HYDRAULIC SERVO SYSTEMS
Block diagram of a conventional system vs. servo pump solution
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Owing to increased computer power and ongoing developments, hvdraulic servo
systems have increased.

Understanding the internal construction and the operational principle of servo
hydraulic valves.

Understanding the mathematical model of a simple hydraulic system uses a
hydraulic servo valve.

Controlling a hvdraulic flow and pressure using a hydraulic servo valve,



» Servo hydraulics may be expressed as 'closed loop electro- hydraulic control”.

: Operating in closed loop control means that operation is constantly monitored by
means ol measurement and deviations from required operation  are aulomatically
corrected.

Servo valves were originally designed to be used in the aviaton industry (or
precise control of a variety of aircraft by means of small electrical input signals.
Electrical or electronic control was changed to electro-hvdranlic open loop and

closed loop control due to high flight speeds and hence high apphcations.



Basle structare of hydraulle servo-system

» Control elements (valves, sensors, ete.),

» Actuating elements (cylinder and/or

motors ),

# Other elements (pipelines, measuring
devices, ete.). | Py, . Om
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The basic concept of hydraulic system

# The pump converts the available {mechanical) power from the prime mover {electrical or diesel
mator) to hyvdraulic power at the actuator,

» Valves arc used to control the dircetion of pump flow, the level of power produced, and the amount of
fuid and pressure to the actuator.

* The medium, which is a liquid, provides dircet power transmission, a [ubrication of the hydraulic
sysbem components, a valves sealing, and a hydraulic system cooling.

¢ Connectors, which link the various svstem components, direet the power of  the fluid under pressure,
and return fluid-flow o tank (reservoir),



The basic concept of hydraulic system

The reasons for choosing a servo valves are their ability o control

a mechanical paramcters such as:

= Displocement or  anghe of rotation
- welocity of  rotary speed
= force or  torgue

lydraulic parameters
= Mow
- Prossure,

.
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Campanents of eleded loop elastro-hvdranlic contral

- Ol loop contred

- Flectromics

« Hwdrnulics and

= Measurement fechnalagy. [17

Characteristics and operafions of Servo Valves

Scrvo valves can be beoadly classified cither as single-stage, Twa-stage or three-stage,

Simglesstiage servo valves consist of a torgue maotor or o linear force modor directly atached for positeming of the spool.
Because wrque or force motors have limited power capability, this i toem limits the hydraulic power capacity of single-
stage servo valves,

In =oime applications the single-stage concept mey alse lead to stability problams.
I'his 15 the case of the fow forces seting on the spoel are close (o the foree produced by the electmo-magnetic motor. Flow

forces are propomional to the flow and the square root of the valve pressure drog, which gives a limitation in hydrawlic
porarer



The valve illustruted in the figure 1= a valve, which employs just
ane lincar force motor (Proporional magnct) to mowve the spool
cither side of the central position, The electrical signal from a
posthon  iransducer i then used Tor closed Joop contml of the
spool positn

e of the most common tvpes of servo valve 1= the two
stages one. Rither a Mapper noezle pilon stage or a jet pipe stage
can be wsed in conjunction with an clectrie torque motor to

comiral the miin spool in the valve as illusirated in Figure.
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spring {2} bends until the flapper plate is pulled back to the center position to
sich an extent that the main spool stops moving and the 1omues are the same
again. The apeol  stroke and hence flow, which are proporional 1o the input
signil hove therefore been resstublished, The two socket screws (B) {located
left and vight in the valve covers (99 may be used 0 move te position of the
contral sleeve (4) contral land wath respect to the control spool (3), in order
Lo acdjust the hydraulic null point, [1]
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the 3-stage directional servo valves bazically consist of the 1st
stage comtrol and the Znd stage in the form of & flow amplitier
gtage in the 3rd stage for open leop Gow contral of the main oil
Mow and an inductive positicnal ransducer whese core s
secured fo the confrol spool of the 3nd stage os illustrated in
I"ign'rr



Elecirv-Hydraulic Servo Svstem Construction

In this chapler the mathematical model of the project 1= discussed, where the posiion iracking performance
of an electro-hvdranlic seren (EHS) syvstem using  peoportional-integral-derivative (PITY), description of flow control
valve, amd how the walves responding to change in electrical imput, and the effects of coils in torgque motor, and
represent serve valve spool dyoamics through wider frequeney range, The relationship between valve control flow
and actuator champers pressure, also describe  the piston motion and the total fiictional force depend on piston

velooity.



Comparison between proportional valve and servo valve
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horw the spool is shified. Proporional valves wsc an clectric coil and magnet, like the voice coil of typical audio

spaiker, o directly move the spool. Servo valves use small torgue motor to contrel hydraulic pressure, which 1n

i inwes the r-]s-cj:-q:ll |:|'|i|¢ll-a.-:':[ua.|.¢|.|b.

The response of these two valve types differs because of the force available 1o shift the spool. Serve valves

menerally respond faster than propomional valves



Muodeling ithe EHS Syslem

Dhymamics cquation of EHS system consists of scrvo valve and hydranlic acmator as illastrated in Figure (3.5). The
hydraulic actuator motion 15 contrelled by modulating the hydraolie oil fow from the eylimder chambers using o servo
valve, The mass is attached with a spring and a damper that generates the counter force against the acheator,

Flow Control Servo Valve

The rwio stages norzle-flapper servo-valve cnnsists of three main parts, an electrical torgue motor, 8 hydeanlic

amplificr and valve spool assembly.




The motor conzists of an armature mounted on a thin-walled sleeve pivol and  suspended inthe air gap of a magnetic
field produced by a poir of permanent magnets. When current is made to flow in the teo prmatare coils, the armature
ends become polurized and are aitracted 1 one magnel pole plece and repelled by the other, This sets up a lomgue on the
flapper assemhbly, which rofates about the fixnire sleeve and changes the flowr Balance through a paic of apposing
moEEles, shown im Figure (3.2). The resulting change m throdile flow alters the differentiol pressure bebwesn the two ends
of the spool, which begins 1o move inside the valve sleeve,
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Lateral movement of the spool forces the ball end of a feedback spring @ one side amd et up a restoning forgue o
the ammature/flapper asscmbly, When the feedback forque on the flapper spring becomes equal o the magnetic forces
on the ammsture the  system resches on equibibriom state, with the ammature and Oapper centered and the  spool
statipnary bat deflected o one side, The offset position of the spael epens flow paths between the pressure and ank

piorts [ and T, and the reo conteol posts (A and B in the figues (3,29, allowing oil o flow o and from the actsator

Torgue Motor

I the electionic design, the electrical characienistics of the servo-valve wrgue modo
miay be modeled as a series L-R circuit The teansfer function of a series 1-R circuit is:

. - Values of inductance snd resistance for series and paralle]
i =l -i _— winding configurations of  the molor are published in the
.. ‘E H;-/—L manufacturcr's data sheet. The lateral force on the valve spool
3 o3 1 is proportiongl to ferque motor current, but oil flow rafe ot the
control poris also  depends upon the pressure drop acress the
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Valve Spool Dynamics

I arder to represcnt scrvo valve dynamics through a wider frequency range, a sccond  arder transfor funcrion is used
as approximation of the valve dymamies. The relation between the seevo valve spool positien and the input voltage »

can ke written as:[5]

sahve

Ty Ky
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Where &, 15 the valve gam, £, 15 the dampmg ratw of the servo valve and cw,, 15 the

natural frequency of the servo valve.



1. Cyliader Chamber Fressure

The sersswalve conmal the Hows ) Iiozack chamber inthe acmeion om be models
Tram {ae ontoe squations oelees 1 qpool vabss pashon x. . poessuee diference

wrsl srras vabes gain &, Forde wdeal onlicy apealion

Hydraulle Power Sapply

The behavior of the hydraulic power supply may be modeled in the same way as the chamber volumes by applying the
flow continuity aquation to the volume of trapped oil between the pump and screo valve, In this case, the input flow is

held constant by the steady speed of the pump maotor, and the volume does not change,  The trans formed equation is:

[Be servo valve conirol the dloms (F in each chamber i the sctumor cnm be

maddels Eons ke onllics aquams melatgs ke spo] valve postiom &

, pressnne dilferesos W Wy
F.and servo vabve gain & For the adeal orifice squation:[2) " Py i
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The systems maodel and response simulation

In this section tw mathematical modeling of EHS system is discossed, whene
the system consists of electronic drive, hydraulic actuator, servo valve, and piston
trunsdeeer. The mathematical model behovior of servo valve con be developed

fromn the relationship between the displacement and the input voliage v
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In order fo represent the actuator dyopmics from the previous equation through o wider frequensey range, a second
order transfer function is obtained. The transfer function of actuator is the relation berween the piston position and the

input force can be written as

The trunsfer function of the feedback transducer signal 15 the relation between the  piston displacement and
the input voliage v that was found a5 a constant gain by comparison the ratio hetwsen the two parameters.

The equivalent open loop tunsfer function of the whole system without controdler is:



Svsbem’s response

The exact total gain of the forward transter function can be found practically
»Appling Routh-Huriwez criterion will give the range of this gain for stability which iz 0< K < 50, at a specific gain

aof K=11 the response of the uncontrolled system is showm in the figure {3.8) below :
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Adfter knowing the exact value of the gain K . a
ML comiroller is 1 be designed |, alter
implementing this controller and due to svstem's
variation & little tuning in the PID controller is
Tesguired



Svystem’s response using state feedback controller

By u=ing state edback controller, the system will ke stable as shown i the Bgure bebow:

The black diagram of the EHH system using
srate feedback controller s shown
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Electro-Hydranlic Servo Svstem Construction

This chapter discusses the hydraulic model constmacied based on the mathernatical model explained in chapier three,
beginning with the structure design of the serve hydmulic system, pronciples of system’™s operation. explaining the
characteristics and relationships, plotting curves for floay, pressure and frequency response, and how to wae the project

in the laboratories” expenments by the students,

1. Inferfoce cord {Analogue omplifier Type VI-5E2):

Servo amplifier cards convert an input signal o o proportionsl current o drive  the servo valve torgue modor, On
industrial lydraulics systems several servo amplificrs feature an integrated PID (proportional, infegrater, and denvative)
control circuit, which alleovs funing tor optimum performance of pesition contrel, or constant velocity circuits. With the
added sbility 1o combine the PL PO, or PID contmols Tor any circul, & wider range of elecire-hydraulic moion control
sequences can be engineered, for sophisticated applications in auwtometive, plastics, machine tool, heavy industry and
other upplications, Iis Amplify with high open-loop pain (operstional amplifiers) are frequently encountersd in analog
signal processing  circwils, since the application of segative feedback enables pumerous ransfer  functions 1 be

implemented.



Analogue amplifier

-
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The circuil for the servo amplifier iz shown in Figure (4.3,
where a smoothed DC wvoltage betweon £22 W and =28 W s
necessary a5 the supply, and a stakbilzed  voltage oft15 W oas
hen produced from the supply voltage for the amplifier card,
thiz woltage is used for the supply of extemnal actuators such as
potentivmelers (apping pointat 12¢ (415 ¥ and ot 22¢ (=15 V)
and the supply of intemal operational amplifiers. Parthermorne,
two basic function growps should be considered:

Connection marmial of servo amplificer

g__.! ” e e
N | = -—"El-, —:-—-—EI'— i
— W T el

I
- -
a1 RO Y 3'
a wt - i
Femr e ] &'_' H H LY g
oo ¥ - L
e L io
e = f—
g L - el ) E |;_ am ; H L — -
el W
. L, L " -
| ® mp= M e "’.._..:'
4 g | e
s lna
£ L
o
Rl S b &
. — E f B i
1 n:::_. = T B == 1% b 1
Sl | _T. = O NP



Limear p-c:-lqenlir-n'r.ell:'r:

A lincar taper potentiomictcr bas a resistive clement of constant  cross-section, resulting in a device where
the resistance between the contuct (wiper) and one end fermimal 15 proportonal o the disance  bebaeen
them. Linear taper descnbes the elecirical characienstic of  the device, not the geometry of the resistive
clement. Linear faper pofentiometers are used when an approximately propomional relation  is desired

between shafl rdation and the division mtie of the potentiometer.,




Precision rotary potentiometers

It is a component, a three-ferminal resisior with a sliding contact that forms an adjustable woliage
divider, IT only two termingls are used, one end and the wiper, it acis as a vanable resistor, so il's used
ool the ir||'_||.|[ '.-{‘\-|1:1|:g|; i this system




Operational amplifier

The operutiongl amplitier family 15 designed to offer o wider selection than any previously developed operational

amphifier family,
Fach of these JFET-input operational amplifiers  incorporates well-matched, high-voltage JFET and hipolar

trunsistors in a8 monelithic integrated circuit. The devices fenture high shew rtes, low ioput bios and offset currents,

and beowr oiffqet voltage temperamre coefMicient. Offer adjustment and extemal compensation
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Flow meter

11" an instrument for monitoring, measuring, or recording the rate of Oow, pressure, or discharge of a Nuid, as

of a gaseous fuel,




Principles of system"s operation

A command woltape s selected win the command  woltage
podentiometer.

The actual pesition of the pisten s measured and fed back as a
virltage by the feedback potentiometer.

The error is amplified by the amplifier and 15 thus able fo eneroize
the servo valve coil.

As the actual displecoment changes, the actual voltage created by
the feedback potentiomener also changes,

The actwal voltage gradually approachcs  the command voltage,
until they are finally both equol when the required posttion hos been
reisched

When the required displacement has been reached, the emor is zero
ard the serve vilve closed

The wariahles disrapting open loop contrel no longer or scarcely

effiect closed loop control,
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