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Hydraulic system 

 

Block diagram of hydraulic system 



Components of a hydraulic system 

 Oil reservoir:- it is a storage tank for oil. 
It consist of tank, filter, strainer, baffle 
plates & drain plug. 

 Oil pump:- the purpose of pump is to 
supply a flow of fluid to hydraulic 
system. 

 Pressure relief valve:- it is used to 
control pressure. If pressure in a system 
increases above a pre-set level, this 
valve opens to release the fluid out of 
the system. 



 Direction control valve:- it is used to 
control the direction of flow of working 
fluid so as to control the direction of 
motion of the actuator. 

 Flow control valve:- it is used to control 
flow rate of flow of working fluid so as to 
control the speed of actuator. 

 Pressure control valve:- it is used to 
maintain the desired pressure level in 
the various parts of circuit. 

 Actuators:- it is used to convert air 
pressure delivered by air circuit into 
applied force and motion 



Pneumatic system 

Block diagram of Pneumatic system 



Components of Pneumatic system 

 Air compressor:- it is a machine which 
increases the pressure of air by reducing 
its volume. 

 Heat exchanger:- it is a device that 
transfer heat through a conducting wall 
from one fluid to another. 

 Air dryer:- it is a moisture separator 
which removes moisture from the 
compressed air before it is fed to air 
receiver tank. 



 F-R-L unit :- 

[ Filter, Regulator, Lubricator] 

 Air filter- it separates solid contaminants 
from compressed air and it supplies 
clean air to pneumatic system. 

 Air regulator- it maintains constant 
pressure in the system. 

 Air lubricator- it reduces friction 
between internal moving parts of the 
system 

 



Comparison between Hydraulic & 
Pneumatic system 

Hydraulic system Pneumatic system 

Resistance to fluctuating load Non-resistance to fluctuating 
load 

Speed is limited 
 

Very high speed 

Cavitation arises 
 

Cavitation does not arise 

System rigidity is good System rigidity is not good 
 

Weight to pressure ratio is low Weight to pressure ratio is high 
 

Low operating cost 
 

High operating cost 



4.1 Hydraulic & Pneumatic 
Symbols 

 



 



 





 



 



 



 



 



Line Symbols 

 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



4.2 Air motor (rotary actuator) 

• A air motor is used to generate rotary 
motion. 

• It can provide higher rotational speeds 
upto 10000rpm. 

• It can transmit higher power at infinitely 
variable speeds. 



Types of air motor 

• Vane type 

• Gear type 

• Piston type 

• Turbine type 

• Gerotor type 



Sliding vane type air motor 

• This type is most common type used in 
industries. 

• Vane motors have about 3-10 vanes 
loaded with spring or air pressure in their 
slots. 

• The speed range is between 100-2500 
rpm. 

 



 



• It consists of a slotted disc in which the 
spring loaded vanes reciprocate radially.  

• The disc is mounted eccentrically in the 
housing. 

• As the compressed air under pressure enters 
the inlet port and rides on inside of housing, 
this high pressure air strikes the vanes 
mounted on the rotary shaft, causing the 
shaft to rotate. 



• The speed of air motor can be reversed 
by changing the direction of flow. 

• It is available in range from 50 to 75000 
rpm. 

 



Advantages  

• It operates in an explosive atmosphere 

• Low cost 

• High starting torque 

• Rapid acceleration 

• Light and compact 

• Provides wide speed range 



Applications  

• Hammers, drilling machines, saw mills, 
shipyards, rail roads, mining, oil 
refineries. 

• Paper mills, agitators, mixers, conveyor 
and belts. 

• Tool drives, vibrators, printing machines, 
power screw drivers, hopper gates, 
chemical plants, cement plants, cotton 
mills, steel mills. 



Gear type air motor 

• It is reverse of gear type pump. 

• In this pressurised fluid is made to flow over 
the teeth of the gear. 

• This rotates the gear and the used fluid let out 
through the exhaust and back to sump. 



 



Piston motors 

• In this four piston and cylinders are arranged 
radially with the connecting rod of each 
piston connected with a common crank. 
Power and exhaust strokes are controlled by 
a suitable distributor valve. 

• The movement of piston is obtained by 
supplying compressed air into the cylinder. 



 



• When power stroke is performed by two 
cylinders, exhaust stroke occurs in the other 
two cylinders and the cycle continues and the 
crank rotates in one direction.  



Hydraulic motors 

 Hydraulic motors are continuous 
rotation type of actuators. 

 It is exactly opposite to that of pump.  

 In hydraulic motor, a fluid energy is 
converted into mechanical energy. 

 A hydraulic motor is a mechanical 
actuator that converts hydraulic 
pressure and flow into torque and 
angular displacement i.e. rotation 



 The rotary hydraulic motors are fixed 
displacement type or variable 
displacement type. These are used in 
many applications like- crane, military 
vehicles, excavators & self driven cranes 

 



Types of Hydraulic motors 

 Gear type 

 Vane type 

 Axial piston type 

 Radial piston type 



Gear type 

 The pressurised fluid is supplied to the 
inlet of the motor, which acts on the 
surface of gear teeth, causing the gear 
shaft to rotate. 

 The direction of rotation of the motor can 
be reversed by changing the direction of 
flow. 

 The gear motors are available for 
pressures upto 13 Mpa with output power 
145 kW and rotates at 2400 rpm with 
maximum fluid discharge 6000 lit/min.  



Gear type 



Vane type 

 Vane motor work on the principle 
opposite to that of vane pump 

 It consist of cylindrical rotor with radial 
slots. 

 The rotor is eccentrically mounted inside 
the casing 

 The vanes are moved out of the slot and 
remains pressed against the outer 
casing by spring loading or by applying 
oil pressure at the centre of the rotor. 





 When the rotor rotates, the vanes make 
sliding contact with the casing.  

 During rotation of the rotor, vane 
loading increases caused by centrifugal 
forces produced due to rotation of the 
vanes. 

 Pressurized oil is supplied to the 
chamber in between two vanes. When 
the pressurized oil expands due to 
increased volume, it applies a tangential 
force which develops the rotating torque 
on the rotor 

 It produces pressure up to 17 MPa and 
rotates at 4000 rpm with maximum fluid 
discharge 10000 liters /min 



Axial displacement type 

 It consist of number of cylinders 
arranged around the periphery of a 
cylinder block. 

 Inside each cylinder piston reciprocates. 

 High pressure oil enters from one side 
into each set of cylinders 

 This oil expands causing the piston to 
reciprocates.  

 The reciprocating motion is converted 
into rotational motion of the motor shaft 
by the swash plates. 



 



Radial displacement type 

 In this pistons are arranged radially 
around the periphery of a cylinder block.  

 The pistons reciprocates radially 
outward and inward when the cylinder 
block rotates.  

 Pressurized oil is admitted at the center 
of the cylinder block and the piston rods 
make contact with a concentric 
cylindrical ring outside the cylinder 
block. 



 



 The pressurized oil enters the cylinders 
radially and expand thereby pushing 
their pistons outwards. 

 When the expansion is complete the low 
pressure oil is removed from the 
opposite half of the cylinder block 
through the outlet. 

 The reciprocation of cylinder is 
converted into rotational motion of 
cylinder block which develops the 
required torque on the shaft. 



Advantages of rotary hydraulic 
motors 

 It provides step less variations in speed 
from zero to maximum. 

 Are compact and smooth in operation 

 Does not require electrical connections 

 Can be started and reverse quickly 

 Can be stopped suddenly without any 
harm to the system 

 Suitable to operate machines where 
variable torque and maximum torque is 
required. 



Applications  

 paper winding machines  

 thread tapping machines 

 indexing mechanisms 

 Mining equipments 

 Machine tools 

 Drilling rigs 

 Textile drives 

 Hoists 

 Conveyor 

 Elevators 



VALVES 

 Classification based on function: 
1. Pressure control valves 
2. Flow control valves 
3. Direction control valves 
 Classification based on method of 

actuation 
1. Directly operated valve 
2. Pilot operated valve 
3. Mutually actuated valves 
4. Electrically actuated valves 
 On the basis of construction 
1. Poppet valve 
2. Spool valve 
3. Rotary type 
 



Classification of Valves 

 



Poppet valve 

 In poppet valve, simple disc, cones or 
balls are used in conjunction with simple 
valve seats to control flow. 

 When a push button is depressed, it lifts 
ball to its seat and allow fluid to flow 
from port ‘P’ to port ‘A’. When button is 
released, spring & fluid pressure forces 
the ball up again closing the valve. 



 



Ball valve 

 It is also known as ON-OFF valve & is primarily 
used for simple shut-off operation.  

 As per requirement these valves can be 
designed to have ‘normally open’ or ‘normally 
close’ type of valve. 

 The ball valves are compact in design, easy in 
handling and maintenance. 

 These are used for high pressure application & 
have wide range of application like water, acid, 
solvents, natural gas & in dangerous service 
like gaseous oxygen, hydrogen peroxide, 
methane, ethylene 



 



 It consist of casing in which ball having 
opening is rotated by means of handle which is 
connected to spindle. 

 The ball is normally made of steel and casing 
of cast iron. 

 For opening the valve handle is rotated. This 
causes the hollow portion of ball to come 
across the open end of two pipes making the 
flow to occur. 

 For closing the valve handle is rotated to cause 
the solid portion to come across the end of 
pipes making the flow to stop. 



Needle Valve  It is two way valve 
use to control the 
flow of fluid.  

 The needle valve has 
a pointed stem which 
can be manually 
adjusted to control 
the rate of flow of 
fluid flow accurately. 

  It can also be used 
as stop valve in the 
fluid power system to 
shut-off the flow of 
fluid from one part of 
the circuit to another 
part. 



Throttle valve / Butterfly valve 

 It consist of circular disc with shaft at center. 
The shaft fits in cylindrical bore of the valve 
body. 

 A quarter turn rotation of the disc open or 
close the valve. 

 It is simple in design, compact, low weight & is 
having few component parts.  

 The quarter turn action offers quick opening or 
closing with ease in operation & valve has good 
flow control characteristics. 

 In wide open position the only obstruction to 
flow is due to thickness of disc hence pressure 
drop across the valve is small. 

 



Pressure control valve 

 Pressure control valves are used to 
maintained desired pressure level in the 
various parts of the circuit.  

 This is achieved by either diverting high 
pressure fluid to flow to low pressure 
area or by restricting fluid flow to 
certain area. 

 



Types: 

 1. Pressure relief valve 

 2. Pressure reducing valve 

 3. Sequence valve 



Pressure relief valve 

 This is also called safety valve. 

 It is used to limit the pressure in the system & 
thus protect the individual component and lines 
from high pressure and danger of bursting 

 The relief valve perform this function by 
diverting excess flow from pump to tank or 
reservoir. 

 Its function is similar to the relief valve of 
pressure cooker. If the pressure in the system 
increased above a pre-set level, these valve 
open to release the fluid out of the system, so 
that the system pressure comes to normal. 

 



 



 



 Relief valve consist of an adjusting screw, 
spring, two supporting plates at top and 
bottom of the spring & conical poppet 
inside the valve casing. 

 As the pressure at inlet increases above 
pre-set limit, the poppet will be lifted off 
from its seat, creating a passage for the 
fluid to flow out.  

 The limiting pressure can be set by 
adjusting the screw. 

 The pressure relief valve is normally closed 
type. 
 



Pressure reducing valve 

 They are used to limit the pressure in 
certain portion of the circuit to a value 
lower than that in the rest of circuit.  

 Their applications are important where 
limited pressure must be controlled for 
operations such as clamping light metal 
objects. 

 They work on the principle of throttling 
through a orifice having variable area.  

 These valves are normally open type. 



 



 It consist of an adjusting screw, a spring & 
conical poppet fitted inside a diaphragm.  

 If the pressure at outlet ‘O’ increases, then 
the diaphragm will get lifted upwards, due 
to which, the conical poppet will also move 
upward reducing the passage for fluid flow 
at the outlet until the pressure drops to a 
specified level.  

 Thus the pressure at outlet will remain 
constant regardless of inlet pressure. 



Sequence valve 

 It is used when two different operations are 
to be performed in sequence. 

 It is a pressure actuated valve which 
senses a certain change in pressure from 
the set value. 

  it then causes the action to take place in a 
definite predetermine order. 

 It also maintains the requisite minimum 
pressure in the primary line while the 
secondary operation occurs. 



 



 



 When the fluid supplied from pump through 
port P, the fluid flows out via port 1 and 
perform the first operation (say extension 
of cylinder 1). 

 By the end of first operation, the pressure 
increases in the line. Hence the conical 
poppet lifts to allow the fluid to flow out 
through port 2.  

 Thus second operation is done. (say 
extension of second cylinder)   



Direction control valve 

 The primary function of direction control 
valve is to direct the fluid to flow 
through the desired passage & in 
desired direction as per the requirement 
of application. 

 This flow of fluid is then used to actuate 
the hydraulic cylinder or the position of 
the other components in hydraulic 
system. 

 In case of rotary motion, the fluid 
flowing in specific direction is used to 
decide the direction of rotating element. 



Direction control valve 

 The DCV has number of openings known 
as ports. These ports can be connected 
to each other through various passages. 

 On the basis of number of ports  
DCV’s are classified as two way, three 
way & four way valve. 

 It also has number of positions 
 Normal position 
 Working position 

 Arrow shows flow direction 
 Cut-off 



Spool Valve: 

 It is having a spool moving horizontally 
within the valve body. 



Rotary Valve: 

 It consist of a rotating spool which 
aligns with a hole in the valve casing to 
give required operation. Rotary valves 
are compact, simple & have low 
operating forces. 

 They are low pressure devices & hence 
used for hand operation in pneumatic 
systems. 



 



Check valve: 

 It is also called as unidirectional or one way 
or non-return valve 

 Fig. shows construction of a check valve. 

 It has a spring loaded poppet (ball type) 
which will lifted off its seat when fluid 
pressure is entered through inlet. 

 Thus fluid gets sufficient passage to flow 
towards outlet.  

 This valve does not allow fluid to flow in the 
reverse direction. 



 



2/2 valve (two way, two position 
D.C.V) 

 It has two ways, two positions for 
fluid flow. 

 it has pump port (I) which lets the 
fluid come in and a port which lets 
the fluid come out.  

 Each port is connected to an internal 
passage. 



 



3/2 valve (three way, two position 
D.C.V) 

 It has three ports, two spool positions 

 In one position it connect ‘P’ port to 
‘A’ port. 

 In other position it connects ‘A’ port 
to ‘T’ port. 

 This valve is used to operate single 
acting cylinder. 



 



4/2 valve (four way, two position 
D.C.V) 

 It has four ports and two spool position 

 In one position of the spool, it connects ‘P’ 
port to ‘A’ port and ‘B’ port to ‘T’ port. 

 In the other position of spool, it connects 
‘P’ port to ‘B’ port and ‘A’ port to ‘T’ port. 

 This valve is used to operate double acting 
cylinder. 



 



 



 


