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Hydraulic Tcn'bines 
Hydraulic' turbinei are those which convert hVdrauli'c energy :te Siechanical euer m' and then to 
electrical energv upon üoupliog to shafis or mo.ton. At presinit hydro .power generation is. the 
chéape'si as compared to other tvpes of electrical energy: In this cha'pter the detailed desiert 
pärameters of s arious typés of turbines such as Peltoo turbme. Francis turbine and Kaplan Tiirbme 
are discussed. 

 

Classiticatioii of Turbinen: 

I. .M'cordinr to qqe of.eni'r • at Inlei 

at Impulse Turbine: Requires Hich Head and Low Rate of Flow. 

Ex. Pelton T•fieel 

bJ Reaction Turbine: Required Low Heäd andHieh Rate of Flon . 

ix.Firci.Kayao 

]. .VcorcMietdbecfo0ofdov•drDuehruona 

a) ïaneernial -low Turbine 

b) Radial Flow' Turbine 

c) Axial Flora Turbine 

dJ Fixed Flmv Tinbine 

3. .M'cordinr to He'ad at In1et.of mrbioe 

a) High Head Tinbine 

b i üL•dium Head.Turbine. 

c) Low- Head Turbine 

4. Acéördinr.to Syecifié Speëd of Turbine 

at Lmv Specific Speed Turbuie 

bJ Jlediuin Specific Speed turbine' 

cl Hieli Specific Speed Turbine 

o. .Mcordine to Dispositicn of Turbine Shaft 

a) Horizonial Shafi 

bJ \"ertical Shafi 

6. .MÜördine io Disixisition of Turbine Shafi 

at Lou spëcilic speed nirbine 

bJ medium specific nirbine 

c) Hieh specific Turbine 
 
 
 
 

 

Pelton s'hoeI Turbine: 

Pellon Steel 

Fraiicis Turbine 

Kaplan Turbine 

hlodero Fraöe'is Turbine 

 
PeltoirU4eel 

Francis Turbine 

Kaplan Turbine 

 
Peliaa \\1eeI 

Fraacis Turbine 

I aplao Turbine 

 
Pelton I\fieel 

Francis & Kaplan Turbines 

 
Pélton Viel Turbine 

Francis Turbine 

Kaplan Tinbines 



 



 
 
 
 
 
 
 
 
 
 
 
 
 

 

Hieher specific speed cori°*F°Hds to a lower head. This requires that the nmnéi should admit 

rui bine. :T .\usma1ian engineer. \’ikuon Ka 

iii tms iamI15- are called Kaplan Turbines. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Guidelines fv r the designing v 2 Kaplan rurbin'e. 

:locin of'Wheel 
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Drafi Tube 

The » ater after workine on the turbine imparts its energv to the i anes and runner. thereby 
reduciup• its pressure less than that of atmospheric Pressure As the water finn s from high 
pressure to lori er Przssure. it cannot come out of the turbine and hrnce a divergent tube is 
Connected xo rlie end of the turbine Draft tube is a divergent tube one end of which is 

connected to the outlet of the turbine and other end is irrrmersecl sv-ell below the tailrace 
(Vt'ater lm e1) The major ilinction of the draft tube is to increase the pressure from the inlet tn 
outlet of the draft tube as ir flon s through it and hence increase it more than atmospheric 

pressure. The other function is to safely Discharge the iv-ater that has v orked on the tinbine tn 
tailrace. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Dm = Mean diamE'ter, Dm = 



Types of Dralt 

Tube 

Surge 

Tanks 

Sage tank (or surge chamber) is a device introduced u ithin a hydropon'er water convenance 
system having a rather long pressuie conduit to absorb the ex.cess pressiire rise in case of a 

 

Surge Tank 

 
Reservöir 

 

 

Pressure 
Channel Penstock 

Turbine  

 

 

River 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Perfoiaiiance ot”Ttirbines Finder trnit quantities: 



The imit quantitiei give the speed, discharge And power for' a partcular turhme ufider a head of 

lzii assimung the same efficiency. Unit quantities are used to'predict the perforznazice of tinbine 

 

 

 

• Unit disrharee (Q ) - The discharge of the turbine » imder a unit Send 

 

 

 

 

 

 

 

Specific speed of the turbines (N,): 

The specific speed of the nnbiñe is the speed at o:hiéh the turbine will run whmi developing 

unit pmvei imder a unit beaA This is the rype chmacterisñcs of a turbine: For a set of 

llv imilur mrbmes, iflc speed will have the same value. 

c% be shown as: 

 

 

 

 

Characteristics Curves of Turbine: 

These are curves s•hich are characteristic of a particular. turbine wfich helps m studying the 

perfonAaoceoftbetuibiDeuoder^aiioustoodfliods.Tbesecucves§ertaizñogtoâovttulnAeare 
supplied lv its znanufactuii'rs bared on actual tests. The chaiai-teristic ciuves fibiained are the 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

Constant efficiency curves  
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Thèse curves are plotœd from dora which can be obtained from the constant head and consmnt 
speed curves e o iject of obtainmg this cun-e to determme th of constazd eDiciency 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Constant speed curves or operating characteristic curves: 

In this case tests aid conducted at a constant speed ve the head H and suitably adjus6ng 

the discharg' The power dn !loped P measure.d mechnnicall small e& - 
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camtaoim. 
To avoid éavitañon the mmimüm pressiire m the passage of a liquid flow , should alz-ays be 

mnre thnn the s'apour pressure of the liquid at thz emrlÔng temperatïire. hi a reacfion turbine. 

the pa'iot of minimum ptessure is usuall . at the outlet end of the ru0ñer bladrs, i.e.. at the met 

to the draft tube 

Methods to avoiti Cavitation: 

 
› Cavitation free runner may be designed. 

› »  By  selecting materials that can resist better the 
 

 
By selecting a runner of proper specific speed for 
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CENTRIFUGAL P.USIPS 

.A jump..ii. a hvdraulic máchine which..converts meciiaoical zñergy inte h .draulic energy ór 

pre'ssure energy. .fi cennifugal pump works on he principle of:centrifiiga1 iorce. In this type of 

pump. the liquíd is subjected tn whirling mntion by the rotatuig impeller ix hich is iiaade of a 

number of backy-ard.curved i'anes. The. liquid enters this impzller at ii cenne. nr thr eye and 

eets discharged info the Easing enclosmg the .outer edge .of the impeller. Generally cenmfugal 

pumps are made of the radial Bow rige onlv ( = 90’). 

 

Classification of Pumps 

1. oidine tñ to. of Impellms 
• Single..Stance Pt up. 
• fiIultisa°e Pump 

2. Accosting to Disposition of Shaft: 
• Vertical Shaft Pump 

 
3. .4cccnxltn io Head 

• Lon Head Pump 
• kledium Head Purop 

A centrifugal pump comaining I o or more impe1li°• S I8 caHed a:mu1tístage cnimfupa1.pump. 
• For highcr pressurès.at the oufleu impellers' can be.connected irr seriós. 
• For hi her. fiow output, impeHers:caabe cónnécuÓ paraoèL 
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Components of Pump 
S andF Vlæ 
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Manometric Head: 
 
 

 
Manometric Efficiency: 

= lvlannmetric Head.* Head Imparted by Impeller to Waier 
= He ' m.Ua4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1/ P a g e 



A centrifugal pump will start delivering liquid only if lhc head developed 
by the impeller is more than the manomctric head (lip). IN thc head 

developed is less than H no discharge takes place although the impeller 
is rotating. When the impeller is rotating, the liquid in contact with the 
impeller is also rotating. This is. a forced vertex, in which the increase in 
head in the impelled i5 Riv,en by ,  , 

 
Discharge takes place only when 

tiead tise in impeller 
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2g 2g 

substituting for u„ uy and /f in Equation (10. 15), we ohtain 
 

which is theminimum speed for thepump to discharge liquid. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 

 
Types of Reciprocating or displacement pumps: 



 

 

 

 

 

 

Head 
 
 
 
 
 
 
 
 
 
 

 
Major component of a reciprocating pump or displacement pump 
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.W accumulator is a device which is used to sabre hydraulic energy- inside a cylinder and released 

the same when required It consists of a vertical cylinder containing a sliding cam The inlet of 

cvlinder is connected to the pump which continuously supply u ater under pressure to the 

cylinder. The outlet of the cylinder is connected tn the machine 

.4t the beginnmg the ram is at the bottom position. then the pump supplies hydraulic fluid at 

high pressure and the fluid is not escaped to outlet. the ram begins to more upwards. The energy 

nd be accumul ated inside the cviinder con0nuouslv till the ram reaches at uppermost position 

The same enmgy will be released when the outlet is connected to die machine 

 
 

 

• Hydraultc accumulator consists 

of a fixed vertical cylinder 

containing a sliding ram. 

• The heavy weight is placed on 

the ram. 

• The inlet of the cylinder is 

connected to the pump which 

continuously supply water 

under pressure to the cylinder. 

Outlet of the cylinder is 

connected to the machine 

which may be a lift or a crane 
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Iiiteiisifier 

.4 pressure inteiiiifier is a device that is u'sed to izicr'ease the pieisure it a' hi-draulié circuit to a 

higher value. than thal of prozñded by pump. 

 

 
Principle of op'eratio'n ref Bydraulic Intensifier. 
It takes the high volume. low-pressure -floor from the pump and c nverts a portion of this flow' 
to a required value oFhigh pressure. A pressure intenslfier is analoeous to a step-up nansformei 
in .électriéal power transmission n hich recei\ .zs. loo s oltage and hijgh current .and cozii eits it 
into hiph voltage and low current. 

 
 
 
 
 
 
 

 
Principle of Hvdmulic Intensifies 

Pressure intensifier Socs.not change the pony er. but chances the form of the power i.e. from low - 
Freiiure hich voluine to high-p'ressure. low volume...Neg1ectine the tosies. the press -flow' 
product at the inletlo iiiterosifiei.fs..the same as the pressure-flow product at.the cutlet. 

 
Tapes of Intensiflers 
Depending 'upon the construction An5 ivnrkine medium the fx›11oiiñne ages of intensifiers .are 
used. 

1. 'Single-acting intensifies 
2. Double-acrine intenslfier 
3. .Air Oil int sitter 

Il .vdrau.lic li.fi 

 
A:hydraiilic lift is a der ice for moi'ine objects usíng force:created by pressure.on a liquid mside 
a evlinder that:mo -es.a piston upv ard. Incompressible oil is pumped into the cvlioder. which 
fó'rces the pistiio . vM fifien a valve opéns té releàse the oil, the piston lowers by 
grai'ztànonal force: 

 
The prinmple'for hvdraulic hfts is based on Pascal ‘s lar iòr geneiating force or moóon. n hich 
stàtes that pressuie change óii aò incompressible líquid in a cónfined'spare is pas'sed:equàl1í 
lbrcughcut the líquid in afí direcòòns. 
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theconcept of Pascal ‘s lais- and its application to hydraulics can be seen m fire ex.ample below. 
n-here a small amount of force is applied to an incompressible liquid on the left tn create a large 

f to: on the riebt. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Hydraulic systems are used for precision control of large force applicadons. are economical. and 

 

 

 

 

 

 

draulic Raiii 

A hydmulic cam is a cyclic water pump powered be: hydropos'er It functions as a hydraulic 

 

 

It is a dm-ice which raises small.quantity of s'ater without Any zx.4emal pois'er to higher level 
from large quantltv of.water available at forever level 
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CONSTRUCTIONAL DETAI LS 
 
 
 
 
 
 
 
 
 

 
WORKING 

 

 

'oI on+cr mñnnes 

.4 n se n innll 
 
 
 
 
 
 

 

ir 
 
 
 

 
• Tke pressure in the air csset mises whicJ clnses tltc deli* ery valve .no›x' wnter 
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SOJYIE I M P ORTAN.T FEATURE OF A 
TFYDRAIJL I C RAI¥£ 
(A DVAN TA G ES) 

1..  No prime mcvcr is required 

1cd' 
 
 

 

6. Ii work coiiiiniic•tix1y snd, therefore ives reptilnr supply 

.cirig'iite 

 

 

 

 

 

 

 

 

APPLI CATION 
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PNEUMATIC SYSTEM: 
Pneumatic System: 

Pneumatic technology deals with the study of behavior and 

applications of compressed air in our daily life in general and 

manufacturing automation in particular. Pneumatic systems use air as 

the medium which is abundantly available and can be exhausted into 

the atmosphere after completion of the assigned task. 

v  Pneumatic power unit 

va Fig shows the circuit for pneumatic power unit. 

v In this air compressor compresses the air which is then stored in 

the receiver. This air is further pass in the system through FRL 

unit. 

va The FRL unit filter the air, regulates the pressure in the system 

and also lubricates the air. 

 

 
Filters 

To prevent any damage to the compressor, the contaminants 

present in the air need to be filtered out. This is done by using inlet 

filters. These can be dry or wet filters. Dry filters use disposable 

cartridges. In the wE't filter, the incoming air is passed through an oil 

bath and then through a fine wire mesh filter. Dirt particles cling to 

the oil drops during bubbling and are removed by wire mesh as they 

pass through it. In the dry filter the cartridges are replaced during 

servicing. The wet filters are cIeanE'd using detergent solution. 



 
 
 
 
 
 
 
 
 
 

 

 
filter 

Compressor Receiver 
 
 
 

 
Pressure 

 
 
 

 
A pneumatic filter should be the first component at the inlet of most 

air circuits. This unit usually is one part of a combination of 

components that filters the air, regulatRs its pressure, and adds 

lubricants for moving parts in the circuit. The air filter and lubricator 

are covered in this section. (An air line regulator performs the same 

function as a hydraulic reducing valve and is covered in that section.) 

Air from the compressor contains dust from the ambient 

atmosphere, condensed water, and rust and oil sludge that 

bypass the compressor rings. These by-products of compressing 

and transmitting air must be removed to keep moving parts of 

the machine working property. Most filters clean the air and 

separate condensed water from it before the air enters the 

circuit. 



Pneumatic filter 
 
 
 
 
 
 
 
 
 

 
Filter 

 
 

 
Defle-ctor cone 

Baffle 
 

 

Condensed 
moiqq/+-" Or ain plug 

 
 
 
 
 

 

• PRESSURE REGULATORS 

• Air pressure regulators benefit the FRL box set in many 

ways. Firstly, and most importantly it provides an 

element of safety. Subsequent to this, it also helps to 

reduce costs. The role of a regulator is to control the air 

pressure to air tools, air gauging equipment and 

cylinders. The air pressure is regulated by a spring which 

acts through a diaphragm. 



• Pressure regulator valve. 

• A pressure regulator is a device which controls thE' 

pressure of liquids or gases (medium) by reducing a high 

input pressure to a controlled IDwer output pressure. 

They also work to maintain a constant output pressure 

even when there are fluctuations in the inlet pressure. 

• Pressure reducing element 

• Spring loaded poppet valves are commonly used as a 

pressure reducing element. Poppet valves have 

elastomeric sealing in regular applications and a 

thermoplastic sealing in high pressurE' applicatiOns. This 

seals the valve seating against any gas or fluid leakage. 

The poppet valve is controlled by the spring force to 

open the valve and let the medium flow from inlet to 

outlet. As there is a rise in output pressure, the poppet 

valve clD5E's due to the force generated by the sensing 

element, which overcomes the spring force 



Pressure regulator valve 
 
 
 
 
 

 

 
 
 
 
 
 
 
 

 
Basic elements of a pressure regulator 

• A typical pressure regular consists of the following 

elements: 

• A pressure reducing element such as a poppet valve. 

• A loading element to apply necessary force to the 

reducing element such as a spring, piston actuator or a 

diaphragm actuator. 

• A sensing element such as a diaphragm or a piston. 



• Types of pressure regulators 

• PrE'ssure regulators can be broadly classified into the 

following categories: 

• Direct Operated or Self-operated 

• Pilot operated 

• Direct operated regulators 

• They are the simplest form of regulators (Fig. 1). They 

normally operate at lower set pressures, below 0,07 bar 

(1 psi) and can have greater accuracy. At higher 

pressures, up to 35 bar (500 psi), they can have 10-20% 

accuracy levels. 

 
• Pilot operated regulators 

• These regulators are ideal for applications with large 

variation in flow rates, fluctuations in inlet pressure, or 

decreasing inlet prE'ssure conditions that normally OCCur 

with gas supplied in cylinders or small storage tanks. It 

provides precise pressure control. 

• This type of regulator is genE'raIIy a one or two stage 

device. A single-stage regulator is ideal for relatively 

small reduction in pressure. They are not suitable whE're 



there are large fluctuations in inlet pressure or flow 

rates. 

Lubricator 

Figure below shows a cutaway view of an air-line lubricator. 

After the combination unit filters and regulates air pressurR, 

some downstream system components may require a small 

amount of lubrication. (For example: air motors are one item 

that needs a constant supply of oil to extRnd their life and 

maintain torque.) Some cylinders are pre -lubed and most 

valves require littlE' Ïf any lubrication, so keep oil supply to 

thesE' units at minimum. Â general rule: a ü-pint bowl of oil in 

a lubricator should last three wE'eks to a month in most 

situations. 

When air passes through the lubricator's venturi section, 

prRssure drop across it gives a negative pressurR in the area 

below thE' adjustab le orifice. Vacuum in this area draws oil 

from the bowl as fast as the adjustable orifice will allow. 

Thèse droplets then mix with the air as it passes through. This 

arrangemE'nt means that oil flows only when therE' is air flow 

and only as fast as the adjusting screw allows. 



E 

” E 

Lubricator 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Pressure relief valve. *’' 

The pressure relief valves are used to protect the system 

components from excRSsive pressure. Its primary function is 

to limit thf? SVStRm pressure within a specified range. ft is 

normally a closed type and it opens when the pressure 

exceeds a specified value by diverting pump flow 

back to the tank. 

The simplest type valve contains a poppet held in a seat 

against thR spring force as shown in Figure. This type of vaIVRS 

has two ports; one of which is connected to the pump and 

another is connected to the tank. The fluid E'nters from the 

opposite side of the poppet. When the system pressure 



exceeds the preset value, the poppet lifts and the fluid is 

E'scaped through the orifice to the storage tank directly. It 

reduces the system pressure and as the pressure reduces to 

the set limit again the valve closes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Directional Control Valve 

• Directional control valves are used in pneumatic 

systems to direct or stop the flow of compressed air or 

oil to their appliances. They are probably the most used 

elements in pneumatic systems and can be used for 

example to actuate a cylinder, a larger industrial valve, 



or air tools. The valves can have two or more ports and 

fulfil various circuit functions. 

 

 
• Valve types 

• Directional valves are appointed with two numbers. The 

first number shows how many ports the valve has, and 

the second number is the amount of states. For 

example, a 2/2-way valve has two ports (in/out) and 

two states (open/closed). A 5/2-way valve has five ports 

and two states. Directional valves usually have two, 

three, or five ports. In the foIiowing sections, the 

different types wit! be explained in more detail. 

• 3/2-way valve 

• 5/2-way valve 

• 5/3-way valve 

• 3/2-way valve 

• A 3/2-way valve has three ports and two states. They are 

used for instance to control a single-acting cylinder. The 

valve is used to fill the cylinder, but also to vent the 

cylinder afterward to realize a new working stroke. 

Therefore, a valVzt With two ports would not be sufficient. 

A third port is required for venting. 3/2-way valves can be 



mono-stable or bi-stable. Just like 2/2-Way valves, mDnO- 

stable 3/2-way vaIVE'S Can bE' normally closed Dr normally 

open. The symbol below represents a mono-stable 3/2- 

way that is normally closed. 
 
 

 

• 5/2-way valve 

• A 5/2-way valve has five ports and two states. These 

valves are used for instance to control double acting 

cylinders. A double acting cylinder requires two outlet 

ports of the valve. 5/2-way valves can be mono-stable 

or bi-stable. 

B A 
 
 
 
 
 
 

 
5/2-way valve 



5/2-way valves are used to actuate double acting pneumatic 

actuators, such as pneumatic cylinders, rod less cylinders, 

grippers and rotary actuators. Double acting actuators require 

compressed air to move in both directions. To decide whether 

a mono-stable or bi-stable 5/2-way valve should be applied, it 

is necessary to know more about thE' System's design and 

requirements. 



5/3-way valve 

The before mentioned valves all have two states. It is also 

possible to have a third state, for example, a 5/3-way 

solenoid valve. The third state is used to stop a double acting 

cylinder in an intermediate position. These valves are mono 

stable and return to the centre position when the solenoids 

are not energized. Two solenoids are used to switch the 

valve to the other two states. 5/3 valves are available in 

three variants; with closed centre position, with venting 

centre position and with the pressurized centre position. The 

closed centre valve is represented by the symbol shown 

below. 
 
 

 



 



• Flow control valve. 

• The purpose of flow control in a hydraulic system is to 

regulate speed. All the devices discussed here control 

the speed of an actuator by regulating the flow rate. 

Flow rate also determines rate of energy transfer at any 

given pressure. The two are related in that the actuator 

force multiplied by the dtstance through which it moves 

(stroke) equals the work done on the load. The energy 

transferred must also equal the work done. Actuator 

speed determines the rate of ztnergy transfer (i.e., 

horsepower), and speed is thus a function of flow rate. 

Orifices — A simple orifice in the line, Figure (a), is the most 

elementary method for controlling flow. When used to 

control flow, the orifice is placed in series with the pump. An 

orifice can be a drilled hole in a fitting, in which case it is 

fixed; or it may be a calibrated needle valve, in which case it 

functions as a variable orifice, Figure (b). Both types are non- 

compensated flow-control devices. 



 
 
 
 
 
 
 
 
 

 

(a) 

 
• THROTTLE VALVE 

variaols onfce 
(z) 

• In general, throttles should be installed in the outlet 

side, so that the slipping is reduced. When using double 

-acting cylinders, there are two options: Either throttle 

check valves in the inlet side or simple throttles 

mounted right on the vent connexions of the valve . The 

latter is mainly used in valve terminals. 

• With single-acting cylinders remains only the possibility 

to install the throttle in the inlet side. However, since 

this also is the outlet side while the cylinder is 

retracting, a throttle check valve is to be used. 

 
 

 
SPEED CONTROL CIRCUITS 

• 1. Meter-in speed control pneumatic circuit: 



• Fig shows thR 5QRed control pneumatic circuit. 

•  It consist of manually operated D.C. valve, a flow 

control valve. 

•  A flow control valve is placed in the pressure line such 

that the air flow rate is regulated as the air enters the 

blank end of double acting cylinder to perform forward 

stroke. 

•  When the spool is shifted to its left envelop mode the 

air from FRL unit is directed to enter the blank end of 

cylinder through flow control valve where the air flow 

rate is controlied to control the forward stroke of piston 

in the cylinder. 

• The air from the other side of piston is discharged out 

into the atmosphere. 

When the spool is shifted to right envelop mode the 

air enters the rod end of cylinder and acts on 

• piston to perform return stroke quickly. The air from 

othRr side of piston discharged out freely into the 

atmosphere through the check valve . 



Meter-in speed control pneumatic circuit 
 
 
 
 
 

 

fi'i„u•..y^+•.4t.u.4.\...£ T.\ e.y<\ ...,@T .. .*w 
 

 
• METER-OUT SPEED CONTROL PNEUMATIC CIRCUIT: 

• It uses the flow control valve to control the rate of 

piston movement on the outstroke of machine 

• It consist of pneumatic power unit, manually operated 

D.C. valve, flow control valve 

•  When spool is in its left envelop mode the air from FRL 

unit enters the blind end of cylinder 

• and acts on the piston to perform forward stroke. 



• The air from other end of cylinder is allowed to pass 

through a flow control valve to regulate the outstroke 

speed of piston. 

When the spool is in right envelop mode, the piston 

retracts quickly. 

 
 

 
Pneumatic circuit to coayibldbespeed of double acting 
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• FLUID POWER. 

Definition. 

Fluid power is the technology that deals with the 

generation, control and transmission of forces and 

movement with the use of pressurized fluids in a confined 

system. 

MERITS OF HYDRAULIC SYSTEM. 

1. Large load capacity with almost high accuracy 

and precision. 

2. Smooth movement. 

3. Automatic lubricating provision to reduce wear. 

4. Division and distribution of hydraulic forces are easily 

performed. 

5. Limiting and balancing of hydraulic forces are easily 

performed. 

DEMERITS OF HYDRAULIC SYSTEM. 

1. A hydraulic element needs to be machined to a high 

degree of precision. 

2. Leakage of hydraulic oil poses a problem to 

hydraulic operators. 

3. Special treatment is needed to protect them from rust, 

corrosion, dirt etc., 



4. Hydraulic oil may pose problems if it disintegrates due to 

aging and chemical deterioration. 

5. Hydraulic oils are messy and almost highly flammable. 
 

 
ACCUMULATOR 

An accumulator is a dE›vice which is used to store hydraulic 

energy inside its cylinder and released the same when 

required. It consist of a vertical cyiindE›r containing a sliding 

ram. The inlet of cylinder is connected to the pump which 

continuously supplies water under pressure to the cylinder. 

The outlet of the cylinder is connected to the machine(may 

be lift or crane etc.) 

At the beginning the ram was at bottom position. When the 

pump supplies hydraulic fluid at high pressure and the fluid 

is not escaped to outIz›t, the ram begins to move upward. 

The energy will be accumulated inside the cylinder 

continuously till the ram reaches at uppermost position. The 

same energy will be released when the out let is connected 

to the machines. 



Accumulator 
 
 
 
 
 
 
 
 
 
 
 

 
Capacity of accumulator. 

Let, 

P=lntensity of pressure inside the cylinder. 

A=Cross sectional area of ram. 

L= Lift or stroke of ram. 

W= Applied dead weight including self weight of ram. 

W= p x A 

Work done = p x A x L 



Work dane = stored energy inside the cylinder = Capacity of 

 
Capacity of accumulator = p x A x L 

HYDRAULIC ACTUATOR 

Hydraulic actuator consists of a cylinder, piston, spring, 

hydraulic supply , return line, and stem. The piston slides 

vertically inside the cylinder and separates the cylinder into 

two chambers. The upper chamber contains the spring and 

the lower chamber contains hydraulic oil. The hydraulic 

supply and return iine is connected to the lower chamber. 

 
When the fluid enters the lower chamber, pressure in the 

chamber increases and pushes the piston in upward 

direction. When the hydraulic force is greater than the spring 

force, the piston begins to movzt upward, the spring 

compresses, and the valve begins to open. 

As the hydraulic pressure increases, the valve continues to 

open. Conversely, as hydraulic oil is drained from the 

cylinder, the hydraulic force becomes less than the spring 

force, the piston moves downward, and the valve closes. By 

regulating amount of oil supplied or drained from the 

actuator, the valve can bR positioned between fully open 

and fully closed. 



HYDRAULIC ACTUATOR 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Advantages of Hydraulic Actuators 

• Hydraulic actuators are suited for high force 

applications. They can produce forces 25 times greater 

than pneumatic cylinders of equal size. They also 

operate in pressures of up to 4,000 psi. 

• A hydraulic actuator can hold force and torque constant 

without the pump supplying more fluid or pressure due 

to the incompressibility of fluids. 



• Hydraulic actuators can have their pumps and 

located a considerable distance away with minimal loss 

of power. 

DISADVANTAGES OF HYDRAULIC ACTUATORS 

• Leakage of hydraulic fluid is a great problem. Leakage of 

hydraulic fluid leads to loss of efficiency. 

Expenditure due to maintenance is high. 

Cleanliness of machine and surrounding is a problem 

which creates damage to surrounding components and 

areas. 

• Hydraulic actuators require many complementary parts, 

including a fluid reservoir, motor, pump, release valves, 

and heat exchangers, along with noise reduction 

equipment. 

 

 
Hydraulic pump 

• A hydraulic pump is a mechanical source of power that 

converts mechanical power into hydraulic energy . It 

generates flow with enough power to overcome 

pressure induced by the load at the pump outlet. When 

a hydraulic pump operates, it creates a vacuum at the 

pump inlet, which forces liquid from the reservoir into 

the inlet line to the pump and by mechanical action 

0
 

0
 E
 



delivers this liquid to the pump outlet and forces it into 

the hydraulic system. 

• Types of pump 

• Gear pump 

• Vane pump 

• piston pump 
 

 

Gear pump 

Types 

1. External gear pump. 

2. Internal gear pump. 

External gear pump 
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Internal gear pump 
 
 

 
Internal Gear Pump 

 
 
 
 
 
 
 
 
 
 
 
 

 

THEORY OF OPERATION 

As the gears rotate they separate on the intake side of 

the pump, creating a void and suction which is fillE›d 

by fluid. The fluid is carried by the gears to the 

discharge side of the pump, where the meshing of the 

gears displaces the fluid. The mechanical clearances are 

small in the order of 10 \zm. The tight clearances, along 

with the speed of rotation, effectively prevent the fluid 

from leaking backwards. 



• The rigid design of the gears and houses allow fOr vE›ry 

high pressures and the ability to pump 

highly viscous fluids. 

An external precision gear pump is usually limited to a 

maximum working pressure of 210 bars (21,000 kPa) and a 

maximum speed of 3,000 rpm. 

 
VANE PUMP 

• A Vane Pump is a type of positive displacement pump. 

It uses the back and forth motion of the rectangular 

shap‹zd vanes inside slots to move fluids. They are 

sometimes also referred to as sliding vane pumps. 

• A slotted rotor is eccentricaliy supported inside a 

cycloidal cam. The rotor is located close to the wall of 

the cam such that a crescent-shaped cavity is 

formed. The rotor is seaied into the cam by two side 

plates. Vanes or blades fit within the slots of the 

impeller. 

• As the rotor rotates and fluid enters the pump, 

centrifugal force, hydraulic pressure, and/or pushrods 

pushes the vanes to the walls of the housing. A tight 

seal in the vanes, rotor, cam, and side plate is important 



for good suction characteristics described in the vane 

pumping principles. 

Vane pump 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 
• The housing and cam forces the fluid into the pumping 

chamber through the holes located in the cam. Fluid 

enters the pockets created by the vanes, rotor, cam, and 

side plate. 

• As the rotor rotates, the vanes sweep the fluid to the 

opposite side of the crescent. This fluid is then 

squeezed through discharge holes of the cam as the 

vane approaches the point of the crescent. This is 



followed by the exiting of the fluid from the discharge 

port i.e. the outlet. 
 

 
RADIAL PISTON PUMP 

• The general mode of operation will be explained at the 

movement pumping piston. 

The outer ring for bracing of the pumping pistons is in 

eccentric position to the hollow shaft in the centre. This 

eccentricity determines the stroke of the pumping 

piston. 

• The piston starts in the inner dead centre (IDC) with 

suctison process. After a rotation angle of 180° it is 

finished and the workspaczt of the piston is fii!ed with 

the moved medium. The piston is now in the outer 

dead centre (ODC). From this point on the piston 

displaces the previously sucked medium in the pressure 

channel of the pump. 

 
• These kinds of piston pumps are characterized by thR 

following advantages: 

• high efficiency 

• high pressure (up to 1,000 bar or 14000psi) 



• low flow and prE'ssure ripple (due to the small dead 

volumR in the workspace of the pumping piston) 

• low noisR level 

• very high load at lowest speed due to the hydrostatically 

baIancE'd parts possible 

• no axial internal forces at the drive shaft bearing 

• high rE'IiabiIity 

• Adisadvantage isthe bigger radial dimensions in 

comparison to thE' aXial piston pump, but it could be 

compensated with the shorter construction in axial 

direction. 



Radial piston pump 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
DIRECTIONAL CONTROL VALVES 

• Directional control valves perform the following three 

functions: 

• stop fluid flow 

allow fluid flow, and 

• change direction of fluid flow. 
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These three functions usually operate in combination. 
 

 
What is a directional control valve 

The directional control valves can be used to start, stop, and 

to change the fluid flow in a hydraulic system. The major 

function of a directional control valve is to control the 

direction of flow in hydraulic systems. They are capable to 

determine the path through which the fluid should flow in a 

circuit. We can use the directional control valve to direct the 

inlet flow to a specific outlet port. Directional control vaIves 

are classified according to certain factors like inlet control 

element structure, number of ports or ways, number of 

position, method of actuation, and centre position flow 

pattern. In a directional control valve, the internal control 

element would be a sliding spool, rotary spool or ball. The 

construction and dRsign of the directional control valves make 

it suitable fDr different applications. 
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WHY DO WE NEED DIRECTIONAL CONTROL VALVES AND FOR 

WHAT PURPOSE DO WE USE A DCV 

• It can bE' used to isolate a certain branch of the circuit 

• It can vent the relief valve by either mechanical or 

electrical control 

• It can allow free flow from the pump to the reservoir at 

low pressure during the time in which the delivery of the 

pump is not needed in the system 



• It can also start, stop, accelerate, decelerate, and changE' 

the direction of motion of a hydraulic actuator. 

 

 
WHAT IS THE FUNCTION OF A DIRECTIONAL CONTROL VALVE. 

• The major function of a DCV is to control the flow or 

direction of the fluid in any hydraulic system. It can also 

choose the fluid flow path in a circuit. 

• How to actuate the directional control valves 

• Directional control valves can be actuated in many ways. 

Actuation is the process of moving the valve element 

from Dne position to another. So in a directional control 

valve, there are four methods of actuation they are 

manual, mechanical, solenoid-operated, and pilot- 

operated. 

 
HOW DOES A DIRECTIONAL CONTROL VALVE (DCV) WORK 

A 3-Way VaIV z has three working ports. These ports 

are: inlet, outlet, and exhaust (or tank). A 3-way valve not only 

supplies fluid to an actuator, but allows fluid to return from it 

as well . 



3/2 DCV 

The two states of the valve are open and closed. When the 

valve is open, fluid flows from the inlet (P, 1) to thzz Outlet (A, 

2). WhE'n the valve is closed, fluid flows from the outlet (A, 2) 

to thzz exhaust (R, 3). A valve that is closed in non-actuated 

state is normally closed (N.C.), the opposite is called normally 

open (N.O.). Most valves are mono-stable and return to their 

default position when they are not actuated. 

 

 
3 - Way. 2 Position Valve 
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SINGLE ACTCNG CYLINDER 
 
 
 
 
 
 
 
 

 
5/2 WAY DIRECTIONAL VALVE 

• A 5/2 way directional valve from the name itself has 5 

ports equally spaced and 2 flow positions. It can be usR 

to isolate and simultaneously bypass a passage way for 

the fluid which for example should retract or extend a 

double acting cylinder. 

• There are variety of ways to have this valve actuated. A 

solenoid valve is commonly used, a lever can be 

manually twist or pinch to actuate the valve, an internal 



or externaI hydraulic or pneumatic pilot to move the 

shaft inside, sometimes with a spring return. 

•  on the other end so it will go back to its original position 

when pressure is gone, or a combination of any of the 

mention above. 

• In the Illustration given, a single solenoid is used and a 

spring return is installed in the other end. The inlet 

pressure is connected to (P)1. (A)2 could possibly be 

connected to one end of the double acting 

cylinder whE're the piston will retract while (B)4 is 

connected to tne other end that will make the piston 

extend. 

• The normal position when the solenoid is de-energized is 

that the piston rod is blOcking (B)4 and pressure coming 

from (P)1 passes through (A)2 that will make the cylindRF 

normally retracted. 

• When the solenoid is energized, the rod blocks (A)2 and 

pressure from (P)1 passes through (B)4 and will extend 

the cylinder and when the solenoid is de-energized, the 

rod bounces back to its original position because of the 

spring return. (E)3 and (E)5 is condE'mned or used as 

exhaust. 



 
 
 
 
 
 
 
 

 
EB 

ISO port designation Alternative port deslgnatlon 
(5/2-way memo-stable) (5/2 way mono stable) 



5/3 DCV 
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Flow control valve 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

HYDRAULIC THROTTLE VALVE. 

 
A device placed in the passageway of a moving fluid in order I 

o restrict its flow rate or to altRr its pressure in the channel. 

Hydraulic throttles may be of the constant (non regulating) 

or the variable (regulating) types. Among the constant types a 

capillary, throttle bushing, washer, and washer- 

packet throttles; the variable types include those with slide- 

valve pairs, throttling valve nozzles, and throttling screw type 

nozzles. 

Hydraulic throttles are used to vary the flow rate of a pressure 

fluid and also to regulate the speed of a machine's actuating 



membE'FS. They also produce necessary pressure drops of the 

pressure fluid in hydraulic systems and control hydraulic actua 

tors in hydraulic servomechanisms. 

Throttling valve 
 
 
 
 
 

 

 
 

 

PRESSURE CONTROL VALVE 
 

 



within the hydraulic system. lii the casc ot prcssurc switching 

valves the piston or’ spool of the valve remains at a definite 

position either open or closed dcpcndine on 

the control signal (Yes or No ). Tlic control siwal is *ciiei'ally 

cxtcnial to the valvc. In the casc ot pi'cssiirc regulating valves 

the piston or spool takcs up in bctwccn position depending on 

the variable pressure and flow characteristics. 

Opening and closing pressure difference. 

The minimum prcssui'e at which the valve action starts is called 
as the opening 
or’ c1'acking pressui'c. Thc dificrcnce bctwccn the cracking 
pressure (commencement ot flow) and the pressure obtaincd at 
maximum how ( iionual tlow without change ot spring toi'cc ) 
is refen'ed as the 'opcnins pi'essure diffci'cncc”. 
SiiuiIai'ly the dif'ffircncc betaecu thc prcssurc corresponding to 
nominal how and no tlow during closing of the valve is rcfcrred 
as “closing pi’cssui’c dif'fercncc”. This is lai‘gcr than thc opening 
due to thc flow foi'ccs acting in the opcni s direction as also 
the livstcrcsis iii the spring. 

Dittürcnt typcs of prcssurc control valvcs: 

Prcssiii‘c conti'ol valvcs ai'e usually namcd tor thcir primary 

tünction such as rclicf valvc. rcgnlatioii valvc,..ctc. 

 

1. Pi’cssui’c Rclict valve: 

 

One of the most impouant prcssurc control is the rclicf valve. 

Its primary fiinction 

is to limit the systciii prcssiirc. Rclict valve is found iii 

practically all the Hydraulic 

 

 

 
6$ P e g e 



system. It is normally a closed valve whose function is to limit 
the pressure to a 
specified maximum value by diverting pump how back to the 
tank. There are two 
basic design, a) direct operated or inertia type, b) the pilot 

operated design 

( compound relief valve ). 

Direct type of relief valve: The direct type of relief valve has 

two basic working port connection. One port is connected tn 

pump and the other to the tank. The valve 
consists of a spring chamber ( control chamber ) with an 
adjustable bias spring which pushes the poppet to its seat, 
closing the valve. A small opening connecting the tank 

is provided in the control chamber to drain the oil that may 
collected due to leakage, thereby preventing tbe failure ofvalve. 
System pressure opposes the poppet, which is held on its seat by 
an adjustable spring. The adjustable spring 1s set to limit the 

maximum pressure that can be attained within the system. The 
poppet is held in position by spring force plus the dead weight 
of spool. When pressure exceeds this force, the poppet in forced 
off its seat and excess fluid in the system is bypassed back to the 

reservoir. When system pressure drops to or below established 
set value, the 
valve automatically reseats. Fig. below shows a direct pressure 

relief valve and its the symbol 
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Pressure relief Valve symbol. 
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Hyd ra uï ic sym bols 
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Variable dìsplacemant hydrau(tc 
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A single-acting cylinder can exert a force in only the 

extending direction as fluid from the pump entRrs the blank 

E'nd of the cylinder ( usually left side of the piston). Single- 

acting cylinder do not retract hydraulically. Retraction is 

accomplished by using gravity or by the inclusion of a 

compression spring in the rod end. Figure below shows a two- 

position, three way, manually operated, spring offset 

directional control valve DCV used to control the operation of 

a single —acting cylinder. In the spring offset mode, full pump 

flow goes the tank via the pressure relief valve. The spring in 

the rod end of the cylinder retracts the piston as oil from the 

blank end ‘A’ drains back to the rank. When the valve is 

manually actuated the pump flow goes to the cylinder blank 

end ‘A’ via DCV 1 position. This extends the cylinder. At full 

extension, pump flow goE's through the relief valve. 

Deactivation of the DCV allows the cylinder to retract as the 

DCV shift into its spring — offset mode 



 
 
 
 
 
 
 
 
 
 
 

 
Single-Acting Cylinder 

 
 
 
 
 
 
 
 

 
Double acting cylinder 

Double —Acting cylinders can be extended and retracted 

hydraulically. Thus, an output force can be applied in two 

direction Figure below shows a circuit used to control a double 

— acting hydraulic Cylinder. When the four way valve is in 



centred configuration , the cyIindE'F iS hydraulically locked as 

the ports A and B is blocked. The pump flow is unloaded back 

to the tank at essentially atmospheric pressures. 

Figure below shows a circuit used to control a double —acting 

hydraulic cylinder. When the four way valve is in centred 

COnfiguration , the cylinder is hydFaulically IoEked as the ports 

A and B is blocked. The pump flow is unloaded back to the tank 

at essentially atmospheric pr assure. 



operation of double acting cylinder 



Hydraulic circuit of operation of double acting cylinder 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

1.Hydraulic circuit of operation of 

double acting cylinder with metering in 

control. 

In this type of speed control, the flow control valve is placed 

between the pump and the actuator. Thereby, it controls the 

amount of fluid going into the actuator. Fig below shows 

meter-in circuit. When the directional control valve is 

actuated to the 1st position, oil flows through 



the fIDw Control valve to extend the cylinder. The extending 

speed of the cylinder depends on the setting (percE'nt of full 

opening position) of the flow control valve. 

When the directional control valve is actuated to the 2nd 

position, the cylinder retracts as oil flows from thE' CVlinder to 

the oil tank through the check valve as well as the flow control 

valve. 
 
 

 

 
 
 

 

2. 

Hydraulic circuit of operation of double acting 

cylinder with metering out control. 



In this type of speed control, the flow control valve is placed 

between the actuator and the tank . ThRreby, it controls the 

amount of fluid going out of thE' aCtuator. Fig below shows a 

meter-out circuit. One drawback of a meter-out system is the 

possibility of excessive pressure build up in the rod end of the 

cylinder while it is extending. This is due to the magnitude of 

back pressure that the flow control valve can create depending 

on its nearness to bE'ing fully closed as well as the size of the 

external load and the piston-to-rod area ratio of the cylinder. 

 
• Meter - out Circuit 
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