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MALLA REDDY COLLEGE OF ENGINEERING & TECHNOLOGY

(Autonomous Institution — UGC, Govt. of India)

VISION
* To establish a pedestal for the integral innovation, team spirit, originality and
competence in the students, expose them to face the global challenges and become

technology leaders of Indian vision of modern society.

MISSION
* To become a model institution in the fields of Engineering, Technology and
Management.
¢ To impart holistic education to the students to render them as industry ready
engineers.

% To ensure synchronization of MRCET ideologies with challenging demands of

International Pioneering Organizations.

QUALITY POLICY

% To implement best practices in Teaching and Learning process for both UG and PG

courses meticulously.

>

K/
*

To provide state of art infrastructure and expertise to impart quality education.

D)

» To groom the students to become intellectually creative and professionally

competitive.

+* To channelize the activities and tune them in heights of commitment and sincerity,

the requisites to claim the never - ending ladder of SUCCESS year after year.

For more information: www.mrcet.ac.in
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VISION

To become an innovative knowledge center in mechanical engineering through state-of-
the-art teaching-learning and research practices, promoting creative thinking

professionals.

MISSION

The Department of Mechanical Engineering is dedicated for transforming the students
into highly competent Mechanical engineers to meet the needs of the industry, in a
changing and challenging technical environment, by strongly focusing in the
fundamentals of engineering sciences for achieving excellent results in their professional

pursuits.
Quality Policy

v' To pursuit global Standards of excellence in all our endeavors namely teaching,
research and continuing education and to remain accountable in our core and
support functions, through processes of self-evaluation and continuous

improvement.

v To create a midst of excellence for imparting state of art education, industry-

oriented training research in the field of technical education.



MALLA REDDY COLLEGE OF ENGINEERING & TECHNOLOGY

(Autonomous Institution — UGC, Govt. of India)
www.mrcet.ac.in
Department of Mechanical Engineering

PROGRAM OUTCOMES

Engineering Graduates will be able to:

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering
problems.

2. Problem analysis: Identify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of
mathematics, natural sciences, and engineering sciences.

3. Design/development of solutions: Design solutions for complex engineering problems
and design system components or processes that meet the specified needs with
appropriate consideration for the public health and safety, and the cultural, societal, and
environmental considerations.

4. Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data,
and synthesis of the information to provide valid conclusions.

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern engineering and IT tools including prediction and modeling to complex
engineering activities with an understanding of the limitations.

6. The engineer and society: Apply reasoning informed by the contextual knowledge to
assess societal, health, safety, legal and cultural issues and the consequent
responsibilities relevant to the professional engineering practice.

7. Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and
need for sustainable development.

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

9. Individual and teamwork: Function effectively as an individual, and as a member or
leader in diverse teams, and in multidisciplinary settings.

10. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and
write effective reports and design documentation, make effective presentations, and give
and receive clear instructions.

11.Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member

and leader in a team, to manage projects and in multidisciplinary environments.
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12.Life-long learning: Recognize the need for and have the preparation and ability to

engage in independent and life-long learning in the broadest context of technological

change.
PROGRAM SPECIFIC OUTCOMES (PSOs)
PSO1 Ability to analyze, design and develop Mechanical systems to solve the
Engineering problems by integrating thermal, design and manufacturing Domains.
PS0O2 Ability to succeed in competitive examinations or to pursue higher studies or
research.
PS03 Ability to apply the learned Mechanical Engineering knowledge for the

Development of society and self.

Program Educational Objectives (PEOs)

The Program Educational Objectives of the program offered by the department are broadly

listed below:
PEO1: PREPARATION

To provide sound foundation in mathematical, scientific and engineering fundamentals

necessary to analyze, formulate and solve engineering problems.
PEO2: CORE COMPETANCE

To provide thorough knowledge in Mechanical Engineering subjects including theoretical
knowledge and practical training for preparing physical models pertaining to Thermodynamics,
Hydraulics, Heat and Mass Transfer, Dynamics of Machinery, Jet Propulsion, Automobile

Engineering, Element Analysis, Production Technology, Mechatronics etc.
PEO3: INVENTION, INNOVATION AND CREATIVITY

To make the students to design, experiment, analyze, interpret in the core field with the help of

other inter disciplinary concepts wherever applicable.
PEO4: CAREER DEVELOPMENT

To inculcate the habit of lifelong learning for career development through successful completion

of advanced degrees, professional development courses, industrial training etc.



MALLA REDDY COLLEGE OF ENGINEERING & TECHNOLOGY

(Autonomous Institution — UGC, Govt. of India)
www.mrcet.ac.in
Department of Mechanical Engineering

PEO5: PROFESSIONALISM

To impart technical knowledge, ethical values for professional development of the student to

solve complex problems and to work in multi-disciplinary ambience, whose solutions lead to

significant societal benefits.
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Blooms Taxonomy

Bloom’s Taxonomy is a classification of the different objectives and skills that educators set for
their students (learning objectives). The terminology has been updated to include the following
six levels of learning. These 6 levels can be used to structure the learning objectives, lessons,

and assessments of a course.

1. Remembering: Retrieving, recognizing, and recalling relevant knowledge from long- term
memory.

2. Understanding: Constructing meaning from oral, written, and graphic messages through
interpreting, exemplifying, classifying, summarizing, inferring, comparing, and explaining.

3. Applying: Carrying out or using a procedure for executing or implementing.

4. Analyzing: Breaking material into constituent parts, determining how the parts relate to
one another and to an overall structure or purpose through differentiating, organizing, and
attributing.

5. Evaluating: Making judgments based on criteria and standard through checking and
critiquing.

6. Creating: Putting elements together to form a coherent or functional whole; reorganizing

elements into a new pattern or structure through generating, planning, or producing.
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Produce new or original work
N e Design, assemble, construct, conjecture, develop, formulate, author, investigate

Justify a stand or decision
eva I u ate appraise, argue, defend, judge, select, support, value, critique, weigh

Draw connections among ideas
differentiate, organize, relate, compare, contrast, distinguish, examine,
experiment, question, test

analyze

Use information in new situations

execute, implement, solve, use, demonstrate, interpret, operate,
schedule, sketch

Explain ideas or concepts
classify, describe, discuss, explain, identify, locate, recognize,
report, select, translate

understand

Recall facts and basic concepts
define, duplicate, list, memorize, repeat, state
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(R20A0318) DESIGN OF HYDRAULIC AND PNEUMATIC SYSTEMS
(Professional Elective Il)

COURSE OBJECTIVES:

1. To provide student with knowledge on the application of fluid power in process, construction
and manufacturing Industries.

2. To study the fundamental principles, design and operation of hydraulic and pneumatic
machines, components and systems and their application in recent automation revolution.

3. To provide students with an understanding of the fluids and components utilized in modern
industrial fluid power system.

4. To develop a measurable degree of competence in the design, construction and operation of
fluid power circuits.

5. To emphasize basic theory, components sizing, construction and function, how to read
pneumatics and fluid power circuit diagrams using the correct symbols and troubleshooting
techniques.

UNIT-I
FLUID POWER PRINICIPLES AND HYDRAULIC PUMPS: Introduction to Fluid power — Advantages and

Applications — Fluid power systems — Types of fluids - Properties of fluids and selection — Basics of
Hydraulics — Pascal’s Law, Sources of Hydraulic power, Pump Classification — Construction, Working,
Design, Advantages, and Disadvantages.

UNIT-II

HYDRAULIC ACTUATORS AND CONTROL COMPONENTS: Hydraulic Actuators: Cylinders — Types and
construction, Application, Hydraulic cushioning — Hydraulic motors - Control Components: Direction
Control, Flow control and pressure control valves — Types, Construction and Operation — Servo and
Proportional valves.

UNIT-III

HYDRAULIC CIRCUITS AND SYSTEMS: accumulators, Intensifiers, Industrial hydraulic circuits —
Regenerative, Pump Unloading, Double-Pump, Pressure Intensifier, Air-over oil, Sequence,
Reciprocation, Synchronization, Fail-Safe, Speed Control, Hydrostatic transmission, Mechanical
hydraulic servo systems.

UNIT-IV

PNEUMATIC AND ELECTRO PNEUMATIC SYSTEMS: Properties of air — Perfect Gas Laws — Compressor
— Filters, Regulator, Lubricator, Muffler, Air control Valves, Quick Exhaust Valves, Pneumatic
actuators, Design of Pneumatic circuit — Cascade method — Electro Pneumatic System.

Malla Reddy College of Engineering and Technology (MRCET)
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UNIT-V

TROUBLE SHOOTING AND APPLICATIONS: Installation, Selection, Maintenance, Trouble Shooting
and Remedies in Hydraulic and Pneumatic systems, Design of hydraulic circuits for Drilling, Surface
grinding, Press and Forklift applications. Design of Pneumatic circuits for Pick and Place applications
and tool handling in CNC Machine tools.

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.

REFERENCES:

1. Shanmugasundaram.K, “Hydraulic and Pneumatic Controls”. Chand & Co, 2006.
2. Majumdar, S.R., “Oil Hydraulics Systems — Principles and Maintenance”, Tata McGRaw Hill,
2001.

COURSE OUTCOMES:

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

1. ldentify hydraulic and pneumatic components and its symbol and usage.
2. Ability to design hydraulic and pneumatic circuits.
3. Identify and analyse the functional requirements of a power transmission system for a
given application.
Ability to visualize how the hydraulic/pneumatic circuit will work to accomplish the function.
5. Ability to Design and understand the electro-hydraulic and electro-pneumatic circuits.

Malla Reddy College of Engineering and Technology (MRCET)



DESIGN OF HYDRAULIC AND PNEUMATIC SYSTEMS (R18A0315)

UNIT - 1

UNIT - 2

UNIT -3

UNIT - 4

UNIT - 5

COURSE OBIJECTIVES

CO1: To provide student with knowledge on the application of fluid
power in process, construction and manufacturing Industries.

CO2: To study the fundamental principles, design and operation of
hydraulic and pneumatic machines, components and systems and their
application in recent automation revolution.

CO3: To provide students with an understanding of the fluids and
components utilized in modern industrial fluid power system.

CO4: Todevelop a measurable degree of competence in the design,
construction and operation of fluid power circuits.

COb5: To emphasize basic theory, components sizing, construction and
function, how to read pneumatics and fluid power circuit diagrams using
the correct symbols and troubleshooting techniques.

ERENIETe DEPARTMENT OF MECHANICAL ENGINEERING



Bloom’s Taxonomy - Cognitive

1 Remember 4 Analyze

Behavior: To recall, recognize, or Behavior: Interpret elements,
identify concepts structure relationships between
individual components

2 Understand N _ Evaluate

Behavior: To comprehend meaning, < Behavior: Assess effectiveness
explain data in own words _ of whole concepts in relation to
other variables

3 Apply 2 Create

Behavior: Use or apply knowledge, Behavior: Display creative
in practice or real life situations thinking, develop new concepts
or approaches

™ DEPARTMENT OF MECHANICAL ENGINEERING




NO OF LECTURE HOURS:

LECTURE

LECTURE TOPIC

FLUID POWER PRINICIPLES AND HYDRAULIC
PUMPS

Introduction to Fluid power

Advantages and Applications

Fluid power systems

Types of fluids

Properties of fluids and selection

Basics of Hydraulics

EEEZs DEPARTMENT OF MECHANICAL ENGINEERING

COURSE OUTLINE

UNIT-1

KEY ELEMENTS

Basics of Fluid Power.

Practical Applications and its uses
in day today practices.

Elements of Fluid Power systems
Classification of Fluids

Basic properties of fluids

Hydrostatic Law

12

LEARNING OBJECTIVES
(2 to 3 objectives)

Understanding of basics of fluid power (B2)

Understanding of general applications. (B2)
Apply law of Pascal (B3)

Understanding fluid power (B2)
Understanding the types of fluids (B2)

Analysis of fundamental properties of fluids
(B3)

Analysis of suitable fluid for a particular
application (B3)

Remember Hydrostatic Law (B1)



10.

11.

12,

Pascal’s Law, Sources of Hydraulic power

Pump Classification — Construction

Working

Design

Advantages

Disadvantages

DEPARTMENT OF MECHANICAL ENGINEERING

Pascal’s Law

Types, functions

Working

Design of pumps by considering
load, speed, Efficiency and no.of
impellers.

Uses of Pumps

Negative aspects of pumps,
inappropriate selection causes.

Understanding of Hydrostatic law. (B2)

Remember Pascal’s Law (B1)
Understanding of Pascal’s law. (B2)
Analysis of forces (B4)

Understanding the types and construction of
pumps (B2)
Understanding the working of fluid Pumps (B2)

Analysis of forces in ram and plunger (B4)

Understanding the advantages (B2)

Understanding the disadvantages (B2)



UNIT -2

NO OF LECTURE HOURS: 12

LECTURE @ LECTURE TOPIC KEY ELEMENTS LEARNING OBJECTIVES

(2 to 3 objectives)

1. HYDRAULIC ACTUATORS AND CONTROL Basic functions Understanding functions of actuators (B2)
COMPONENTS
Hydraulic Actuators: Cylinders

2. Types and construction Classification Understanding the types & constructions of

actuators (B2)

3. Application Real world application Apply in real world systems (B3)
4. Hydraulic cushioning Load Vs operating Pressure Understanding load Vs Pressure (B2)
5. Hydraulic motors Continuous rotary actuators Understanding the types of hydraulic motors
(B2)
Semi rotary actuators
6. Control Components : Direction Control Function of DC Valve & working Understanding direct control valves (B2)
7. Flow control Valve Function of FC Valve & working Understanding flow control valves (B2)
8. Pressure control valves Function of PC Valve & working Understanding pressure control valves (B2)

EEEZs DEPARTMENT OF MECHANICAL ENGINEERING



9. Types

10. Construction and Operation
11. Servo and Proportional valves
12, Servo and Proportional valves

DEPARTMENT OF MECHANICAL ENGINEERING

Classifications

Working and its components

Working and its components

Working and its components

Understanding the types of valves (B2)

Understanding the Construction and Operation
(B2)

Understanding the Construction and Operation
(B2)

Understanding the Servo and Proportional
valves (B2)



NO OF LECTURE HOURS:

LECTURE @ LECTURE TOPIC

1. HYDRAULIC CIRCUITS AND SYSTEMS
Accumulators

2. Intensifiers

3. Industrial hydraulic circuits
4, Regenerative pump

5. Pump Unloading

6. Double-Pump

7. Pressure Intensifier

8. Air-over oil, Sequence

EEEZs DEPARTMENT OF MECHANICAL ENGINEERING

UNIT-3

KEY ELEMENTS

Types & Function

Types & function

Working & Function

Need of unloading a pump
Working of a double acting pump
Working of pressure intensifier

Air-over oil circuit, Layout

12

LEARNING OBJECTIVES
(2 to 3 objectives)

Understanding the types & functions of
accumulators (B2)

Understanding the types & functions of
intensifiers (B2)

Understanding the Industrial hydraulic circuits
(B2)

Understanding the regenerative pump (B2)

Understanding pump unloading (B2)
Analyze pump unloading (B4)

Understanding of working of double acting
pump (B2)

Understanding of working of pressure
intensifier (B2)

Analyze the air over oil sequence (B3)



9. Reciprocation & Synchronization

10. Fail-Safe

11. Speed Control

12. Hydrostatic transmission, Mechanical hydraulic
servo systems.

DEPARTMENT OF MECHANICAL ENGINEERING

Single/double acting
reciprocation & Sync.

Need of fail safe

Speed regulation

Transmission & Mechanical Servo
Systems

Understanding the working of single /double
acting reciprocating pump (B2)

Analyses the fail safe system of valves (B4)

Analyze the speed control mechanism(B4)

Understanding the transmission & MH servo
systems(B2)



NO OF LECTURE HOURS:

LECTURE | LECTURE TOPIC
1. PNEUMATIC AND ELECTRO PNEUMATIC SYSTEMS
Properties of air
2. Perfect Gas Laws
3. Compressor — Filters
4, Regulator
5. Lubricator
6. Muffler
7. Air control Valves
8. Quick Exhaust Valves

EEEZs DEPARTMENT OF MECHANICAL ENGINEERING

UNIT-4

KEY ELEMENTS

Basics of properties of air

Ideal Gas laws

Air compressor filters
Working & Function
Function of lubricator

Muffler function
Working of a muffler

Working and function of air
control valves

Exhaust Valves

12

LEARNING OBJECTIVES
(2 to 3 objectives)

Understanding of basic properties of air (B2)

Remembering ideal gas laws(B1)
Understanding the types & functions of
intensifiers (B2)

Understanding the compressor filters (B2)

Understanding the Working & Function of
regulator(B2)

Remember the lubrication properties (B1)
Understanding the lubricator(B2)
Understanding of working of muffler (B2)

Understanding of working of AC valves (B2)

Understanding of quick return valves( B2)



0. Pneumatic actuators

10. Design of Pneumatic circuit

11. Cascade method

12, Electro Pneumatic System

DEPARTMENT OF MECHANICAL ENGINEERING

Pneumatic actuators

Design of Industrial Pneumatic
circuit

Cascade system

Function of Electro pneumatic
system

Understanding the working and function of
Pneumatic actuators (B2)

Create the pneumatic circuit for industries
(B6)

Create cascade mechanism for industrial
circuits (B6)

Understanding the Electro Pneumatic System
(B2)



NO OF LECTURE HOURS:

LECTURE LECTURE TOPIC

1. TROUBLE SHOOTING AND APPLICATIONS
Installation

2. Selection

3. Maintenance

4, Trouble Shooting and Remedies in Hydraulic and
Pneumatic systems

5. Design of hydraulic circuits for Drilling

6. Design of hydraulic circuits for Surface Grinding

7. Press and Forklift applications

EEEZs DEPARTMENT OF MECHANICAL ENGINEERING

UNIT-5

KEY ELEMENTS

Installation of Pneumatic systems

Selection process of a perfect
Pneumatic systems

Maintenance methods
Problem solving techniques

Design of Industrial Pneumatic
circuit for drilling

Design of Industrial Pneumatic
surface griding

Press and Forklift applications,
methods & types

12

LEARNING OBJECTIVES
(2 to 3 objectives)

Apply the basic circuits (B3)

Analyze the practical problems (B4)

Evaluate the actual industrial environment (B5)
Create a new circuit (b6)

Analyze the practical problems (B4)

Analyze the maintenance of pneumatic
components (B4)

Create and give solutions (B6)

Create a new circuit for drilling (b6)

Create a new circuit for surface griding (b6)

Apply the concept of press and forklift(B3)



10.

11.

12,

Design of Pneumatic circuits for Pick and Place
applications and tool
handling in CNC Machine tools.

Design of Pneumatic circuits for Pick and Place
applications and tool
handling in CNC Machine tools.

Design of Pneumatic circuits for Pick and Place
applications and tool
handling in CNC Machine tools.

Design of Pneumatic circuits for Pick and Place
applications and tool
handling in CNC Machine tools.

Design of Pneumatic circuits for Pick and Place
applications and tool
handling in CNC Machine tools.

DEPARTMENT OF MECHANICAL ENGINEERING

Design of Industrial Pneumatic
circuit for pick and place robot

Design of Industrial Pneumatic
circuit for pick and place robot

Design of Industrial Pneumatic
circuit for pick and place robot

Design of Industrial Pneumatic
circuit for pick and place robot

Design of Industrial Pneumatic
circuit for pick and place robot

Create a new pneumatic circuit for Pick and
Place applications (B6)

Create a new pneumatic circuit for CNC
Machine tools (B6)

Create a new pneumatic circuit for Pick and
Place applications (B6)

Create a new pneumatic circuit for CNC
Machine tools (B6)

Create a new pneumatic circuit for Pick and
Place applications (B6)

Create a new pneumatic circuit for CNC
Machine tools (B6)

Create a new pneumatic circuit for Pick and
Place applications (B6)

Create a new pneumatic circuit for CNC
Machine tools (B6)

Create a new pneumatic circuit for Pick and
Place applications (B6)

Create a new pneumatic circuit for CNC
Machine tools (B6)



i

UNIT |

FLUID POWER PRINICIPLES
AND HYDRAULIC PUMPS

-«



OBJECTIVES:

1. Understanding of basics of fluid power

2. Understanding of general applications.

3. Understanding the types of fluids

4. Analysis of suitable fluid for a particular application

5. Understanding the types and construction of pumps
OUTCOMES:

1. Student can come up with solution for real life problems.

2. Knowledge acquired can be utilized for building new applications

DEPARTMENT OF MECHANICAL ENGINEERING



FLUID POWER: It may be defined as the technology that deals with the generation,
control and transmission of power using pressurized fluids

TYPES OF FLUID SYSTEMS:

Fluid Transport systems: The objective of the fluid transport systems is to

transport fluids from one place to another place to achieve some useful purpose

Fluid Power systems: The Fluid power system is primarily designed to perform

work. Thatis these systems use pressurized fluids to produce some useful mechanical

movements to accomplish the desired work.

Method of transmitting power:

1.

2.

Electrical power transmission
Mechanical power transmission
Fluid power transmission
Hydraulic power transmission

Pneumatic power transmission

ADVANTAGES OF FLUID POWER:

Easy and Accuracy to Control With the use of simple levels and push buttons,
the fluid power system can facilitate easy starting, stopping, speeding up or
slowing down and positioning forces that provide any desired power

Multiplication of small forces to achieve greater forces for performing work

It easily provides infinite and step less variable speed control which is difficult to
obtain from other drives

Accuracy in controlling small or large forces with instant reversal is possible with
hydraulic systems

Constant force is possible in fluid power system regardless of special motion
requirements. Whether the work output moves a few millimeters or several
meters per minute.

Asthe medium of power transmission is fluid, itis not subjected to any breakage
of parts asin mechanical transmission.

The parts of hydraulic system are lubricated with the hydraulic liquid itself.

Overloads can easily controlled by using relief valves than is possible with
overload devices on the other systems. Air equipments reduces the danger of
fire and explosion hazard in industries such as painting and mining.

Because of the simplicity and compactness the cost is relatively low for the

DEPARTMENT OF MECHANICAL ENGINEERING
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power transmitted.

10. No need of lubrication

DISADVANTAGES:

1.

2.

3.

Leakage of oil or compressed air
Busting of oil lines, airtanks

More noise in operation

APPLICATIONS OF FLUID POWER:

1. Agriculture: Tractors and farm equipments like ploughs, mowers, chemical
sprayers, fertilizer spreaders, haybalers

2. Automation: Automated transfermachines

3. Aviation: Fluid power equipments like landing wheels on aeroplane and
helicopter, aircraft trolleys, aircraft engine testbeds.

4. Building Industry: For metering and mixing of concrete ingredients from
hopper.

5. Construction Equipment: Earthmoving equipments like excavators, bucket
loaders, dozers, crawlers, post hole diggers and road graders.

6. Defense : Missile-launch systems and Navigation controls

7. Entertainment: Amusement park entertainment rides like roller coasters

8. Fabrication Industry: Hand tools like pneumatic drills, grinders, bores, riveting
machines, nut runners

9. Food and Beverage: All types of food processing equipment, wrapping, bottling

10. Foundry: Full and semi automatic molding machines, tilting of furnaces, die casting
machines

11. Glass Industry: Vacuum suction cups for handling

12. Material Handling: Jacks, Hoists, Cranes, Forklift, Conveyor system

HYDRAULIC SYSTEM:

An electric motor drives the hydraulic pump so that the fluid is pumped from the
tank at the required pressure. The fluid circulated into the system should be clean
to reduce the wear of the pump and cylinder; hence a filter is used immediate to
the storage tank. Since the pump delivers constant volume of fluid for each
revolution of the shaft the fluid pressure rises indefinitely until a pipe or pump
itself fails. To avoid this some kind of pressure regulators is used to spill out the
excess fluid back to the tank. Cylinder movement is controlled by a 3 position
change over control valve. One side of the valve is connected to a pressurized fluid
line and the fluid retrieval line and other side of the valve is connected to port A
and port B of the cylinder. Since the hydraulic circuit is a closed one, the liquid
transferred from the storage tank to one side of the piston, and the fluid at the
other side of the piston is retrieved back to the tank.

DEPARTMENT OF MECHANICAL ENGINEERING
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Raise: Tolift the weight, the pressurized fluid line has to be connected to port Aand the
retrieval line has to be connected tothe port B, by moving the valve positionto “raise”.

Lower: To bring down the weight, the pressurized fluid line has to be connected to
port B and the retrieval fluid line has to be connected to port A, by moving the valve
position to “lower”.

Off: The weight can be stopped at a particular position by moving the valve position
to off. This disconnects the port Aand port Bfrom the pressurized line and theretrieval
line which locks the fluid in the cylinder.

PNEUMATIC POWER SYSTEM:

Air is drawn from the atmosphere through the air filter and raised to the required
pressure by an air compressor. Air contains significant amount of water vapour and
also the air temperature is raised

., Raise Of Lower
., . fw\
Pressure .,

Filter regulator * B %
IR Z%ZZZ/ /
: P @ | @ ) ®
H s H
: 2 Z ?(’ ! Control E A
E @ . ; Excess 2 2 Retui'n valve
H s fluid Z £ fluid "
= / Y gt Oytinder
H : Components common
: (&) :H to many motions

(@ - Reservoir @ - valves

@) - Pump (&) — Actuater (linear)

@) - Primemover (&) - Piping

General arrangement of a hydraulic system
considerably by the compressor. So the air must be cooled before using it in the

system, which results in condensation. The compressed air is stored in the reservoir
which has water outlet at the bottom of the reservoir and a pressure switch to control
the pressure of the compressed air. Pressure switch stops the motor when the
required pressure is attained and starts the motor when the pressure falls down the
mark. The cylinder movement is controlled by the pneumatic valve. One side of the
pneumatic valve is connected to the compressed air line and silencers for the exhaust
air and the other side of the valve is connected to port A and port B of the cylinder.
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Raise: To lift the weight, the compressed air line has to be connected to port A and
the port B is connected to the exhaust air line by moving the valve position to raise.

Lower: To bring down the weight, the compressed air line is connected to port B and
the port A is connected to exhaust air line by moving the valve position to lower.

Off: The weight can be stopped at a particular position by moving the valve position
to off. This disconnects the port A and port B from the pressurized line and the
retrieval line which locks the air in the cylinder.

COMPARISON BETWEEN HYDRAULIC, PNEUMATIC AND ELECTRO MECHANICAL POWER
SYSTEM

Hydraulic System Pneumatic System Electro-Mechanical
System

Pressurized Liquid is [Compressed Air is used [Energy is transmitted

used through mechanical
components

Energy stored in Energy stored in Tank  |[Energy stored in

Accumulator Batteries

Hydraulic Valves are |Pneumatic Valves are |Variable Frequency
used used drives

Transmission through [Transmission through [Transmission through
Hydrauliccylinders, Pneumatic cylinders, Mechanical components
Actuators Actuators like Gears, Cams
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Hydraulic System

Pneumatic System

Electro-Mechanical
System

Flow rate is 2 to 6 m/s

Flow rate is 20-40 m/s

Excellent with minimum
loss

More Precision

Less Precision

More Precision

Large force can be

Limited force can be

Large force can be

leakage

generated realized but
achieved
poor in efficiency
Medium Cost High cost Low Cost
Dangerous and fire
hazardous because of
Noisy Easy to work

FUNCTIONS OF FLUIDS IN A FLUID POWER SYSTEM:

vk N e

Transfer fluid power efficiently

Lubricate the moving parts

Absorb, Carry and Transfer heat generated within the system

Be compatible with hydraulic components

Remain stable against physical and chemical changes

VARIOUS HYDRAULIC FLUIDS:

1. Water: The least expensive hydraulic fluid is water. Water is treated with

chemicals before being used in a fluid power system. This treatment removes
undesirable contaminates. Advantages: Inexpensive, Readily available, Fire
resistance

Disadvantage: No lubricity, Corrosive, Temperature limitations

Petroleum QOils: These are the most common among the hydraulic fluids which
are used in a wide range of hydraulic applications. The characteristic of
petroleum based hydraulic oils are controlled by the type of crude oil used.
Naphthenic oils have low viscosity index so it is unsuitable where the oil
temperatures vary too widely. The aromatics have a higher presence of
benzene and they are more compatible with moderate temperature variation.
Paraffinic oils have a high viscosity index and they are more suitable for the
system where the temperature varies greatly.

Advantages: Excellent lubricity, Reasonable cost, Non-corrosive
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Disadvantage: Tendency to oxidize rapidly, Not fire resistance

3. Water Glycols: These are solutions contains 35 to 55% water, glycol and water
soluble thickener to improve viscosity. Additives are also added to improve
anticorrosion, anti wear and lubricity properties.

Advantages: Better fire resistance, Less expensive, Compatible with most pipe
compounds and seals

Disadvantage: Low viscosity, Poor corrosion resistance, not suitable for high loads

4. Water Oil Emulsions: These are water-oil mixtures. They are of two types oil-
in-water emulsions or water-in-oil emulsions. The oil-in-water emulsion has
water as the continuous base and the oil is present in lesser amounts as the
dispersed media. In the water-in-oil emulsion, the oil is in continuous phase
and water is the dispersed media.

Advantages: High viscosity index, Oxidation stability, Film strength

Disadvantage: Depletion of water due to evaporation decreases fire resistance,
Demulsification may be problem with water-in-oil emulsions.

5. Phosphate Ester: It results from the incorporation of phosphorus into organic
molecules. They have high thermal stability. They serve as an excellent
detergent and prevent building up of sludge.

Advantages: Excellent fire resistance, Good lubricity, Non corrosive
Disadvantage: Not compatible with many plastics and elastomers, Expensive
PROPERTIES OF FLUIDS:

1. Viscosity: It is a measure of the fluid’s internal resistance offered to flow. Viscosity
is the most important factor from the stand point of flow. If the viscosity of the
hydraulic oil is higher than recommended, the system will be affected in the following
manner.

1. The viscous oil may not be able to pass through the pipes.
2. The working temperature will increases because there will be internal friction.
3. The consumption of power will increase

If the viscosity of the oil is lesser than recommended then,
1. Theinternal and external leakage will increase
2. Itcannotlubricate properly and will lead to rapid wear of the moving parts.

2. Viscosity Index: This value shows how temperature affects the viscosity of oil. The
viscosity of the oil decreases with increase in temperature and vice versa. The rate of
change of viscosity with temperature is indicated on an arbitrary scale called viscosity
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index (VI). The lower the viscosity index, the greater the variation in viscosity with
changes intemperature and vice versa

3. Oxidation Stability: The most important property of an hydraulic oil is its oxidation
stability. Oxidation is caused by a chemical reaction between the oxygen of the dissolved
air and the oil. The oxidation of the oil creates impurities like sludge, insoluble gum and
soluble acidic products. The soluble acidic products cause corrosion and insoluble
products make the operation sluggish.

4. Demulsibility: The ability of a hydraulic fluid to separate rapidly from moisture and
successfully resist emulsification is known as Demulsibility. If oil emulsifies with water
the emulsion will promote the destruction of lubricating value and sealant
properties. Highly refined oils are basically water resistance by nature.

5. Lubricity: Wear results in increase clearance which leads to all sorts of operational
difficulties including fall of efficiency. At the time of selecting a hydraulic oil care must
be taken to select one which will be able to lubricate the moving parts efficiently.

6. Rust Prevention: The moisture enteringinto the hydraulic system with air causes the
parts made ferrous materials to rust. This rust if passed through the precision made
pumps and valves may scratch the nicely polished surfaces. So additives named
inhibitors are added to the oil to keep the moisture away from the surface.

7. Pour Point: The temperature at which oil will clot is referred to as the pour point
i.e. the lowest temperature at which the oil is able to flow easily. It is of great
importance in cold countries where the system is exposed to very low temperature.

8. Flash Point and Fire Point: Flash point is the temperature at which a liquid gives
off vapour in sufficient quantity to ignite momentarily or flash when a flame isapplied.
The minimum temperature at which the hydraulic fluid will catch fire and continue
burningis called fire point.

9. Neutralization Number: The neutralization number is a measure of the acidity or
alkalinity of a hydraulic fluid. This is referred to as the PH value of the fluid. High acidity
causes the oxidation rate in an oil to increase rapidly.

10. Density: It is that quantity of matter contained in unit volume of the substance.

11. Compressibility: All fluids are compressible to some extent. Compressibility of a
liguid causes the liquid to act much like a stiff spring. The coefficient of compressibility
is the fractional change in a unit volume of liquid per unit change of pressure

REQUIRED QUALITIES OF GOOD HYDRAULIC OIL:
1. Stable viscosity characteristics
2. Good lubricity

3. Compatibility with systemmaterials
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4. Stable physical and chemical properties

5. Good heat dissipationcapability

6. High bulk modulus and degree of incompressibility
7. Good flammability

8. Low volatility

9. Good demulsibility

10. Better fireresistance

11. Non toxicity and good oxidationstability

12. Better rust and corrosion prevent qualities

13. Ready availability and inexpensive

FLUID FLOW:

Laminar Flow: It is one in which paths taken by the individual partials do not
cross one another and moves along well defined paths. The laminar flow is
characterized by the fluid flowing in smooth layers of lamina. This type of flow is
also known as streamline or viscous flow because the particles of fluid movinginan
orderly manner and retaining the same relative positions in successive cross

sections.
Examples:
1. Flow of oil in measuring instruments
2. Flow of blood in veins and arteries
... e h h I Ot
Q e——————— o PR Q Q .vav\')‘ Q
AANNANNANNANNN \\\\\\\\\\\\\\\ AANEENENNNEAN RNNRRRANRENANAN
Velocity profile Velocity profile
; ; low at walls and uniform across
Straight-line Random <
smooth flow . high at centre fluctuations pipe
of fluid particles of fluid particles
Laminar flow Turbulent flow

Turbulent Flow: It is that flow in which fluid particles move in a zigzag way.
It is characterized by continues small fluctuations in the magnitude and direction
of the velocity of the fluid particles. It causes more resistance to flow, Greater
energy loss and increase fluid temperature due to greater energy loss.

Examples: High velocity flow in a pipe of large size
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REYNOLDS NUMBER:

Osborne Reynolds in 1883 conducted experiments to ascertain the conditions
under which a flow through pipe is laminar or turbulent. He applied the dimensional
analysis on variables and introduced a dimensionless number called Reynolds
number Re. It is given by the following equation to determine whether the flow is
laminar or turbulent.

Re = PVD VQ

El

p = Density

of fluid

(kg/m3) Vv =

Velocity of

Flow

(m/sec)

D = Inside diameter of pipe (m)

v = Kinematic viscosity

of fluid (m2/sec) p =

absolute viscosity of

fluid (Ns/m2)
Experiments showed that the flow is laminar when Reynolds number (Re) is less than
2000 and turbulent for Re greater than 4000. And for 4000 < Re < 2000 then the flow
is in transition from laminar to turbulent. It is always desirable to maintain laminar
flow in hydraulic system because the chaotic turbulent flow causes more energy loss.

DARCY — WEISBACH EQUATION:

The energy loss due to friction in a hydraulic system results in a loss of potential energy.
This potential energy loss leads to a pressure drop or head loss in the system. Pressure
or head loss due to friction in pipes carrying fluids are derived using the Darcy-
Weisbach Equation.

L., V2
) )
HL=f(
D g
HL —Head Loss V — Velocity of Flow
f -Friction Factor g-

Acceleration due togravity L - Length
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ofpipe
D — Inner Diameter

During laminar flow the friction is relatively independent of the surface
conditions of the inside diameter of the pipe.
The friction factor ‘f’ for laminar flow can be found by the equation

f = 64 +~ Re when Re < 2000

But in turbulent flow friction factor depends on both the Reynolds number and
roughness of the pipe.

An American engineer L.F.Moody documented the experimental and theoretical
investigation onthe laws of friction in pipe flow in form of a diagram. He showed the
variation of friction factor with the governing parameters namely Reynolds number
relative roughness €= D of the pipe.

This diagram is known as Moody diagram which is employed for predicting the values
of ‘f" in turbulent flow.

LOSSES IN VALVES AND FITTINGS:

Pressure drops are also due to valves, expansions, contractions, bends,
elbows, tees and pipe fittings. The losses in valves and fittings in hydraulic systems
are frequently computed in terms of equivalent length of hydraulic tube.
Equivalent lengths can then be substituted in Darcy-Weisbach equationtosolve for
total pressure loss in the system. The formula for computing equivalent length is

Valve and Fitting K Factor
Globe Valve

Full open 10
Half open 125
Gate Valve

Full open 0.19
Half open 4.5
Check Valve

Poppet 3.0
Type Ball 40
type

Return Bend 2.2
Standard Tee 1.8
Standard Elbow 0.9
450 Elbow 0.42
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PASCALS LAW:

This law states that the pressure generated at any point in a confined fluid acts
equally in all directions

Consider two oil containers both in cylindrical form and connected together contain some
oil, as shown Both the cylinders have a piston having different diameters says D,
and D, respectively, where D, is smaller than D,.

$Fa 452

Aq Az

1Az

le

D1 R 8 S

N—

F A 1 1
o e e <2 a2 P ey A?F”"’"““
z F1 Aq A1 Az

Principle of Bramait’s press A hydraulic lever

If a force F, is applied to the small-diameter piston, then this will produce an oil pressure
P} at the bottom of the piston 1. Now this pressure is transmitted through the oil to the large-
diameter piston 2. Because the piston 2 has a larger area (A,), the pressure at the bottom of
the piston 2 will be P,. Now this pressure P, will push up the piston 2 to create an output

force F,.
We know that according to Pascal’s law, P; = P,
F| Fy
or residl v
F> Az
or By~ A
where A, = Area of the smaller piston = ’—;' Df , and

I

Ay Area of the larger piston = % Dg 3

CONTINUITY EQUATION: It states thatif nofluidisadded orremoved from the
pipeinanylength then the mass passing across different sections shall be same.
AV = A,V

BERNOULLI'S EQUATION: It states that in an ideal incompressible fluid when the
flow is steady and continuous the sum of potential energy, kinetic energy and
pressure energy is constant across all cross sections of the pipe.

v P, Vi

+le +

1
—+— —+Z
w 29 w 29 2
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Introduction:

A pump which is the heart of a hydraulic system converts mechanical energy into
hydraulic energy. The mechanical energy is delivered to the pump via prime mover
such as electric motor. Due to the mechanical action the pump creates a partial
vacuum at its inlet. This permits atmospheric pressure to force the fluid through the
inlet line and into the pump. The pump then pushes the fluid into the
hydraulicsystem.

Pump Classifications:

1. Non Positive Displacement Pumps: The most common types of dynamic pumps
are the centrifugal and axial pumps. Although these pumps provide smooth
continuous flow, their flow output is reduced as circuit resistance is increased and
thus are rarely used in fluid power systems. In dynamic pumps there is a great deal of
clearance between the rotating impeller and the stationary housing. Thus as the
resistance of the external system starts to increase, some of the fluid slips back into
the clearance spaces, causing a reduction in the discharge flow rate. This slippage is
due to the fact that the fluid follows the path of least resistance. When the resistance
of the external system becomes infinitely large the pump will produce no flow. These
pumps are typically used for low pressure, high volume flow applications. Also since
there is a great deal of clearance between the rotating and stationary elements,
dynamic pumps are not self priming unlike positive displacement pump.

2. Positive Displacement Pump: This type of pump ejects a fixed quantity of fluid per
revolution of the pump shaft. As a result, pump output flow, neglecting changes in the
small internal leakage is constant and not dependent on system pressure. This makes
them particularly well suited for fluid power systems. However positive displacement
pumps must be protected against overpressure if the resistance to flow becomes very
large. This can happen if a valve is completely closed and there is no physical place
for the fluid to go. The reason for this is that a positive displacement pump continues
to eject fluid causing an extremely rapid buildup in pressure as the fluid compressed.
A pressure relief valve is used to protect the pump against overpressure by diverting
pump flow back to the hydraulic tank where the fluid is stored for system use.

Classification of Positive Displacement Pump:
1. Gear Pumps
a. External Gear Pump
b. InternalGearPump
c. Lobe Pump

d. Screw Pump

2. Vane Pumps
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a. Unbalanced Vane Pumps

b. Balanced Vane Pumps

c. Pressure Compensated Vane Pump
3. Piston pumps

a. Axial Piston Pump

b. Radial Piston Pump

GEAR PUMPS:

External Gear Pump:

The given figure shows the operation of an external gear pump, which develops flow by
carrying fluid between the teeth of two meshing gears. One of the gears is connected
to a drive shaft connectedto the prime mover. The second gear is driven as it meshes
with the driver gear. Oil chambers are formed between the gear teeth, the pump
housing and the side wear plates. The suction side is where teeth come out of mesh
and it is here that the volume expands bringing about a reduction in pressure to below
atmospheric pressure. Fluid is pushed into this void by atmospheric pressure because
the oil supply tank is vented to the atmosphere. The discharge side is where teeth go
into mesh and it is here that the volume decreases between mating teeth. Since the
pump has a positive internal seal against leakage the oil is positively ejected into the
outlet port. The displacement of the gear pump is determined by volume of fluid
between each pair of teeth, Number of teeth and speed of rotation.

QT:VDXN

Vo =7 (D§ = DPL

Qr= THEORETICAL PUMP FLOW RATE L= WIDTH OF GEAR
Vb=DISPLACEMENT VOLUME OF PUMP N=SPEED OF PUMP

Do, Di-----OUTSIDE & INSIDE DIAMETER OF GEAR TEETH

DEPARTMENT OF MECHANICAL ENGINEERING


http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/

A
DRIVEN A DRIVING
GEAR GEAR

OUTLET

There must be a small clearance between the teeth tip and pump housing. As a result
some of the oil at the discharge port can leak directly back toward the suction port. This
means that the actual flow rate QA is less than the theoretical flow rate QT which is
based on volumetric displacement and pump speed. This internal leakage called pump
slippage isidentified by the term volumetric efficiency.

_ %
Ny 0r

Advantages Disadvantages

¢ Highspeed e Fourbushingsinliquid

e High pressure area

¢ No overhung bearingloads » Nosolidsallowed

e Relatively quiet operation * Fixed End Clearances

e Design accommodates wide
variety of materials

Applications
e Various fuel oils and lube oils
e Chemical additive and polymermetering
e Chemical mixing and blending (double pump)
e Industrial and mobile hydraulic applications splitters, lifts

e Acidsand caustic(stainlesssteelor
composite construction) Low volume
transfer or application
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Internal Gear Pump:

The figure shows the operation of the internal gear pump. This design consists of
an internal gear, a regular spur gear, a crescent shaped seal and an external
housing. As power is applied to either gear the motion of the gears draws fluid
from the reservoir and forces it around both sides of the crescent seal which acts
as a seal between the suction and discharge ports. When the teeth mesh on the
side opposite to the crescent seal the fluid is forced to enter the discharge port of

the pump.
OUTLET
CASING
INLET
CRESCENT SEAL
INTERNAL
GEAR
EXTERNAL
GEAR
Advantages Disadvantages
¢ Only two movingparts e Usually requires moderate

e Non-pulsating discharge speeds

e Excellent for high-viscosityliquids * Medium pressurelimitations

e Constantandevendischarge * Onebearingrunsinthe

regardless of pressure conditions product pumped

e Operates wellin either direction « Overhungload onshaft bearing

e Single adjustable endclearance

Applications
e Allvarieties of fuel oil and lube oil
e Resins and Polymers
e Alcohols andsolvents
e Food products such as corn syrup, chocolate, and peanut butter

e Paint, inks, andpigments
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Lobe Pump:

In this pump, the gears are replaced by the lobes. This pump operates in a similar fashion as
that of external pump. But unlike the external gear pump, these both lobes are driven
independently and they do not have actual contact with each other.

Lobe contact is prevented by external timing gears located in the gearbox. Pump shaft
support bearings are located in the gearbox, and since the bearings are out of the pumped
liquid, pressure is limited by bearing location and shaft deflection. As the lobes come out of
mesh, they create expanding volume on the inlet side of the pump. Liquid flows into the cavity
and is trapped by the lobes as they rotate. Liquid travels around the interior of the casing in
the pockets between the lobes and the casing it does not pass between the lobes. Finally, the
meshing of the lobes forces liquid through the outlet port under pressure. So, they are quieter
than other types of gear pumps. Since the lobe pump has smaller number of mating elements,
the lobe pump output will have a somewhat greater amount of pulsating, although its
volumetric displacement is generally greater than that for other types of gear pumps. Lobe
pumps are frequently used in food applications because they handle solids without damaging
the product.

OUTLET

IDLER
GEAR DRIVER
GEAR

INLET
Advantages Disadvantages
e Pass mediumsolids e Requires timing gears
¢ No metal-to-metal contact e Requires twoseals

* Llongtermdryrun (with e Reduced lift with thin

lubrication to seals) liquids

Applications

e Papercoatings
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e Soaps andsurfactants
e Paints, dyes, Rubber and adhesives

¢ Pharmaceuticals

Gerotor Pump: It is a positive displacement pumping unit. The name gerotor is derived from
"Generated Rotor". A gerotor unit consists of an inner and outer rotor. The inner rotor has N
teeth, and the outer rotor has N+1 teeth. The inner rotor is located off-center and both rotors
rotate. During part of the assembly's rotation cycle, the area between the inner and outer
rotor increases, creating a vacuum. This vacuum creates suction, and hence, this part of the
cycle is where the intake is located. Then, the area between the rotors decreases, causing
compression. During this compression period, fluids can be pumped, or compressed (if they
are gaseous fluids).

Housing
QuterGerotor
Inlet
[> [> Qutlet
Inher Gerotor
Pump
Shaft

Gerotor Pump

Gerotor pumps are generally designed using a trochoidal inner rotor and an outer rotor
formed by a circle with intersecting circular arcs. A gerotor can also function as a motor. High
pressure gas enters the intake area and pushes against the inner and outer rotors, causing
both to rotate as the area between the inner and outer rotor increases. During the
compression period, the exhaust is pumped out.

Advantages Disadvantages
e High Speed e Medium pressure limitations
e Only two movingparts e Fixed clearances
e Constantandevendischarge e No solids allowed

regardless of pressure conditions « Onebearing runsin the product

e Operates well in either direction pumped

* Quiet operation e Overhungload on shaft bearing

Applications
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e Light fuel oils

e Lube oil

e Cooking oils

e Hydraulic fluid
SCREW PUMP:

It is an axial flow positive displacement unit. Three precision ground screws, meshing
within a close fitting housing, deliver non pulsating flow quietly and efficiently. The
two symmetrically opposed idler rotors act as rotating seals, confining the fluid in a
succession of closures or stages. The idler rotor are in rolling contact with the central
power rotor and are free to float in their respective housingboresonahydrodynamic
oil film. There are no radial bending loads. Axial hydraulic forces on the rotor set are
balanced, eliminating any need for thrust bearings. The liquid is introduced at the
two ends and discharged at the centre. The pumping action comes from the sealed
chamber. The sealed chamber formed by the contact of the two gears at the
intersection of their addenda and by the small clearance between the screws and the
pump housing. This working is similar to a nut moving along a thread rod when the
rod rotated. In these pumps, it should be noted that the liquid does not rotate but
moves linearly. Thus the liquid moves forward along the axis with the rotation of the
screw and is discharged to the outlet port.

y31al

9HYHISID

P e il 2

i i

I y
= £ A
: 5 53
Screw Pump

Advantages: Disadvantages:
1. Give uniform pressure with 1. Itisdifficultto manufacture
negligible pulsations. the screw profile to maintain
2. Very quiet, because of rolling action of close tolerance.
the screw spindles. 2. Overall volumetricand
3.Can handle liquids containing vapour and mechanical

gases efficiency is relatively low.
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Types of Vane Pumps:
1. Unbalanced Vane Pumps
a. Fixed displacement unbalancedpumps
b. Variable displacement unbalancedpumps

2. Balanced Vane Pumps

Unbalanced Vane Pump:

The pump consists of a rotor which contains radial slots splined to the drive shaft.
The rotor rotates inside a cam ring. Each slot contains a vane which is free to slide
in or out of the slots in the pump rotor. The vane is designed to mate with the
surface of the cam ring as the rotor turns. The cam ring axis is offset to the drive
shaft axis. As the rotor rotates, the centrifugal force pushes the vanes out against
the surface of the cam ring. The vanes divide the space between the rotorand the
cam ring into a series of smallchambers. During the first half of rotor rotation, the
volume of these chambers increase, thereby causing a reduction of pressure. This
is the suction process which causes the fluid to flow through the inlet port and fill
the void.

As the rotor rotates through the second half, the cam ring pushes the vane back
into their slots and the trapped volume is reduced. This positively ejects the
trapped fluid through the outlet port. In this pump, all the pumping action takes
place in the chambers located on the one side of the rotor and shaft. So the pump
is of an unbalanced design.

Fixed Displacement Unbalanced Vane Pumps: In this type rotor housing
eccentricity is constant. Hence the displacement volume is fixed. A constant
volume of fluid is discharged during each revolution of therotor.

Discharge Outlet

Chamber \1 Vane

Cam
Ring .
Suction

Chamber

Unbalanced Vane Pump

Rotor Inlet
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Variable Displacement Unbalanced Vane Pump: Variable displacement can be
provided if the housing can be moved with respect to the rotor. This movement
changes the eccentricity and hence the displacement. Usually a hand wheel or
pressure compensator can be used to move the cam ring to change the eccentricity.
Balanced vane pump:

In balanced vane pump, the rotor rotates inside a cam ring of elliptical shape. It has
two inlet and outlet ports which are diametrically opposite each other. Movement of
the vanesinand out causes the chamber between them to increase and decrease.
When these chambers are increasing in size, the fluid is being sucked into the pump
through the inlet ports. The two inlet ports are connected to acommon inlet passage.
When the chambers are decreasing in size, the fluid starts being delivered into the
system through the outlet ports which are connected to a common outlet passage.
Because the pressure ports are opposite to each other, a complete hydraulic balance
can be achieved. One disadvantage of balanced vane pump is that it cannot be
designed as a variable displacement pump.

Outlet 2 £

Inlet1 <

Balanced Vane Pump

Advantages: Disadvantages:

1. Volumetric and overall efficiencies are high. 1. They cannot handle abrasive liquids

2. only small changes in capacity occur
with variationsinviscosity and
discharge pressure

3. Theirvanes are self compensating for
wear and also vanes can be easily
replaced.

DEPARTMENT OF MECHANICAL ENGINEERING

2. Theyrequire seals andforeign
bodies can damage the pump

3. They cannot be operated againsta
closed discharge without damage to
the pump. Hence relief valves are
required
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4. Theyare self priming, robust and give
constant

delivery for a set rotor speed.

Pressure Compensated Variable Delivery Pump:

In this system pressure acts directly via a hydraulic piston on the right side. This forces
the cam ring against a spring loaded piston on the left side. If the discharge pressure is
large enough, it overcomes the compensator spring force and shifts the cam ring to
the left. This reduces the eccentricity and decreases the flow. If the pressure
continues to increase, there is no eccentricity and pump flows becomes zero.

Eccentricity

- -

__—— Slide Block
—— Qutlet

||||||

Maximum Yolume
~ Stop Screw

Spring . -' 150 ——— Inlet

Pressure Compensated Yane Pump

Piston Pumps:

In piston pumps, the pumping action is affected by a piston that moves in a
reciprocating cycle through a cylinder. The basic operations of piston pumps are very
similar to that of the reciprocating engines. These pumps are classified as

1. Axial Piston Pumps

a. Swash plate axial pistonpump
b. Bent axis Axial pistonpump
2. Radial Piston Pumps

In axial piston pumps, a number of pistons and cylinders are located in a parallel
position with respect to the drive shaft, while in the radial type they are arranged
radially around the rotor hub.
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Axial Piston Pump:

In this type rotary shaft motion is converted to axial reciprocating motion which drives
the piston. Most axial piston pumps are multi piston designs and utilize check valves
or port plates to direct liquid flow from inlet to discharge. Output can be controlled
by manual, mechanical or pressure compensated controls.

Swash Plate (In line) axial Piston Pump:

In this pump rotary drive motion is converted to reciprocating, axial piston motion by
means of the swash plate, mounted on the drive shaft. Thus the rotation of the swash
plate produces in and out motion of the piston in their cylinders and hence the fluid
is discharged.

This type of pumps can also be designed to have variable displacement capability. This
can be achieved by altering the angle of the swash plate. Because in the swash plate
axial pump, the angle of tilt of the swash plate determines the piston stroke and hence
the pump displacement. The increase in the swash plate angle will increase the piston
stroke and hence the fluid displacement. When the swash plate is vertical, then the
displacement is zero. Even one can reverse the flow direction by changing the angle of

swash plate. However, the maximum swash plate angle is generally limited to 17.50,
due to various design considerations.

Piston Block Qutlet

Swash Plate Check

Valve

Pump
Shaft

Swash Plate
Angle
Adjuster

Piston Piston Inlet

Shoe

Swash Plate Piston Pump

Bent Axis Axial Piston Pump:

This type of pump contains a cylinder block rotating with the drive shaft. As shown the
centerline of the cylinder block is sent at an offset angle relative to the centerline of
the drive shaft. The cylinder has a number of pistons and cylinders arranged along a
circle. The ball and socket joints connect the piston rods with the drive shaft flange.
When the distance between the drive shaft flange and cylinder block changes,
the piston move in and out of the cylinder. In order to provide alignment and positive
drive, a universal link is used to connect the block to the drive shaft. When the piston
carrying body turns, the exit passage in the cylinder bores move along the control slots
of a firmly positioned control plate and are thus connected alternatively to suction or
discharge pipelines.

Inthe fixed displacement pumps, the pumps are mounted in a fixed casing so that swing
angle cannot be adjusted. So the fixed displacement of the piston and hence the
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constant discharge of fluid are achieved. In variable displacement pumps, the swing
angle can be varied. Because the volumetric displacement of the pump varies with
the offset angle. When the offset angle is zero, then the displacement will be zero.

However, the angle will vary from 00 to 300.

Rotating
. Block Inlet and Qutlet
Piston . Manifold
Universal Couplings
) el o / f;,i' i‘\t\'xll

N )

Section on X-X

Bent Axis Type Piston Pump

Radial Piston Pump:

The radial piston pump has a number of radial pistons in a cylinder block which revolves
around a stationary pintle or valve. The pistons remain in contact with the reaction ring
due to centrifugal force and back pressure on the pistons. A drive shaft is attached to the
end of cylinder block and provides the power needed to the pump. The reaction ring is
moved eccentrically with respect to the pintle axis.

If the cylinder block is rotated in a clockwise direction, the pistons on one side travel
outward and sucks the fluid when it passes the suction port of the pintle. When the
piston passes the maximum point eccentricity, it is forced inward by the reaction ring.
This force the fluid to enter into the discharge port. The displacement can be varied
by moving the reaction ring to change the piston stroke.

Cam Surface

Piston

Housing

Radial Piston Pump
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Important Formulas:

1. Theoretical Discharge for Gear Pump:

QT =(Do2-Di2) b N
4

Do — Outer Diameter of
Gear Dj — Inner Diameter
of Gear b - Width of Gear
N — Speed of Pump

2. Theoretical Discharge for Vane
Pump:

QT= (Dc+DR)2elLN
4

Dc — Diameter of Cam
Ring DR — Diameter of
Rotor

e — Eccentricity

L — Width of Rotor

3. Bent Axial Piston Pump

D- Piston circle
Diameter A — Area of

S
QT = DANY sinBl; sinBl= Piston
D Y — Number of pistons
- Offset angle
S — Piston
stroke

4. Swash Plate Pump: - Offset angle of Swash

QT = DANY tank Plate

5. Radial Piston Pump

QT=05eYnD2N

Volumetric Efficiency: It indicates the amount of leakage within the pump. This
involves considerations such as manufacturing tolerances and flexing of the pump
casing under the design pressure operating conditions.

ACTUAL FLOW RATE PRODUCED BY PUMP

My = x 100
THEORETICAL FLOW THE PUMP SHOULD PRODUCE

Mechanical Efficiency: It indicates the amount of energy losses that occur due to
reasons other than leakages. This includes friction in bearings and between other
mating parts. It also includes energy losses due to fluid turbulence.

Ny = theoretical power required to operate the pump
m =

x 100

actual power delivered the pump

Overall Efficiency:

No =Ny XNy
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Industry applications relevant to the concepts covered

1. Weight lifting using fluid power

Tutorial Questions:

1. Explain in details about the properties of hydraulic fluid

2. Discuss with neat sketch the components of basic hydraulic system and its functions

3. Enumerate and briefly discuss the properties and factors considered the selection

of oils

4. Write the advantages and application of fluid power with respect of fluid power

application

5. List out the applications of fluid power employed is different
industries/fields. List the merits & Demerits of fluid power system

6. Give short notes about various fluids used in the hydraulic systems with advantages

and dis advantages
7. Briefly Discuss a operation of a manually operated hydraulic jack

8. State and explain the types of fluid power control system with its advantages?

9. Explain with neat sketch about graphical symbols used in hydraulic system and its

function.

10. Explain in details about the various losses in hydraulic fluid power systems

Question bank for Assignments:

1.

o

Write the short notes about
1. Laminar flow &turbulent flow 2. Energy losses in values & fittings

3. Darcy’s Equation. 4. Pascal's law 5.Renolds Number

Discuss the components required for basic hydraulic system? & Mention their

functions.

Write short notes about types of fluids used in the fluid power systems.
Explain the working Principle of hydraulic press with neat sketch

i) How pumps are classified?

ii) Explain with a neat sketch the construction & working principle of Gerotor pump.

Explain the working principle of external Gear pump and Internal Gear pump with

neat sketch.
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10.

Explain the working principle of axial piston pumps with neat sketch

What are the types of piston pump? Explain the working principle of radial piston
pumps with neat sketch

Explain the working principle of following pumps with neat sketch
i) Lobe pump
if)Screw pump

Explain the working principle of unbalanced vane pumps and balanced vane pump
with neat sketch 29.Discuss the Performance and efficiency of a pump
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HYDRAULIC ACTUATORS AND
CONTROL COMPONENTS
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OBJECTIVES:

1. Understanding functions of actuators

2. Understanding the types & constructions of actuators

3. Understanding the types of hydraulic motors

4. Understanding flow control valves

5. Understanding direct control valves, pressure control valves

OUTCOMES:
1. One can get the knowledge of different control components used in hydraulic circuits.
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HYDRAULIC ACTUATORS

It is a device used for converting hydraulic energy into mechanical energy.
The pressurized hydraulic fluid delivered by the hydraulic pump is supplied to the
actuators, which converts the energy of the fluid into mechanical energy. This
mechanical energy is used to get the work done.
TYPES OF ACTUATORS:

1. Linear Actuators (Hydrauliccylinders)
2. Rotary Actuators (Hydraulicmotors)
a. Continuous rotary actuators
b. Semi rotary actuators
HYDRAULIC CYLINDERS:

A hydraulic cylinder is a device, which converts fluid power into linear
mechanical force and motion. It usually consists of a movable element, a piston and a
piston rod operating within a cylinder bore.

TYPES OF HYDRAULIC CYLINDERS:

1. Single acting cylinders

2. Double acting cylinders

3. Telescoping cylinders

4. Double rodcylinder

5. Tandem cylinder
SINGLE ACTING CYLINDER:

A single acting cylinder is designed to apply force in only one direction. It
consists of a piston inside a cylindrical housing called barrel. Attached to end of the
piston is a rod which extends outside. At the other end (Blank end) is a port for the

Extension
Piston —
/ Rod
e o
Barrel . - -
A
Retraction Symbol

Return

Input from  Spring
Pump

entrance and the exit of oil. A single acting cylinder can exert a force only in the
extending direction, as fluid from the pump enters through the blank end of the
cylinder. Single acting cylinders do not hydraulically retract. Retraction is accomplished
by using gravity or by the inclusion of a compression spring at the rod end.
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Advantages and Disadvantages:
1. Thesingle acting cylinders are very simple to operate, and compact in size.

2. Thesingle acting cylinders with spring return cannot be used for larger
stroke length.

DOUBLE ACTING CYLINDER:

A double acting cylinder is capable of delivering forces in both directions. The barrel is
made of seamless steel tubing, honed to affine finish on the inside surface. The piston
which is made of ductile iron contains U cup packing to seal the leakage between the
piston and the barrel. The ports are located in the end caps which are secured to the
barrel by tie rods. The load of the piston rod at the neck is taken by a rod bearing,
which is generally made of brass or bronze

Piston Seal Retract
Extend Port Rod Seal Port

Base Cap - |

Bearing

Barrel  Piston Bearing Cap
Weld and
Seal

Arod wiperis provided atthe end of the neck to prevent foreign particles and dust from
entering into the cylinder along with the piston rod. When the fluid from the pump
enters the cylinder through port 1, the piston moves forward and the fluid return to
the reservoir from the cylinder through port 2. During the return stroke the fluid is
allowed to enter the cylinder through port 2 and fluid from the other side of the piston
goes back to the reservoir through port 1.

CYLINDER CUSHIONING:

As long as the piston is moving in the middle range of the cylinder, nothing will hit the
piston head. But, due to the inertia forces of the moving parts at the end of the piston
travel, the piston will hit the cylinder head at full speed. To overcome this, the
designers provide a cushioning arrangement by which the hydraulic cylinder can be
slowly retarded or cushioned, during the last portion of the stroke. The figure shows
the position of the piston at the start of the cushioning action. In this position, the
fluid from the pump enters into the rod end of the cylinder moving the piston towards
theleft. The fluid from the head end of the cylinder flows freely to the reservoir through
the fluid port.
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As the stroke nears completion, the cushion nose starts entering in the space of the
cylinder head. Due to the taper front of the cushion nose, the fluid port pathisgradually
closed. So the fluid cannot flow through the port or through the passage of check
valve. Now entrapped fluid can escape only through the passage controlled by the
needle valve. Thus due to the restricted outflow during the last portion of the stroke,
the piston decelerates slowly. By adjusting the needlevalve,

rate of deceleration is controlled. For starting the forward stroke of the piston, the
fluid is allowed to enter the fluid port. The fluid will now flow from all passages. Thus
the full piston area will be subjected to the system pressure.

During deceleration of the load, extremely high pressures will develop within the
cylinder cushion. Ideally, the back pressure will be constant over the entire cushioning
length. But in practice, the cushion pressure is higher when the piston rod has just
entered the cushion.

Check Valve

e

End Cap Pont -

Rod
Needle Valve — T o 2
zz

-—

e |

SPEED OF A HYDRAULIC CYLINDER:

Every hydraulic cylinder has its own economical and practicable range of speeds. If the
speed of the cylinder is increased beyond this limit, the sudden stoppage of the piston
will create shock load on the piston head, piston rod and other mechanical parts
causing serious damages. The high speed will also create difficulty in the accurate
positioning of the movable parts. So at the time of deciding the speed of a hydraulic
cylinder, proper care is to be taken in the design stage itself.

The maximum speed of the piston rod is limited by the rate of fluid flow in and out of
the cylinder and the ability of the cylinder to withstand the impact forces which occur
when the piston movement is arrested. In an un-cushioned cylinder it is normal to
limit the maximum piston movement is arrested. In an un-cushioned cylinder it is
normal to limit the maximum piston velocity to 8m/min. This value is increased to
12m/min for a cushioned cylinder and 45m/min is permissible with high speed
cylinders. Oversized ports are necessary in cylinders that are used in high speed
applications.
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Velocity equations:
Consider a double acting cylinder
D — Diameter of thepiston
d—Diameter of piston rod

2
A-Area of blank end -%

nD?

a- Piston rod area- "

Q — Input flow rate
gE —Flowrate from rod end of the cylinder when extending
gR —Flow rate from blank end of cylinder when retracting

Rod End Area - (A-a)=g (D? — d?)

1. When Piston rod is extending:

i : Q _ gk
Pistan velocity Ve il

(A-a) _ Q(D*-d?)
A D2

Thus C|E=Q

Thus as the piston rod is extending, the flow rate of the fluid leaving the cylinder is less
than the flow rate of fluid entering the cylinder.

2. When piston rod isretracting:
Q _ar
(A—a) A
A D?
Thus ar=Q; 5 = Q@ 53
Thus when the piston rod is retracting, the rate of fluid leaving the cylinder is greater

Piston velocity Vg=

than the flow rate of fluid entering the cylinder

SPECIAL TYPE CYLINDERS

DOUBLE ROD CYLINDER:

It is a cylinder with single piston and a piston rod extending from each end. This
cylinder allows work to be performed at either or both ends. It may be desirable

where operating speed and return speed are equal.
Cylinder barrel  Pjston

4 4
ﬁ\\\\\\\.‘f\.\\\\\\?\\\\\\\ SN
A

| 7 )

7 R
" A/ §
Fodmoaanioon]

Port A \ fr Port B
Piston rods

TANDEM CYLINDER:

It design has two cylinders mounted in line with pistons connected by a common
piston rod. These cylinders provide increased output force when the bore size of a
cylinder is limited. But the length of the cylinder is more than a standard cylinder and
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also requires a larger flow rate to achieve a speed because flow must go to both
pistons.
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TELESCOPING CYLINDER:

They are used where long work strokes are needed. A telescoping cylinder provides a
relatively long working stroke for an overall reduced length by employing several
pistons which telescope into each other.

A SN IS AT TS
& ]
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o
............ ¥ 1 —
= i %
3 g
- I
/ 7T
Lower

Sincethe diameter A oftheramisrelatively large, thisram produces alarge force forthe
beginning of the lift of the load. When ram A reaches the end of the stroke, ram B
begins to move. Now ram B provides the required smaller force to continue raising
the load. When ram B reaches the end of its stroke, then ram C moves outwards to
complete the lifting operation. These three rams can be retracted by gravity acting on
the load or by pressurized fluid acting on the lip of each ram.

TWO STAGE DOUBLE ACTING TELESCOPING CYLINDER:

Retraction stroke: During the retraction stroke, the fluid is fed into the first stage
annulus via retract port A. therefore the first stage piston is forced to the left until it
uncovers the fluid ports connecting this with the second stage annulus. This, in turn,
moves the larger piston to the left until both the pistons are fully retracted into the
body of the cylinder.
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Seals

Extend Port /I\
l B Retract Port

NN

l A Extension
M N

Retraction

First Sta Pist
Second Stage Piston 1 age Piston

Second Stage Annulus

Extension Stroke: During the extension stroke, the fluid is fed through the extend
port B. Now the fluid forces both pistons to the right until the cylinder is fully
extended.

MOUNTING CONFIGURATIONS:

The type of mountings on cylinder is numerous, and they can accommodate a
wide variety of applications. The most common mountings are lugs, flange, trunnion,
clevis and extended tie rods. One of the important considerations in selecting a
particular mounting style is whether the major force applied to the load will resultin
tension or compression of the piston rod. The ratio of rod length to diameter should
not exceed 6:1 proportion at full extension. This helps to prevent the rod from
buckling due to compression or tensile shock forces.

Tie Rod End
: -f= QE End Lug Mounts

B Side Lug Mounts
Rod End Flange Eg b F——— st

o P i
Blind End Flange 4| ———— . Mounts
. ﬁ— Flush Mounts
Centreline Lugs E—"l \

Fixed Non Centreline Mounts
Fixed Centreline Mounts Retanaene
._ Rod End Trunnion

|

Blind End Trunnion

\ef
| |

|[F———— Clevis

ey

-A— Center Trunnion

Pivoted Centreline Mounts

Alignment of the rod with the resistive load is another important consideration while
selecting cylinder mounts. Misalignment or non axial loading also tends to place
unnecessary loads on the rod and the rod guides, bushes or bearings. Due to the
immense loads and the extreme forces induced by the rod there are large stresses on
the rod at full extension. Centre lugs, centre trunnions and clevis arrangements tend
to help keep the rod or shaft in line with the load.

Fixed centerline mounts: These are used for thrust that occur linearly or in the
centerline with the cylinder. Proper alignment is essential to prevent compound
stresses that may cause excessive friction and bending as the piston rod extends.
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Additional holdings strength may be essential with long stroke cylinders.
Fixed non-centerline mounts: These are convenient where exceptionally heavy linear
thrusts are encountered. Generally, integral keys or pins are used if excessive hydraulic
shock is expected. This helps to relieve shear loads. Since the cylinder has to expand
and contract with temperature changes, only one end should be keyed or pinned.
Pivoted centerline mounts: These are used to compensate for thrusts that occur in
multiple planes or if the attached load travels in a curved path. Ball joints, trunnions
and clevis mounts allow thrust to be taken up along the cylinder centerlines.

GRAPHIC SYMBOLS FOR LINEAR ACTUATORS:

E— Double Acting Cylinder
E Single Acting Cylinder
[@_ Single Acting with Spring return
E Double Rod Double Acting
I:E] Telescopic Double Acting
Eﬂ Telescopic Single Acting

HYDRAULIC MOTORS:

A hydraulic motors converts fluid power into mechanical power in the form of
rotational motion. Motors perform the opposite function of the pump, which converts
mechanical power from an electric motor or engine into fluid power. Motors take
pump flow and pressure as their input and output rotational motion and torque.
Motor displacement is the volume. Pump displacement is the volume of the pump
outputs per revolution of the pump shaft, a similar concept. Like pump motors can
be fixed or variable displacement. Increasing the displacement of a motor decreases
its speed because it requires more fluid to turn it each revolution. Increasing
displacementincrease torque output because more area within the motoris subjected
to pressure. Decreasing motor displacement increases speed and decreases torque.

Hydraulic motors are most commonly gear, vane or piston type. All have a
construction similar to the hydraulic pump of the same type. They also have similar
properties. Gear motors are the least efficient, most dirt tolerant and have the
lowest pressure ratings of the three. Piston motors are the most efficient, least dirt
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tolerant and have the highest pressure ratings. Vane and piston motors can be
fixed or variable displacement like vane and piston pumps. Gear motors like gear
pump are not available with variabledisplacement.

GEAR MOTOR:

The operation of gear motor is shown in the figure. One of the gears is keyed
to an output shaft, while the other is simply an idler gear. Pump flow and pressure
are sent to the inlet port of the motor. The pressure is then applied to the gear
teeth, causing the gears and the output shaft to rotate. The pressure builds until
enough torque is generated to rotate the output shaft against the load. Most gear
motors are bi-directional the direction of rotation can be reversed by simply
reversing the direction of flow.

QUTLETY

VANE MOTORS:

In this type of motors the pump flow and pressure are applied to the vanes and the
output shaft is rotated. The figure shows the balanced vane type motor. Recall from the
discussion on vane pumps that balanced means that pressure is applied on both sides of
the shaft resulting in no net force on the bearings.

This increases the maximum operating pressure and drive speed at which the motor
can operate. The vanes extent and retract twice per revolution of the rotor, which
necessitates the use of two inlet and two outlet chambers. These chambers are
combined into one common inlet and one common outlet within the motor housing.
Most of the vane motors are bidirectional.
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Pump Flow

Outlet

Inlet
Chamber

Outlet
Chamber

Inlet
Chamber

Return
Flow

PISTON TYPE MOTORS:

Piston motor develops an output torque at its shaft by allowing hydraulic
pressure to act on pistons. Piston designs may be either axial piston type or radial
piston type.

Axial piston motors:

Swash plate or bent axis type: It consists of a port plate, cylinder barrel, pistons,
shoe plate, swash plate and a shaft. The arrangement is similar to a swash plate type
pump. When fluid pressure acts on a piston, a force is developed which pushes the
piston out and causes the piston shoe to slide across the swash plate surface. As the
piston shoe slides, it develops a torque attached to the barrel.

Piston

—‘ Shoe Plate

é Drive Shaft

Piston Block ]

Swash Plate Type

Piston

Drive Shaft

T

Piston
Block

Bent Axis Type
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The amount of torque depends on the angle of slide caused by the swash plate and the
pressure in the system. Since the swash plate angle controls the stroke in pistons of an
axial piston motor, changing the angle will alter the stroke and motor displacement.
The operating principle of an bent axis motor is similar to swash plate type. The angle
of the cylinder block assembly with respect to drive shaft determines the stroke or
motor displacement. Both these motors are used in high speed application only.
SEMI ROTARY ACTUATORS:

These are used to convert fluid pressure energy into torque which turns
through an angle limited by the design of the actuator. With the majority of designs,
the angle of rotation is within 360 degrees although it is possible to considerably
exceed this when using piston operated actuators.

VANE TYPE ACTUATORS:

Vane type semi rotary actuator consists of one or two vanes connected to an
output shaft which rotates when hydraulic pressure is applied to one side of the vanes.

Asingle vane is limited to 2800 rotation and a double vane unitto approximately 1000,
Powerin atwo vane designis doubled.

A. Clockwise rotation B. Counter-clockwise rotation
i i

Single Vane Semi Rotary Actuators

There will always be some internal fluid leakage across the vanes and these increases
with the operating pressure as the viscosity of the working fluid decreases. This
causes problems where a smooth speed control of the rotary motion is required. So,
for the applications of vane type actuators, the manufacturer’s recommendations
regarding the operating pressure and type of fluid must be followed.

Return Flow Pump Flow

Double Vane Semi Rotary Actuators
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The maximum torque obtainable from the currently available single vane unit is

approximately 40X103 Nm and for double vane unit is 80X103 Nm.
PISTON TYPE SEMI ROTARY ACTUATORS:

RACK AND PINION SEMI ROTARY ACTUATOR:

In this design, the cylinder drives a pinion gear and the rack is an integral part of
the piston rod. The angle of rotation depends upon the stroke of the cylinder, rack and
the pitch circle diameter of the pinion. The start and finish of the stroke is adjusted by
means of an internal shop. The output torque available from the rack and pinion type is

in an excess of 80X103 Nm at a pressure of 210 bar.

Pressure Port

Piston

Rack Gear

Output Shaft
Pinion Gear

LEVER ARM SEMI ROTARY ACTUATOR:

A double acting cylinder can be made to generate rotary motion by using a lever
arm. The angle of rotation will be less than 1800. The output is the product of {Piston
trust x Sin ¢ x length of lever).

Sprocket  Main Piston OLl_tpu\t shaft
LLARAAALRRARUANRL AN
ANLALATANVANNNNAN output Shat
e I Fixed to Arm
ST
N =0
VI ANVAAANN \\\\\\\\\\\\\li :\ AN
' ) ) '
' i Secondary Port
Port Chain Piston

Sl DEPARTMENT OF MECHANICAL ENGINEERING


http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/

CHAIN AND SPROCKET SEMI ROTARY ACTUATOR:

In this design an endless chain and sprocket is used and it is suitable for multi
revolution applications. The chainis anchored to two pistons, one large and the other
small, which whenin their respective bores, separate the halves of the unit. The large
cylinder is the power cylinder and the small cylinder is the chain return or seal cylinder.

The idler is automatically a tensioned one, so a constant tension is maintained.
Pressure is applied to one port of the actuator. The larger piston moves away from the
port due to the differential area of the two pistons. Movement of the larger piston
pulls the chain, causing the sprocket and output shaft to rotate.

HELICAL SCREW SEMI ROTARY ACTUATOR:

This type consists of a cylinder in which the piston is prevented from rotating by guide
rods. The piston rod and the piston contain a helical groove and they mate together
analogous to a screw and a nut. As the piston is driven along the barrel, it causes the
rod to rotate.

Because of the difficulty in providing a hydraulic seal between the piston and rod, this
design is limited to low pressure applications. The self locking helix angle of the piston
and rod eliminate the possibility of external torque causing any rotary movement of the

piston rod.
Helical screw Piston Nut
ANILIL 11111112004 ;
N Y <— k —» N
B — T —| | —===
: .
N\ o\
Guide Rod
GRAPHIC SYMBOLS:
Fixed Displacement Fixed Displacement
Uni-directional Bi-directional
ey st
I_:l Lig
Variable Displacement Limited Rotation
Bi-directional bi-directional
. e
P

INTRODUCTION: A fluid power system can be broken down into three segments. The
power input segment consisting of the prime mover and the pump. The control
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segment consisting of valves that control the direction, pressure and flow rate. The
power output segment, consisting of the actuators and the load. This unit is devoted
to each of the following categories of control valves.

1. Directional control valves

2. Pressure control valves
3. Flow control valves

DCVscontrolthe direction of flow in acircuit, whichamong other things; can control the
direction of the actuator. PCVs control the pressure level, which controls the output
force of a cylinder or the output torque of a motor. FCVs control the flow rate of the
fluid which controls the speed of the actuators.

VALVE CONFIGURATION: There are the essential types of control valves based on
their configuration or modes of operation. They are
1. .Poppet or SeatValves

2. Sliding Spool Valves

3. RotarySpool Valves

POPPET OR SEAT VALVES:

The Figure shows the construction of the poppet valve. Normally this valve is in the
closed condition and hence there is no connection between port 1 and port 2. In
poppet valves, balls are used in conjunction with valves seats to control the flow.
When the push button is depressed the ball is pushed out of its seats and hence the
flow is permitted from portl to port2. When the push button is released spring and
fluid pressure force the ball back up against its seat and so closes off theflow.

These types of valves are simple in design and less expensive. The force required to
operate the poppet valves are more, so they are suitable mostly for low pressure

applications.
Push Button

%

Port 2
|- Balls

| Return Spring

7

SLIDING SPOOL VALVES:

These types of valves are most frequently used in hydraulic system. A spool moves
horizontally within the valve body to control the flow. The raised areas called lands block or
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open port to give the required operation. In first position the port 1 and port 2 is opened and
port 3 is blocked so the flow is permitted between ports 1 and 2. In the second position the
ports 2 and 3 are open and port 1 is blocked so the flow is permitted between 2 and 3.

Spool Land

S

X
3 2 1 3 2 1
Spool Position 1 Spool Position 2

By using this type of valves different operations can be achieved with a common body and
different spool. It is used for high pressure applications.

ROTARY SPOOL VALVES

These valves have a rotating spool which engages with ports in the valve casing to give the
required operation. The Figure shows the cut section of a rotary spool valve. When the spool
rotates, it opens and closes ports to allows and prevent the fluid flow through it. There are
four ports 1, 2, 3, and 4. In the first position there is flow between 1 and 3, 2 and 4. In second
position flow between 2 and 3, 1 and 4. In third position all the ports are blocked by the spool
and there is no flow.

Rotor (Spool) Stationary Casing

DIRECTION CONTROL VALVES

These valves are used to control the direction of flow in a hydraulic circuit. According to the
construction of internal moving parts it is classified as poppet type and sliding spool type. It
may be further classified as one way, two way, three way and four way valves, depending
upon the number of port connections available. On the basis of actuating devices, it can be
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classified as manually operated, mechanically operated, solenoid operated and pilot
operated.

CHECK VALVES

The simplest direction control valve is a check valve. It allows flow in one direction and blocks
flow in the opposite direction. It consists of a ball with a light bias spring that holds the ball
against the valve seat. Flow coming into the inlet pushes the ball off the seat against the light
force of the spring and continues to the outlet.

A. Construction

Valve Seat —\ Bias Spring \

L
Outlet
?

\— Ball
B. Symbol

Inlet —<{ ) Outlet

A. Flow through component

Check Valve

o

Component

B. Component by-pass
Check Valve

- Q <

A
L

Component

Application of Check Valve
If flow tries to comes in from left it cannot pass through the check valve. It is therefore forced
to go through the component. When the flow comes in from the right, however the flow goes
through the check valve and the component is bypassed. This occurs because the check valve
is designed to have less resistance to flow than the component in this direction.
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PILOT OPERATED CHECK VALVE

One commonly used type is the pilot to open check valve. Pilot lines are hydraulic lines that
are used for control purposes. They typically send system pressure to component, so that the
component can react to pressure changes. The free flow in the normal direction from a port
Ato port Bisachieved ina usual manner. But the reverse flow is blocked as the fluid pressure
pushes the poppet into the closed position. In order to permit the fluid flow in the reverse
direction that is from port B to port A, a pilot pressure is applied through the pilot pressure
port. The pilot pressure pushes the pilot piston and the poppet down. Thus the fluid flow in
the reversed direction is also obtained. The purpose of the drain port in the circuit is to
prevent oil from creating a pressure building in the bottom of the pilot piston. The pilot lines
are shown in dashed lines.

A.Pilot -to- open check valve B, Pijlot-to-close check valve

—O O1—

Symbols for Pilot Operated Check Valve

TWOWAY DIRECTIONAL CONTROL VALVE

A spool valve consists of a cylindrical spool that slides back and forth inside the valve body to
either connect or block flow between ports. The larger diameter portion of the spool, the
land, blocks flow by covering a port. This particular valve has two ports, labeled P and A. P is
connected to the pump line and A is the outlet to the system.

'Figure A' shows the valve in its normal state and its corresponding symbol. The valve is held
in this position by the force of the spring. In this position, the flow from the inlet port P
is blocked from going to the outlet port A.

Pilot Pressure Port

| Pilot Piston

%W *% |- Spring
% =

b _— Drain Port

AE'> 7 Poppet

Outlet
PortB
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A. Valve in the normal position

Valve Body

S O
P\

B. Valve actuated

Spool Land Spool

A
[T e &
==
| -
= - o
L [ ] ,
P
C. Symbol
A
Spring .~ o _ Push button
Return Actuation

Two way, Two position normally closed DCV

'Figure B' shows the valve in its actuated state and its corresponding symbol. The valve is
shifted into this position by applying a force to overcome the resistance of the spring. In this
position, the flow is allowed to go to the outlet port around the smaller diameter portion of
the spool. The complete symbol for this valve is shown in 'Figure C'. The symbol has two
blocks, one for each position of the valve. Valves may have more than two positions. The
spring is on the closed position side of the symbol, which indicates that it is a normally closed
valve. The symbol for the method of actuation is shown on the opposite side of the valve. In
this case, the valve is push button actuated. Thus, the graphic symbol in 'Figure C' represents
a two way, two positions, normally closed DCV with push button actuation and spring return.

The below Figure shows the example of an application for a two way valve. Here pair of two
way valves is used to fill and drain a vessel. Although two tanks are shown in this schematic,
there may in fact be only one tank in the actual system. When valvel and valve2 are in the
closed position then the line from pump and tank are blocked to hold the fluid in the vessel.
When the valvel is shifted to the open position and valve 2 remains closed. This will fill the
vessel.
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Vessel

Valve 1 Valve 2
L D
- Ll Tank
C Pump
Ly Tank

Application of Two way DCV valves

When valve2 is shifted to the open position and valve2 remains closed. This will drain the
vessel. The above figure shows that valvel and valve2 are in open position so that fluid is
filled and drain from the vessel. There are other types of construction for two way valves in
addition to the spool type are ball valves and gate valves.

THREE WAY DIRECTION CONTROL VALVES
As discussed earlier two way valves are used to start and stop fluid flow in a particular line.

They can either allow or block flow from a pump to an outlet line for example. Three way
valves also either block or allow flow from an inlet to an outlet. They also allow the outlet to
flow back to the tank when the pump flow is blocked, while a 2 way does not. A three way
valve have three ports a pressure inlet port (P), an outlet to the system (A), and a return to
the tank (T). In its normal position, just as withthe two way DCV, the valve is held in position
with spring. In the normal position 'Figure A' the pressure port (P) is blocked and the outlet
(A) is connected with the tank (T). This depressurizes or vents the outlet port. In the actuated
position the pressure port is connected with the outlet and the tank port is blocked. This
sends flow and pressure to the system. The spring is shown on the normal side of the valve
symbol and the actuation type is shown in opposite side by push button. The symbol indicates
that this is a three way two position normally closed DCV with push button and spring return.
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A.Valve in the normal position

- A
) @
PT

B. Valve actuated

A
I : _[’IT j.

Three way, Two position normally closed DCV
The most common application for a three way valve in a hydraulic circuit is to control a single
acting cylinder. Part A shows the valve in normal position in which pressure port is blocked
and the outlet is return to the tank. This allows the force of the spring to act on the piston
and retract the cylinder. The cylinder will remain retracted as long as the valve is in this
position. In part B the valve is shifted so that the pressure port is connected to the outlet and
the tank port is blocked. This applies pump flow and pressure to the piston and extends the
cylinder against the relatively light force of the spring. A two way valve could not be used in
this application. It would not allow the cylinder to retract when it is in the closed position
because the closed position of a two way does not have a return to the tank. A pressure relief
valve, a device that limits the maximum pressure in a hydraulic circuit, is included in the
previous circuit. These valves are required components in every hydraulic system. The
importance of the pressure relief valves are discussed in upcoming topics.
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Application of Three Way Two Position DCV

L

The next figure shows application of three way three position DCV using gravity return type
single acting cylinder. A third valve position called neutral may be desirable for this
application. This position shown as the center position in the symbol blocks all the three ports.
This holds the cylinder in a mid-stroke position because the hydraulic fluid, which is relatively
incompressible, is trapped between the valve and the cylinder. Many cylinder applications
require this feature. This introduces another type of actuation manual lever and detent. A
detent is a mechanism that holds the valve in any position into which it is shifted. Detented
valves have no normal position because they will remain indefinitely in the last position
indicated.

c

Weight

&
Detent Manual
Lever

Pump

Pressure Relief
Valve

Application of Three way three position DCV

(A) Extend Cylinder (B) Hold Cylinder (C) Retract Cylinder

DEPARTMENT OF MECHANICAL ENGINEERING



FOUR WAY DIRECTIONAL CONTROL VALVES

Four way valves are the most commonly used directional control valves in hydraulic circuits
because they are capable of controlling double acting cylinders and bidirectional motors.
Figure shows the operation of a typical four way, two positions DCV. A four way has four
ports, usually labeled P, T, A and B. P is the pressure inlet and T is the return to tank. A and
B are outlets to the system. In the normal position, pump flow is sent to outlet B and outlet
Ais connected to the tank. In the actuated position, pump flow is sent to port A and port B
is connected to the tank.

Four way DCV control two flows of fluid at the same time, while two way and three way
DCV control only one flow at the time.

The most common application for a four way DCV is to control a double acting cylinder as
shown in below Figure. When the valve is in the normal position, the pump line is
connected to the rod end of the cylinder and the blind end is connected to the tank . The
cylinder will therefore retracted, the pump flow will go over the pressure relief valve back
to the tank, as it must whenever the pump flow cannot go to the system. In Figure B, the
pump line is connected to the blind end of the cylinder and the rod end is connected to the
tank. This will cause the cylinder to extend. When the cylinder is fully extended, pump flow
will again go over the pressure relief valve to the tank.

A. Valve in normal position

>
mw

-
—

b=
m

R
-

Complete Symbol
AB

WXL

P T

Four way, Two position DCV
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A. Retract cylinder B. Extend cylinder

f
b

PF

Application of Four way, Two position DCV
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Four way, Three position DCV
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SHUTTLE VALVES

These valves allow two alternate flow sources to be connected to one branch circuit. They
have two inlets (P1 and P2) and one outlet (A). Outlet A received flow from whichever inlet is
at a higher pressure. If the Pressure at P1 is grater than that at P2, the ball slides to the right
and allows P1 to send flow to outlet A. If the pressure at P2 is grater than at P1, the ball slides
to the left and P2 supplies flow to outlet A. The Figure shows a circuit that utilizes a shuttle
valve. This circuit allows either of two three way buttons to operate a single

acting cylinder. 'Figure A' shows both three ways in their normal position. The cylinder is
vented to the tank and will remain retracted under the force of the spring. In 'Figure B' three
way number 1 is shifted and pump flow is sent to the cylinder through the path shown.

P1> P2

P1 | Q ) P2
—N . . _—

/ N
P1 { ? - P2

A. Retracted B. Extend
A A A S TAAAS
V'V —|\VVV[~
A
—O { h
3‘“‘ @J J_ 5-.“ CZ) A

D GZ‘L,\M MAZD

Shuttle Valve Circuit
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DIRECTIONAL CONTROL VALVEACTUATION

Various methods used to shift the valve are shown in Figure. All shown controlling a spring
return four way two position valve. Manual lever is a popular method of actuation for DCVs
used in mobile equipment applications such as back hoes, bulldozers and farm equipment.
Push button actuation is more prevalent in industrial applications.

Foot pedal actuation, which could be used in an application in which hands free shifting
of the DCV is required. Cam actuated valves shift when depressed by some mechanical
component of the machine. Pilot operated valves are shifted with system pressure. As
stated earlier, pilot operated check valves use system pressure to hold a check valve
open or closed when pressure is applied to the pilot line. Solenoid actuated DCV valves
are shifted using electrical current, which induces a magnetic force that shifts the valve
spool. Solenoid valves are widely used in industrial applications on electronically
controlled machinery. The pilot operated solenoid valves are essentially two valves in one
package. The solenoid is used to actuate a small pilot DCV, which in turn uses the pressure
of the system to shift the main valve. This method of actuation is necessary on large
valves that operate in systems at high pressures. They are necessary because the
solenoid alone cannot generate enough force to shift a large valve against a high
pressure. The solenoid can, however, generate enough force to shift the small pilot valve,
which can then use the pressure of the system to shift the main valve.

i | X j Manual Lever

IM" | X :D Pushbutton

RM“ )l: i\ Foot Pedal

w" X :T:) Mechanical (Cam)

W‘ X «}-— Pilot Operated

WJ X Soleniod

!w‘ r X EE] Pilot Operated Soleniod
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PRESSURE CONTROL VALVES

The force of a cylinder is proportional to the pressure in a system and the area over which the
pressure is applied. Controlling the pressure level in a circuit will therefore allow us to control
the output force of a cylinder pressure control valves control the max pressure level and also
protect the circuit from excessive pressure, which could damage components and possibly
cause serious injury. Some types of pressure control valves simply react to pressure changes
rather than control the pressure.

PRESSURE RELIEF VALVES

Pressure relief valves limit the max pressure in a hydraulic circuit by providing an alternate
path for fluid flow when the pressure reaches a preset level. The basic types are

1 Direct acting pressure relief valve

2 Pilot operated pressure relief valve

DIRECT ACTING PRESSURE RELIEF VALVES

All relief valves have a pressure port that is connected to the pump line and a tank port that
is connected to the tank. The Figure shows the direct acting press relief valve, a ball or poppet
is subjected to pump pressure on one side and the force of a spring on the other. When the
pressure in the system creates a force on the ball that is less than the spring force, it remains
on its seat and the pump flow will go to the systems as shown in Fig. A. When the pressure is
high enough to create a force greater than the spring force, the ball will move off its seat and
allow pump flow to go back to the tank through the relief as shown in Fig. B. The pressure at
which the relief valve opens can be adjusted by changing the amount of spring compression,
which changes the amount of force applied to the ball on the spring side.
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Direct Acting Pressure Relief Valve

This is accomplished with an adjustment screw or knob. This type of relief valve is called direct
acting because the ball is directly exposed to pump pressure. The graphic symbol for an
adjustable pressure relief valve, along with a pump is shown in Fig. C. The symbol shows that
the valve is normally closed on one side of the valve; pressure is fed in to try to open the
valve, while on the other side the spring is trying to keep it closed. The arrow through the
spring signifies that it is adjustable, allowing adjustment of the pressure level at which the
relief valve opens.

PILOT OPERATED PRESSURE RELIEF VALVE

The Figure A, B shows the pilot operated pressure relief valve, rather than a direct acting relief
valve, is used to control the maximum pressure. A pilot operated relief valve consists of a
small pilot relief valve and a main relief valve. It operates in a two stage process. First the pilot
relief valve opens when a preset maximum pressure is reached, which then causes the main
relief valve to open. Just like the direct acting type, the pilot operated type has a
pressure port that is connected into the pump line and a tank port that is connected
to tank.
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The pilot relief is usually a poppet type. The main relief consists of a piston and stem. The
main relief piston has a hole called the orifice drilled through it. This allows pressure to be
applied to the top side of the piston, as well as the bottom side. The piston has equal areas
exposed to pressure on the top and bottom and is therefore balanced it will have equal force
on each side. It will remain stationary in the closed position. The piston has a light bias spring
to ensure that it will stay closed. When the pressure is less that the relief valve setting, the
pump flow goes to the system. The pressure is also applied to the pilot poppet through the
pilot line. If the pressure in the system becomes high enough, it will move the pilot poppet
off its seat. A small amount of flow begins to go through the pilot line back to tank. Once flow
begins through the piston orifice and pilot line, a pressure drop is induced across the piston
due to the restriction of the piston orifice. This pressure drop then causes the piston and stem
to lift off its seat and the flow goes directly from the pressure port to the tank. The symbol
for the pilot operated relief valve is the same as that used for the direct acting relief valve.
The advantages are usually smaller than a direct acting type for the same flow and pressure
ratings. They also generally have a wider range for the maximum pressure setting. Another
advantage is that they can be operated remotely. This is achieved by connecting a direct
acting relief valve to the vent port of the pilot operated relief valve as shown in Figure C.
Notice that the vent port is connected into the pilot line. The direct acting relief valve, called
the remote in this arrangement, acts as a second pilot relief valve. Flow can now go back to
tank through either the onboard pilot or the remote pilot. Whichever pilot is set to a lower
pressure will cause the relief valve to open. Flow through either pilot will cause the main

poppet to lift off its seat and allow full flow back to the tank. The advantage of this type of
Onboard Pilot PRV

Remote Pilot PRV \Vent Port

To System -— —=

arrangement is that the on board pilot can be set to the absolute maximum pressure that the

circuit is designed for, while the remote can be set for a lower pressure dictated by the current
operating parameters.

C - Pilot Operated Pressure Relief Valve with Remote Control

This method of pressure control has two key advantages,

1. The on board pilot can be made in accessible so that if the machine operator were to
inadvertently set the pressure of the remote too high, the pressure would never rise above
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the absolute maximum setting determined by the on board pilot.

2. The remote pilot can be located away from the circuit in a safe location that is easily
accessible to the operator. In the symbol the lines associated with the remote are dashed
because they are control pilot lines.

The pressure at which the relief valve begins to open is known as the cracking pressure. At
this pressure, the poppet just begins to lift off its seat and some of the pump flow begins
to go through the relief valve back to the tank. The rest of the flow goes to the system. The
pressure at which the relief valve is completely open is known as the full flow pressure. The
difference between the cracking pressure and the full flow pressure is often called the
pressure over ride in manufacture’s literature.

UNLOADING VALVES

In the case of pressure relief valve, the pump delivers full pump flow at the pressure relief
valve setting and thus operates at maximum horse power conditions.
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Unloading Valve

The ‘In’ port of the unloading valve is connected to the line which is to be unloaded. The pilot
port is connected to the line which is supposed to send the pressure impulse for unloading
the valve. As soon as the system pressure reaches the setting pressure which is available at
the pilot port, it lifts the spool against the spring force. The valve is held open by pilot pressure
and the delivery from the pump starts going into the reservoir. When the pilot pressure is
released, the spool is moved down by the spring and the flow is directed through the valve
into the circuit. The unloading valve is useful to control the amount of flow at any given time
in systems having more than one fixed delivery pump.

The symbol for each is shown in 'Figure A' for comparison. Both send flow back to the tank
when a preset pressure is reached. However, an unloading valve reads the pressure in an
external line, rather than in its own line, as indicated by the dashed pilot lines. 'Figure B' shows
the application for an unloading valve. This circuit can be used in an application in which high
flow (speed) and low
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B - Unloading Valve Circuit

pressure (force) is required for a part of the cylinder’s stroke, while low flow and high pressure
are required for the rest for example a metal stamping machine. In this machine it may be
desirable for the cylinder to move into position very quickly, and then slow down when it
reaches the work piece. The first part of the cycle requires only minimal pressure because the
only resistance is the flow resistance of the components and the friction of the cylinder. The
second part of the cycle requires high pressure because the cylinder is deforming the metal.
This circuit supplies the cylinder with from both the high flow pump and the low flow pump
when the pressure is below 500 bar. When the pressure reaches 500 bar, the unloading valve
opens and unloads the high flow pump back to tank at low pressure. Only the low flow pump
supplies the cylinder with flow at pressure from 500 bar to 1500 bar. If the pressure reaches
1500 bar, flow from the low flow pump is forced over the relief valve at this pressure. Check
valve 1 isolates the high flow pump from the system pressure while it is being unloaded. Check
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valve 2 prevents the flow the high flow pump from flowing into the low flow pump line. This
would reverse the low flow pump, which would cause damage to the power unit.

PRESSURE REDUCING VALVE

This type of valve is used to maintain reduced pressure in specified locations of hydraulic
systems. It is normally an open valve. It is actuated by down stream pressure and tends to
close as this pressure reaches the valve setting. The figure shows the construction of the
valve. This valve is one which uses a spring loaded spool to control the down stream pressure.
If down stream pressure is below the valve pressure, fluid will flow freely from the inlet to the
out let. When the outlet pressure increases the valve setting, the spool moves to partially
block the outlet port. If the valve is closed completely by the spool, it could cause the down
stream pressure to build above the valve setting. To avoid this, a drain line is provided to drain
the fluid to the tank.

Drain
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0000
o000

In —'h;
Main Pressure —
Side * = QOut

N

"y

N, Controlled
Pressure

Pressure Reducing Valve
The below Figure compares the symbol for a relief valve and a reducing valve. The reducing
valve is normally open, while relief valve is normally closed.

Pressure Relief Valve Pressure reducing valve
T
. W LT
External 1 1
drain | -
LL
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Symbol Comparison
The reducing valve reads the pressure down stream while the relief valve reads the pressure
upstream. The reducing valve has an external drain line, while a relief valve does not. When
a valve has an external drain, a line must be connected from the valves drain port to the tank.
Drain lines, like pilot lines are shown as dashed lines.
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Pressure Reducing Valve Application

The above figure shows an application for a pressure reducing valve. Here, two cylinders are
connected in parallel. The circuit is designed to operate at a maximum pressure of 1500 bar,
which is determined by the relief valve setting. This is the maximum pressure that cylinder
will see. For a reason determined by the function of the machine, cylinder 2 is limited to a
maximum pressure of 1000 bar. This is accomplished by placing a pressure reducing valve in
the circuit in the location as shown.

If the pressure in the circuit rises above 1000 bar, the pressure reducing valve will close
partially to create a pressure drop across the valve. The valve then maintains the pressure
drop so that outlet pressure is not allowed to rise above 1500 bar setting. The disadvantage
of this method of pressure control is that the pressure drop across the reducing valve
represents lost energy that is converted to heat. If the pressure setting of the reducing valve
is set very low relative to the pressure in the rest of the system, the pressure drop will be very
high, resulting in excessive heating of the fluid. When the hydraulic fluid becomes too hot, its
viscosity reduces, causing increased component wear.

SEQUENCE VALVES

When the operation of two hydraulic cylinders is required to be performed in sequence by
using a single direction valve, a special valve is required for this purpose and it is known as
the sequence valve.
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The sequence valve is to direct flow in a predetermined of sequence. The sequence valve
operates on the principle that when system pressure over comes the spring setting, the valve
spool moves up allowing flow to the secondary port that is connected with the second
operating hydraulic cylinder.

The figure shows the symbol comparison of pressure relief valve and sequence valve.
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Instead of sending flow back to the tank, however, a sequence valve allows flow to a branch

circuit when a preset pressure is reached. The check valve allows the sequence valve to be by
passed in the reverse direction. The component enclosure line indicates that the check is an
integral part of the component. The sequence valve has an external drain line, therefore a
line must be connected from the sequence valves drain port to the tank.

Pressure Relief Valve Sequence valve

=

The below figure shows the circuit of tube bending machines uses sequence valve for
clamping and bending tubes in sequence. As per the required sequence first the work piece
has to be clamped, then bend to required shape, bending cylinder retract and clamping
cylinder retract to unclamp the work piece. In this circuit, the bending cylinder will extend
only after the clamp cylinder is fully extended and the clamp cylinder will retract only after
the bending cylinder is fully retracted.
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Sequence Valve for Tube Bending Machine
COUNTER BALANCE VALVES

A counter balance valve is used to maintain back pressure on a vertical cylinder to prevent it
from falling due togravity.

This valve operates on the principle that the line of flow from the bottom of the vertical
cylinder into the valve remains closed till a pilot pressure is achieved. As soon as the pressure
is developed, it over comes the spring force and the line of flow finds a free passage between
primary port and secondary port. When the DCV is shifted to extend the cylinder, the weight
may cause the cylinder to ccelerate too quickly. When this occurs, the load is driving the
cylinder, as apposed to the more controllable situation of the cylinder driving load. This can
cause damage to the load, or even to the cylinder itself, when the load is stopped quickly at
the end of its travel. This can be remedied by placing a counter balance valve on the rod end
of the cylinder as shown in below figure.
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Counterbalance Circuit

When the DCV is shifted to lower the weight, the cylinder will not extend until a preset
pressure is reached in the rod end. This provides a back pressure against the rod end of the
piston, which acts to stabilize the downward movement of the cylinder. The check valve
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allows the counter balance valve to be passed when the cylinder is retracted. A counter
balance valve has an internal drain, unlike the sequence valve, which has an external drain.

BRAKE VALVES

Brake valves, like counter balance valves, are used to prevent loads from accelerating
uncontrollably. Counter balance valves are used with cylinders, brake valves are used with
hydraulic motors. Brake valves are most commonly used in circuits in which the motor must
lower a large weight, such as in a winch application. A simple winch circuit is shown in Figure.

When the weight is lowered, it may tend to drive the motor, instead of the motor lowering
the weight. This is known as an over running load. In this situation, the load will probably
accelerate too quickly. The motor is being driven by the load and is basically acting as a pump.
When this occurs, the pressure at the outlet will be higher than the pressure at the inlet. The
brake valve senses the pressure in both the inlet and outlet lines of the motor, just as it is with
a pump.

Brake
Valve

i

]

1

1

r

| samm

(] '

Ll

--F'd;
e = e = — -

Nz
<
N

)

Brake Valve In Winch Application
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Whenever the pressure at the outlet is lower than the pressure at the inlet, the motor is
functioning normally and the brake valve allows nearly unrestricted flow out of the motor.
When the pressure at the outlet is higher than at the inlet, however, the brake valve closes
partially to provide enough of a back pressure on the outlet of the motor to keep the load in
control. The check valve allows the valve to be by passed when the weight is being raised.

FLOW CONTROL VALVES

Flow control valves control the flow rate of fluid in a circuit. They accomplish this by
incorporating a variable orifice into the circuit that acts like a faucet; closing the flow control
valve orifice reduces the flow rate and opening the orifice increases the flow rate. The speed
of an actuator depends directly upon the flow rate in the system. Controlling the flow rate
therefore allows us to control the speed of actuators. A variable displacement pump’s flow
output can be varied, even while it is being driven at a constant speed. This will also control
the actuator’s speed. In spite of this, flow control valves are commonly used because they
are much less expensive and easier to control than variable pumps.

Types

1. Needle flow control valve

2. Pressure compensated flow control valve
NEEDLE VALVE

The simplest type of flow control valve is needle valve as shown in Figure.

Adjustment Knob

Valve Stem

Fully Open Partially Open Closed

A—%—B

Symbol
Needle Valve

This valve is basically just an adjustable orifice than can be closed to reduce the flow rate in a
circuit. The orifice size is adjustment by turning the adjustment knob, which raises or lowers
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the valve stem and needle. The first figure shows the valve fully open, allowing nearly
unrestricted flow. The valve is partially closed and is restricting the flow in the next figure. In
the last figure, the valve is completely closed and is therefore allowing no flow. The symbol
for a needle valve is shown in D. Needle valves are often used as manual shut-off in
applications that require good metering characteristics. In most fluid applications, a needle
valve with an integral check valve is used to control the flow rate as shown in below Figure.
Part A shows the flow going through the valve from A to B. In this direction, it cannot go
through the check and must therefore go through the restriction. In part B, the flow is coming
from the opposite direction B to A and can pass through the check valve. The flow is virtually
unrestricted in this direction. This flow control valve therefore only controls the flow rate
from Ato B. From B to A, the flow is uncontrolled because the restriction is by passed through
the check.

Restricted Flow Free Flow

Needle Valve with Integral Check Valve

PRESSURE COMPENSATED FLOW CONTROL VALVE

The flow control valves blocks the flow in term there is a pressure drop across the valve. This
pressure drop affects the motion of the actuators and also increases the temperature of the
fluid. To eliminate the above problems pressure compensated flow control valve is designed
as shown in below Figure.
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Pressure Compensated Flow Control Valve

This type of flow control valves automatically adjusts the size of the orifice in response to
changes in system pressure. It accomplishes this through the use of a spring loaded
compensator spool that reduces the size of the orifice when the upstream pressure increases
relative to the downstream pressure. Once the valve is set, the pressure compensator will act
to keep the pressure drop across the valve nearly constant. This in turn keeps the flow rate
through the valve nearly constant. This valve consists primarily of a main spool and a
compensator spool. The adjustment knob controls the main spool’s position, which controls
the orifice size at the outlet. The pressure upstream of (before) the main spool is ported to
the left side of the compensator spool through pilot line A. Pressure downstream of (after)
the main spool is ported to the right side of the compensator spool through pilot line B. The
compensator spring bases the compensator spool to the fully open position. If the pressure
upstream of the main spool increases too much relative to the downstream pressure (ie the
pressure drop becomes too high), the compensator spool will move to the right against the
force of  the spring. Those acts to keep the pressure drop across the main spool and
consequently the flow rate nearly constant.

METER-IN FLOW CONTROL

A cylinder with meter-in flow control of the extend stroke is shown is below Figure.
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Extend Cylinder Retract Cylinder

Cylinders with Meter-In Flow Control

When the cylinder is extending, the flow coming from the pump cannot pass through the
check valve and is forced to go through the metering orifice (part A). When the cylinder is
retracting, the needle valve is being by passed through the check (part B). The net result is
that the flow control valve is controlling the extend speed, while the retract speed of the
cylinder is uncontrolled. It is common to control only the working stroke of a cylinder, while
allowing the return stroke move at full speed.

METER-OUT FLOW CONTROL

The Figure shows a cylinder with meter-out flow control of the extend stroke.
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Cylinders with Meter-Out Flow Control

The flow control valve in this circuit is placed in the rod end line. When the cylinder is
extending, the flow coming from the cylinder cannot pass through the check and is forced to
go through the metering orifice (part A). When the cylinder is retracting, the metering orifice
is being by passed through the check (part B). The net result is the same as with the previous
circuit. The extend speed is controlled, while the retract speed is uncontrolled. However, in
this circuit we control the flow rate act of the cylinder, while in the previous circuit we
controlled the flow rate into the cylinder.

BLEED-OFF CONTROL VALVE

In addition to meter-in and meter-out flow control, there is a less commonly used flow control
configuration known asbleed-off.
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A. Extend stroke. B. Retract stroke.

Cylinders with Bleed- Off Control
In this type of flow control, an additional line is run through a flow control back to the tank.

To slow down the actuator, some of the flow is bled off through this line, thereby reducing
the flow to the actuator 'Figure A' shows bleed off control of the extend stroke, 'Figure B'
shows control of the retract stroke. Note that the operation of a bleed-off flow control valve
is opposite to a meter-in or meter-out flow control valve. Opening a bleed-off flow control
valve slows down an actuator, while opening a meter-in or meter-out flow control valve
increases actuator speed.

FLOW DIVIDER

Flow dividers divide the flow from a pump into two or more streams of equal flow rates. They
maintain equal flow rates in the branch circuits even if the pressures in the branches are not
equal. Without flow divider, the flow from the pump would follow the path of least resistance.

There are two commonly used flow divider designs balanced spool and rotary. The Figure
shows a simplified cut away of a balanced spool flow divider. The spool is free to slide back
and forth in the housing and will naturally assume a position so that the pressure on either
side of the spool will be equal. The spool is therefore pressure balanced. For example if the
pressure at outlet 1 was greater than the pressure at outlet 2, the spool would slide to the
right to partially cover outlet 2. By partially restricting the more lightly loaded outlet, the
flow divider adds more resistance to this path. This acts to equalize the resistance of each

path.
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Outlet 1 Cutlet 2

! |
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Balanced Spool Flow Divider
The rotary flow divider is basically two gear pumps are in one housing whose inlets are joined
together as shown in Figure.

Outletl Outlet2

O

L

Their shafts are also coupled together so that they must turn at the same speed. Because they
are forced to turn at the same speed, they will supply equal flow to their outlets when placed
ina pump line.

Industry applications relevant to the concepts covered

1. Better control components can be built with higher efficiency.
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Tutorial Questions:

1. Explain the working principle of piston type motor with neat sketch.
2. Explain the working principle semi-rotary actuator with neat sketch..
3. Explain the working of gear type motor and vane type motor

4, Write the short notes on telescopic cylinder

5. Explain the cushioning of cylinder

6. Explain the working principle following types of cylinders

i) Single acting cylinder

i) Double acting cylinder

iii) Cylinder Cushioning

7. Explain the working principle of different types of cylinders used in hydraulic system
8. Describe the working of double acting tanden cylinder and gear motor with graphical
symbol

9. With neat sketch explain the construction of Telescopic cylinder and state its
application with example.

10. With a suitable sketch describe the cushioning mechanism used in linear actuators.
11. Explain the construction and operation of basic types of accumulators used in
hydraulic system with neat sketch.

12. Explain any three types of special cylinder used in hydraulics with neat sketch

Question bank for Assignments:

1. List the types of hydraulic cylinder.

Explain the term cylinder cushioning

Define telescoping cylinder.

What is the chattering pressure valve

Why end cushions are used in cylinders?

How do you select hydraulic pipes for a hydraulic system?

No vk wnN

Mention the significance of telescopic cylinder with industrial application
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UNIT 1l

HYDRAULIC CIRCUITS AND
SYSTEMS
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OBJECTIVES:
1. Understanding the types & functions of accumulators

2. Understanding the types & functions of intensifiers

3. Understanding the Industrial hydraulic circuits

4. Understanding of working of double acting pump

5. Understanding the working of single /double acting reciprocating pump
OUTCOMES:

1. Knowledge of hydraulic circuits is utilized in industrial applications.
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ACCUMULATORS
Accumulators are devices that store hydraulic fluid under pressure. Storing
hydraulic fluid under pressure is a way of storing energy for later use. Perhaps the
most common application for an accumulator is supplementing the pump flow in
a hydraulic system in which a high flow rate is required for a brief period of time.
Types;
Weight loaded accumulator
Spring loaded accumulator
Gas charged accumulator
Piston type
Bladder type

o g > 0w Do

Diaphragm type

WEIGHT LOADED ACCUMULATOR

It is basically a vertically mounted cylinder with a large weight as show in
Figure.

I\\_ Hydraulic Fluid Port

Pump Linn\
\ - =

Weight Loaded Accumulator
When hydraulic fluid is pumped into this accumulator, the weight is raised.
The weight then applies a force to the piston, which generates a pressure on the
fluid side of the piston. The advantage of this type of accumulator over all of the
other, it applies a constant pressure on the fluid throughout its entire range of
motion. The disadvantage is that a very large weight must be used to generate

enough pressure. Because of that this type is seldom used.
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SPRING LOADED ACCUMULATOR
A spring loaded accumulator stores energy in the form of a compressed spring as

shown in figure.

\ Hydraulic Fluid Port
Pump Line

 p )

Spring Loaded Accumulator

Hydraulic fluid is pumped into the accumulator, causing the piston to move up and
compress the spring. The spring then applies a force on the piston that exerts a
pressure on the hydraulic fluid. Thepressure is constantly decreasing as hydraulic
fluid is drawn out because the spring decompresses and therefore exerts less force
on the piston. This type is not commonly used in hydraulic circuit because a large
spring must be used to generate enough pressure.

PISTON TYPE ACCUMULATOR

The basic construction of a piston type, gas charged accumulator is shown in
Figure. Its operation begins when the gas chamber is filled with a gas to some
predetermined pressure called the pre-charge, which causes the free-sliding piston
to move down. Once the accumulator is pre- charged, hydraulic fluid can be
pumped into the hydraulic fluid port.

‘FeasPon

\ Gas Chamber

Free Sliding Piston

' WHydraulic Fluid
Chamber

N\ Hydraulic Fluid Port

Pump Line
.\

Asthe hydraulicfluid enters the accumulator, it causes the pistontoslide up, thereby

compressingthe gas. Compressing the gas increases its pressure, and this pressure

DEPARTMENT OF MECHANICAL ENGINEERING


http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/
http://civildatas.com/

is then applied to the hydraulic fluid through the piston. Because the piston is free
sliding, the pressure on the gas and the hydraulic fluid is always equal. Whenever
the pressure in the system drops below the pressure in the accumulator, fluid will
flow out of the accumulator and into the system. As the hydraulic fluid flows out of
the accumulator, the gas decompresses and loses pressure, which in turn causes
the pressure on the hydraulic fluid to be reduced. The gas used to pre-charge
accumulator is usually nitrogen because it is an inert gas and does not support

combustion.

BLADDER TYPE ACCUMULATOR
The basicconstruction ofa bladder type accumulatorisshownin Figure.

These accumulator functions in the same way as a piston accumulator,
storing energy in the form of a compressed gas. However, instead of the gas and
hydraulic fluid being separated by a piston, they are separated by a synthetic rubber
bladder. The bladder is filled with nitrogen until the desired pre- charge pressure
is achieved. Hydraulic fluid is then pumped into the accumulator, thereby
compressing the gas andincreasing the pressure in the accumulator, just as with the
piston type. The port cover is a small piece of metal that protects the bladder from

damage as it expands and contacts the hydraulic fluid port.

Hydraulic fluld
i Port Cover

Pump Line Hydraulic Fluid Port

(o )

Bladder Type Accumulators
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DIAPHRAGM ACCUMULATOR

Diaphragm

Pump Line

(

-

-

”I-)iraﬁhragm Acc"t.l.l;wlatorsr ”

The vessel is separated into two components by a flexible diaphragm. One
compartment is connected to the hydraulic system and the other to the high
pressure gas system. Thus the diaphragm serves asanelastic barrier between the oil
and the gas. When the oil is delivered into the accumulator, it deforms the
diaphragm. The gas is compressed when the charged oil pushes the diaphragm
against it. This gas pressure is used as the potential energy to force the oil out when
it is required in the circuit. The advantage of bladder and diaphragm accumulators
over the piston type is that they have nosliding surfacethatrequireslubricationand
can therefore be used with fluids with poor lubricating qualities. They are also less

sensitive to contamination due to lack of any close fitting sliding components.

NON-SEPARATED TYPE ACCUMULATOR

It consists of a fully enclosed shell containing a gas charging valve on the top
and an oil porton the bottom. The confines at the top and oil remain at the bottom
and there is no physical separator between them. Since the gas has direct contact
with the oil, this type is termed as non separator type accumulator. Due to the
absence of separator, the gas is absorbed and also entrapped in the oil. This
accumulator type is not preferred for use with high speed pumps because the
entrapped gas in the oil may cause cavitations and damage to the pump. The

problems of aeration of the oil often limit their use in hydraulic system.
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APPLICATIONS OF ACCUMULATORS

Accumulators are used as
1. Leakage compensator
2. Auxiliary power source
3. Emergencypowersource
4. Hydraulicshockabsorber

5. Fluid make-up device

ACCUMULATOR AS LEAKAGECOMPENSATOR

® [ ]
—
® \ @@ﬁhx

[

@ — Line to reservoir
~M @ ~ Filter-strainer

ar O i
@ — Pressure relief valve
@ — Check valve
@ — Pressure switch

@ - Bladder type gas-loaded
accumulator

. — Lever operated, spring
offset 4/2 DC valve

@ - Double acting cylinder

®

OO ©

The stored energy of the accumulator can be used to compensate any
possible loss of energy due to internal or external leakage in a system. This
application is extremely helpful in circuits, such as are used for hydraulic presses,
which require high pressure for long periods. First operator places work piece on the
press and shifts handle of the 4/2 DC valve. Now the oil flows to blank end of cylinder
and piston extends. The pressure builds up and oil fills the accumulator. When
maximum pressure is reached, the pressure switch stops the pump motor. In these
applications, the cylinder and piston arrangement is required to press the work piece
for a longer period of time. During this period, the internal and external leakage may
reduce the cylinder pressure. The leakage oil is replaced with the oil from the
accumulator. This leakage replacement of oil is carried for a longer period of time. The
maximum length of time is determined by the volume of the accumulator and the rate
of leakage in the cylinder. When the pressing cycle has been completed, the operator

shifts the handle of the 4/2 DC valve to original position. Thus a cycle is completed.
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ACCUMULATOR AS AUXILIARY POWER SOURCE

As we know, the electric motor or pump motor is a primary power source. In
this application, the accumulator stores the oil during one portion of the work cycle
and releases the oil during the remaining cycle. Thus accumulator serves as a
secondary power source. Figure shows the circuit usingaccumulator as asecondary
power source. After placing the work piece on slide table and shifts handle of 4/2 DC
valve. Now oil flows from the accumulator to blank end of slide cylinder. This
extends the piston until slide table reaches end of stroke. When the cylinder is in
the fully extended position, the accumulator is charged with the oil by the pump.
Then the operator shifts the handle of 4/2 DC valve for the retraction of the
cylinder. Now the oil flows from the pump as well as from the accumulator to

retract the cylinder quickly.

—
® @@ : IX.uM@

@ ~ Line to reservoir
M () - Fitter-strainer

J @ @ — Unidirectional, fixed

@ Ill displacement pump

@ — Pressure relief valve
® (8) - Check vaive

@ - Gas-loaded accumulator

® - Lever operated, spring
offset, 4/2 DC valve

- Double aciing cylinder

ACCUMULATOR AS EMERGENCY POWER SOURCE
In some hydraulic applications, it is necessary to retract the pistons of cylinder
to their starting position; even there may be an electrical power failure. In such
applications, the accumulator can be used as an emergency power source to retract

the piston of the cylinder.
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@ @ ~ Unidirectional, fixed
displacement pump
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L s @ — Solenoid operated, spring offset
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@ — Check valve
@ @ — Gas-loaded accumulator
(8) - Double acting cylinder
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Accumulators as Emergency Power Source

When operator depresses push button energizing solenoid of the 3/2 DCV, oil flows to
blank end of cylinder. At the same time, the oil also unseats check valve. So the oil
under pressure flow to rod end of cylinder and into the accumulator. When there is a
power failure, the solenoid will de-energize. In the absence of solenoid energy, the
spring pressure forces the valve to shift to its spring offset mode. Now the oil stored
under pressure is forced from the accumulator to the rod end of the cylinder. Thus the
piston of the cylinder retracts to the starting position.
ACCUMULATOR AS HYDRAULIC SHOCK ABSORBER

In many high pressure hydraulic systems, the sudden stoppage of a hydraulic
fluid flowing at high velocity in pipelines can cause considerable damage to the
piping. This hydraulic shock, also known as water hammer, may snap heavy pipes,
loosen fittings and cause leaks. By installing an accumulator, this high pressure
pulsations or hydraulic shocks can be absorbed. Figure shows the circuit employing

accumulator for serving as a hydraulic shock absorber.
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——— 3 To System
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@ — Line to reservair

(@) - Fiter-strainer

@ ~ Unidirectional, fixed
displacement pump

@ — Pressure relief valve
@ — Pilot valve

- Weight-loaded type accumulator

— Lever operaled, spring offset
2/2 emergency shut-off valve

Accumulators as a Hydraulic Shock Absorber

the shock wave. When the system demands to shut-off the supply suddenly, a 2/2
shut-off valve is used for the purpose. When operator shifts handle of the 2/2
emergency shut-off valve, the fluid flow is stopped suddenly. This results in high-
pressure pulsations or hydraulic shock. The pressure pulsation is blocked by check
valve. The surges between the check valve and the shut-off valveare used to store
the oil in accumulator and thus the pressure pulsations of the oil in the pipe line are
absorbed.

INTENSIFIER

Pressure intensifier or boosters are devices used to generate pressure greater than
those achievable with standard hydraulic pumps alone. They take the inlet flow from
the pump and intensify the pressure. A simplified cut way of an intensifier is shown
in Figure.

Outlet to
System

J

Qi

|7{ |X |7] Symbol

A
nr

Single Acting Intensifiers
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The intensifier is shown on the forward stroke. In this situation, the pump flow (Q
pump) is fed into port A of the intensifier, which applies a pressure (P pump) to the
piston, causing it to more right. This in turn generates a force that is applied to the
rod. The force on the rod then creates pressure and flow at the outlet to the system.
When the four way directional control valve is shifted to the opposite position, the
pump flowissenttoport B of the intensifier, causingthe pistonto move left. This causes
fluid to be drawn into the rod chamber which completes one cycle. The Figure shows
the usage of intensifier in the punching machine. After placing the work piece in the
fixture and shifts handle of 4/2 DCV to the right side, the oil flows to the blank end of
the cylinder through the check valve. When the pressure in the cylinder reaches the
sequence valve pressure setting, the sequence valve opens and supplies the flow to
the intensifier. Now the intensifier starts to operate and gives high pressure output.
This high pressure output of the intensifier closes the pilot check valve and
pressurizes the blank end of the cylinder to perform the punching operation.

Work Piece
Fload ll_ - :H Intensifier
oad —™ H
H i | A
(Y

Filter
L

Pressure Intensifier Circuit

When the 4/2 DCV is shifted to the left side position, the oil flows to the rod end of the
cylinder. When it builds-up the pressure, the pilot signal opens the check valve. Thus

the cylinder is retracted to the starting position.

AIR-OVER-OIL INTENSIFIER CIRCUIT

In some applications, the hydraulics and pneumatics circuits are coupled to best use
of the advantage of both oil and air mediums. This combination circuit is also known
as hydro-pneumatic or dual pressure systems. Figure shows a typical air-over-oil
intensifier. This circuit can be used for drawing a cylinder over a large distance at a
low pressure and then over a small distance at high pressure. This circuit consists of
two lines- air lines and oil lines. In the circuit the air lines are shown by single lines
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and oil lines by double lines. When the first 4/2 DCV valvel is shifted to left mode,
the air from the reservoir flows to the approach tank. In the approach tank, the air
forces the oil to the blind end of the cylinder through the bottom of the intensifier,
as shown by double lines. Now the cylinder extends. When the cylinder experiences
its load, the second 4/2 valve2 is actuated to the left mode. This valve position sends
air to the top end of the intensifier. Now the intensifier moves down, and the piston
of the intensifier blocks the path of oil from the approach tank. Now the cylinder
receives high pressure oil at the blind end to perform the useful work such as
punching operation.

> FRL Vent
Illl
4\
Valve 1 VWV
Y
|
Vent Air | Retum
l/ oil tank
Valve 2
Fioad
I | 58
Air | Approach | ]
oil | tank Cylinder
—— Airline
Qil line
FRL- Filter, regulator, |
/ lubricator unit

Intensifier

Air-Over-0il Intensifier Circuit

When the valve2 is released, the air flow from the reservoir is blocked. The air from
the top end of the intensifier is vented to the atmosphere. This completes the high
pressure portion of the cycle. When valvel is released, the air flow is diverted to
return tank and also the air in the approach tank is vented. The diverted air flow
pushes the oil to the rod end of the cylinder. This causes the cylinder to retract. The
oil from the piston end of the cylinder is diverted back to the approach tank through
the bottom end of the intensifier. This completes the entire cycle of operation.

INDUSTRIAL HYDRAULIC CIRCUITS : REGENERATIVE CIRCUIT

It is used to speed up the extending speed of the double acting cylinder. Figure shows
a regenerative circuit that can be used to speed up the extending speed of the double
acting cylinder. This circuit uses a manually operated, three position, four way DCV
and a double acting cylinder. It should be noted in this circuit that the pipelines to the
cylinder are connected in parallel and one of the ports of the DCV is blocked. When
the 4/3 DCV is shifted to the left mode, the oil flows from the pump to the blank end
of the cylinder. This pump flow extends the cylinder. When the 4/3 DCV is shifted to
the right mode, the oil from the pump bypasses the DCV and enters into the rod end
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of the cylinder. Qil in the blank end drains back to the tank through the DCV as the
cylinder retracts. The speed of extension in the regenerative circuit is greater than
that for a regular double acting cylinder. But the speed of retraction is similar to the
regular double acting cylinder. This is because oil flow from the rod end regenerates
with the pump flow to provide a total flow rate, which is greater than the pump flow
rate to the blank end of the cylinder.

]
TBlOCkEd
ﬁ - é\
W T T >< pv
® | b
3 @. - Line to reservoir
@) - Fitter-strainer
* — Unidirectional, fixed
o @ d;pia'cement pump

==

(8) - Double-acting cylinder

; @ @ - Pressure relief valve

2 S—— ) (®) - Manualty-operated
4/3 DC valve

—

@O ©

Regenerative Circuit

AUTOMATIC CYLINDER RECIPROCATING SYSTEM

The sequence valves can also be used to produce continuous reciprocation of a hydraulic
cylinder. Figure shows a circuit that automatic reciprocation of the hydraulic cylinder. This can
be achieved by using two sequence valves and a pilot pressure operated spring-centered 4/3
DCV. When the 4/3 DCV is shifted to the flow path configuration, oil flows from the pump to
the rod end of the cylinder. This pump flow retracts the cylinder. The check valvel prevents
shifting of the 4/3 DCV until the full retraction stroke completes. As the piston reaches its end
of stroke, the pressure builds up in the sequence valvel and it opens. This allows the pilot
pressure signal to shift the DCV to the right mode. When the pilot signal shifts the 4/3 DCV to
the right mode, the oil flows to the blank end of the cylinder. This pump flow extends the
cylinder. The check valve 2 prevents shifting of the DCV until the full extension stroke
completes. As the piston reaches its end of stroke, the pressure builds up in the sequence
valve2 and it opens. This allows the pilot pressure signal to shift the DCV to the left mode
again. Thus the sequence repeats and the cylinder reciprocates continuously.
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Automatic Cylinder Reciprocating System

SYNCHRONIZING HYDRAULIC CYLINDERS

There are many industrial applications require nearly perfect synchronization of movement
of two or more cylinders in order to complete some phase of operation. To accomplish the
identical task from the cylinders at the same rate, synchronizing circuits are employed. This is
achieved by using double-end cylinders in series, by using mechanically linked pistons, by
using hydraulic motors as metering devices and by using flow control valves. Figure shows a
circuit to synchronize two cylinders by connecting them in series. This circuit uses a solenoid-
operated, spring-offset 4/3 DCV and two double acting cylinders. When the 4/3 DCV is shifted
to the left envelope flow path configuration, oil flows from the pump to the blank end of
cylinderl and thus the cylinderl extends. At the same time, oil from the rod end of cylinderl
is forced to the blank end of cylinder2 and thus the cylinder2 also extends. Now the oil returns
to the tank from the rod end of the cylinder2 through DCV. Once full extension of cylinderl
and 2 are over the DCV is shifted to the right mode. When the 4/3 DCV is shifted to the right
mode, oil flows from the pump to the rod end of cylinder2 and thus the cylinder2 retracts. As
the same time, oil from the blank end of cylinder2 is forced to the rod end of cylinderl and
thus the cylinderl also retracts.
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Synchronizing Hydraulic Cylinders
Now the oil returns to the tank from the blank end of cylinderl through DCV. Thus both
extension and retraction operations of both cylinders are synchronized by connecting them is
series. But for the two cylinders to be synchronized, the piston area of cylinder2 should be
equal to the difference between the areas of the piston and rod for cylinder1.

FAIL-SAFE CIRCUIT

Fail-safe circuit is designed to safeguard the operator, the machine and work piece. These
circuits prevent any possible injury to the operator or damage to the machine and the work
piece. One such fail safe circuit is explained below. It is also called as two handed safety circuit.
Figure shows the two handed safety control circuit. This circuit uses a pilot-operated spring-
offset 4/3 DCV and two push buttons. When the 4/3 DCV valve is in its centre position, the oil
flows is diverted back to tank through the pressure relief valve. Therefore the cylinder is
hydraulically locked. When operator pushes down both left and right push buttons, the oil
flows in through port R of pilot valvel and out through ports, then through port V of pilot
valve 2 and out port U. but check valve Z stops flow. At the same time, the oil also flows to
pilot connection A of 4/3 DCV causing the DCV to shift to its left mode.

When the cylinder and thus the cylinder extends. Thus extension of cylinder takes place only
when the operator depresses both the push buttons. When the operator pushes the right
button only, oil flows in through port R to port S of pilot valvel, then through port V to port
N of pilot valve2. Thus the oil is drained to the tank through the pilot valve2. This allow the
4/3 DCV to return to neutral position, thus the cylinder is hydraulically locked. When the
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operator pushes the left push button only, oil flows in port R of pilot valvel and out port T,
then unseats ball in check valve Z, then on to port U of pilot valve2, and out port V. Qil follows
the path of least resistance so it passes in port S of pilot valvel, out port M and into sump. It
does not build up enough pressure to keep pilot pressure on pilot connection A so 4/3 DCV
shifts back to neutral position, thus the cylinder is hydraulically locked. When the operator
releases both left and right push buttons, oil flows in port R of pilot valvel and out port T,
then through check valve Z and into port U of pilot valve2. Now the oil flows out port W into
pilot connection B of 4/3 DCV shifting its position to right mode. When the 4/3 DCV is shifted
to its right mode, the oil from the pump flows into the rod end of the cylinder and hence the
cylinder retracts. Thus the retraction of cylinder takes place only when the operator releases
both the push buttons.

Left | Right 1
push button} push buttoni
i i
(] U V!
R > Si Z r- >}--4 ]
< [ S = S
M T. N w E W
Pilot Pilot | A
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Two Handed Safety Control Circuit
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Industry applications relevant to the concepts covered

1. Industrial hydraulics circuits consisting of all these hydraulic components.

Tutorial Questions:

10.

Design and explain the working of a sequencing circuit.

Explain the construction and working of pilot operated sequence valve
Explain working and construction of pilot operated pressure relief valve with
neat sketch

Sketch and explain commonly used 3-position 4-way direction control valves
With help of circuit diagram explain types and applications of

accumulator

Draw and explain the Counter balance valve circuit used in the hydraulic
circuit

Explain the commonly used electrical control device in fluid power system
Explain the construction of pressure relief valve with neat sketch

Design the hydraulic press circuit using unloading valve with neat sketch
Design and explain the working of a regenerative circuit.

Question bank for Assignments:

11.
12.
13.
14.

15.

16.

17.

18.

19.

20.
21.

Explain the working principle of pressure intensifier, with neat diagram.
Draw and explain the Air-over-oil circuit used in the hydraulic circuit.

Design the circuit to speed up the extending speed of a double acting cylinder
with suitable circuit

Describe a hydraulic circuit for synchronizing two cylinder with flow control
valves.

With suitable sketches explain following industrial hydraulic circuits

1. Pressure Regulating Circuit

2. Speed control circuit.

Explain the construction and working of following.1. Meter in Circuit 2.Meter
out Circuit

Discuss the construction and working of a Mechanical hydraulic servo system
with a diagram.

Develop a circuit having 4/3 DCV regenerative neutral used to control double
acting cylinder

Discuss the construction and working of a Mechanical hydraulic servo system
with a diagram

Design and explain the working of Electro hydraulic circuit.

Explain the working principle of following 1.3/2 Way Valve 2.4/2 way valve
3.4/3 way valve
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UNIT IV

PNEUMATIC AND ELECTRO
PNEUMATIC SYSTEMS
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OBIJECTIVES:

1. Understanding of basic properties of air

2. Remembering ideal gas laws

3. Understanding the types & functions of intensifiers
4. Understanding the compressor filters

5. Understanding of working of muffler, AC valves & quick return valves

OUTCOMES:

1. Able to differentiate regulator, lubricator & filter

2. Able to differentiate between hydraulic & pneumatic systems
3. Well aware of different pneumatic circuits.

4. Able to apply the knowledge of pneumatics for industrial application.
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Properties of air:

Air pressure and atmospheric pressure - definition

Air is a physical substance. It is a mixture of several gases present in the atmosphere and it
has its own weight. Air exerts pressure on the earth's surface. The weight of air on a unit area
of the earth is called Air Pressure. Atmospheric pressure is an important factor in producing
changes in weather. Atmospheric pressure decreases with height.

PROPERTIES OF AIR - DEFINITION

The properties of air are:
Air takes up space.

Air has mass.

Air is affected by heat.
Air exerts pressure.

Air can be compressed
Air is affected by altitude.

ok wN e

Perfect gas laws:

An ideal gas, also known as a perfect gas, is a gas that acts according to an idealized
relationship between volume, pressure, and temperature. This idealized relationship allowed
physicists to develop the ideal gas equation in which one can calculate the proportional or
inverse relationship of pressure, temperature, or volume of a gas if one of those three
variables change. While this equation is found to be very accurate for gases at extremely high
temperatures and low pressures, the ideal gas law is insufficient to explain the behavior
of real gases.

What is a real gas? A real gas is the name we use for how gases really act in nature, under
normal conditions. Real gases are different than ideal or perfect gases as they don't behave
in an idealized relationship with regards to their volume, temperature, and pressure. For an
ideal gas, we assume that the volume that the gas molecules takes up is negligible to the
volume of the container the gas is in. However, for real gases, this is not the case and
therefore the volume of the molecules of the gases need to be taken into account. This
problem exacerbates itself the more the volume of the real gas gets compressed. The other
big difference between ideal gases and real gases is how we treat the pressure of the gas. In
an idealized gas, we assume that there are no intramolecular forces between the gas
molecules. However, that is not the case in real gases and therefore we have to take the
intramolecular forces between the gas molecules into account. As the pressure of a real gas
increases, the intramolecular forces between the gas molecules increase as well.

If the ideal gas equation cannot explain the behavior of real gases in our natural world, why
do we use it? Scientists still use the ideal gas law and equation because even though it doesn't
perfectly describe real gases in our natural world, it provides us with a fairly accurate
approximation, especially if the gas is at a high temperature and low pressure. Therefore, we
will explore the ideal gas law and equation in the following section.

Created in the early 17th century, the gas laws have been around to assist scientists in finding
volumes, amount, pressures and temperature when coming to matters of gas. The gas laws
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consist of three primary laws: Charles' Law, Boyle's Law and Avogadro's Law (all of which will
later combine into the General Gas Equation and Ideal Gas Law).

Introduction:

The three fundamental gas laws discover the relationship of pressure, temperature, volume
and amount of gas. Boyle's Law tells us that the volume of gas increases as the pressure
decreases. Charles' Law tells us that the volume of gas increases as the temperature increases.
And Avogadro's Law tell us that the volume of gas increases as the amount of gas increases.
The ideal gas law is the combination of the three simple gas laws.

Ideal Gases:

Ideal gas, or perfect gas, is the theoretical substance that helps establish the relationship of
four gas variables, pressure (P), volume(V), the amount of gas(n)and temperature(T). It has
characters described as follow:

The particles in the gas are extremely small, so the gas does not occupy any spaces.
The ideal gas has constant, random and straight-line motion.

No forces between the particles of the gas. Particles only collide elastically with each
other and with the walls of container.

Real Gases:

Real gas, in contrast, has real volume and the collision of the particles is not elastic, because
there are attractive forces between particles. As a result, the volume of real gas is much larger
than of the ideal gas, and the pressure of real gas is lower than of ideal gas. All real gases tend
to perform ideal gas behavior at low pressure and relatively high temperature.

The compressiblity factor (Z) tells us how much the real gases differ from ideal gas behavior.

Boyle's Law:
In 1662, Robert Boyle discovered the correlation between Pressure (P)and Volume

(V) (assuming Temperature(T) and Amount of Gas(n) remain constant):

where x is a constant depending on amount of gas at a given temperature.

Charles' Law:

In 1787, French physicists Jacques Charles, discovered the correlation
between Temperature(T) and Volume(V) (assuming Pressure (P) and Amount of
Gas(n) remain constant):

where y is a constant depending on amount of gas and pressure. Volume is directly
proportional to Temperature

Avogadro's Law:
In 1811, Amedeo Avogadro fixed Gay-Lussac's issue in finding the correlation between

the Amount  of gas(n) and Volume(V) (assuming Temperature(T) and Pressure(P) remain

constant):

where z is a constant depending on Pressure and Temperature.
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The ideal gas law is the combination of the three simple gas laws. By setting all three laws
directly or inversely proportional to Volume

Compressor:

Compressor, device for increasing the pressure of agas by mechanically decreasing its
volume. Air is the most frequently compressed gas but natural gas, oxygen, nitrogen, and
other industrially important gases are also compressed. The three general types of
compressors are positive displacement, centrifugal, and axial. Positive displacement
compressors are usually of the reciprocating piston type, in which the gas is drawn in during
the suction stroke of the piston, compressed by decreasing the volume of the gas by moving
the piston in the opposite direction, and, lastly, discharged when the gas pressure exceeds
the pressure acting on the outlet valve. Reciprocating compressors are useful for supplying
small amounts of a gas at relatively high pressures.

Common Pneumatic System

Components
Transmission ey
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\ Regulator
Filter
:w:::rl\ / irecton:
Recever ‘f / ' SN
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lank ‘. WEN / s
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Pressure Compressor
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Filter Regulator Lubricator:

Air leaving a compressor is hot, dirty, and wet—which can damage and shorten the life of
downstream equipment, such as valves and cylinders. Before air can be used it needs to be
filtered, regulated and lubricated.

An airline filter cleans compressed air. It strains the air and traps solid particles (dust, dirt,
rust) and separates liquids (water, oil) entrained in the compressed air. Filters are installed in
the air line upstream of regulators, lubricators, directional control valves, and air driven
devices such as cylinders and air motors.
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Airline filters remove contaminants from pneumatic systems, preventing damage to
equipment and reducing production losses due to contaminant related downtime. Downtime

in an industrial plant is expensive; often it is the result of a contaminated and poorly
maintained compressed air system.
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Selecting the proper size of filter for any application should be done by determining the
maximum allowable pressure drop, which can be caused by the filter. The pressure drop can
be determined by referring to flow curves provided by the manufacturer.

There are three types of filters. General purpose, Coalescing (oil removal), and Vapor removal.
General Purpose are used to remove water and particles, Coalescing to remove oil and Vapor
removal to remove oil vapor and odor.

Pressure regulators reduce and control fluid pressure in compressed air systems. Regulators
are also frequently referred to as PRVs (pressure reducing valves). Optimally, a pressure
regulator maintains a constant output pressure regardless of variations in the input pressure
and downstream flow requirements. In practice, output pressure is influenced to some
degree by variations in primary pressure and flow.

Pressure regulators are used to control pressure to: air tools, impact wrenches, blow guns, air
gauging equipment, air cylinders, air bearings, air motors, spraying devices, fluidic systems,
air logic valves, aerosol lubrication systems and most other fluid power applications.
Regulators have a control spring which acts on a diaphragm to regulate the air pressure. The
rating of this control spring determines the pressure adjustment range of the regulator.
General purpose regulators are available in relieving or non-relieving types. Relieving
regulators can be adjusted from a high pressure to a low pressure. Even in a dead end
situation, relieving regulators will allow the excess downstream pressure to be exhausted.
This causes a loud hissing sound which is perfectly normal. Non- relieving regulators when
similarly adjusted will not allow the downstream pressure to escape. The trapped air will need
to be released in some other way, e.g. by operating a downstream valve.

Downstream equipment flow and pressure requirements must be determined to properly size
the correct regulator for the application. Manufacturers offer flow characteristics charts on
their products to help chose the correct regulator.

A lubricator adds controlled quantities of oil into a compressed air system to reduce the
friction of moving components.

Most air tools, cylinders, valves, air motors, and other air driven equipment require
lubrication to extend their useful life. The use of an airline lubricator solves the problems of
too much or too little lubrication that arise with conventional lubrication methods such as a
grease gun or oil. Once the lubricator is adjusted, an accurately metered quantity of lubricant
is supplied to the air operated equipment and the only maintenance required is a periodic
refill of the lubricator reservoir. Adding lubrication to a system also “washes away”
compressor oils that travel through the system in vapor form. Mineral oils added to the
system prevent synthetic compressor oil build-up on system components. When lubricators
are not used in a system, a coalescing filter should be installed to remove compressor oil
aerosols.

There are two types of airline lubricator: Qil-Fog for heavy applications such as single tools,
cylinders and valves and Micro-Fog for multiple applications, several cylinders or valves. In
oil-fog lubricators, all the oil droplets seen in the sight dome are added directly into the air
flow. This results in relatively large oil droplets passing downstream. In micro-fog lubricators,
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the oil droplets seen in the sight dome are atomized and collected in the area above the oil in
the bowl. The smaller, lighter particles are drawn into the air flow and pass downstream. As
a result, typically only 10% of the oil seen as drops in the sight dome is passed downstream.

Lubricators are sized by downstream flow requirements. An analysis of air flow use must be
made. After determining how much air flow is needed, a lubricator can be chosen.
Manufacturers’ curves will be similar to the one shown.

Muffler:

Pneumatic muffler for compressed air that facilitates maintenance:

Noise from pneumatic valves is extremely hazardous. A simple countermeasure is to fit the
pneumatic valve’s outlet ports with pneumatic mufflers. While this reduces noise, it often
disrupts operations. A well-known problem with conventional pneumatic mufflers is that the

filter sooner or later gets clogged by contaminants. In certain cases, noise suppression is given
a lower priority due to clogging problems.
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Silvent’s pneumatic mufflers have built-in warning indicators. In a nutshell, the technology
allows the muffler itself to set the optimal combination of flow capacity and noise reduction
thanks to a dynamic internal filter that minimizes operational disruptions.

Constant flow:
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A well-known problem with conventional pneumatic mufflers is that the filter — the so-called
diffuser — sooner or later gets clogged by contaminants, leading to:

1. Costly downtime
2. Difficult-to-localize malfunctions
3. Risk of injury from explosions

This has resulted in the removal by process technicians of mufflers from valve discharge ports
in order to avoid these types of problems. Thus noise suppression is given a lower priority due
to clogging problems.

To simplify the use of mufflers in pneumatic systems, Silvent’s pneumatic mufflers have
affixed external diffuser and a movable internal diffuser. The technology allows the muffler
itself to set the optimal combination of flow capacity and noise reduction thanks to a dynamic
internal filter, thus minimizing operational disruptions. In the two-chamber system, the
pneumatic muffler is supplied with a new filter surface as the old surface becomes clogged.
This ensures low back pressure and effective noise suppression. It also extends the pneumatic
muffler’s service life considerably.

Indicator for avoiding unnecessary stoppages

In conventional mufflers, it can be difficult to see when it’s blocked, which creates problems
for the operator as maintenance is made more difficult. If a clogged muffler is not replaced,
there is a risk of operational disruptions and a deterioration in the application’s efficiency.

To make maintenance easier, Silvent’s pneumatic mufflers are fitted with a clever warning
system. When the muffler is blocked and the entire filter surface is used, it’s indicated by a
red line that also shows the operator which muffler must be replaced.

This makes it possible to:

Minimize costly downtime

1. Be forewarned of problems

2. Reduce the risk of industrial injuries
3. Prioritize noise suppression
Efficient sound level reduction:

Compressed air can generate harmfully high noise levels. So-called sound spikes are common
when venting pneumatic valves, and they can be harmful even for short periods. Thus it’s
important to endeavor to reduce sound levels to the greatest extent possible. A good way of
reducing noise from venting pneumatic valves in machinery is to install pneumatic mufflers.

DEPARTMENT OF MECHANICAL ENGINEERING



Silvent’s pneumatic mufflers reduce the noise from pneumatic valves by up to 30-35 dB[A]
compared to an un-muffled outlet. This makes a big difference for operators, as a reduction
by 10 dB(A) means a halving of the sound level.

Air control valves:

Directional-control valves are vital in any pneumatic circuit, directing or blocking airflow to
control the speed or sequence of operations. One method of classifying directional-control
valves is by the flow paths under various operating conditions. Important factors are the
number of possible valve positions and the number of ports and flow paths. Here are some
basic configurations.

Two-way, two-position valves consist of two ports connected with a passage that can be
opened or blocked to control flow through the valve. Usually, an electrically activated
solenoid shifts the valve spool or poppet to direct flow. The valve provides an easy on-off
function, which many systems use to interlock, isolate, and connect various system parts.

Three-way, two-position valves consist of three ports connected through passages within a
valve body. The valves pressurize and exhaust one outlet port to control a single-acting
cylinder, or pilot another valve.

Three-way valves direct pressurized air to the cap-end side of the cylinder. Shifting the spool
to the other extreme position blocks flow and pressure to the actuator. The actuator is
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connected to the exhaust passage, therefore spring force or gravity must return the rod to its

original position.

Three-way valves may also be used in pairs to operate a doubleacting cylinder, thus replacing
a four-way valve. Consider using paired three-way valves instead of a four-way when high
cylinder speeds are necessary. Close coupling of three-way valves to the cylinder ports
reduces cylinder back pressure and pressure drop in the lines, permitting higher cylinder
velocities. The valves are also used to save compressed air in highly cyclic applications or when
intermediate positions are required.

Four-way, two-position valves have four or five ports with two or three positions. A two-
position valve has two distinct flow paths in each position to actuate and reverse cylinders,
rotary actuators, or bidirectional motors. The spool directs flow from the pressure port while
the other actuator port exhausts to atmosphere at the same time.

The five-port version of the two-position, four-way valve has five individual ports which
provide various valve configurations such as two different exhaust or pressure ports. In the
latter case, for example, the valve might supply high pressure to actuate a cylinder and
provide high clamping force, but deliver lower pressure (from a regulator) to release the
clamp. Using lower pressure conserves energy.

Four-way, three-position valves are also available in five-port versions. The most common
center conditions for these valves are "all ports blocked" and "exhaust center." The two
extreme positions of the four-port, four-way valve are the power positions of the valve which
control actuator movement. The center position is designed to satisfy some system
requirement such as locking an actuator or letting it float.

This is just a brief look at directional valves and other factors, such as the basic valve design,
should be considered when constructing pneumatic systems.
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Quick exhaust valves:

Quick Exhaust valves are mainly used to increase the extending speed of the piston by direct
venting. Applications are for example trimming and stamping. Also the cycle time hereby is
reduced.

Quick exhaust valves are always installed in the vent side directly on the cylinder.
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Commonly referred to as QEV valves, QEVs, or quick dump valves, Quick Exhaust Valves are
designed to increase the cycle speed of a cylinder in a pneumatic system. Depending upon
your actuation requirements, installing a pneumatic Quick Exhaust Valve at the blind end or
rod end of your cylinder will result in rapid retraction or rapid extension. When pressure is
removed from the Quick Exhaust Valve's input port, backflow at the output

Pneumatic QEV Features

e Allows rapid cylinder return

e Multiple porting options

e Male pipe thread for direct cylinder mount
e Anodized & plated for corrosion resistance
e Swivel cylinder port for critical alignment

Pneumatic Actuators:

Pneumatic actuators are essential to hundreds of different industries and have many uses. To
understand how you can apply pneumatic cylinders, you should familiarize yourself with the
fundamentals.

This guide will answer the questions: what is a pneumatic actuator, how does an actuator
work, what are the different types available and what is the function of a pneumatic actuator?
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Pneumatic actuators are highly reliable, efficient and safe sources of motion control that use
pressurized air or gas to convert energy into rotary or linear motion. They’re especially
appropriate for the repeated opening and closing of valves and other industrial applications
where the use of electricity may cause a fire or ignition hazard. Actuators are commonly used
to control the valves that direct the movement of fluids in the chemical and process

industries.
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Pneumatic actuators have several different names, including pneumatic cylinders, air
cylinders and air actuators. Each of these terms is synonymous with the other, as they all
identify the device as air pressure based. Another name for an air cylinder is pneumatic ram,
in which the ram is referring to the linear piston.

How Does a Pneumatic Actuator Work?

Pneumatic actuators rely on some form of pressurized gas — most often compressed air —
entering a chamber, where the gas builds up pressure. When it has built up enough pressure
in contrast to the outside atmospheric pressure, it results in the controlled kinetic movement
of a device such as a piston or gear. This resulting movement can be directed in either a
straight line or circular motion.

Since the conversion of compressed gas into energy can be highly controlled and is reliable
and repeatable, pneumatic actuators are one of the most popular mechanical devices used in
a wide array of modern industries.

Design of pneumatic circuits:

Designing safe pneumatic circuits requires using proven and evaluated techniques and well-
established components that have been properly sized for the application.

The design of any machine should begin with a careful risk assessment. The process involves
designers of all systems within a machine or process from mechanical to electrical. The first
step is to look at the project and identify any potential hazards and risks for injury. Next,
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conduct a risk estimate and evaluation of each hazard. Designers can then develop the
appropriate preventive measures to minimize the risk to acceptable levels.

ISO 13849 outlines the process by which machine builders can develop their own standard
for meeting the guidelines with the goal of making machines as safe as possible. The standard
addresses the control of a machine and not the actual moving components, such as cylinders,
motors, and other actuators. Pneumatic circuits are usually only one part of a machine that
could pose potential hazards.

The risk assessment of pneumatic circuits examines each actuator and its movement to
determine if potential hazards (such as pinch points) exist. The hazards may already be
addressed in the original machine design, as guarding or other obstacles may already be
present. The easiest way to avoid the hazard would be to prevent access to the area.
However, the machine function may require access either when it is running or in a
maintenance mode.

The design team works together to identify all areas where more control is required. The ISO
standard focuses on the control aspect of the circuit. However, it would also be a good
practice at this point to ensure that the actuators have been properly sized for the application.
The proper sizing of the cylinders will also make the machine safer and more efficient. (Several
pneumatic components suppliers offer comprehensive online sizing tools to make this easier.)
Once all risks have been identified and listed, it will be time to move on to the risk estimation
part of the process.

Electro pneumatic System:

Working element

Control element

Processing element

Input elements

Energy supply elements
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1. Electro-pneumatic term is defined from the words of electro which means electrical and
pneumatic which means air pressure.

2. The electro-pneumatics equipments and system is an integration of electrical and
mechanical components with compressed air source.

3. Electro pneumatic is a pneumatic control system where air pressure and direction of valve
are controlled by an electrical current.

Industry applications relevant to the concepts covered

1. Different pneumatic circuits are used in industrial
applications

Tutorial Questions:

1. Define compressor. Explain the working principle of piston type compressor
with neat sketch.

2. With a neat sketch of the pneumatic filter and explain its construction and
working.

3. Describe with a neat sketch of the pneumatic Regulator and explain its

construction and working.
Explain the construction and working principle of Muffler with neat sketch

5. Sketch the graphical symbol and explain the construction and working
principle of FRL Unit with neat sketch

6. Give the empirical rules for sizing the compressor.

7. Explain the construction and working of following control components of FRL

8. Write the procedure for selection and importance of Filter, regulator,
Lubricator

0. Write Short Notes of mufflers

10. With neat sketch explain the working principle of a screw compressor

Question bank for Assignments:

11. Draw and explain the functions of pneumatic check valve.

12. Explain the types of Directional control valve and its construction and
operation

13. With a neat sketch of the Quick Exhaust and flow control valve and explain its
construction and working

14, Describe pneumatic Actuators and explain the types of linear Actuators.

15. Explain the various types of pneumatic switching with simple sketch

16. Discuss the construction and operation of the basic fluidic devices.

17. Explain the various approaches for entering the program into the PLC.

18. Develop a ladder diagram to perform a drilling operation.

19. Define coanda effect. Discuss how this effect useful to develop a mono stable

and bi stable- flip flop device
20. Draw the circuit of control of air cylinder using Flip-Flop and explain it.
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21. Discuss the construction and operation of different types of fluid sensors

22. Design an electro pneumatic circuit using cascade method for the following
sequences A+B+B-A-C+C-
23. Explain the construction and working of following control components

1) check valve 2)Shuttle valve
3) Sequence valve 4) Flow control valve
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Objectives:

1. Evaluate the actual industrial environment

2. Analyze the maintenance of pneumatic components
3. Analyze the practical problems

4. Analyze the maintenance of pneumatic components
Outcomes:

1. One will get the knowledge of trouble shooting of hydraulic & pneumatic systems.
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Installation:

Many industrially equipment and tools need compressed air or hydraulic fluid to function.
Hydraulic Equipment:

Hydraulic equipment uses high pressure fluids to accomplish a multitude of machinery
operations. A motor or engine drives pumps which pressures the hydraulic fluid. The
pressurized fluid is sent through tubes to the machine actuators, which use the fluids pressure
to complete their assigned task.

Where Hydraulic Power is used:

Hydraulic power is used to drive a variety of devices in a variety of industries. Most heavy
construction equipment is powered by hydraulic power. Equipment such as cranes, lifts,
bulldozers, and diggers use gas engines to power hydraulic pumps, which pressurize the
hydraulic fluid. In many industrial facilities, hydraulic power is used. Robotic arms, presses,
and laths all include hydraulics into their design and operations.

Components of Hydraulic Equipment:

Hydraulic equipment operates with the help of valves, pumps, filters, and actuators. Check
valves are used to prevent the backflow of hydraulic fluid; counterbalance valves, which
provide flow resistance in specific situations. Hydraulic cylinders, which convert the fluid
pressure into mechanical forces. Pump filters clean small debris and particles in the fluid,
which could possibly cause a clog. The hoses, tubes and seals must be able to withstand high
pressures, which still allow for some flexibility. Hydraulic cylinders, pumps, and power units
are designed to be replaced to help keep the system operating. Instrumentation and switches
are added to help gain more control and understanding of the hydraulic system

Pneumatic Equipment:

Pneumatics is a branch of mechanics that uses compressed air or pressurized gas to produce
mechanical motion for tools and equipment.

Pneumatic equipment consists of several different components. All of these components are
required for pneumatic equipment to function. The basic components of a pneumatic system
are the air compressor, hoses, pipes, and the tools.

Pneumatic air compressors are the main component of a pneumatic air system. The
compressors create the compressed air that is used to create the mechanical action. A
booster is used to create a boost of air which will provide increased power. Vacuum pumps
are used to eliminate moisture from lines and air conditioning systems. Pneumatic systems
should have a way of monitoring and filtering the air regularly in order to ensure proper
operations and efficiency. To maintain a system in good working condition it is important to
use proper air regulators and air filters. Pressure gages are important to measure the pressure
and flow reading in pneumatic systems. The proper gages from the designated systems is
important because incorrect gauges could give inaccurate readings.
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Pneumatic equipment and technology is useful in material handling, robotics, medical
science, entertainment and many other industries. Pneumatic tubes are used to carry items
long distance. Air brakes for trucks and buses, exercise machines, pressure regulators and
sensors, pipe organs, chairs, vacuum pumps, pneumatic tires, and power tools all use
pneumatic technology.

Selection:
Parameters for selection & sizing pneumatic and hydraulic components:

In today’s typical manufacturing facility, hydraulic and pneumatic systems serve as the
primary means of power for most cylinders, tooling and even some drive systems. They can
be operated in high-temperature as well as high-radiation industrial environments where
most electronic instruments will not function properly.

Volumes of material exist on proper system design, proper sizing of components, circuit
design, valve and control technologies, as well as other design considerations

1. Flow vs. pressure. When dealing with pneumatics it is critical to understand the difference
between pressure and flow. Too often operators compensate for starved flow with increased
pressure. It is often best to install over-sized supply lines to a process in order to ensure the
appropriate volume of air.

2. Use electric actuators. With ever-increasing energy costs, designers should consider using
energy-efficient electric movement, provided the application requirements fall within an
electric actuator's performance capabilities. This technology has advanced rapidly over the
last five to 10 years, with vast improvements in functionality, including more precise
movement and even built-in sophisticated controls.

3. Valve sizing. Correct sizing of components, including piping, valves and actuators, can
improve the productive capacity of pneumatic systems. Valve sizing is particularly important.
If the flow capacity is too small, it can have a negative impact on production cycles. If you
want to improve production cycle time and quality, then proper sizing is critical.

4. Align pipelines. If pipelines are not aligned properly at the correct angle, as indicated in the
installation drawings, there is a great possibility of equipment damage.

5. Choose 3-position valves. Wherever operators will be working near an operation, a 3-
position valve is a better choice than a 2-position valve. This is because a 3-position valve will
stop the equipment instantly in the event of an emergency. This is in contrast to a 2-position
valve, which will first complete the operation before stopping.

6. Check temperatures. Be sure to check the surface temperatures of equipment during
preventive maintenance time and make a record. High temperatures could damage the
viscosity properties of thehydraulicoil.
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7. Built-in flow control. When you are using a pneumatic cylinder in a project, especially In
high cycle count projects, use a fitting that has a flow control valve built in to make the
cylinder last longer.

8. Use feedback sensors. Don't rely on software interlocks to control pneumatic devices
unless you account for the delay caused by physical actuation. 100msec is a long time in the
computer world. Always back up actuators with electrical feedback sensors, redundant if
possible.

9. Parallel air. Make sure you have an adequate air supply when using pneumatic technology.
Costly leaks are often hard to detect in a noisy plant environment. To avoid failure in the
supply of compressed air on a network, it is important to verify that the distribution is closed
so that the compressed air comes in parallel and not in series. Inspect tubing, ferrule,
connection and joints for leakages. Make sure the air being produced is dry. All air filters
should be checked periodically for accumulated water drainage.

10. Choose quality tubing. To prevent leaks, use nylon tubing on machines rather than push-
on fittings and PE tubing. The leakage often found with soft tubing is hard to detect in a plant
environment.

11. Inlet side flow control. In a pneumatic logic circuit controlling a double-acting cylinder,
place the flow controls on the inlet side of your cylinder depending on the direction of travel.
Air is compressible and positioning will float if controlled on the outlet. This will also create
back pressure.

12. Low fire risk. One of the advantages of pneumatic technology is that it can operate
without using electricity. This minimizes the risk of fire or explosions from sparks or arc flash
events. This technology is particularly useful in a plant making edible oils or hydrogenating
oils or when using flammable gases in the production process.

Maintenance:
Maintenance of hydraulic systems

Most companies spend a great deal of money training their maintenance personnel so that
they can troubleshoot and correct failures of a hydraulic system. If the focus was shifted to
the prevention of system or component failures, less time and money could be spent on
troubleshooting. We normally expect hydraulic system failure, rather than deciding not to
accept hydraulic failure as the norm. Let’s spend the time and money to eliminate hydraulic
failure, rather than to prepare for it. | worked for Kendall Com pany in the 1980s, and we
changed our focus from reactive to proactive maintenance on our hydraulic systems, thus
eliminating unscheduled hydraulic failure. We will talk about the right way to perform
maintenance on a hydraulic system utilizing the Main tenance Best Practices.
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Lack of maintenance of hydraulic systems is the leading cause of component and sys tem
failure, yet most maintenance personnel don’t understand the proper maintenance
techniques of a hydraulic system. There are two aspects to the basic foundation for proper
maintenance of a hydraulic system. The first is preventive maintenance, which is key to the
success of any maintenance program, whether for hydraulics or for any equipment of which
we require reliability. The second aspect is corrective mainte nance, which in many cases can
cause additional hydraulic component failure when it is not performed to standard.

PREVENTIVE MAINTENANCE

Preventive maintenance (PM) of a hydraulic system is very basic and simple, and if fol lowed
properly it can eliminate most hydraulic component failure. PM is a discipline and must be
followed as such in order to obtain results. We must view a PM program as performance-
oriented and not activity-oriented. Many organizations have good PM pro cedures, but do not
require maintenance personnel to follow them or hold them accountable for the proper
execution of these procedures. In order to develop a preventive maintenance program for
your system, you must follow the steps outlined here.

As in all preventive maintenance programs, we must write procedures required for each PM
task. Steps or procedures must be written for each task, and they must be accurate and
understandable by all maintenance personnel from entry-level to master.

Preventive maintenance procedures must be a part of the PM Job Plan, which includes the
following:

* Tools or special equipment required to perform the task

e Parts or material required to perform the procedure with storeroom number
e Safety precautions for this procedure

e Environmental concerns or potential hazards

A list of preventive maintenance tasks for a hydraulic system could include the following:

=

. Change the (could be the return or pressure filter) hydraulic filter.

N

. Obtain a hydraulic fluid sample.

w

. Filter hydraulic fluid.

4. Check hydraulic actuators.

5. Clean the inside of a hydraulic reservoir.
6. Clean the outside of a hydraulic reservoir.
7. Check and record hydraulic pressures.

8. Check and record pump flow.
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9. Check hydraulic hoses, tubing, and fittings.

10. Check and record voltage reading to proportional or servo valves.

11. Check and record vacuum on the suction side of the pump.

12. Check and record amperage on the main pump motor.

13. Check machine cycle time and record.

Maintenance of pneumatic systems:

The person maintaining air systems in today’s modern plant must know the following:
1. Compressed air safety

2. The function of each pneumatic component. This includes compressors, aftercoolers,
dryers, cylinders, valves, filters, regulators and lubricators.

3. The effects of water vapor and moisture in an air system and how to control it.
4. How temperature affects pressure and air volume.

5. How to adjust the system control devices such as pressure switches, regulators,
lubricators and dew points for dryers.

6. How to troubleshoot and test compressors, receivers, relief valves, dryers, valves and
cylinders.

7. How to read the pneumatic symbols for troubleshooting from the schematic.

Trouble shooting & remedies in hydraulics & pneumatics systems:

Troubleshooting a pneumatic system has been considered an art, a science, or just hit-or-miss
luck. In the minds of maintenance personnel, production managers, and plant managers, the
word troubleshooting conjures up images of hours of downtime and lost production.

However, when reduced to its basic elements, troubleshooting a pneumatic system is a step-
by-step procedure. Using this process can speed up the ability to determine what the problem
is, the probable cause of the malfunction or failure, and a solution.

Every pneumatic circuit has a logical sequence of operation that can involve timing logic,
pressure sensing, position sensing, and speed regulation. Troubleshooting is initiated when
the circuit does not operate properly.

Certain general diagnostic and testing steps can be applied to any troubleshooting problem,
whether the problem occurred at startup of a new system or at a breakdown of an existing

system.
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12 Steps to troubleshooting pneumatic systems

Troubleshooting a pneumatic system is neither art, nor science, nor should it be viewed as
hit-or-miss; it is a procedural effort requiring 12 steps to accomplish.

1. Think safety first.

2. Ask the three Ws — What, When, and Where.

w

. Visually inspect the machine.

4. Have a thorough understanding of the system. Use a schematic.

v

. Operate the machine.

6. Recheck all services to the machine. Think safety.

~N

. Isolate subsystems on the machine.

8. Make a list of probable causes.

9. Reach a conclusion about the problem.
10. Test the conclusion.

11. Repair or replace as necessary.

12. Report the findings.

Trouble shooting hydraulic systems:

When hydraulic system degradation is obvious or suspected, there are many cost effective
inspection methods and testing techniques to aid the troubleshooter in locating the cause or
causes of the problem.

Generally, improper hydraulic system operation can be traced to one of the following
deficiencies:

“k DEPARTMENT OF MECHANICAL ENGINEERING



a) Insufficient fluid level.

b) The presence of air in the system.

c) Contamination by foreign material.

d) Incorrect adjustment of components.

e) Internal or external fluid leakage.

f) Mechanical damage to components.

g) Wrong fluid type or viscosity.

h) Excessive temperatures.

There are two fundamental principles that must be understood
when troubleshooting hydraulic system problems.

1. Pumps (which may be vane, gear, or piston types) are used in hydraulic systems to produce
sufficient flow to obtain the speed required from cylinders or motors. This speed (oil flow)
can be increased or decreased by using a pump of higher or lower capacity, or by changing
the relative size of the cylinder or motor, but the flow of oil (speed of the cylinder) will not be
significantly increased or decreased by altering system pressure.

2. The resistance to oil flow is directly related to the load which the cylinder is carrying or
lifting, therefore resistance to oil flow results in pressure. The heavier the load, the higher the
resulting pressure (subject to the maximum pressure setting of the pressure relief valve).

If a system is not maintaining correct pressures while the pump is maintaining its specified
flow rate, then only two conditions may exist; either an external leak is occurring, which
should be obvious by the oil spill, or an internal leak is occurring which may not be so obvious.

If on the other hand, the system is developing excessive pressures during operation, the
cause is excessive resistance to flow. This may be the result of excessive load, restricted
components, such as plugged filters or hoses, or some mechanical problem such as a bent
cylinder rod.

Technicians and troubleshooters would be well advised to remember these two principles
and learn to correctly use flow meters and pressure gauges during their diagnostic
procedures.

Today, this lack of understanding the principles and/or an unwillingness or inability to use
the necessary diagnostic tools, cannot be tolerated. How many times have we heard a plant
manager or production supervisor suggest that no repair action is necessary because a
“hydraulic leak is not serious.” This is a huge error in judgment.
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If a cylinder is leaking even a small amount of oil, the result may be the equivalent amount of
air and dust particles entering the cylinder as it retracts, resulting in an unacceptable level of
internal contamination or spongy action of components.

If the hydraulic pump is the heart of the system, then the hydraulic oil is the life blood and
the functions of hydraulic oil can be summarized:

a) Transmit power from one point to another,
b) Lubricate system components,

c¢) Transfer and dissipate heat,

d) Provide a seal to maintain pressure.

Design of hydraulic circuit for drilling operation:

1. Pump capacity
2. Working pressure
3. Horse power

4. Reservoir size

Actuator B

piston

Actuator A

hose

-0
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Design of hydraulic circuit for surface grinding machine:

The hydraulic circuit of the surface grinding machine consist of:
1. Double acting hydraulic cylinder

2. Pilot operated direction control valves

3. Pilot valves

4. Oil reservoir

5. Pressure relief valve

The hydraulic circuit of the surface grinding machine utilizes a power pack to supply
pressurized oil, one pilot-operated direction control valve which decides the direction of the
flow of pressurized oil and a double-acting cylinder with the double piston rod.
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Design of hydraulic circuit for Press and Forklift applications

Double-acting Cylinder

Directional
Control
Valve Al |Is

val D
a = A 3,000 psi

10 gpm
/ A Fixed-
i

displacement
Pump

d
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Design of pneumatic circuit for Pick and Place applications applications

- EXH
Vacuum Ejector
Y
2
W‘ T _: W\! Direct operated two port valve
1
Filter

Vacuum pad

Design of pneumatic circuit for tool handling in CNC Machine tools
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Industry applications relevant to the concepts covered

1.

Hydraulic circuits for drilling, surface grinding

Tutorial Questions:

10.

Explain the ladder logic diagram with an example

Design a pneumatic circuit for the following sequence using cascade method A+B+B-
A- where the + cylinder extraction and — cylinder retraction.

Design a pneumatic circuit using cascade method for the sequence A+ A- B+ B- and
explain its working principle.

Explain in detail about how the failure and troubleshooting is carried out in
hydraulic system

Explain in detail about various selection criteria for pneumatic components

Design and draw an electro hydraulic pneumatic circuit for the sequence. A+ B+B- A-.
Also write a ladder  diagram.

List out any seven types of faults that can be found in pneumatic system. Also write
the remedial actions for the faults

Design a pneumatic circuit for the following sequence using cascade method A+B+A-
B- where the + cylinder extraction and — cylinder retraction

Describe the basic concepts of low cost automation with suitable example.

Discuss the use of microprocessors in hydraulic and pneumatic systems

Question bank for Assignments:

11.

12.

13.

14.

Explain in detail about how the failure and troubleshooting is carried out in
pneumatic system

Design and develop a robot system to pick and place object.
Design and develop the coin operated barriers of a car park.

Draw and explain a hydraulic circuit to actuate a shaping machine ram. Incorporate
the following features In the circuit.

i Rapid tool approach
ii. Slow cutting and

iii. Rapid tool retraction/ return.
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15. Design and draw a circuit using the hydraulic components for the shaping operation
16. Design and draw a circuit using the hydraulic components for the Drilling operation.
17. Design a circuit using the hydraulic components for the Punching & press operation.

Question bank for Assignments:
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