
ME 5451 – Hydraulics and 
Pneumatics

Lecture -1

Date: 25-02-2021   Time slot: 10:30-12:00 noon.

Contents
1. Introduction to course - need
2. Organization of syllabus
3. Course plan
4. Resources for study 

Course Instructor:  Dr. A. Siddharthan



Prerequisite knowledge 

Fluid Mechanics – Bernoulli's Theorem, Pascal’s 
law, friction Losses, Pumps, efficiencies

Gas Laws-



Hydraulics- Fluid Power Application
Look around and recollect components where 
oil/ air used for force manipulation!

•Hydraulic lift in automobile service station and lorries 
to unload.

•Shock absorbers of automobiles

•Door closer in office and in bus/train

•Brakes, ABS Braking  

•Power Steering

•Hydraulic Press, Injection moulding etc

• Concrete Breakers ………..
Difference between hydraulic machine in Fluid Machinery and Fluid 

Power based on oil and gas? Work done is Not based on kinetic energy, 

rather pressure !



1 N

Pascal: “Pressure applied on a confined fluid is 

transmitted in all directions with equal force on equal 

areas”.

Multiplication of Force



























Fluid power systems are simple, easy to operate 

and can be controlled accurately 

Multiplication and variation of forces 

Multifunction control

Low-speed torque

Constant force or torque 

Economical

Low weight to power ratio

Infinite Speed control

 Instant reversal of direction of rotation

 System can be halted 

Advantages of a Fluid Power System 











COURSE OUTCOMES

Upon completion of this course, the students will be 
able to:

• Identify hydraulic and pneumatic components and its 
symbol and usage.

• Ability to design hydraulic and pneumatic circuits.



RESOURCES
TEXT BOOKS:

1. Anthony Esposito, “Fluid Power with Applications”, 
Prentice Hall, 2009.

2. James A. Sullivan, “Fluid Power Theory and Applications”, 
Fourth Edition, Prentice Hall, 1997.

NPTEL course Material

1. Fluid Power Control

https://nptel.ac.in/courses/112/106/112106175/#

2. Fundamentals to Industrial Oil hydraulics and 

Pneumatics

https://nptel.ac.in/courses/112/105/112105047/#

https://nptel.ac.in/courses/112/106/112106175/
https://nptel.ac.in/courses/112/105/112105047/
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3. Majumdar, S.R., “Pneumatic Systems – Principles and 
Maintenance”, Tata McGRaw Hill,2007.

4. Dudley, A. Pease and John J Pippenger, “Basic Fluid Power”, 
Prentice Hall, 1987

5. Srinivasan.R, “Hydraulic and Pneumatic Controls”, Vijay 
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6.  Joshi.P, “Pneumatic Control”, Wiley India, 2008.

7. Jagadeesha T, “Pneumatics Concepts, Design and 
Applications”, Universities Press, 2015





























































ME 5451 – Hydraulics and 
Pneumatics

Lecture -3

Date: 04-03-2021   Time slot: 10:30-12:10 p.m.

Contents
1. Refreshing  lec-2
2. Fluid power – energy- efficiency
3. Sources of Hydraulic power : Pumping 

Theory – Pump Classification 
4. Gear Pump
Course Instructor:  Dr. A. Siddharthan













Only all the components 

must be

(i) able to withstand at that 

pressure and (ii) the energy 

source must be apply to

supply the energy to move

the piston. In such energy 

transfer there is no 

hydrodynamic or hydrokinetic 

effect. That is why

such a pump is called 

hydrostatic pump.



700 bar

20 bar

















<138 bar

0.002 to 0.2 L









SCREW PUMP

These pumps have two or 

more gear-driven helical 

meshing screws in a close 

fitting case to develop the 

desired pressure. These 

screws mesh to form a 

fluid-type seal between 

the screws and casing 

When the screws turn, the 

space between the 

threads is divided into 

compartments. As the 

screws rotate, the inlet 

side of the pump is 

flooded with hydraulic fluid 

because of partial 

vacuum.



Here the fluid does not rotate but moves linearly as a nut on threads. Thus, 

there are no pulsations at a higher speed; it is a very quiet operating 



ME 5451 – Hydraulics and Pneumatics

Lecture -4

Date: 04-03-2021   Time slot: 08:30-10:10 a.m.

Contents
1. Refreshing  lec-3
2. Gerotor, Lobe and Screw Pump
3. Vane Pump- Fixed and Variable displacement
4. Piston Pump- Fixed and Variable displacement
5. Efficiency –Comparison of pumps
6. Performance curves
7. Problems
Course Instructor:  Dr. A. Siddharthan



Vane Pumps 

































































PERFORMANCE CURVES























ME 5451 – Hydraulics and Pneumatics

Lecture -5

Date: 05-03-2021   Time slot: 08:30-10:10 a.m.

Contents
1. Refreshing  lec-4
2. Efficiency –Comparison of pumps
3. Performance curves
4. Problems
Course Instructor:  Dr. A. Siddharthan















































ME 7553 – Hydraulics and Pneumatics

Lecture -6

Date: 12-03-2021   Time slot: 08:30-10:10 a.m.

Contents
1. Refreshing  lec-5
2. Rotary Actuators
3. Performance curves

Course Instructor:  Dr. A. Siddharthan



Motors convert fluid energy back into mechanical 
energy and thus are the mirror image of pumps. 
It is not surprising that the same mechanisms are 
used for both. 
The typical motor designs are gear, vane, and
piston.

HYDRAULIC MOTORS















































































ME 7553 – Hydraulics and Pneumatics

Lecture -8

Date: 03-04-2021  Time slot: 08:30-10:10 a.m.

Contents
1. Linear Actuators 
2. Applications of linear actuators
3. Hydraulic cushioning 
4. Problems
5. Directional control valve

Course Instructor:  Dr. A. Siddharthan







































































































ME 7553 – Hydraulics and Pneumatics

Lecture -9

Date: 08-04-2021   Time slot: 10:30-12:10 p.m.

Contents
1. Review of Lecture 8
2. Problems
3. Directional control valve

Course Instructor:  Dr. A. Siddharthan























































ME 7553 – Hydraulics and Pneumatics

Lecture -10

Date: 29-04-2021  Time slot: 08:30-10:10 a.m.

Contents
1. Lecture 9
2. Directional control valve

Course Instructor:  Dr. A. Siddharthan













































ME 7553 – Hydraulics and Pneumatics

Lecture -11

Date: 29-04-2021   Time slot: 08:30-10:10 a.m.

Contents
1. Review of Lecture 10
2. Pressure Control Valve- simple Pressure Relief 

Valve(PRV) and Compound  PRV
3. Unloading Valve

Course Instructor:  Dr. A. Siddharthan





























































ME 7553 – Hydraulics and Pneumatics

Lecture -12

Date: 30-04-2021   Time slot: 08:30-10:10 a.m.

Contents
1. Review of Lecture 11
2. Counter Balance Valve
3. Break Valve
4. Pressure Reducing Valve
5. Sequence Valve
6. Flow Control Valve

Course Instructor:  Dr. A. Siddharthan































































ME 5451 – Hydraulics and Pneumatics

Lecture -13

Date: 06-05-2021   Time slot: 08:30-10:10 a.m.

Contents
1. Review of Lecture 12
2. Flow Control Valve –Meter in, Meter out, Bleed 

off
3. Problems on FCV
4. Flow Divider

Course Instructor:  Dr. A. Siddharthan



























ME 5451 – Hydraulics and Pneumatics

Lecture -14

Date: 07-05-2021   Time slot: 08:30-10:10 a.m.

Contents
1. Problems on FCV
2. Review of Lecture 13
3. Servo Control Valve
4. Proportional control valve
5. Accessories : Reservoirs, Pressure Switches

Course Instructor:  Dr. A. Siddharthan

























































































































ME 5451 – Hydraulics and Pneumatics

Lecture -15

Date: 13-05-2021   Time slot: 08:30-10:10 a.m.

Contents
1. Review of Lecture 14
2. Seals
3. Reservoirs,
4. Heat Exchangers
5. switches

Course Instructor:  Dr. A. Siddharthan





































ME 5451 – Hydraulics and Pneumatics

Lecture -16

Date: 13-05-2021  Time slot: 8:30-10:10 a.m.

Contents
1. Problems on heat  and power losses
2. Accumulators
3. Intensifiers
4. Industrial hydraulic circuits

Course Instructor:  Dr. A. Siddharthan



ACCUMULATORS













































ME 5451 – Hydraulics and Pneumatics

Lecture -17

Date: 14-05-2021  Time slot: 08:30-10:10 a.m.

Contents
1. Intensifiers
2. Industrial hydraulic circuits

Course Instructor:  Dr. A. Siddharthan

















Special air-oil intensifier cylinder. System on and ready.



Special air-oil intensifier cylinder. Fast advance at low force.



Special air-oil intensifier cylinder. Starting high-pressure cycle.



Special air-oil intensifier cylinder extending at low speed with high force.























ME 5451 – Hydraulics and Pneumatics

Lecture -18

Date: 20-5-2021   Time slot: 08:30-10:10 a.m.

Contents
1. Review of lecture 17
2. Industrial hydraulic circuits

Course Instructor:  Dr. A. Siddharthan

















ME 5451 – Hydraulics and Pneumatics

Lecture -19

Date: 27-05-2021   Time slot: 08:30-10:10 a.m.

Contents
1. Review of lecture 18
2. Industrial hydraulic circuits

Course Instructor:  Dr. A. Siddharthan

















ME 5451 – Hydraulics and Pneumatics

Lecture -20

Date: 27-5-2021   Time slot: 08:30-10:10 a.m.

Contents
1. Review of lecture 19
2. Electrohydraulic circuits
3. Pneumatics – Basics
4. Compressors
5. Filter Regulator Lubricator

Course Instructor:  Dr. A. Siddharthan





























Gas Laws
To understand Pneumatic systems, we must first understand the 

behavior of gases. Their behavior is described by the perfect gas laws.

Ideal gas Equation :     p.V = m.R.T p.V= cons. T





Compressor Classification



Non-positive Compressor (Centrifugal type)



Cycling of Compressor

 Cut-in Pressure
 Cut-out Pressure

Cycling of the air pump is
controlled by Pressure switch

















Rotary vane Compressor Rotary Screw Compressor









Pneumatic motor Graphic symbol

Pneumatic DCV Graphic symbol



Pneumatic DCV Graphic symbol



5/3 DCV Standard DCV neutral position



Actuation types



DCV’s



AND Valve

Quick Exhaust Valve



Pneumatic Silencer



Simple Pneumatic system

A – Compressor B – Check valve C – Accumulator 

D – Directional valve E – Actuator 



Air Preparation

(i) Pressure Regulator



Air Preparation

(ii) Filters



Air Preparation

(iii) Lubricator



Air Preparation

Complete FRL unit



Pneumatic Circuit Design Consideration

When analyzing or designing a pneumatic circuit, the
following four important considerations must be taken
into account:

1.Safety of operation

2.Performance of desired function

3.Efficiency of operation

4.Costs







Single acting cylinder

Double acting cylinder



Air pilot control of double acting cylinder



Cylinder Cycle timing system





2-step speed control

Assume V3 allows more 

flow rate than V4



What happens to the cylinders in each case?
a. V1 is actuated and held
b. V1 is released and V2 is actuated and held



Consider the circuit
a. What happens to the cylinder when V4 is used?
b. What happens to the cylinder when V5 is used?



PNEUMATIC LOGIC CONTROL SYSTEMS

Devices that use a fluid (usually air) as the power supply

medium are broadly classified as

1. MPL (Moving Part Logic devices)

2. Fluidic (Fluid + Logic) devices

MPL

MPL are miniature valve type devices, which by the

action of internal moving parts, perform switching
operation in fluid logic system

These systems use logic devices that switch a fluid, 
from one outlet of the device to another outlet.

These circuits utilize 4 major logic control functions: 
AND, OR, NOT, MEMORY



Fluidics

It is a new technology that utilizes fluid flow phenomena 
in components and circuits to perform a wide variety of 
control functions.

Concept of Fluidics

The effect of one stream meeting another to change 
its direction of flow and the effect of a fluid sticking 
to a wall – Coanda Effect

This effect includes: Sensing, Logic, Memory, Timing



NOT Circuit

Memory Circuit

Memory is the ability of the 
circuit to retain a bias

The output is ON only 
when the input control 
signal is off

MPL



Timing-out Circuit or Limited Memory Circuit 

Timing-in Circuit

Time functions are

introduced to delay

operation of the circuit,

usually by placing a

resistance in the circuit.

Unlimited MEMORY: 

Command signal reverts by 

manually

Limited MEMORY: 

Command signal reverts by 

automatically

Off-Time delay

On-Time delay



MPL Cylinder sequencing circuit



MPL control of a Double acting cylinder



Coanda effect devive



Basic Bistable flip-flop



Preferenced flip flop

SRT flip flop



Monostable flip flop

OR/NOR AND/NAND

Monostable device  is slightly asymmetrical. As a result, this 
device favors one leg.

OR  NOR AND NAND



OR/NOR

AND/NAND



Exclusive OR



Fluid Sensor
It’s a device that senses a change in some parameter and as 
a result causes a related change in another parameter that 
can be recognized and inierpreted.

 Back-pressure sensor
 Proximity sensor
 Interruptible sensor
 Contact sensor 

Gap at sensing nozzle

Back pressure Sensor



Control of Air cylinder using preferenced Flip flop



Sequencing circuit using preferenced Flip flop 
OR/NOR Monostable device



Continuous reciprocation of Hydraulic cylinder 



ME 7553 – Hydraulics and Pneumatics

Lecture -21

Date: 13-10-2020   Time slot: 08:30-09:20 a.m.

Contents
1. Review of lecture 20
2. Valves
3. Pneumatics  circuits

Course Instructor:  Dr. A. Siddharthan



Single acting cylinder

Double acting cylinder



Air pilot control of double acting cylinder



Cylinder Cycle timing system





2-step speed control

Assume V3 allows more 

flow rate than V4



What happens to the cylinders in each case?
a. V1 is actuated and held
b. V1 is released and V2 is actuated and held



Consider the circuit
a. What happens to the cylinder when V4 is used?
b. What happens to the cylinder when V5 is used?















PNEUMATIC LOGIC CONTROL SYSTEMS

Devices that use a fluid (usually air) as the power supply

medium are broadly classified as

1. MPL (Moving Part Logic devices)

2. Fluidic (Fluid + Logic) devices

MPL

MPL are miniature valve type devices, which by the

action of internal moving parts, perform switching
operation in fluid logic system

These systems use logic devices that switch a fluid, 
from one outlet of the device to another outlet.

These circuits utilize 4 major logic control functions: 
AND, OR, NOT, MEMORY



Fluidics

It is a new technology that utilizes fluid flow phenomena 
in components and circuits to perform a wide variety of 
control functions.

Concept of Fluidics

The effect of one stream meeting another to change 
its direction of flow and the effect of a fluid sticking 
to a wall – Coanda Effect

This effect includes: Sensing, Logic, Memory, Timing



NOT Circuit

Memory Circuit

Memory is the ability of the 
circuit to retain a bias

The output is ON only 
when the input control 
signal is off

MPL



MPL Cylinder sequencing circuit



MPL control of a Double acting cylinder



Coanda effect devive



Basic Bistable flip-flop



Preferenced flip flop

SRT flip flop



Fluid Sensor
It’s a device that senses a change in some parameter and as 
a result causes a related change in another parameter that 
can be recognized and inierpreted.

 Back-pressure sensor
 Proximity sensor
 Interruptible sensor
 Contact sensor 

Gap at sensing nozzle

Back pressure Sensor



Control of Air cylinder using preferenced Flip flop



Sequencing circuit using preferenced Flip flop 
OR/NOR Monostable device



Continuous reciprocation of Hydraulic cylinder 





















Timing-out Circuit or Limited Memory Circuit 

Timing-in Circuit

Time functions are

introduced to delay

operation of the circuit,

usually by placing a

resistance in the circuit.

Unlimited MEMORY: 

Command signal reverts by 

manually

Limited MEMORY: 

Command signal reverts by 

automatically

Off-Time delay

On-Time delay











ME 5451 – Hydraulics and Pneumatics

Lecture -22

Date: 28-05-2021   Time slot: 08:30-10:10 a.m.

Contents
1. Review of lecture 21
2. Electro Pneumatics  circuits

Course Instructor:  Dr. A. Siddharthan






























