents
d. Prpv1s1ons for training operat1ng personne] and provision$ for first
"aid services ¢
e. A1l of the above
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