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PREFACE

The modern industrial trend of automation in industry has imposed
an urgent demand for the development of more powerful, accurate, and auto-
matic positioning devices. Although there are many well known mechanical
and electrical metheds of positiening, hydraulic positioning devices are
becoming increasingiy more popular with machine designers. vThis recent
increase in the approbation of o0il hydraulic power is due to the fact
that a confinéd fluid is one of the most versatile means of modifying
motion and transmitting power known today. This investigation is a
result of searching for a new, inexpensive, and versatile method of posi-
tioning a hydkaulic slave cylinder.

My deepest appreciatiom is &ue Professor E. C. Fitch fgf his invalu-
able assistance and competent counsei throughéut the course of this
study. I wish to thank Dr, Clark Dunn and Dr. J. H. Boggs for making
this researcﬁrproject possible. My sincere»gratitudeiis extended to
Professor B, S. Davenport, Mr. John McCandless and Mr. George Cooper for
their aid in the constructién of the testing apparatus. . I am indebted
to Professor'C. M. Leonard for his suggestiéns and advice in the writing
of this thesis. I am particularly grateful to my wife, Jogn, for her
encouragement:and capable services, as typist, during thé formulation of

this thesis.
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CHAPTER I
INTRODUCT ION

3ositioningfdevices hayevglayed an impg{tant role in the great
industrial grovth of the United S;atgs. Pracgically every‘maghine
manufactured is dependent upon so$e form ef’positioning device for the
accurate performanpe of its pfesg:ibed“duties. Thus, as the modern
industrial trend of automation is reflected by a_dgmaﬁd for larger, more
pregisg,’gnd morg_autoyatic machines, there is‘a corre3pondiﬁg demgnd for
more powerful, accurate, and automatic pgsitioning devicesf

Although there‘a:e many wéll known_mgghanicgl and‘electrical methods
of positioning, it is_not surprising ;hat hydrauiic positioning devicés
are becqming mere-aﬁd more popqlar with maéhiﬁe designers. This rather
recent increasg in the pqpula:ity_of oil hy@;gulic power is largely:due
;o the‘fagt ;ﬁat ahgonfined fluid is one of thg mos;\versatile means of
modifying motion and transmitting power known todgy. Vickers (9) states
;hatr"No other medium cpmbineg ﬁhe_§ame degrge of poéitivepggsi accuracy,
vand flexibility, maintaining thevabilit§“Fp ;;agsmi;{a maximum éf poﬁer
in @ minimum of bulk and weight.“‘ o

A great many methods have bgen-prOposed for ;hgnppsitiopigg‘of
hyd;;ulic cylinders. _Somg of thégé mét$q§§ are L;miggd in their capa-
bilitieéngnd p:oviﬁg only a singlé positigning spa;ion ip e?ch di?éétion
of the slaye cylin&er's tgavel. A phygigal rearrangement of the.limiping

devices on the slave cylinder is required in order to change the



positioning stations of the cylinder. Other methods which have been
proposed are more versatile because they provide an infinite number of
possible positioning stations with ome physical arrangement of the com-
ponents. In these methods, the positioning s;ation is determined by
merely selecting a setting on a control which can be remote from the
slave cylinder. The latter method of positioning is often referred to
as a hydraulic servo system and it requires some form of position feed-
back which tramsmits information about the leocation of the slave cylin-
der rod to the directional control valve. Although the hydraulic servo
system is very versatile it is also quite expensive because it usually
requires a fine precision control valve and sometimes necessitates an
elaborate feedback mechanism.

A. G. Comer (1) has suggested that a hydraulic slave cylinder could
be positioned accurately by metering a fixed amount of fluid to the
cylinder, This could be accomplished by the use of a positive displace-
ment fluid metering device, A positioning circuit of this type could
approach the versatility of the hydraulic servo system and yet would be
less expensive since it would not require a position feedback mechanism
or a precision control valve.

1f such a circuit could be develdpéd, it would have almost unlimited
application in industry and would be pa:ticularly valuable in installa-
tions where environmental conditions necessitate an awkward feedback
system, For example, a hydraulic intermittent feeding circuit could be
applied as the positioning device for: (1) the plow blade on farm trac-
tors, (2) the probe in atomic reactors, (3) the parts being machined on
automatic machine tools, and (4) the flaps on an airplane.

This investigation was inspired by an industrial demand for the



development of a practical hydraulic positioning circuit similar to the

one described by Comer.



CHAPTER 1T
PREVIOUS INVESTIGATIONS

There are a great mamy different method; which are used to pqsition
_s;ave cylinders. One qf the more primitive methods was reported in 1932,
when c. Morey (7) produced intermittent disPLgcemgnt of a cylinder using
a”;achetegnd-pgwl device, Another method whigh hgs beeﬁ uged to position
s}gve‘cylindérg consists of conn;c;ing ;wo déuble-acting cylinders in |
;eries and fbrming»a cloged‘loop, One eylindgr serves as a slave cy;in—
dgr while the other serves as a va;iable disPIacement pump. Although
this axrangément dégg provide positive positioning of the SLave cylindgr,
the di§advaﬁt§ge is that the fércevayailableva; ;he s;ave cylin&er is
limited by ﬁhe amount of for;e whigh can be%;ppligd to the rod of the
pump cylinde;. | H

J. C. Cotner (3) reported positioning a slave cylinder using pilot~
si;e, qamnopergtedlvalves and pilo;-operatgd control valves. The cam-
opexaged val?es Vgrevlocatgd in such a manner that they we:e_shifte& by
a dqg gttachéd to the rod of the cylindervthereby directing the flgw of

fluid through the cam valve to the appropriate port of a pilot-operated

directional control valve. Another similar method of positioningmﬁn

slave cylinder is accomplished-by-the-use-of-limit switches and solenoid-

RS Teny,

_operated control valves. As in the above example, a dog, attached to the

rod of the éylinder, trips the limit mechanism which is, in this case,

an electricgi switch., Electrical current is directed in this manner to



the appfoériate connectipn on the directional control valve, The disad-
vantage of‘the preggding examples‘is tha; thgir‘positioning cgpabilities
_are limited to one sgtting in each direction, |

The use of electro-hydrgulic servo valves provides one of the most
versatile meth@dg of positioning»a slavg cylinder. Ihis method has
glmost unlimited positioning £1exibility gnd hgs the addeq‘advantggg
of requiring only a minimum of bulkygnd wgight. The servo valve arrange-
ment ig‘frequently employed in the sirgraft industry as a gontfoi Surfacg
actuating dgﬁicé for airplanes and gu
fing maéufaé;ufing precision and the incorquatipn of_an e;aborate feéq-
back device, however; make this mg;hgd very éxpensive,‘

R. Knréwgil (5)‘and H. L. Stewgrt (8) héve reported the sequencial
extension ofiretrggti@n of several cylinders using prgssyre'sequence |
valves to divert main-line fluid flow; Fluid was directed by a control

s

valve to the first actuator of a sulhéssion.‘MAfter this actuator had

completed iéé s;roke, a pressure rng‘developgdkgnd the fléid wasvthen
diverted, b& meanshof‘g_presgure_sgqugnqg vélve{ to ;pe next coésecu;
tive agtuatér. The positioning of the slavg"cylinders in this case wg%
limited to éiéher a "botton" position or avpositioﬁ where ;n exﬁé;ngl
resistance ;ufficient to open the sédugncg valves was encountergd.

H. G. éogway (2), an English éﬁgineer, reported the p;sitioning Qf
a slave cflinder using a pilot-Operéted.diféctiongl control valve con-
taining a‘méchanicgl detent device (ﬁspay-pgﬁ“ or holding dévicg).» Fluid
was directed through the directiopal controi\valve to one side_of»the
gylinder‘gpd the appropriate pilot pqrtbéf the directiona1 contf61 yalve,

Flow continﬁed in this manner until the cylihder reached theﬂ"bottoqﬂ

position, atiwhich time a sufficient pressure level was attained to



overcome the detent mechanism on the valve spool and the valve was
shifted. Another English engineer, R, Hadekel (4), reported a similar
scheme ﬁor the positioning of a slave cylinder. Hadekel utilized a
control valve cqnfigurgtion which essgntially consisted of two pressure
sequence valve; incorpo:ated within thg design of a pilo;«ope:ated
directional control‘valve. As in the above examplg, theldirgctiopal
cpntrol valve @Peratiqn was governed by the pressure lgvel° In this
case, however, the directional control valvg was shifted at the time
sufficient pressure wés gene:ated to open the sequence valve, while, in
Conway's methed, control was exe;ciééd whgn the pressure level exceeded
the resistance imposed by the mechani&gl detent @evice. Neither of the
comppsite directional control valves used by Hadekel or Conway ig com-
W. R. @atthews (6) described a cylinder reversing ci:cuit using
commercially available pressure sequence yalvgs, pilotaOperated direc~
tion controel valves, -and pilot-ope:éted gheck valves, Fluid was diyerted
through the diregtional control valve-to one sidg of the slave cylipde:.
Flow continued in this fgshion until‘snfficientvpre§sgre was generated
to open a pressure sequence valve which in turn directed the fluid flow
dr‘pilot signal to the appropriate pilotqurt of the directional gontrol
valve thereby shifting the valve spool. Flow ;hrough the directional
cont;ol valve was then reversed,andvthé cylinder moved im the opp@site
direction until such time as it reached the‘end of its stroke whgn the
cylinder was reversed in the same manner as outlined above, Check valves
were gsed to "lock in" the pilet signaL acting on one side of the direc=-
tional control valve spool while pilot-bpe;ated‘check valyes were used

to release this signal when the opposite signal was received, This



arrangement of check valves and pilot-operated check yalves’prevented
any premature drifting of the diregtional cont;ol yalve spool.

A. G, Gomer (1) reported’an effort to obtain intermi;tent displace-
ment of a slave cylinder using a combination of two cylinder reversing
circuits, ‘Each reversing circuit comsisted of commergially ayailable
components and was similar to the one described by Matthews in the
previous example. Exhaus; or discharge fluid from omne leinder-
:eversing circuit was utilized as the £luid source of the secohd‘reve;s~
ing circuit, Intermittent hydraulic feeding of the.second cylinder or
slave cylinder was accomplished in this manner. _Gomer‘s;ated; however,
that he was unable to maintain continuous operation of both cylinder-
reversing circuits because the operating pressure of the commerc;ally
Havailable pressure sequence valves was not adjustable over a wide enough

range to accommodate two distinct pressure levels.



CHAPTER IIT
STATEMENT OF PROBLEM

The objectives of this investigation were to construct and analyze
an experimentgl hydraulic pogitioning circuit for a slave cylinder which
did not require feedback. The circuit was intended to be of ptac;ical
value in th@t,the s}aye cylinder was required to perf@rm While being
subjected to loads very similar to what might be e;peqted in actual work-
ring eonditions. Little effort was made, however, to incorporate the fea-
tures of several basic hydraulic components into one g@mposite design as
is frequently done in a practical industrial inscallation, This separa-

tion of basic components facilitated the study of each portion eof the
g ~ : : : .

circuit. iThe control of the metering fluid to the automatically-oPerated‘;

slave cylinder was accomplished by the use of pressdre-generated pilot
signals. BSince pressure variations were utilized in the operation of
the circuit, pressure profiles were obtained at key points and used as

a basis for the circuit amalysis.
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GHAPTER 1V
COMPONENT SELECTION AND DEVELOPMENT

Since the design of the pqsitioning'circuit did net include any
conside:atiou for time-éiéplacement performance of the'slave cylinde;,
the size sele;tion of the components was determined p:inéipally by the
size of st@ck éomponents avai}ayle in the Oklahoma State University
fluid power laboratory. Stgnd;rd commercially;avai;éble hydraulic com-
ponents were used in the circuit design fo:.thié investigation wherever
vassible. A description of egch of the siandard qoﬁponents used in the
eircuit and ité_corresPQnding'A.g,A. symbolic representation is ;istgd
in Appendix A, In some cases, it was necessary to deyeIQPISpecially‘
designed hydraulic components to perfo:m‘functions that could not bg fﬁls
fil;ed by s;éndard components. The following material is a description

of the desigﬁ énd operation of these sPécial hydraulic components.
"S8ignal Valve

The“signgl vélve is essentially a pilot;qpera;ed?;spring-offset,
threg-way, fwo-pqsition, directional cohtrol valvglwhich contains.a pro-
vision for%vgrying the pilot pressure required to shift the valve Spq®1§
_An éssembly d;awing of the siéngl valve is shown in Fig. 1, When the
valve is in the spring-offset position; frge flow is'al}owed from port A
through the valve to the tank port whi}e the pressure port is bl@qkedf

Flow continues in this manner until sufficient pilot pressure is attained
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11

to overcome the forc; impoged upon the spool by the spring at which time
the spool shifts and pressure is allowed to flow throqgh the valve to
port'A and the tamk éort is blocked, Iﬁ gh@uld be notéd that the tank
port‘also serves as an internﬁl ;:Ain'for the yaIVe, The pilot pressure
requi:ed for the operation of the valve is gdjustable from 500 ;0‘1?250
psi. The entire valve was designed by the investigator and buil; by the
Research Apparatus Development Laboratory, College of Engineering,

Oklahoma State University., Figure 2 is the symbolic representation for

\ | Aot
T ‘

T
1 PRESSURE

the hydraulic signal valve, R

™Y

L

Fig, 2. Signal Valve,

Pilot-Operated Directional Control Valve with Hydraulic Detent

The addition of»a‘hydraulic detent device to a standard pilet-
operated, four-way, two-position directional control valve was accom-
plished bj'a mere design{modif;cation'qf.the valve spool and égd caps,
Ap assémbly drawing of this valve after design modifiéations is shoﬁp
in Fig. 3. The valve was modified to provide two different areas, pilot
and detent, upen which fluid pressure coul@ be.applied to control the
position of the valve spool. The pilot area is approximately ten times
greater than the detent area, Figure 4 is thg symbolic representation
for the pilot-operated, hyd;aulic detent, four-way, tw0apos%tion, direc~
tional contxol valve as it was used in this ipvestiga;ion, The yalve

spool is retained in either of its two extreme positiecms by the
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application of main-line fluid pressure on the appropriate detent area,
‘When signal fluid is permitted to act upon the pilot area which opposes
the active defent area, the ensuing unbalanced force shifts the valve

spool.

__[:T -

v e m— o

Fig. 4. A.S8.,A. Symbol for Pilet-Operated
Directional Controel Valve with
Hydraulic Detent,

Cylinder with Hydraulic Cushion

Hydraulic cushioning was provided on a standard Boeing canopy
actuating cylinder by the addition of two préss-fitted sleeves to the
piston rod. (See Fig. 6.) Figure 5 is the.symbolic representation_fo;
a double.aqting, double=-rod, cushioned type, hydraulic cylinder used in

this investigation.

Fig, 5. A.S.A. Symbol for Double-Acting,
Double~Rod, Cushioned Type,
Hydraulic Cylinder. '
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CHAPTER V
CIRCUIT DESIGN

The pogitioning circuit used in this investigation was a modified
form of the hydraulic intermittent feeding circuit described by
A, G. Comer (l1). An analysis of the complete positioming circuit design
can best be discussed by separating the integrated circuit into three
ma jor diyisions: (1) the fluid power source; (2) the positive-
displacement valve circuit; amd (3) thé slave cylinder circuit.
A_dgscription of the fluid power source and its related equipment
is presentgd in Appendix B, Fluid PéWer Test Stand Facilities. A
g:aphical representation of the complete positioning circqi; is illus~
trated im Fig, 7,'énd the physicaljarrangement of this system is pre-

sented in Fig. 8,
Positive~Displacement Valve Circuit

Main-line pressure was‘unloaded manpglly 1nto the regervair‘by by=‘
pass valve D-2 whgn it was desired to "idle" the circuit. Selective
- operation of the positive-disPIagemént valve circuit was accomplished by
closing gate valves G-2 and G-3 and'opening gate valvgs G«}_andbc-é.
Main-line pressure was directed thfgugh directional control valve D-4
teo the left po:ﬁ of the positive-disPIaégmegt valve° quw continuedvin
this fashion until the piston of the stitiveédiSPlgcement valve ?bbtt@med

out" in an extreme right position at which time sufficient pressure was

15
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Fig. 8.

Physical Arrangement of the
Complete Positioning Circuit
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generated to overcome the spring setting of signal}valve 8-1. Pilot
flow was then allowed to pass through signal‘valve S=1 until it shifted
theldiregtienal control valve D=4, The direetion,of travel of thg
positivefdisplacement valve was then reveréed, main liné pressure was
relievgd, and signal valve S-1 returned to the spring-offset position,
The return half of the pqsitive-displacementvvalve cycle was achieved
in a similar manner by the use of signal valve §-2,

Automatic'and continuous cycling of thé positivg—displacement valve
was effected in the above manner and comstant volume‘increments of fluid
were metered through directional control valvg Dwﬁ,'gate valve G~-4, and
cqunterbalgnce valve C-1, The pilot-size directional control valve D=3
was used only to provide a quick and convenient means for relocating
the spool of yalve D-4 in the event it should "hang up" in the "blocked"

intermediate position.
Slave Cylinder Circuit

Selective operation of the slave cylinder circuit was achieved by
clesing gate valves G-1, G-3,‘and G=~4 and opening gate §a1ve G-2. Autoﬁ
matic and ccntinuous‘cycling of the slave cylinder betﬁeen its two
extreme positions was furnished by a circuit design similar to the one
described in the positive-displacement yalve‘circuit. The pilot-size,
solenoid-operated, directional control valve D-5 énd shuttle valves D-7
and D-8 were incerporatgd in the circuit to providg selective direc~
tional contrel of the slave cylinder during‘its‘intermediate range of

travel.



The Integrated Positioning Circuit

The coordination 6f the positive-displacement valve circuit and

19

the slave cylinder circuit was accomplished by closing gate valves G-2

and G-4 and opening gate valves G-1 and G-~3., This unification of the
two component circuits resulted in a cyclic‘inqremental advance of the

slave cylinder,



CHAPTER VI
TESTING PROCEDURES

A routine‘safety check Qf the entire system was requ;red before
any test was started in or§er to make certain that thete were no dis=-
gonnected or open hydraulic lines and that adequate clearance space was
‘provided for the reciprogating_cylindgr§, ”Afper this was aceomplished,
the‘flpid pqﬁgr source was prepa:gd for circuit operation. (See Appendix
B.) The reservoir fluid level was ¢h¢cked, the heat exchgnger was put
into operationm, the main pump was s;arted, and the rglief yalve was
aéjusted to the désired pressure se;ting. |

Upon co@pletion of the prepgration of the fluid power source, the
pqsitive5d13p1acement valve cirduitmanﬂ the'sigve-cylinder circuit wefe
isolated and'adjustéd sepa:a;ely to proyide‘cén;inuogs‘and-automatic
cycling. Gaie‘was tqken, in each circuit, to regulate both‘giggél
vglves for tﬁévsame operating cha;agte:is;ics; The»slave cylinder cir-
cuit wgs_géjﬁsted to.obpain smoé;h and cyclic‘operat;oﬁ with a minimum
of pressure risé ﬁhile the positivefdisplgcement valve circﬁi; was ad-
justed to obéain smooth and cyclic oper&tion with»a mggimum of pressure
risg. It wgéihéped that by thus‘sP;eading the @pe:ating pressures, the
combined systép could then maintain two distinct levels of émn;;oi.

.Ngxt, the two combépent cireuigsﬁwegg cgﬁhined t9 fprmf;he iﬁtg-
g;atgd positiqning circuit, and pressﬁ#eafrofiies were obtgine& étri

points A, B,ignd c by the use of a capaciﬁaﬁﬁé-type pressure pickup and

20 B
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an oscilloscope. (See Fig. 7.) It .was found that §1though the‘gweep,qf
thg cscillosgope cqqld by synchronized to thg low cyclic frequency of the
system, the retention time of the screen was not sufficient to ;ustain a
continuous trgce of the pressure variaticﬁ. Therefore, in order to
ob;gin a plot of the preséﬁfe profiles, it was necessary to perform a
slow end tedious point~by=-point ﬁranscription f:om the moving trace on
the oscilLosccpe screen to a shegt of g;gph paper. WAlSo, it was observed‘
t@atuthg ptgésmre pickupmand itsvassociated apparatus diSplayed afve:y
noticeablg tendency te drift out of calibration duringvthe test., It

was, thergf@?e, necessary to frequently célibratg the pressure pickup
device while obtaining each pressure profile. Even thgn, it was esti-
mated that the accuracy of the plots, thus obtained, was limited to

+ 100 psi, (See Figs. 9, 10, and 11.)



CHAPTER VII
ANALYSIS OF EXPERIMENTAL CIRCUIT

Although it wee observed that the operation of the integrated
positiening cireuit did provide ;he deeired incremental disPlaeement of
the s%ave cylinder, it was noticed thet the performance of the circuit
was net depen@able. It then became'epparent ehat the potential accom-
plishment of this‘pesitioning circuit was rest:ained by inconsistent
contro}‘and that any furthe; development of the eireuit was coetingept
upon a thorough comprehension of the control devices egpioyed in this
inveseigatien. It was, therefore; concluded by the author that the
entire analysis should be devoted to a fundamental undeystanding of ;he
basic contrel mechanisms gsed in the expe;imental circuit.

The suceessful‘eutomatic cgntrol of the positivefdisplaeement‘yelve
circuit and the slave cylinder eireuit was erendent upon the creatien of
;elieble preesure-generated pilot signale, Fu:thermore, ip order to
coord;gate these two CQﬁponent systems in;o a.dependable_in;eg;ated
positioning eircuit, it was necessary to establish two dietinct pres-.
sure levele at which pilotvsignals were produced.

~Since the contfol ef the combined‘circuitrwas largely eependent
upon pressure veriatiens wiehin ehe system, pressure pr@files were
obtained at eh:ee key points and usedvasva basis for the _circuit‘g._nalysis°
These three pressure profiles‘are presented and discuesedvseparately in

the following order: (1) the positive-displacement valve pressure

22



23

profile; (2) the slave cylinder pressute‘prcfile; and (3) the main-

line pressure profile,

Positive-Displacement Valve Pressure Profile

The pqsitivg-displacement yalve'preésurg p;ofile was obtainéd from
pressure tap;A (sée Fig. 7) and is illust:ated in Fig. 9. The‘pottiOn
of the curve‘between points a and c'was a trace of the preésure varia-
tion that ocgurred at tap”A‘while thevpositiv¢~di8p1acemen; vglve Wa$
t;aveling ffém left to right, Thig segment éf ;he profile is reférrgd
to as the d;iving pressure, _The portion of Ehe curve betwgeh p@ints d
‘and f was abtrace‘of the pressure vériatipﬁ that occurred at tap A
while the pesitive-displacement valve was traveling from right tb left, .
This segment of the prof;lg,is :eférfed to_gé the exhaust prggsﬁré.= Ihe
intervals bgéwéen‘pcints £ and’a éﬁd poinpé c épd’d were réﬁe:siné time
lags that oceurred gp gach.end of the ppsitivefdiSp;acement yalvg str@kg,

At peint a, the beginning of the_driving;pressurg half,cycle, thg
directional control valve had jusﬁ shifted_an@ main-line pressure was
turned into the left port of,tyevpositive-displagemeqt valve. However,
mgin-line pressure then,contgined»a»surge ﬁhich‘had been inducgd by the
"bottoming” of the positive-diSp%gcemen; valve dﬁring the previous half
cygle° Thus, the_p;essure rose rapidly from point a to take on ;he yalue
of the main~line surge and then, as the inertia of the positivefd15plgcement
valve pisten began to yield under ;hg tremendoqs force, the surge pres-
sure d:opped abruptLy to point b. ‘Aéﬂthe_ggcélerati@n of the mechanical
and fluid parts of the system degreagéd, t@e driving pressure continued
to decline until the piston of the positivefdisplaéemen; valve "bpttome¢"‘

(point c), A pressure surge was then generated and the directiomal
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c@ntr@l valve was shifted, subjecting thevleft port of the positive-
displacement valve to exhaustkpressure (innt d). Then, the momentum
of the exhaust fluid pulled down the pressure level spa;ply to point e.
As the deceleration in the exhaus; fluid changed‘to écceleration; the
pressure ineregsed until the piston of‘the positiveed15placemen£ valvé
"bqttomedﬁ in the oppesite directionm (poinﬁ £). Exhaust fiuid was again
decelerated and the pressure was reduced until the ditectional cont:ol
valve ghifted Once more, subjec;iné the ;eft gide of the positive~
’displacement valve to the driving pressure (p@int»a),

It’sh@uld be noted that two stfong-p:essure surges @ccuyred during
the dniving p;essure,halflcycle.v One of these surges occurred”at the
beginning (points a fo b)‘gnd the othervat the end (points ¢ to.d)O
However, in order to achieve automatic and c@ntinu@us cycling_of the
cireuit, it wés necessary to make signal valve 8-1 sensitive only to the
surge which occurred at the gnd of the driving pressure stroke, Ihis
was accomplished by the addition of needle valve N-1, 'Althongh the pres-
sure surge from a to b had a higher péak value than that of the pressure
vsurge from ¢ te d, it was not sustained fqr a_sufficient duration of time
to all@w the passage @f;enough fluid‘through.the needle yalve to operate

signal valve S=1,
Slave Cylinder Péessure Profile

The slave cylinder pressure profile wasngbtained from pressure tap
B (see Fig. 7) and is illgstrated-in Fig. IQ, The portion of this pro-
file which eccurred near each egd q£ ;he sLave‘cylindepfs stroke,ﬁad the
same cha;gcteristic sh§pe ag did Figy 95 Theref@re; ;he behavi@; of the’

pressure variation in these areas can be explained by the same reasoning
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‘as was presented above.-

_The portiomg of the slave cylinder's pressure profile which corres-
ponded to the cylinder's intermediate range of t:avel were gege:ated
whilé the p@sitiveedisplacement valve was making several strokes. There-
fore, these segments of the‘cu;vé appeared as a series of damped positive~

displacement valve exhaust cycles.
Main-Line Pressure Profile

The main-line pressure profile was obtained from pressure tap C
(see Fig. 7) and is illustrated im Fig. 1l. Since main-line pressure
supplied fluid to the positive-displacement valve, this profile appeared

as a series of damped positive-displacement valve driving,cyclgs.
Conclusions

It was found that since undegirable surges were present within the
~system, ;hefpressureQOPeratéﬂ si'gnalﬁ'ﬂvalves_,__alom‘as wé;g nof,capable bf
genergﬁing pilot sigmals which ccq;ﬁ be ugéd for‘the dependable control
of the p@siti@ning ci:;"cuit° Hgnce,_it‘was ge¢g§sa:y to chbing flaw
regulating devices with the signal valves before automat;c_contral coqld
be'achievedu

Also, it was f@uﬁd that the»préggﬁre profiles, taken at two separate
poinﬁs‘in the same line, were not identical in shape. This‘phenomenoh
Has been observed befere by E. J, Wéllgf_(la), Waller discovered that
cyclic pressure varia;ions may ghange-igfamplitude, shapeg and phase
angle from ome emd of a closed copduit to the‘o_ther° G@nsgquently, it
was cqnclqded that the operation of the signal valves was pgrtially
dependent upon the physicél lpcatimﬁ'ofvtheir hydraulic pilet conmnections

in a given pressure line.
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CHAPTER VIII

SUMMARY

The objectives of this investigation were to construct and analyze
an experimental hydraulic positioning circuit for a slave cylinder
which did not require feedback. The circuit was to be capable of
operating under a "loaded"' slave cylinder condition.

The circuit which was designed for this investigation was a modi-
fied form of the hydraulic intermittent feeding circuit described by
A. G. Comer (l1). Hydraulic fluid was metered to the slave cylinder,
in fixed increments, by the use of a positive-displacement metering valve.
Pressure-generated pilot signals were used to control the flow of the
metering fluid., No provision was made in the experimental circuit to
selectively achieve and retain definite positions within the slave
cylinder's intermediate range of travel., Only the fundamental and basic
principles of a positive-displacement metering circuit were studied in
this investigation. Since pressure variations were utilized for the
control of the circuit, pressure profiles were obtained at key peoints
and were used as a basis for the circuit amalysis.

The circuit which is diagrammed in Fig. 7 proved to be operative
under simulated "load" conditions. Moreover, it was observed that the
intermittent feeding of hydraulic fluid provided by the positive-displacement
valve did produce an incremental advance of the slave cylinder. The

pressure-derived control of the positioning circuit, however, was not

29



30

dependable. The circuit analysis proved that it was necessary to com=
bine flow regulating devices with the pressure-operated signal valves

before automatic contrel of the positioning circuit could be achieved.



CHAPTER IX
RECOMMENDATIONS FOR FUTURE RESEARCH

It is the belief of the w:itgr that the‘basic concept of a
pqsitive-disPLacement type positioning gircuit'is sound and worthy of
further consideration. However, in the‘authp;'s opinion, the pressure=-
derived method of control which was used in this investigation was inher-
ently faqlty and ingdeqpate. Therefore, it is recommended that the
positive-displacement valve circuit which was used in this.study be deleted
and rgplaqed by the circuit illust;a;ed in Fig. 12, It is believed that
this camrcontrolled,-positive-disPLacement valve circuit would providg a

dependable positioning mechanism for a hydraulic slave cylinder.

 POSITIVE = DISPLACEMENT VALVE

CAM <

———l R
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G H

At N e - H H
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Fig. 12, Proposed Positiﬁe-DisPIacement Valve Gircuit
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APPENDIX A
DEFINITION OF COMPONENTS

The following is presented in an effort to provide the reader with
a description of each of the standard hydraulic components referred to
in this thesis., Each component is identified with respect to its
operating characteristics, hydraulic function, and symbolic or graphi-

cal representation as approved by the American Standards Association.
Check Valve

A check valve is used to block fluid flow in one direction while
permitting free flow in the opposite direction. This function is per-
formed by the use of a closing device such as a swinging disc, spring-

seated -disc, or spring-loaded-ball. (See Fig. 13.)

Fig., 13. Check Valve,
Counterbalance Valve.

A counterbalance valve is a pressure-centrol valve which permits
fluid flow at a desired minimum-pressure level in one directien amnd
free flow in the opposite direction. Fluid flow through the~va1§e in

one direction is blocked until the minimum~pressure level setting is
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attained, at which time the valve opens to permit fluid passage. Flow
continues in this direction until the pressure of the system falls below
the minimum~pressure setting, at which time the valve closes\énd flow is
once again blocked. Fluid flow through the counterbalance valve in the
opposite directién'is unrestricted, The minimum-pressure or back-
pressure level can be varied over a wide range by simply adjusting ﬁhe
spring setting of the valve. This valve was used in fﬁis investigation

to simulate a given load on the slave cylinder. (See Fig. 149)

PE=r

|
ey | I

I

Fig, l4. Counterbalance Valve.

Cylinder

The hydraulic,cylinder_is a fluid motor usually employed'to con-
vert fluid power into reciprocating mechanical power. The symbolic
representation for a double-acting, double-rod cylinder is illustrated

in Fig. 15,

Fig. 15. Cylinder
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Directional Control Valve.

A directional control valve is used to direct the flow of fluid to
other portions of the hydrgnlic éystem where fluid application is desired.
In a spool-type directionmal control valve, the movement of the valve
spool which determines the direction of fluid flow may be accomplished
by the application of electrical force, manual force,’hydréulic force,
mechanical force, or a combination of these forces. These valves may
be either two-way, three-way, four-Way, or even more., The number indi-
cates the number of main~line connection$ in the valve. Usually these
valves are either two-position or three-positiom valves. When a four-
way, three-position valve is in the extreme left position,.fhe pressure
port is open to cylinder port A, while cylinder port B is open to the
tank port. When this valve is in the extreme right poSitionrfhe pres-~
sure port is then connected to cylinder port B while cylinder port A is
connected to the tamk port. In the neutral position of a four-way,
three-position valve, the various ports may be interconnected in twelve
different ways by using different spools, Two combinations of four-way,
three-position valves were used in this investigation: '(lﬁwﬂfl four
ports were blocked in the neutral position of one combination; and (2) the
pressure port was blocked and the rest of the ports were intercomnected
in the neutral position of the other combinations.

When the symbolic representation for a directional control valve
is used, the valve is shown in the neutral position. Figure i6 shbws
the graphical symbol for'a pilét-operated, four=-way, two-poéition, direc-
tional valve, Figure 17 is the symboiic representation for a pileot-

operated, spring-centered, four-way, three-position valve which has all
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four ports blocked in its neutral positionm.

-

Fig. 16. Directional Control Valve.

TR

Fig. 17. Directional Control Valve.

The symbolic representation for a manually-operated, four-way,
three-position directional control vaive which has all four ports
blocked when in the neutral position is illustrated in Fig. 18.

Figure 19 is the symbolic representation for a solenoid-operated, spring-
centered, four-way, three-position, directionallcdﬁérol valve which has
the pressure port blocked and the other ports commected whenm the valve

is in its neutral positionm.

I
T [T
T T

Fig. 18. Directional Control Valve.

SOL T i /\V\ SOL

Fig. 19. Directional Control Valve.
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.A pilot-cperated, spring-offset, three-way, two-p@sition, direc=~
tional contrel valve or shuttle valve is usually employed wher it is
desirable to have an auxiliary fluid power source. The main fluid power
source is favofed by a spring and thus fluid from the main source is
allewed to flow through the valve to service the system conmnected to
the outlet port while the fluid from the auxiliary source is blocked.
Flow continues in this manner until such time as the main fluid power
source pressure falls below that of the auxiliary source, at which time
the valve spool shifts and fluid from the auxiliary source services the
system and fluid from the main source is blocked. The symbolic represen-

tation for shuttle valve is illustrated in Fig. 20.

WA ‘\ |
g el W i By

I _——

Fig. 20. Shuttle Valve.

Gate Valve

A gate valve is an on- or off-type or shut-off valve. This valve

is manually operated and its symbolic representation is shown in Fig, 21.

- Fig. 21. ¢Gate Valve,
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Heat Exchanger

A heat exchanger is used in hydraulic systems to transfer heat from
the hydraulic fluid to a cooling fluid. O0il is circulated through the
heat exchanger to maintain the oil temperature at some constant level so
that the properties of the 0il can be maintained within certain limits.
A two-pass, shell-and-tube type heat exchanger with city water passing
through the tubes and o0il passing through the shell portion was used in
this investigation. Figure 22 illustrates the symbolic répresehtation

for the heat exchanger.

Fig. 22. Heat Exchanger.
Needle Valve,

A needle valve is a manually-operated, non-pressure compensated,
volume-regulating type of valve., It employs the use of a long tapered
point that permits a very gradual adjustment of the annular flow passage
which is formed by the valve seat aﬁd the tapered point. Figure 23 is

the symbolic representation for a needle valve,

v

Fig. 23, Needle Valve.
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0il Reservoir

The symbolic representation for an oil reservoir which is vented

to the atmosphere is illustrated in Fig. 24.

Fig., 24, 0il Reservoir.
Pilot Check Valve

A pilet check valve is essentially a check valve with additional
provisions for allowing reverse flow when desired. If is a'free-flowing
valve in one direction while the flow is blocked in the opposite direc-
tion until such time as pilot pressure is applied which unseats the ball

and allows free flow in the reversed direction. (See Fig. 25.)

Fig. 25. Pilot Check Valve
Pump Unit

Figure 26 illustrates the symbolic representation for a pump unit
which is driven by an electric motor through a variable speed reducer.
Although the pump is a fixed-displacement gear type, it becomes a variable

volume pump by varying the speed of the pump-input shaft.
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VARI ELEC,
oRIVE| | \MITOR

Fig. 26, Pump Unit.

In Fig., 27 a variable displacement pump directly coupled to am

electric motor is illustrated.

ELEC,
MOTOR

Fig. 27, ©Pump Unit.
Relief Valve

A relief valve is a safety valve which serves to establish the
maximum pressure in a hydraulic system. In operation, the relief valve
opens when the system reaches the maximum pressure-level setting and
allows the excess volume of fluid to bypass the circuit and return
directly to the reservoir. This valve is adjustable éver a wide range of
pressures, The primary function of the relief valve is to prohibit the

pump from beimg subjected to excessively high pressures., (See Fig. 28.)

—~ 7

Fig. 28. Relief Valve,
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Sequence Valve

A sequence valve is a pressure-control valve, It is used to contrel
the order of fluid flow to the various parts of the hydraulic system by
requiring the pressure of the inlet port to reach the deéired pressure=
level setting before the sequence valve opens, thereby permitting fluid
to pass through ghe valve. Full préssure is then available at the outlet
port only as long as fhe inlet control pressure remains'above the spring
setting of the valve., This spring setting is adjustable‘over a wide
range of pressures., Figure 29 is the symbolic representation for a

sequence valve,

Fig, 29. Sequence Valve
Strainer and Filter

A filter consists of a filtgr element supported and enclesed within
a houéing which provides~connecting ports for fluid lines, When a
filter element can be supported by itself and is used, without the housing,
in an installation such as a hydraulic reservoir, it is usually called a
strainer. Both the filter?and'thé strainer serve to remove foreign
particies which may be present in the hydraulic fluid. Strainers are
usually located in the reservoir at both the return and s;ction lines,

Figures 30 and 31 are symbolic representatioms for a strainer and a filter.



Fig. 30,

- Fig. 31.

Strainer,

Filter,
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APPENDIX B
FLUID POWER TEST STAND FACILITIES

A fluid power tes£ stand was designed and fabricated during the
course of this investigatién in order to provide the investigator with
the following facilities; (1) A main fluid power source; (2) a
support for "bread-boarding” the hydraulic circuit under investigation;
(3) a fluid manifold system for connecting the hydraulic circuit under
inves;igation; (4) a drip pan for receiving leaﬁage fluid; (5) a '
hydréulip-fluid-temperature-control system; and (6) a filtéting‘system
to reclaim drip-pan fluid.

A discarded Magna-flux table was rebuilt and mod;fied to serve as
the frame for‘the test stand. Steel grating similar to that used in
fire escape ramps was employed to serve as the support for the(ﬁydraulic
system in this investigation., A drip paﬁ was constructed of sheet steel
and a nine-port manifold system was provided for the pressure, the return,
and the pilot-return-drain connections. Figure 32 is a scﬁematic
diagram of the fluid power test stand circuit amnd its‘related facilities.

The test stand circuit is c9ﬁ§05ed of the following‘three'parts:

(1) The main pump unit; (2) the recirculating unit; and (3) the fluia
reclaiming unit. Fluid in the main pump unit passed from the reservoir
through one of the three strainers before entering the suction side of
the pump which was powered by a variable-speed drive unit. After

passing through the pump the high pressure fluid was available for

43



PRESSURE MANIFOLD

RETURN MANIFOLD

PILOT RETURN  MANIFOLD

RELIEF VALVE

1

RECIRCULATING
PUMP

X

MRARIN PUMP i /. £

RESERVOIR

®

VERI-

DRIVE {Z @

ELEC
MOTOR

|

Fig. 32. Graphical Circuit of the Fluid Power Test Stand,

A



45

circuit application at the pressure manifold., Any excess volume of fluid
was bled off the preésure line by the‘relief valve and was directed into
the return line which was also equipped with a‘manifold. The combination
pilot-return and drain manifold collected flui& at near atmospheric pres~
sure and returned it to the reservoir above fluid level. The recirculat-
ing unit was used to maintain the temperature of the hydraulic fluid at
some constant level and consisted of a recirculating pump unit and a
heat exchanger. Fluid was drawn out of the reservoir thfough a valve
arrangement and pumped through the heat exchanger back into the reservoir.
Flow of city water which was used as the cooling medium was reéulated
through the heat exchanger by a globe valve, Thq_rqclaimihg unit pro-
vided a means of restoring the waste or leakage hydfaulié fiﬁid:collected
in the drip pan to a condition where it was again usable in the hydraulic
circuit. 1In the operation of the reclaiming unit, léakage fiuid, which
. was collected in the drip pan, was drawn through a paraliel bank of two
filters and a valve arrangement into the recirculating pump where the fluid
was then returned to the reservoir by the route of the recirculating
system. B

Figure 33 is a picture of the completed fluid power test stand ready

for operation and Fig. 34 is the calibration curve for the gear pump used in

the main pump unit,
Test Stand Apparatus and Equipment

1. Louis Allen Electric Motor: rated, 1150 rpm; 3/4 horsepower; 220-440
volts;.3 phase, 60 cycles; serial no., 1812413,
2.. Yale and Toﬁne Variable Displacement, Sliding:Block Type Pump: type

A-6; serial no. 18467; 1 1/4 inch ports.-



Fig- 330

Fluid Power Test Stand
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Young Heat Exchanger: maximum working pressure, 75 psi;'m@dglvno.
67219; serial no. L11187;“ﬁum5er pf passes, ﬁwo; water igleiiand
outlet thf@ﬁgh'the tubes, 1 inch; oil inlet and outlet to the shell
side,_i inch.

Greer blaEruMicronic Filter: two required; model no. and serial no.,

unknown; rating approximately 10 gallons per minute at 50 psi.

Reeve Vari-Speed Moto Drive Unit: size, 6281-C-12; géér ratio, 1.54
to 1; maximum output speed, 1,500 rpm; minimum output speed, 250 rpm;
electric meotor, Robbins and Myers: rated, 1,150 rpm; 15 horéep@wer;
voltage, 220-440 volts, 3 ph;sé, 60 cycles.,

Commercial Gear Pump: model no. QD 322, BEEL 206; maximum pressure,

1,500 psi; rotation, clockwise or counterclockwise; gear size, 2

. inches; maximum capacity, 50 gallons per minute at 1,000 psi; pump

suction, 1 inch; pump disqharge,_3/4 inch.

Reservoir; manufactured by OSU.Mechanical Engineering Léboratory;
size, 30 inches by 34 inches by 17 1/4 inches; capacity, approximately
75 gallons; compartments, .4.

Marvel Sump Type Filtef”Elemeht: two required; m@de]:."n'b° C;lwlo;

capacity, 10 gallons per minute.

. Capital Suctien Line Filter: model no. 10MLOO; capacity, 10 gallons

per minute,

Fluid Controls Pilot Type Relief Valve: part nmo. 1500-6-6; port size,
3/4 inch; pressure range, 50 to 2,000 psi.

Texaco Regal Hydraulic 0il: 65 gallons; type AZRO;‘viscosity range, -
140 to 150 Saybelt Universal Seconds at 100° F.; specific gravity,

0.868 at 80° F.
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APPENDIX C
APPARATUS AND EQUIPMENT
Positive Displacement Valve Circuit

Directional Contrel Valve, (*D~1): Manufacturer, Republic Manu-
facturing Company; medel no. 8141-1/4 H; type: manually operated,
four-way, three-position, all ports blécked in the neutral position;
port size, 1/4 inch.

Directienal Contrel Valve, (*D-2): Manufacturer, Double A Products
Company; ﬁodel no. DA-180-C; typé: pilot-operated, four way, two-
position; port size, 1 inch; pilot connections; 1/4 inch,
Directional Control Valve, (*D-4): Manufacturer, Double A Products
Company, model no. DA-lSG—C;.type: pilot-operated, fquféway, two-
position; port size, 1 inch; pilot connections, 1/4‘inch.
Directional Centrol Valve, (%D-3): Manufaeturér, Eleétrol, Inc,
medel no, 185-AN; type: manually-operated, four-way, three-position,
all ports blocked in the neutral position; port size; 3/8 inch.
Signal Valve, (#S-1 and S-2): Designed by this investigater and
built by the Research Apparatus Development Laboratory, College of
Eﬁgineering, Oklahoma State University; port size, -1/4 inch.

Needle Valve (*N-1 and N-2): Manufgcturer, P and C Company; model

no. 1040A; port size, 1/4 inch

*Indicates the number assigned to this valve in Fig. 7
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Positive-Displacement Valve: Manufacturer, Boeing Airplane Company,
assembly no. 9-14666~501; size 4,84 inch stroke and 2.172 square

inch bore area; maximum operating pressure, 3,000 psi; port size,

1/4 inch.

Gate Valve (*G-1, G-2, G-3, and G-4): Manufacturer, Henry Veoyt Machinme

Company; modei no. 5-9535; port sizé, 1 inch.

Slave Cylinder Circuit

Directional Control Valve, (*D-5): Manufacturer, Denison Eﬁgineering

Company; model ne. DD=-011-358-CK; type: solengid=operated, four-way,
three-position, spring centered, pressure port blocked and all other
ports intra-comnected in the neutral position; port size, 1/4 inch.
Directional Control Valve, (*D-6): Manufacturer, Double A Products
Company, model no, DA-180-C; type: pilot-operated, four-way, twoe
position; port size, 1 inch; pilot connecticns, 1/4 inch,

Shuttle Valve (*D-7 and D-8): Manufacturef,/Adel Precision Products
Corp.; port no. 20348; port size, 1l/& inch. o

sigriéfi Valve, (*3-3 and 5-4): Designed by this investigator and built
by the Research Apparatus Dévélopment Laboratory, College of
Engineering, Oklahoma State University; port size, 1/4 inch.

Needle Valve, (*N-3 gnd N-4): Manufacturer, P and € Comﬁany; model
no. 1040A; port size, 1/4 inch, |

Slave Cylinder: Manufacturer, Carter Controls, Inc.; model CBH,

size, 3 inch bore and 24 inch stroke; type, doublewaétiﬁg,'double
rod, cushiéned; maximum operating pressure, 1,500 psi; port size,

3/8 inch.

*Indicates the number assigned te this valve in Fig. 7.
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Check Valve, (*D-9): Manufacturer, Republic Manufacturing Company;
model no, 433-3/48; port size, 3/4 inch,

Counter Balance Valve, (*C-1): Manufacturer, Double A Products
Company; model no, SA~180-B; type; internal pilot and exfernal drain;

pressure range, 250-500 psi; port size, 1 inch.
Instruments

thono-Tachpmeter: Manufacturer, Standard Electric Time Company,
model CM, B
Pressure Pickup: Manufacturer, Electro Preducts Laboratories; model
no. 3700-A Electro Pressuregraph; type, capacitance; maximum pressure,
2,000 psi‘.;with 0.062 inch disc. -

Oscillograph: Manufacturer, Allem B, Dumont Laboratories; model,
single-beém cathode-ray; type, 304H; serial no. 2274.

A.C. Voltgge Regulator: Manufacturer, Soremson and Company, Inc.;
model neo. 1000-S; éerial,no. 1-3239; input voltage, 95-130 V.;
output veltage, 115 V,; rating, 1 KVA.

Gage Tester: Manufacturer, Ashcroft Division, Manning, Maxwell, and

Moore, Ine.; type, 1313A; serial neo. 2-508.

*Indicates the number assigned to this valve in Fig. 7.
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