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HYDRAULICS AND PNEUMATICS MLE3492

UNIT I - FLUID POWER PRINICIPLES AND HYDRAULIC PUMPS

Fluid power is energy transmitted and controlled by means of a pressurized fluid, either liquid or gas. The
term fluid power applies to both hydraulics and pneumatics. Hydraulics uses pressurized liquid, for example,
oil or water; pneumatics uses compressed air or other neutral gases. Fluid power can be effectively
combined with other technologies through the use of sensors, transducers and microprocessors.

Fluid power is the use of fluids under pressure to generate, control, and transmit power. Fluid power is
subdivided into hydraulics using a liquid such as mineral oil or water, and pneumatics using a gas such as

air or other gases.

The advantages of fluid power
Fluid power systems provide many benefits to users including:

I Multiplication and variation of force-Linear or rotary force can be multiplied from a fraction of an
ounce to several hundred tons of output.

Easy, accurate control-You can start, stop, accelerate, decelerate, reverse or position large forces with
great accuracy. Analog (infinitely variable) and digital (on/off) control are possible. Instantly reversible
motion-within less than half a revolution-can be achieved.

I Multi-function control-A single hydraulic pump or air compressor can provide power and control for
numerous machines or machine functions when combined with fluid power manifolds and valves.

I High horsepower, low weight ratio-Pneumatic components are compact and lightweight. You can hold a
five horsepower hydraulic motor in the palm of your hand.

Low speed torque-Unlike electric motors, air or hydraulic motors can produce large amounts of torque
(twisting force) while operating at low speeds. Some hydraulic and air motors can even maintain torque at
zero speed without overheating.

| Constant force or torque-This is a unique fluid power attribute.

| Safety in hazardous environments-Fluid power can be used in mines, chemical plants, near explosives
and in paint applications because it is inherently spark-free and can tolerate high temperatures.

| Established standards and engineering-The fluid power industry has established design and
performance standards for hydraulic and pneumatic products through NFPA, the National Fluid Power

Association and ISO, the International Organization for Standardization.
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Fluid power applications

MES674

I Mobile: Here fluid power is used to transport, excavate and lift materials as well as control or power

mobile equipment. End use industries include construction, agriculture, marine and the military.

Applications include backhoes, graders, tractors, truck brakes and suspensions, spreaders and highway

maintenance vehicles.

| Industrial: Here fluid power is used to provide power transmission and motion control for the machines

of industry. End use industries range from plastics working to paper production. Applications include

metalworking equipment, controllers, automated manipulators, material handling and assembly equipment.

I Aerospace: Fluid power is used for both commercial and military aircraft, spacecraft and related support

equipment. Applications include landing gear, brakes, flight controls, motor controls and cargo loading

equipment.

More applications of fluid power
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1.3 Fluid power system

Fluid power systems are made up of component groups containing parts designed to perform specific tasks.
These component groups acts together to perform the work desired by the system designer. The work may
involve simple or complex tasks, but the component groups perform specific system functions that are basic
to all fluid power systems. There are five functions that are basic to system operation of any fluid power

system.

m Energy conversion.
m Fluid distribution.
m Fluid control.

m Work performance.
m Fluid conditioning.

Each of these functions must be performed by a fluid power system if the system is to operate efficiently and
provide a reasonable service life. The operating environment, power output, and complexity of the system

establish the number of components required to perform a particular function.
Energy Conversion:

Fluid power systems do not generate energy, but transform it into a form that can be used to complete a task.
The process begins with a prime mover pressurizing a fluid. It ends with an actuator using the energy stored

in the pressurized fluid to perform work.
Fluid Distribution:

The operation of fluid power systems requires the distribution of fluid to the components in the system.
Various types of lines are involved in this function. Valves and other components also serve to assist in fluid

distribution.
Fluid Control:

Fluid power systems require the control and regulation of the fluid in the system to perform the tasks desired
by the system designer. A number of different components are used to control fluid flow rate, direction, and
pressure in a system. Control of these three elements allow the system to provide the desired operating

characteristics.

Work Performance:
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Using the energy stored in the pressurized fluid of the system is the primary function of a fluid power

system. This process involves actuators that convert the energy stored in the fluid to linear or rotary motion

to perform the desired work.
Fluid Conditioning:

Fluid power system performance and service life require a fluid that is clean and provides lubrication to
system components. This function involves storing fluid, removing dirt and other contaminants, and

maintaining proper system operating temperature.

FLUID
CONTROL

FLUID ¥ WORK
DISTRIBUTION & 4PERFORMANCE
REQUIRED SYSTEM

FUNCTIONS

EN ERGYj i FLUID

CONVERSION CONDITIONING

The basic functions of a fluid power system.

Classification of Fluid Power Systems

The fluid power system can be categorized as follows:

1. Based on the control system

Open-loop system: There is no feedback in the open system and performance is based on the characteristics
of the individual components of the system. The open- loop system is not accurate and error can be reduced
by proper calibration and control.

Closed-loop system: This system uses feedback. The output of the system is fed back to a comparator by a
measuring element. The comparator compares the actual output to the desired output and gives an error
signal to the control element. The error is used to change the actual output and bring it closer to the desired
value. A simple closed-loop system uses servo valves and an advanced system uses digital electronics.

2. Based on the type of control

Fluid logic control: This type of system is controlled by hydraulic oil or air. The system employs fluid logic
devices such as AND, NAND, OR, NOR, etc. Two types of fluid logic systems are available:

(a) Moving part logic (MPL): These devices are miniature fluid elements using moving parts such as
diaphragms, disks and poppets to implement various logic gates.

(b) Fluidics: Fluid devices contain no moving parts and depend solely on interacting fluid jets to implement

various logic gates.
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Electrical control: This type of system is controlled by electrical devices. Four basic electrical devices are

used for controlling the fluid power systems: switches, relays, timers and solenoids. These devices help to
control the starting, stopping, sequencing, speed, positioning, timing and reversing of actuating cylinders
and fluid motors. Electrical control and fluid power work well together where remote control is essential.
Electronic control: This type of system is controlled by microelectronic devices. The electronic brain is
used to control the fluid power muscles for doing work. This system uses the most advanced type of
electronic hardware including programmable logic control (PLC) or microprocessor (P). In the electrical
control, a change in system operation results in a cumbersome process of redoing hardware connections.

The difficulty is overcome by programmable electronic control. The program can be modified or a new
program can be fed to meet the change of operations. A number of such programs can be stored in these
devices, which makes the systems more flexible.

1.4 Types of fluids

Depending on the behavior of fluids, fluids are divided into two types. They are
e Newtonian Fluid
e Non-Newtonian Fluid
Below about the types of fluids are discussed in brief.
Newtonian Fluid:
Fluids that obey Newton Jlaw of viscosity are known as Newtonian  Fluids.
Newton law of viscosity states that the shear stress on a fluid element layer is directly proportional to the
rate of shear strain.
Examples of Newtonian fluids: water, air, kerosene.
Non-Newtonian Fluid:
Fluids that doesn’t obey Newton law of viscosity are known as Non-Newtonian fluids. These fluids are the
opposite of Newtonian fluids.

Examples of Non-Newtonian fluids : colloids, thick slurry, emulsions.

1.5 PROPERTIES OF FLUID:

Understanding the properties of fluids is essential to analyse their behavior in working conditions.
In this post we have written the fluid properties namely mass density, specific weight, specific volume,

specific gravity, viscosity, vapor pressure, compressibility and surface tension.

Mass Density:

Mass Density (p) is the property of a fluid is the mass per unit volume.
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Specific Weight:

Specific Weight (w) of a fluid is the weight per unit volume.

Specific Volume:

Specific Volume (v) of a fluid is the volume of the fluid per unit mass.

Specific Gravity or Relative Density:

Specific Gravity(s) of a fluid is the ratio of the mass density of a fluid to the mass density of a standard fluid.
Viscosity:

Viscosity is property by virtue of which it offers resistance to the movement of one layer of fluid over the
adjacent layer.

Vapor Pressure:

When a liquid is confined in a closed vessel, the ejected vapor molecules accumulated in the space between
free liquid pressure and top of the vessel exert a partial pressure on the liquid surface. This pressure in liquid
is known as vapor pressure.

Compressibility:

The normal compressive stress of any fluid element at rest is known as hydro static pressure which arises as
a result of innumerable molecular collisions in the entire fluid. The degree of compressibility of a substance

is characterized by bulk modulus of elasticity (B).

Surface Tension:
Surface is a measure of fluid tendency to take a spherical shape, caused by mutual attraction of the liquid

molecules.

1.6 Basics of Hydraulics

Hydraulics is the transmission and control of forces and motions through the medium of fluids. Short and

simple. Hydraulic systems and equipment have wide-spread application throughout industry.

For example: - machine tool manufacturing - press manufacturing - plant construction - vehicle

manufacturing - aircraft manufacturing - shipbuilding - injection molding machines

Basic Components of a Hydraulic System : Hydraulic systems are power-transmitting assemblies
employing pressurized liquid as a fluid for transmitting energy from an energy-generating source to an
energy-using point to accomplish useful work. Figure 1.1 shows a simple circuit of a hydraulic system with

basic components.
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Figure Components of a hydraulic system

Functions of the components shown in Fig. are as follows:

1. The hydraulic actuator is a device used to convert the fluid power into mechanical power to do useful
work. The actuator may be of the linear type (e.g., hydraulic cylinder) or rotary type(e.g., hydraulic motor)
to provide linear or rotary motion, respectively.

2. The hydraulic pump is used to force the fluid from the reservoir to rest of the hydraulic circuit by
converting mechanical energy into hydraulic energy.

3. Valves are used to control the direction, pressure and flow rate of a fluid flowing through the circuit.

4. External power supply (motor) is required to drive the pump.

5. Reservoir is used to hold the hydraulic liquid, usually hydraulic oil.

6. Piping system carries the hydraulic oil from one place to another.

7. Filters are used to remove any foreign particles so as keep the fluid system clean and efficient, as well as
avoid damage to the actuator and valves.

8. Pressure regulator regulates (i.e., maintains) the required level of pressure in the hydraulic fluid.
Hydraulic to Electrical Analogy:

Hydraulics and electrics are analogous, because they both deal with flow, pressure and load. The
components in each type of circuit perform similar functions and therefore can be related, a few examples

are listed below:
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Hydraulic Pump
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Various forms of energy are converted to accomplish mechanical movement in the injection molding

machine. Electrical energy is converted to mechanical energy, which in turn is converted to hydraulic energy

to operate and control the moving components of the machine. The hydraulic energy is converted to

mechanical energy to achieve the final desired result, which may be "mold clamping pressure™ or "material

injection".

1.7 Pascal’s Law

Pascal's Law states that the pressure acting on a confined fluid is transmitted equally and undiminished in all

directions. In the figure below, a 10 pound force acting on a 1 square inch area generates a pressure of 10

pounds per square inch (psi) throughout the container acting equally on all surfaces.
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Fluid pressure is measured in terms of the force exerted per unit area.

1.8 Work, Power and Torque
Work refers to an activity involving a force and movement in the directon of the force. A force of 20

newtons pushing an object 5 meters in the direction of the force does 100 joules of work.
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Power is the rate of doing work or the rate of using energy, which are numerically the same. If you do 100

joules of work in one second (using 100 joules of energy), the power is 100 watts.

Torque is defined as a twisting force that tends to cause rotation. We call the point where the object rotates
the axis of rotation. You apply torque three times when you simply open a locked door. Turning the key,
turning the doorknob, and pushing the door open so it swings on its hinges are all methods of applying a
torque.

1.9 Properties of air

The following is a list of the properties of air;
Air has weight.

Air is under pressure.

Air has temperature.

Air has a volume.

Air usually contains some water vapour.

Air usually has some velocity (speed).

1.10 Perfect Gas Laws

A law that describes the relationships between measurable properties of an ideal gas. The law states
that P x V =n x (R) x T, where P is pressure, V is volume, n is the number of moles of molecules, T is the
absolute temperature, and R is the gas constant (8.314 joules per degree Kelvin or 1.985 calories per degree
Celsius). A consequence of this law is that, under constant pressure and temperature conditions, the volume
of a gas depends solely on the number of moles of its molecules, not on the type of gas. Also called

universal gas law.
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UNIT 2 HYDRAULIC SYSTEM AND
COMPONENTS

Sources of Hydraulic power: Pumping Theory — Pump Classification- Construction, Working, Design,
Advantages, Disadvantages, Performance, Selection criterion of Linear, Rotary- Fixed and Variable
displacement pumps, Hydraulic Actuators: Cylinders — Types and construction, Hydraulic motors
Control Components: Direction control, Flow control and Pressure control valves- Types,
Construction and Operation- Applications — Types of actuation. Accessories: Reservoirs,
Accumulators, Intensifiers, Pressure Switches- Applications- Fluid Power ANSI Symbol.

2.1 SOURCES OF HYDRAULIC POWER
Pumping Theory:

Pumps operate on the principle whereby a partial vacuum is created at the pump inlet due to the
internal operation of pump. This allows atmospheric pressure to push the fluid out of the oil tank (reservoir)
and into pump intake. The pump then mechanically pushes the fluid out the discharge line.

This type of operation can be visualized by referring to the simple piston pump figure. Note that this
pump contains two ball check valves, which are described as follow:

e Check valve 1 is connected to the pump inlet line and allows the fluid to enter the pump only at this location.

e Check valve 2 is connected to the pump discharge line and allows the fluid to leave the pump only at this

location.
TO HYDRAULIC SYSTEM
J DISCHARGE
? LINE
I L ONR
MOTION 2
- ROD - 3
F ; 7
PRIME L 4 |~ B s ey
MOVER NN 1
FORCE CYLINDER i nLeT
- VENT LINE
ATMOSPHERIC PRESSURE
A A A A A A A A \ \J \
r - tat P 1
4
‘ OIL LEVEL
1 oIL
TANK

Figure Pumping action of a simple piston pump.

As the piston is pulled to the left, a partial vacuum is generated in pump cav-
ity 3, because the close tolerance between the piston and cylinder (or the use of
piston ring seals) prevents air inside cavity 4 from traveling into cavity 3. This flow
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L 2B I

of air, if allowed to occur, would destroy the vacuum. This vacuum holds the ball
of check valve 2 against its seai (lower position) and allows atmospheric pressure
to push fluid from the reservoir into the pump via check valve 1. This inlet flow oc-
curs because the force of the fluid pushes the ball of check valve 1 off its seat.

When the piston is pushed to the right, the fluid movement closes inlet valve
1 and opens outlet valve 2. The quantity of fluid, displaced by the piston, is forcibly
ejected out the discharge line leading to the hydraulic system. The volume of oil
displaced by the piston during the discharge stroke is called the displacement vol-
ume of the pump.

2.2 CLASSIFICATION OF PUMPS:

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 a prime mover
such as an electric motor. Due to mechanical action, the pump creates a partial vac-
uum at its inlet. This permits atmospheric pressure to force the fluid through the in-
let line and into the pump. The pump then pushes the fluid into the hydraulic system.

Pumps are used to transfer and distribute liquids in various industries. Pumps convert mechanical

energy into hydraulic energy. Electrical energy is generally used to operate the various types of pumps.

Pumps have two main purposes.
Transfer of liquid from one place to another place (e.g. water from an underground into a water storage
tank).

Circulate liquid around a system (e.g. cooling water or lubricants through machines and equipment).
Components of a Pumping System

Pump casing and impellers

Prime movers: electric motors, diesel engines or air system

Piping used to carry the fluid

Valves, used to control the flow in the system

other fittings, controls and instrumentation
End-use equipment, which have different requirements (e.g. pressure, flow) and therefore determine the
pumping system components and configuration. Examples include heat exchangers, tanks and hydraulic

machines.

Classification:
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There exist a wide variety of pumps that are designed for various specific applications. However, most of
them can be broadly classified into two categories as mentioned below.
i. Dynamic pressure pumps (Non positive displacement pump)

ii. Positive displacement pumps

1. Dynamic (nonpositive displacement) pumps. This type is generally used for
low-pressure, high-volume flow applications. Because they are not capable of with-
standing high pressures, they are of little use in the fluid power field. Normally their
maximum pressure capacity is limited to 250-300 psi. This type of pump is primar-
ily used for transporting fluids from one location to another. The two most com-
mon types of dynamic pumps are the centrifugal and the axial flow propeller pumps.

2. Positive displacement pumps. This type is universally used for fluid power
systems. As the name implies, a positive displacement pump ejects a fixed amount
of fluid into the hydraulic system per revolution of pump shaft rotation. Such a
pump is capable of overcoming the pressure resulting from the mechanical loads
on the system as well as the resistance to flow due to friction. These are two fea-
tures that are desired of fluid power pumps. These pumps have the following ad-
vantages over nonpositive displacement pumps:
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a. High-pressure capability (up to 12,000 psi)

b. Small, compact size

¢. High volumetric efficiency

d. Small changes in efficiency throughout the design pressure range

e. Great flexibility of performance (can operate over a wide range of pres-

sure requirements and speed ranges)
POSITIVE DISPLACEMENT PUMPS
Positive displacement pump can be classified by the types of motion of the internal elements. The

motion may be either rotary or reciprocating. Although these pumps comi in wide variety of designs, there
are essentially three basic types:
GEAR PUMPS:
External Gear pump
Internal Gear pump
Lobe pump
Screw Pump
Vane pump
Balanced Vane pump
Unbalanced Vane pump
Piston pump
Axial Design
Radial Design

GEAR PUMPS:

EXTERNAL GEAR PUMP

External gear pumps are used in industrial and mobile (e.g. log splitters, lifts) hydraulic applications. Typical
applications are lubrication pumps in machine tools, fluid power transfer units and oil pumps in engines.
These pumps have some unique features:

Low weight

Relatively high working pressures

Wide range of speeds

Wide temperature and viscosity range (i.e. flexibility)
Low cost

In an external gear pump, only one of the gear wheels is connected to the drive. The other gear wheel rotates
in the opposite direction so that the teeth of the rotating gear wheels interlock. With use of a bearing block,
the gear wheels are positioned in such a way that they interlock with the minimum clearance. Volume is
created between the gear tooth profiles, housing walls and surfaces of the bearing blocks.
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Typical parameters are:

o Displacement volume: 0.2 to 200 cc
e Maximum pressure: up to 300 bar (size dependent)
e Speed range: 500 to 6,000 rpm

4. OUTLET PRESSURE AGAINST 3. AND FORCED OUT
TEETH CAUSES HEAVY SIDE- OF PRESSURE PORT AS
LOADING ON SHAFTS AS OQUTLET TEETH GO BACK INTO
INDICATED BY ARROWS. —

DRIVE GEAR

2. OIL IS CARRIED AROUND

HOUSING IN CHAMBERS INLET
FORMED BETWEEN TEETH, 1. VACUUM IS CREATED HERE AS
HOUSING AND SIDE PLATES TEETH UNMESH. OIL ENTERS FROM

RESERVOIR.

External gear pump operation. (Courtesy of Sperry Vickers,
Sperry Rand Corp., Troy, Michigan.)

How External Gear Pumps Work

External gear pumps are similar in pumping
action to internal gear pumps in that two gears
come into and out of mesh to produce

flow. However, the external gear pump uses
two identical gears rotating against each other -
- one gear is driven by a motor and it in turn

drives the other gear. Each gear is supported < Click Here to Anirmate =
by a shaft with bearings on both sides of the
gear.

1. As the gears 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 gear teeth as they rotate.

2. Liquid travels around the interior of the casing in the pockets between the teeth and the casing -- it does
not pass between the gears.

3. Finally, the meshing of the gears forces liquid through the outlet port under pressure.
Because the gears are supported on both sides, external gear pumps are quiet-running and are routinely used

for high-pressure applications such as hydraulic applications. With no overhung bearing loads, the rotor
shaft can't deflect and cause premature wear.
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Volumetric Displacement
and Theoretical Flow Rate

MES674

The following analysis permits us to evaluate the theoretical flow-rate of a gear

pump using specified nomenclature:

k>
1

, = outside diameter of gear teeth (in, m)
D, = inside diameter of gear teeth (in, m)

L = width of gear teeth (in, m)

V,, = displacement volume of pump (in*/rev, m¥rev)

N = rpm of pump

Q7 = theoretical pump flow-rate

m - ’
Vp = = (D2 - D)L
D D(D.. D)1

The theoretical flow-rate (in English units) is determined next:
Qy (in¥min) = V (inVrev) X N (rev/min)
Since 1 gal = 231 in’, we have

V,(in¥rev) X N (rev/min)
Q;(gpm) = ~ 331 =

Using metric units, we have

Q; (mYmin) = V,, (m¥rev) X N (rev/min)

Volumetric Efficiency

n, = 24
O
ages antages ations
beed shings in liquid area bn external gear pump applications include
fessure ds allowed not limited to:
rhung bearing loads nd Clearances
|ely quiet operatior_1 _ 5 fuel oils and lube oils
accommodates wide variety of | additive and polymer metering
Is I mixing and blending (double pump)

kal and mobile hydraulic applications (log
s, lifts, etc.)

nd caustic (stainless steel or composite
ction)

lume transfer or application
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A gear pump has a 3-in outside diameter, a 2-in inside diameter, and a 1-in width, If
the actual pump flow at 1800 rpm and rated pressure is 28 gpm, what is the volumet-
ric efficiency?

Solution Find the displacement volume using Eq. (5-1):
™. 3 . e
Vo = 313 — (2F)(1) = 3.93in

Next, use Eq. (5-2) to find the theoretical flow-rate:

VN (3.93)(1800)

T 2 231

30.6 gpm

The volumetric efficiency is then found using Eg. (5-3):

28
= = ()9]13 =
n, 306 1 91.3%

A gear pump has a 75-mm outside diameter. a S0-mm inside diameter, and a 25-mm
width. If the volumetric efficiency is 90% at rated pressure, what is the corresponding
actual flow-rate? The pump speed is 1000 rpm.

Solurion The volume displacement is
Vo= 3-';_(0.075)’ ~ (0,050 1(0.025) = 0.0000614m"/rev

Since 1 L = 0,001 m", V,, = 0.0614 L.
Next, combine Eqgs. (5-2M) and (5-3) 1o find the actual flow-rate:

0,4 .- '),,Qy = n,V"(m‘I'I'CV) X .V(l'c\h'min)
= 0,90 % 0.0000614 x 1000 = 0.0553 m*/min
Since 1 L = 0.001 m’, we have

Q4 = 553 Lpm

INTERNAL GEAR PUMP:

Internal gear pumps are primarily used in non-mobile hydraulics (e.g. machines for plastics and machine
tools, presses, etc.) and in vehicles that operate in an enclosed space (electric fork-lifts, etc.). The internal
gear pump is exceptionally versatile and also capable of handling thick fluids. Key features are:

e Low flow pulsation
e Low operating noise
e High efficiency

In an internal gear pump, the gear rotor is connected to the drive. When the gear rotor and internal gear
rotate, volume is created between the gear ring profiles, housing walls and filling piece. The space between
the gear tooth profiles increases relatively slowly over an angle of about 120°. This causes operation to be
exceptionally quiet with a constant flow.

Typical parameters are:

o Displacement volume: 0.5 to 500 cc
e Maximum pressure: up to 300 bar (dependent on nominal size)
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e Speed range: 500 to 3,000 rpm (dependent on nominal size)

6. THROUGH THIS
PORT.

1. OIL ENTERING HERE

5. TO THIS POINT,

2. BY THE CONSTANT
WITHDRAWAL OF TEETH

ON THIS GEAR ... CRESCENT SEAL

INNER GEAR =

3. FROM THE SPACES
BETWEEN THE TEETH OF
THIS INTERNAL GEAR

4.1S CARRIED IN THESE
SPACES

WORKING:

MES674

WHERE CONSTANT
MESHING OF TWO
GEARS FORCES OIL .

1. Liquid enters the suction port between the rotor (large exterior gear) and idler (small interior gear) teeth.

The arrows indicate the direction of the pump and liquid.

2. Liquid travels through the pump between the teeth of the "gear-within-a-gear" principle. The crescent
shape divides the liquid and acts as a seal between the suction and discharge ports.

3. The pump head is now nearly flooded, just prior to forcing the liquid out of the discharge
port. Intermeshing gears of the idler and rotor form locked pockets for the liquid which assures volume

control.

4. Rotor and idler teeth mesh completely to form a seal equidistant from the discharge and suction ports.

This seal forces the liquid out of the discharge port.

ages antages
requires moderate speeds
N pressure limitations
aring runs in the product pumpe
ng load on shaft bearing

VO moving parts
he stuffing box
sating discharge
nt for high-viscosity liquids
ht and even discharge regardless of
|e conditions
bs well in either direction
made to operate with one direction
|ith either rotation
PSH required
adjustable end clearance
maintain
e design offers application
ization
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LOBE PUMP:

OUTLET

INLET

The gear ring pump is primarily used as a pressure lubrication system for machines and combustion engines.
They are also used in hydraulic power steering systems.

This pump is often assembled with a high pressure pump, e.g. radial piston pump. The rotors of the gear ring
pump can be directly built into the housing of the high pressure pump, which makes it possible to build very
compact units. Such small double-pumps are often used for rapid traverse on large presses and tensioning
equipment.

The rotor has one tooth less than the inner stator. Planetary movement of the rotor results in compressing
and decompressing of the displacement chambers within the housing.

WORKING:

Lobe pumps are similar to external gear pumps in operation in that fluid flows around the interior of the
casing. Unlike external gear pumps, however, the lobes do not make contact. 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.

1. 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.

2. Liquid travels around the interior of the casing in the pockets between the lobes and the casing -- it does
not pass between the lobes.

3. Finally, the meshing of the lobes forces liquid through the outlet port under pressure.

Lobe pumps are frequently used in food applications because they handle solids without damaging the
product. Particle size pumped can be much larger in lobe pumps than in other PD types. Since the lobes do
not make contact, and clearances are not as close as in other PD pumps, this design handles low viscosity
liquids with diminished performance. Loading characteristics are not as good as other designs, and suction
ability is low. High-viscosity liquids require reduced speeds to achieve satisfactory

performance. Reductions of 25% of rated speed and lower are common with high-viscosity liquids.
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tages antages htions
pdium solids bs timing gears DN rotary lobe pump applications
al-to-metal contact bs two seals , but are not limited to:
r CIP/SIP capabilities d lift with thin liquids
rm dry run (with lubrication to rs

oatings
Isating discharge nd surfactants

hnd dyes

and adhesives

ceuticals

SCREW SPINDLE PUMP

Liquid is drawn into
spaces in between threads
at the suction end...

E“—-m-mmamw
i

Similar to internal gear pumps, screw pumps possess an extremely low operating noise level. They are
therefore used in hydraulic systems in such places as theatres and opera houses.

The displacement volume of the screw spindle pump is the largest of all gear pumps. Screw pumps contain 2
or 3 worm gears within the housing and therefore also referred to as worm gear pumps.

Typical parameters are:

e Displacement vol.: 15 to 3,500 cc

e Maximum pressure: up to 200 bar (dependent on nominal size)

e Speed range: 500 to 3,500 rpm (dependent on nominal size)
The worm gear that is connected to the drive has a clockwise thread. Rotary movement is transmitted to
further worm gears, which have counter-clockwise threads. The displacement chamber is formed between

the threads and the housing of the screw pump.

GEROTOR PUMP
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The Gerotor pump, shown in Figure , operates very much like the internal gear
pump. The inner gear rotor (Gerotor element) is power-driven and draws the outer
gear rotor around as they mesh together. This forms inlet and discharge pumping
chambers between the rotor lobes. The tips of the inner and outer rotors make con-
tact to seal the pumping chambers from each other. The inner gear has one tooth
less than the outer gear, and the volumetric displacement is determined by the space
formed by the extra tooth in the outer rotor.

Drive gear
Driven gear

Outlet
Inlet

gerotor pump

WORKING

1. Liquid enters the suction port between the rotor (gray
gear) and idler (orange gear) teeth.

2. Liquid travels through the pump between the teeth of the
"gear-within-a-gear" principle. The close tolerance between
the gears acts as a seal between the suction and discharge
ports.

3. Rotor and idler teeth mesh completely to form a seal
equidistant from the discharge and suction ports. This seal
forces the liquid out of the discharge port.

ages antages ations

peed m pressure limitations on gerotor pump applications
WO moving parts learances , but are not limited to:

ne stuffing box ds allowed

nt and even discharge regardless aring runs in the product pumpe uel oils

e conditions ng load on shaft bearing il

es well in either direction g oils

peration lic fluid

made to operate with one directi
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VANE PUMP

<+ Balanced Vane pump

% Unbalanced Vane pump

Figure illustrates the operation of a vane pump. The rotor, which contains ra-
dial slots, is splined to the drive shaft and rotates inside a cam ring. Each slot con-
tains a vane designed to mate with the surface of the cam ring as the rotor turns.
Centrifugal force keeps the vanes out against the surface of the cam ring. During
one-half revolution of rotor rotation, the volume increases between the rotor and
cam ring. The resulting volume expansion causes a reduction of pressure. This is the
suction process, which causes fluid to flow through the inlet port and fill the void.
As the rotor rotates through the second half revolution, the surface of the cam ring
pushes the vanes back into their slots, and the trapped volume is reduced. This pos-
itively ejects the trapped fluid through the discharge port.

Key features of the vane pump:

Low flow pulsation

Very low noise levels
Wide range of speeds
Wide viscosity range

The operating pressure of vane pumps does not normally exceed 175 bar. However, in specially designed
vane pumps the operating pressure may go over 200 bar and up to 300 bar. Hydraulic vane pumps are
available as single chamber vane pumps or double chamber vane pumps.

Both types use the same parts, i.e. they comprise a rotor and vanes. The vanes may be radially moved within
the rotor, and the centrifugal force of the rotor pushes the vanes out to touch the housing. The difference
between the two types is in the shape of the stroke ring that limits the stroke movement of the vanes.

Typical parameters are:

o Displacement volume: 6 to 640 cc
e Maximum pressure: up to 200 bar
CAM RING SURFACE

2.1S CARRIED AROUND RING ROTOR
IN PUMPING CHAMBERS | ASIDE LOAD IS EXERTED

‘ ON BEARINGS BECAUSE
% OF PRESSURE UNBALANCE.

ECCENTRICITY

PUMPING
CHAMBERS -~

SHAFT

INLET =5 st 1 IS
il X

1. OIL ENTERS AS SPACE i

4

BETWEEN RING AND ~ 5 1
”" 3. AND IS DISCHARGED
BRTOR MICEAS / AS SPACE DECREASES,
CASTING VANES
 Speed range: 500 to 3,000 rpm Figure Vane pump operation.
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VOLUMETRIC ANALYSIS OF VANE PUMP:
D = diameter of cam ring (in, m)

Dy = diameter of rotor (in, m)

L = width of rotor (in, m)
Vp = pump volumetric displacement (in®, m®)
e = eccentricity (in, m)
€, = Maximum possible eccentricity (in, m)

Vs = Maximum possible volumetric displacement (in*, m®)

From geometry. we can find the maximum possible eccentricity:
- ,)( — DR

¢ e
max B
.-

This maximum value of eccentricity produces a maximum volumetric dis-
placement:
V“

w 3 »
s (D¢ = Dg)L
Noting that we have the difference between two squared terms yields
Vo.. = = (D¢ + DyXDc = Dy)L
Substituting the expression for e, vields
m
Vo™ 73 (D¢ + Dg)2emu)L

The actual volumetric displacement occurs when e, = e

Vp = g(n( + Dg)el

PISTON PUMP
Axial Design

7
*

7
X4

*

Radial Design

Hydraulic piston pumps can handle large flows at high hydraulic system pressures. Typical applications are
mobile and construction equipment, marine auxiliary power, metal forming and stamping, machine tools and
oil field equipment.

In these pumps, the pistons accurately slide back and forth inside the cylinders that are part of the hydraulic
pump. The sealing properties of the pistons are excellent.
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Key features of hydraulic piston pumps are:

Compact size

High power density

Optimum efficiency and reliability
High speed and torque

High operating pressures

Hydraulic piston pumps operate at very high volumetric efficiency levels due to low fluid leakage. The
plungers may consist of valves at the suction and pressure ports or with input and output channels. Piston
pumps with valves at the ports are better suited to operate at higher system pressures due to better sealing
characteristics

Axial Piston Pump

Axial piston pumps are positive displacement pumps which converts rotary motion of the input shaft into an
axial reciprocating motion of the pistons. These pumps have a number of pistons (usually an odd number) in
a circular array within a housing which is commonly referred to as a cylinder block, rotor or barrel. These
pumps are used injet aircraft. They are also used in small earthmoving plants such as skid loader machines.
Another use is to drive the screws of torpedoes. In general, these systems have a maximum operating
temperature of about 120 °C. Therefore, the leakage between cylinder housing and body block is used for
cooling and lubrication of the rotating parts. This cylinder block rotates by an integral shaft aligoed with the
pistons. These pumps have sub-types as:

Bent axis piston pumps
Swash plate axial piston pump

Bent-Axis Piston Pum ps

Figure 5.3.5 shows the schematic of bent axis piston pump. Inthese pumps, the reciprocating action of the
pistons is obtained by bending the axis of the cylinder block The cylinder block rotates at an angle which is
inclined to the drive shaft. The cylinder block is turned by the drive shaft through a universal link. The
cylinder block is set at an offset angle with the drive shaft. The cylinder block contains a number of pistons
along its periphery. These piston rods are connected with the drive shaft flange by ball-and-socket joints.
These pistons are forced in and out of their bores as the distance between the drive shaft flange and the
cylinder block changes. A universal link connects the block to the drive shaft, to provide aligornent and a
positive drive. Piston

Universal joint

inlet

“foset Angle

o e

Otiet e e e

Drive Shaft

Fixed block Maving cylinder
block
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Figure 5.3.5Bent axis piston pum p

The volumetric displacement (discharge) of the pump is controlled by changing the offset angle. It makes
the system simple and inexpensive. The discharge does not occur when the cylinder block is parallel to the
drive shaft. The offset angle can vary from 0° to 40°. The fixed displacement units are usually provided with
23° or 30° offset angles while the variable displacement units are provided with a yoke and an external

control mechanism to change the offset angle. Some designs have arrangement of moving the yoke over the
center position to reverse the fluid flow direction. The flow rate of the pump varies with the offset angle €.

There is no flow when the cylinder block centerline is parallel to the drive shaft centerline (offset angle is
0°). The total fluid flow per stroke can be given as:

Vd nADtanB

The flow rate of the pump can be given as:
Vd nADNtanB

here,tanB=s;o

where Sis the piston stroke, D is piston diameter, n is the number of pistons, N is the speed of pump and A is
the area of piston.

Swash Plate Axial Piston Pump

A swash plate is a device that translates the rotary motion of a shaft into the reciprocating motion. It consists
of a disk attached to a shaft as shown in Figure 5.3.6. Ifthe disk is aligned perpendicular to the shaft; the
disk will tum along with the rotating shaft without any reciprocating effect. Similarly, the edge of the
inclined shaft will appear to oscillate along the shaft's length. This apparent linear motion increases with
increase in the angle between disk and the shaft {dfset angle). The apparent linear motion can be converted
into an actual reciprocating motion by means of a follower that does not tum with the swash plate.

Blite Plate

Bwash Anghe. &

Bwash Plate
Cropttet

Figure 5.3.6 Swash plate piston pump

In swash plate axial piston pump a series of pistons are aligned coaxially with a shaft through a swash plate
to pump a fluid. The schematic of swash plate piston pump is shown in Figure 5.3.6. The axial reciprocating
motion of pistons is obtained by a swash plate that is either fixed or has variable degree of angle. As the
piston barrel assembly rotates, the piston rotates around the shaft with the piston shoes in contact with the
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swash plate. The piston shoes follow the angled surface of the swash plate and the rotational motion of the
shaft is converted into the reciprocating motion of the pistons. When the swash plate is perpendicular to the
shaft; the reciprocating motion to the piston does not occur. As the swash plate angle increases, the piston
follows the angle of the swash plate surface and hence it moves in and out of the barrel. The piston moves
out of the cylinder barrel during one half of the cycle of rotation thereby generating an increasing volume,
while during other half of the rotating cycle, the pistons move into the cylinder barrel generating a
decreasing volume. This reciprocating motion of the piston results in the drawing in and pumping out of the
fluid. Pump capacity can be controlled by varying the swash plate angle with the help of a separate hydraulic
cylinder. The pump capacity (discharge) increases with increase in the swash plate angle and vice-versa. The
cylinder block and the drive shaft in this pump are located on the same centreline. The pistons are connected
through shoes and a shoe plate that bears against the swash plate. These pumps can be designed to have a
variable displacement capability. It can be done by mounting the swash plate in a movable yoke. The swash
plate angle can be changed by pivoting the yoke on pintles.

Radial Piston Pump

Figure 5.3.7 Radial piston pump

The typical construction ofradial piston pump is shown in Figure 5.3.7. The piston pump has pistons aligned
radially in a cylindrical block. It consists of a pintle, a cylinder barrel with pistons and a rotor containing a
reaction ring. The pintle directs the fluid in and out of the cylinder. Pistons are placed in radial bores around
the rotor. The piston shoes ride on an eccentric ring which causes them to reciprocate as they rotate. The
eccentricity determines the stroke of the pumping piston. Each piston is connected to inlet port when it starts
extending while it is connected to the outlet port when start retracting. This connection to the inlet and outlet
port is performed by the timed porting arrangement in the pintle. For initiating a pumping action, the
reaction ring is moved eccentrically with respect to the pintle or shaft axis. As the cylinder barrel rotates, the
pistons on one side travel outward. This draws the fluid in as the cylinder passes the suction port of the
pintle. 1t is continued till the maximum eccentricity is reached. When the piston passes the maximum
eccentricity, pintle is forced inwards by the reaction ring. This forces the fluid to flow out of the cylinder and
enter in the discharge (outlet) port of the pintle.
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The radial piston pump works on high pressure (up to 1000 bar). Itis possible to use the pump with various
hydraulic fluids like mineral oil, biodegradable oil, HFA (oil in water), HFC (water-glycol), HFD (synthetic
ester) or cutting emulsion. This is because the parts are hydrostatically balanced. Itmakes the pump suitable
for the many applications such as machine tools (displace of cutting emulsion, supply for hydraulic
equipment like cylinders), high pressure units (overload protection of presses), test rigs, automotive sector
(automatic transmission, hydraulic suspension control in upper-class cars), plastic (powder injection
molding) and wind energy etc.

3. Combination Pump
There are two basic requirements for load lifting or load applying by a hydraulic ram. First, there is a need of
large volume of fluid at a low pressure when the cylinder extends or retracts. The low pressure is required to

overcome the frictional resistance. The second requirement is that a high pressure is needed, when the load
is gripped.

A: —_v__ N

_____ Non-return valve CV1

Low volume high —
pressure pump P2

,/‘\\

—High volume low
pressure pump
P

¥
i
i
i
i
i
i
£
3

Com bination pump

This type of requirements can be fulfilled by an arrangement as shown in figure. In this system two separate
pumps are driven by a common electrical motor. Pump Pl is a high pressure low volume pump and pump P2
is a high volume low pressure pump. The hydraulic system is associated with relief valves RV 1 and RV2
and a one-way check valve CV 1. This kind of arrangement allows the fluid flow from left to right, but
blocks inthe reverse direction.

The pressure relief valve RVl isanormal high pressure valve. The pressure relief valve RV2 is not operated
by the pressure at point A, however, it is remotely operated by the pressure at point B. This can be achieved
with the balanced piston valve. Inlow pressure mode both relief valves are closed and both pumps Pl and
P2 deliver fluid to the load but the majority comes fromthe pump P2 as its capacity is higher.

When the load is in the holding mode, the pressure at B rises and relief valve RV2 opens. Itresults in all the
fluid from pump P2 to return straight to the tank directly and the pressure at A to fall to a low value. The
check valve CV 1stops the fluid from pump PI
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pass it back to the tank via relief valve RV2, consequently pressure at B rises to the level set by relief valve

RV1.

This kind of arrangement saves energy as the large volume of fluid from pump P2 is returned to the tank at a
very low pressure, and only a small volume of fluid from pump P1 is returned at a high pressure.

In general the applications of Hydraulic Pumps can be summarized as,

* Hydraulic pumps are used to transfer power via hydraulic liquid. These pumps have a number of
applications in automobiles, material handling systems, automatic transmissions, controllers, compressors
and household items.

* The hand operated hydraulic pump is used in a hydraulic jack where many strokes of the pump apply
hydraulic pressure to lift the ram.

» A backhoe uses an engine driven hydraulic pump to drive the articulating parts of the mechanical hoe.

* The hydraulic pumps are commonly used in the automotive vehicles especially in power steering systems.

» The lift system of tractor is operated by the hydraulic pumps. These are used in automatic transmissions and
material handling systems in industries.

* Many precise controllers are developed by using hydraulic pumps. The commonly used compressor is
operated by reciprocating pumps.

* The hydraulic pumps are also used in routine household systems like power lift and air-conditions.
Therefore, it can be said that the hydraulic pumps have significant applications in industries as well as ones
routine life.

2.3 HYDRAULIC ACTUATORS: CYLINDERS — TYPES AND CONSTRUCTION

Hydraulic systems are used to control and transmit power. A pump driven by a prime mover such as an
electric motor creates a flow of fluid, in which the pressure, direction and rate of flow are controlled by
valves. An actuator is used to convert the energy of fluid back into the mechanical power. The amount of
output power developed depends upon the flow rate, the pressure drop across the actuator and its overall
efficiency. Thus, hydraulic actuators are devices used to convert pressure energy of the fluid into mechanical
energy.

Depending on the type of actuation, hydraulic actuators are classified as follows:

1. Linear actuator: For linear actuation (hydraulic cylinders).

2. Rotary actuator: For rotary actuation (hydraulic motor).

3. Semi-rotary actuator: For limited angle of actuation (semi-rotary actuator).

Hydraulic linear actuators, as their name implies, provide motion in a straight line. The total movement is a
finite amount determined by the construction of the unit. They are usually referred to as cylinders, rams and
jacks. All these items are synonymous in general use, although ram is sometimes intended to mean a single-
acting cylinder and jack often refers to a cylinder used for lifting. The function of hydraulic cylinder is to
convert hydraulic power into linear mechanical force or motion. Hydraulic cylinders extend and retract a

piston rod to provide a push or pull force to drive the external load along a straight-line path.
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Continuous angular movement is achieved by rotary actuators, more generally known as a hydraulic motor.

Semi-rotary actuators are capable of limited angular movements that can be several complete revolutions but
3600 or less is more usual.

2.3.1 Types of Hydraulic Cylinders
Hydraulic cylinders are of the following types:
| Single-acting cylinders.
| Double-acting cylinders.
Telescopic cylinders.

Tandem cylinders.

A. Single-Acting Cylinders
A single-acting cylinder is simplest in design and is shown schematically in Fig.1.1. It consists of a piston

inside a cylindrical housing called barrel. On one end of the piston there is a rod, which can reciprocate. At
the opposite end, there is a port for the entrance and exit of oil. Single-acting cylinders produce force in one
direction by hydraulic pressure acting on the piston. (Single-acting cylinders can exert a force in the

extending direction only.) The return of the piston is not done hydraulically. In single-acting cylinders,
retraction is done either by gravity or by a spring.

l Pressure port Spring
P G A A A, Rod

VAL LD AN

A / Extension stroke
My =

IRERBARAR

Return stroke
(by spring)

Piston seal l Vent port
Single-acting cylinders

According to the type of return, single-acting cylinders are classified as follows:
| Gravity-return single-acting cylinder.

| Spring-return single-acting cylinder.

Gravity-Return Single-Acting Cylinder
Figure shows gravity-return-type single-acting cylinders. In the push type [Fig. 1.2(a)], the cylinder extends

to lift a weight against the force of gravity by applying oil pressure at the blank end. The oil is passed
through the blank-end port or pressure port. The rod-end port or vent port is open to atmosphere so that air

Dept. of Mechanical Engineering, Jansons Institute of Technology Page 34




HYDRAULICS AND PNEUMATICS MES674
can flow freely in and out of the rod end of the cylinder. To retract the cylinder, the pressure is simply

removed from the piston by connecting the pressure port to the tank. This allows the weight of the load to
push the fluid out of the cylinder back to the tank. In pull-type gravity-return-type single-acting cylinder, the
cylinder [Fig. 1.2(b)] lifts the weight by retracting. The blank-end port is the pressure port and blind-end
port is now the vent port. This cylinder automatically extends whenever the pressure port is connected to the

tank.

W = weight
welgh Vent port

Pressure port
[

Vent port

Pressure port Load

Gravity-refurn single-actng cylinder: (a) Push type; (b) pull type

Spring-Return Single-Acting Cylinder

A spring-return single-acting cylinder is shown in Fig. A & B.In push type [Fig. (2)], the pressure is sent
through the pressure port situated at the blank end of the cylinder. When the pressure is released, the spring
automatically returns the cylinder to the fully retracted position. The vent port is open to atmosphere so that
air can flow freely in and out of the rod end of the cylinder.

Figure (b) shows a spring-return single-acting cylinder. In this design, the cylinder retracts when the
pressure port is connected to the pump flow and extends whenever the pressure port is connected to the tank.

Here the pressure port is situated at the rod end of the cylinder.
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g/ A
2
A-W/m-% o, I s I
T Pressure ortT
Pressure port ventport P Vent port
(a) (b)

(a) Push- and (b) pull-type single-acting cylinders

B. Double-Acting Cylinder
There are two types of double-acting cylinders:

| Double-acting cylinder with a piston rod on one side.

| Double-acting cylinder with a piston rod on both sides.

Double-Acting Cylinder with a Piston Rod on One Side

Figure 1.4 shows the operation of a double-acting cylinder with a piston rod on one side. To extend the
cylinder, the pump flow is sent to the blank-end port as in Fig. (a). The fluid from the rod-end port returns to
the reservoir. To retract the cylinder, the pump flow is sent to the rod-end port and the fluid from the blank-

end port returns to the tank as in Fig (b).
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A double-acting cylinder with a piston rod on both sides (Fig.1.5)is a cylinder with a rod extending from

both ends. This cylinder can be used in an application where work can be done by both ends of the cylinder,

thereby making the cylinder more productive. Double-rod cylinders can withstand higher side loads because

they have an extra bearing, one on each rod, to withstand the loading.

C. Telescopic Cylinder
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A telescopic cylinder is used when a long stroke length and a short retracted length are required. The

telescopic cylinder extends in stages, each stage consisting of a sleeve that fits inside the previous stage. One
application for this type of cylinder is raising a dump truck bed. Telescopic cylinders are available in both
single-acting and double-acting models. They are more expensive than standard cylinders due to their more
complex construction.

They generally consist of a nest of tubes and operate on the displacement principle. The tubes are supported
by bearing rings, the innermost (rear) set of which have grooves or channels to allow fluid flow. The front
bearing assembly on each section includes seals and wiper rings. Stop rings limit the movement of each
section, thus preventing separation. When the cylinder extends, all the sections move together until the outer
section is prevented from further extension by its stop ring. The remaining sections continue out-stroking
until the second outermost section reaches the limit of its stroke; this process continues until all sections are

extended, the innermost one being the last of all.
' A il

2% G

Stage 3

Stage 2

Stage 1

Pressure

— © ©

port

Three stages Retracted position
Extended position

Telescopic cylinder
For a given input flow rate, the speed of operation increases in steps as each successive section reaches the

end of its stroke. Similarly, for a specific pressure, the load-lifting capacity decreases for each successive

section.
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D. Tandem Cylinder

7l I

/////”///////////”/z

A tandem cylinder, shown in Fig. is used in applications where a large amount of force is required from a
small-diameter cylinder. Pressure is applied to both pistons, resulting in increased force because of the larger
area. The drawback is that these cylinders must be longer than a standard cylinder to achieve an equal speed

because flow must go to both pistons.

Through-Rod Cylinders

These are similar in construction to the standard double-acting cylinders, but have a cylinder rod extending
through both cylinder end caps. Although it is possible to have both the piston rods with different diameters
at each end of the cylinder, generally the rods have the same diameters. The main applications of through-
rod cylinders are as follows: the same speed is required in both the directions, both ends of the rod can be
utilized to do work and the non-working end is used to indicate or signal the position of the load. In some
applications, the rod is fixed at both the ends and the cylinder body carrying the load moves on the rod.

A major problem in the manufacture of through-rod cylinders is achieving the correct alignment and
concentricity of cylinder bore, piston, end caps and rods. Any misalignment can result in excessive seal wear

and premature cylinder failure.

Displacement Cylinders

A displacement-type hydraulic cylinder shown in Fig. 1.8 consists of a rod that is displaced from inside a
tube by pumping hydraulic fluid into the tube. The volume of the rod leaving the tube is equal to the volume
of fluid entering the tube, hence the name “displacement cylinder.” The rod of the displacement cylinder is
guided by bearings in the nose or neck of the cylinder body. A collar on the end of the rod prevents it from
being ejected and limits the stroke of the cylinder. Elastomer seals in the neck prevent any leakage of fluid
along the outside of the rod. This design is a single-acting “push” or extension cylinder, which has to be
retracted by gravity, a spring or some external force. The bore of the cylinder body does not require
machining other than that for the neck bearing and the inlet port; the manufacturing cost is, therefore, low

when compared with other types or hydraulic cylinders.
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The maximum thrust exerted by a displacement cylinder is given by

Maximum thrust = Pressure % Rod area =p %

where d 15 the diameter of the rod. The extending speed of the rod 1s given by
Rods _ Flow rate of fluid entering the cylinder

Area of cylinder rod

Inlet port {located
In this position to
prevent air being
trapped)

Displacement cylinder

2.4 CONTROL COMPONENTS: DIRECTION CONTROL, FLOW CONTROL AND PRESSURE
CONTROL VALVES:

One of the most important functions in any fluid power system is control. If control components are not
properly selected, the entire system will fail to deliver the required output. Elements for the control of
energy and other control in fluid power system are generally called “Valves”. It is important to know the
primary function and operation of the various types of control components. This type of knowledge is not
only required for a good functioning system, but it also leads to the discovery of innovative ways to improve
a fluid power system for a given application The selection of these control components not only involves the
type, but also the size, the actuating method and remote control capability. There are 3 basic types of valves.
1. Directional control valves

2. Pressure control valves

3. Flow control valves.

Directional control valves are essentially used for distribution of energy in a fluid power system. They
establish the path through which a fluid traverses a given circuit. For example they control the direction of

motion of a hydraulic cylinder or motor.
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These valves are used to control the start, stop and change in direction of flow of pressurized fluid. Pressure

may gradually buildup due to decrease in fluid demand or due to sudden surge as valves opens or closes.
Pressure control valves protect the system against such overpressure. Pressure relief valve, pressure
reducing, sequence, unloading and counterbalance valve are different types of pressure control valves. In
addition, fluid flow rate must be controlled in various lines of a hydraulic circuit. For example, the control of
actuator speeds depends on flow rates. This type of control is accomplished through the use of flow control

valves.

1. DIRECTIONAL CONTROL VALVES
A valve is a device that receives an external signal (mechanical, fluid pilot signal, electrical or

electronics) to release, stop or redirect the fluid that flows through it. The function of a DCV is to control the
direction of fluid flow in any hydraulic system. A DCV does this by changing the position of internal
movable parts. To be more specific, a DCV is mainly required for the following purposes:

To start, stop, accelerate, decelerate and change the direction of motion of a hydraulic actuator.

To permit the free flow from the pump to the reservoir at low pressure when the pump’s delivery is not
needed into the system.

To vent the relief valve by either electrical or mechanical control.

To isolate certain branch of a circuit.

Any valve contains ports that are external openings through which a fluid can enter and exit via connecting
pipelines. The number of ports on a DCV is identified using the term “way.” Thus, a valve with four ports is
a four-way valve A DCV consists of a valve body or valve housing and a valve mechanism usually mounted
on a sub-plate. The ports of a sub-plate are threaded to hold the tube fittings which connect the valve to the
fluid conductor lines. The valve mechanism directs the fluid to selected output ports or stops the fluid from
passing through the valve. DCVs can be classified based on fluid path, design characteristics, control

methods and construction.

Classification of DCVs

1. According to type of construction:

* Poppet valves

* Spool valves

2. According to number of working ports (way):
» Two- way valves

* Three — way valves
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* Four- way valves.

3. According to number of switching position:
» Two — position
* Three — position
4, Based on fluid path, DCVs can be classified as follows:
[1 Check valves.
[ | Shuttle valves.
| Two-way valves.
| Three-way valves.
| Four-way valves.
5. According to actuating mechanism:
» Manual actuation
» Mechanical actuation
« Solenoid (Electrical) actuation
* Hydraulic (Pilot) actuation
* Pneumatic actuation

« Indirect actuation.

2.4.1 Number of ports
A. Two way valves

Lever, for manual actuation
Bore Port A Valve Body

Spring
Spool T
Port P a) Valve closed
Port A
Spring
Port P b) Valve opened by actuation
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Two way valves have only two ports as shown in Figure. These valves are also known as on-off valves

because they allow the fluid flow only in direction. Normally, the valve is closed. These valves are available
as normally open and normally closed function. These are the simplest type of spool valves. When actuating
force is not applied to the right, the port P is not connected with port A as shown in figure. Therefore, the
actuation does not take place. Similarly, Figure shows the two-way spool valve inthe open condition. Here,

the pressure port P is connected with the actuator port A.

B. Three way valves
When a valve has one pressure port, one tank port and one actuating port as shown in Figures, it is known as
three way valve. In this valve, the pressure port pressurizes one port and exhausts another one. As shown in
figures, only one actuator port is opened at a time. In some cases a neutral position is also available when
both the ports are blocked. Generally, these valves are used to operate single acting cylinders.

Valve body Spring

Bore Port A I

I

Figure A Three way valve: Pto A connected and T is blocked

Valve body Spring
Port A 1

/

Bore

Port T

Spool

Figure B Three way valve in closed position
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Four way valves

MES8674

Figure shows a four-way valve. It is generally used to operate the cylinders and fluid motors in both the
directions. The four ways are: pump port P, tank port T, and two working ports A and B connected to the
actuator. The primary function of a four way valve is to pressurize and exhaust two working ports A and B
alternatively.

Port T

Rore

C==JB o

Port P Port T

Figure Three position four way valve in open center mode

%

Tw<> Ports C I D

This valve has two ports to openfolose a hydraulic
line,

Tllis valve has lhree parts for from he
Three Ports po
pump to bwer wavs ol
" This valve has four for a wide of
f-  Four Ports [X]]J] pullbses. mceutlmg mr>Virtg the actualm forward and
'8 barkw:ird er stopping it
"z
Ports 1 X, 1’1 1111 This vabee has live or more for special purposes.
Twi : A . .
© N [| I IJ S J This vabve has two positions.
JIO
= Thmo A : N % This valee has thees positions.
M po ition:s ! 4 <
i
z F This valve four or more por>iticrns for sp,,ri;al
P - Froill
l'osffions v ¢ X purpose<.
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3/2 way valve : 3ports and 2 position DCV

Nommally cpen position: P is connected to A. When
the valve is not actuated, the way is open.

Nommally open position: P is connected to A. When

| the valve is actuated, the wav is closed

4/2-way valve — 4-port and 2-position DCV

Pis connected to A

T 1] Bis connected to T
L] [

Position 2:
A| B | Pis connected to B

Als connected to T
ALY

ol |1

5/2-way valve — 5-port and 2-position DCV

Normal position:
Dis connected to B

\\ l A is connected to R
LT —[\]
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4/3-way valve — 4-port and 3-position DCV

i P.T A B
- X
yil T
T
Al |B Mid-position pump reticulating:
4 — _ Pto T, A and B closed
y| 1
RIIT

Two- position, Four —way DCV:

These valves are also used to operate double

acting cylinder. These valves are also called as impulse valve as 2 / 4 DCV has

only two switching positions, i.e it has no mid position. These valves are used to
reciprocate or hold and actuating cylinder in one position. They are used on
machines where fast reciprocation cycles are needed. Since the valve actuator moves
such a short distance to operate the valve from one position to the other, this design is
used for punching, stamping and for other machines needing fast action. Fig 4.15 a
and b shows the two position of 2/ 4 DCV.

Bore Spool
Bore Spool

Actuation Actuation

T Port P T T Port P T
a. 1 Position: PtoAandBtoT b. 2 Positon, P to B and A to T‘
1 3
Symbol
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2.4.2 BASED ON THE TYPE OF ACTUATING MECHANISM:

Direction control valves may be actuated by a variety of methods. Actuation is the method of moving the valve
element from one position to another. There are four basic methods of actuation: Manual, mechanical, solenoid-
operated and pilot-operated. Several combinations of actuation are possible using these four basic methods.

I Manually operated: In manually operated DCVs, the spool is shifted manually by moving a handle pushing a
button or stepping on a foot pedal. When the handle is not operated, the spool returns to its original position by
means of a spring.

| Mechanically operated: The spool is shifted by mechanical linkages such as cam and rollers.

I Solenoid operated: When an electric coil or a solenoid is energized, it creates a magnetic force that pulls the
armature into the coil. This causes the armature to push the spool of the valve.

| Pilot operated: A DCV can also be shifted by applying a pilot signal (either hydraulic or pneumatic) against a
piston at either end of the valve spool. When pilot pressure is introduced, it pushes the piston to shift the spool.

1. Manually — actuated Valve: A manually actuated DCV uses muscle power to actuate
the spool. Manual actuators are hand lever , push button, pedals . The following
symbols shows the DCV actuated manually

W@Zl

The symbol of 2 / 4 DCV with manually operated by hand lever to 1 and spring return to 2. In the above two
symbols the DCV spool is returned by springs which push the spool back to its initial position once the operating
force has stopped e.g, letting go of the hand lever.

é

—_
]

2. Mechanical Actuation: The DCV spool can be actuated mechanically, by roller and cam, roller and plunger.
The spool end contains the roller and the plunger or cam can be attached to the actuator (cylinder).. When the
cylinder reaches a specific position the DCV is actuated. The roller tappet connected to the spool is pushed in by
a cam or plunger and presses on the spool to shift it either to right or left reversing the direction of flow to the
cylinder. A spring is often used to bring the valve to its center configuration when de-actuated.

3. Solenoid-actuated DCV : A very common way to actuate a spool valve is by using a solenoid is illustrated in
Fig. When the electric coil (solenoid) is energized, it creates a magnetic force that pulls the armature into the
coil. This caused the armature to push on the spool rod to move the spool of the valve.. The advantage of a
solenoid lies within its less switching time.
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solenoid

| 4
J (L“V
exhaust out  plwerin
The solenoid has two positions and when
actuated will change the direction that
fluid flows tothe device. The symwbol

shomn here are corarnonly used to * .
represent this type of wabee.

L)

solenoid

=ity

i |

W

o e
poweting  exhaust out

x |I“1 J_OJ_
| XY U T

a) Symbol for Single solenoid-actuated. b) Symbol for Solenoid actuated. 3- position.
2- Position. 4-way spring centered DCV

(B

[\ ]
AN

4- way spring centered DCV

4. Pilot-actuation: This type actuation is usually known as pilot- actuated valve. The hydraulic pressure or
pneumatic pressure may directly used on the end face of the spool. The pilot ports are located on the valve ends.
Figure shows a directional valve where the rate of shifting the spool from one side to another can be controlled
by a needle valve. Fluid entering the pilot pressure port on the X end flows through the check valve and operates
against the piston. This forces the spool to move towards the opposite position. Fluid in the Y end (right end ,not
shown in the figure) is passed through the adjustable needle valve and exhausted back to tank. The amount of
fluid bled through the needle valve controls how fast the valve will shift.

Pait of Valve Body
Needle valve Port

P T

Pilot port X Svmbol for pilot actuated 2 /4 DCV

Pilot actuated DCV

2.4.3 Check Valve

The simplest DCV is a check valve. A check valve allows flow in one direction, but blocks the flow in the

opposite direction. It is a two-way valve because it contains two ports. Figure shows the graphical symbol of a
check valve along with its no-flow and free-flow directions.
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Ball
A

Valve seat

Light spring
\

—_) <4+—

free flow direction no flow direction Inlet > Outlet

Graphical symbol of a check valve.

In above figure, a light spring 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 very low pressure is required to hold
the valve open in this direction. If the flow tries to enter from the opposite direction, the pressure pushes the ball
against the seat and the flow cannot pass through.

- Qut

Poppet check valve
A poppet is a specially shaped plug element held on a valve seat by a light spring. Fluid flows through the valve
in the space between the seat and poppet. In the free flow direction, the fluid pressure overcomes the spring
force. If the flow is attempted in the opposite direction, the fluid pressure pushes the poppet in the closed
position. Therefore, no flow is permitted.

2.45 SHUTTLE VALVE

A shuttle valve allows two alternate flow sources to be connected in a one-branch circuit. The valve has two
inlets P1 and P2 and one outlet A. Outlet A receives flow from an inlet that is at a higher pressure. Figure 1.5
shows the operation of a shuttle valve. If the pressure at P1 is greater 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 greater than that at P1, the ball slides to the left
and P2 supplies flow to outlet A.

A A
4 "
| I

A1 !

Py > > P, P,
= Ok D

(a)P; > P, (b)P, > P,

Shuttle valve: (a) Flow from left to outlet and (b) flow from right to outlet
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Graphical symbol

A

P
N

PI P2

2.4.6 FLOW CONTROL VALVES

Flow
adjustment
screw

Fluid

Figure Flow Control Valve

In practice, the speed of actuator is very important in terms of the desired output and needs to be controlled. The
speed of actuator can be controlled by regulating the fluid flow. A flow control valve can regulate the flow or
pressure of the fluid. The fluid flow is controlled by varying area of the valve opening through which fluid
passes. The fluid flow can be decreased by reducing the area of the valve opening and it can be increased by
increasing the area of the valve opening. A very common example to the fluid flow control valve is the
household tap. Figure shows the schematic diagram of a flow control valve. The pressure adjustment screw
varies the fluid flow area in the pipe to control the discharge rate.

The pressure drop across the valve may keep on fluctuating. In general, the hydraulic systems have a pressure
compensating pump. The inlet pressure remains almost constant but the outlet pressure keeps on fluctuating
depending on the external load. It creates fluctuating pressure drop. Thus, the ordinary flow control valve will
not be able to maintain a constant fluid flow. A pressure compensated flow control valve maintains the constant
flow throughout the movement of a spool, which shifts its position depending on the pressure. Flow control
valves can also be affected by temperature changes. It is because the viscosity of the fluid changes with
temperature. Therefore, the advanced flow control valves often have the temperature compensation. The
temperature compensation is achieved by the thermal expansion of a rod, which compensates for the increased
coefficient of discharge due to decreasing viscosity with temperature.

Types of Flow Control Valves

The flow control valves work on applying a variable restriction in the flow path. Based on the construction; there
are mainly four types viz. plug valve, butterfly valve, ball valve and balanced valve.

A Plug or glove valve
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Flow
~ adjustment
screw

Plug or glove valve

The plug valve is quite commonly used valve. Itis also termed as glove valve. This valve has a plug which can
be adjusted in vertical direction by setting flow adjustment screw. The adjustment of plug alters the orifice size
between plug and valve seat. Thus the adjustment of plug controls the fluid flow in the pipeline. The
characteristics of these valves can be accurately predetermined by machining the taper of the plug. The typical
example of plug valve is stopcock that is used in laboratory glassware. The valve body is made of glass or teflon.
The plug can be made of plastic or glass. Special glass stopcocks are made for vacuum applications. Stopcock
grease is used in high vacuum applications to make the stopcock air-tight.

B Butterfly valve

It consists of a disc which can rotate inside the pipe. The angle of disc determines the restriction. Butterfly valve
can be made to any size and is widely used to control the flow of gas. These valves have many types which have
for different pressure ranges and applications. The resilient butterfly valve uses the flexibility of rubber and has
the lowest pressure rating. The high performance butterfly valves have a slight offset in the way the disc is
positioned. It increases its sealing ability and decreases the wear. For high-pressure systems, the triple offset
butterfly valve is suitable which makes use of a metal seat and is therefore able to withstand high pressure. Ithas
higher risk of leakage on the shut-off position and suffer from the dynamic torque effect. Butterfly valves are
favored because of their lower cost and lighter weight. The disc is always present in the flow therefore a pressure
drop is induced regardless of the valve position.

Butterfly valve

C Ball Valve

The ball valve is shown in Figure 5.5.14. This type of flow control valve uses a ball rotated inside a machined
seat. The ball has a through hole as shown in Figure. It has very less leakage in its shut -off condition. These
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valves are durable and usually work perfectly for many years. They are excellent choice for shutoff applications.
They do not offer fine control which may be necessary in throttling applications. These valves are widely used in
industries because of their versatility, high supporting pressures (up to 1000 bar) and temperatures (up to 250°C).
They are easy to repair and operate.

Ball valve
D Balanced valve

Schematic of a balanced valve is shown in figure. It comprises of two plugs and two seats. The opposite flow
gives little dynamic reaction onto the actuator shaft Itresults illthe negligible dynamic torque effect. However,
the leakage is more in these kind of valves because the manufacturing tolerance can cause one plug to seat before
the other. The pressure-balanced valves are used in the houses. They provide water at nearly constant
temperature to a shower or bathtub despite of pressure fluctuations in either the hot or cold supply lines.

Seat 1

Plug 1 Spool————

| seat2

Balanced valve

2.4.6 Pressure relief valves
The pressure relief valves are used to protect the hydraulic components from excessive pressure. This is one of

the most important components of a hydraulic system and is essentially required for safe operation of the system.
Its primary function is to limit the system pressure within a specified range. It is normally a closed type and it
opens when the pressure exceeds a specified maximum value by diverting pump flow back to the tank. The
simplest type valve contains a poppet held in a seat against the spring force as shown in Figure. The fluid enters
from the opposite side of the poppet. When the system pressure exceeds the preset value, the poppet lifts and the
fluid is escaped through the orifice to the storage tank directly. It reduces the system pressure and as the pressure
reduces to the set limit again the valve closes. This valve does not provide a flat cut-off pressure limit with flow
rate because the spring must be deflected more when the flow rate is higher. Various types of pressure control
valves are discussed in the following sections:

1.Direct type of relief valve
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Pressure
adjiustmen
BOTEW
Spring
N
Control
,-*‘"/ chamber
Poppet

Pressure Relief Valve i— ™ L_J

Schematic of direct pressure relief valve is shown in ffgifre. This type of valves has two ports; one of which is
connected to the pump and another is connected to the tank. It consists of a spring chamber where poppet is
placed with a spring force. Generally, the spring is adjustable to set the maximum pressure limit of the system.
The poppet is held in position by combined effect of spring force and dead weight of spool. As the pressure
exceeds this combined force, the poppet raises and excess fluid bypassed to the reservoir (tank). The poppet
again reseats as the pressure drops below the pre-set value. A drain is also provided in the control chamber. It
sends the fluid collected due to small leakage to the tank and thereby prevents the failure of the valve.

2. Unloading Valve

Pressure

Remote pilot
pressure signa = . ————————

Unloading Valve

This valve consists of a control chamber with an adjustable spring which pushes the spool down. The valve has
two ports: one is connected to the tank and another is connected to the pump. The valve is operated by movement
of the spool. Normally, the valve is closed and the tank port is also closed. These valves are used to permit a
pump to operate at the minimum load. It works on the same principle as direct control valve that the pump
delivery is diverted to the tank when sufficient pilot pressure is applied to move the spool. The pilot pressure
maintains a static pressure to hold the valve opened. The pilot pressure holds the valve until the pump delivery is
needed in the system. As the pressure is needed in the hydraulic circuit; the pilot pressure is relaxed and the
spool moves down due to the self-weight and the spring force. Now, the flow is diverted to the hydraulic circuit.
The drain is provided to remove the leaked oil collected in the control chamber to prevent the valve failure. The
unloading valve reduces the heat buildup due to fluid discharge at a preset pressure value.

3. Sequence valve
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Pressure
+—+--adjustment
' screw

Control
chamber

—=="--+Secondary
port

Main
pressure line—

Spool

Direct operation | |
(Control signal)

Remotepilot—| /1 =
pressure signal [£**——"""1——————— .

Sequence valve

The primary function of this type of valve is to divert flow ina predetermined sequence. It is used to operate the
cycle of a machine automatically. A sequence valve may be of direct-pilot or remote-pilot operated type.

Schematic of the sequence valve is shown in Figure. Its construction is similar to the direct relief valve.
It consists of the two ports; one main port connecting the main pressure line and another port (secondary port) is
connected to the secondary circuit. The secondary port is usually closed by the spool. The pressure on the spool
works against the spring force. When the pressure exceeds the preset value of the spring; the spool lifts and the
fluid flows from the primary port to the secondary port. For remote operation; the passage used for the direct
operation is closed and a separate pressure source for the spool operation is provided in the remote operation
mode.
4. Counterbalance Valve
The schematic of counterbalance valve is shown in Figure . It is used to maintain the back pressure and to
prevent a load from failing. The counterbalance valves can be used as breaking valves for decelerating heavy
loads. These valves are used in vertical presses, lift trucks, loaders and other machine tools where position or
hold suspended loads are important. Counterbalance valves work on the principle that the fluid is trapped under

pressure until pilot pressure overcomes the pre-set value of spring force.
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Counter Balance Valve
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adjustment
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_.Control
. chamber

Load

Spool

Direct
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Fluid is then allowed to escape, letting the load to descend under control. This valve is normally closed until it is
acted upon by a remote pilot pressure source. Therefore, a lower spring force is sufficient. It leads to the valve
operation at the lower pilot pressure and hence the power consumption reduces, pump life increases and the fluid

temperature decreases.

5.Pressure Reducing Valve

Pressure Red ucing Valve

Pressure

. adjustment
L SCrew

Drain

Spool

Controlled
pressure out

{ Control
signalline

Sometimes a part of the system may need a lower pressure. This can be made possible by using pressure
reducing valve as shown in Figure 5.6.5. These valves are used to limit the outlet pressure. Generally, they are
used for the operation of branch circuits where the pressure may vary from the main hydraulic pressure lines.
These are open type valve and have a spring chamber with an adjustable spring, a movable spool as shown in
figure. A drain is provided to return the leaked fluid in the spring (control) chamber. A free flow passage is
provided from inlet port to the outlet port until a signal from the outlet port tends to throttle the passage through
the valve. The pilot pressure opposes the spring force and when both are balanced, the downstream is controlled
at the pressure setting. When the pressure in the reduced pressure line exceeds the valve setting, the spool moves
to reduce the flow passage area by compressing the spring. It can be seen from the figure that if the spring force
is more, the valve opens wider and if the controlled pressure has greater force, the valves moves towards the
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spring and throttles the flow.

2.4.7 ACCESSORIES OF HYDRAULIC SYSTEM:

A HYDRAULIC RESERVOIRS:

The hydraulic reservoir is a container for holding the fluid required to supply the system, including a reserve to
cover any losses from minor leakage and evaporation. The reservoir can be designed to provide space for fluid
expansion, permit air entrained in the fluid to escape, and to help cool the fluid. Filling reservoirs to the top
during servicing leaves no space for expansion. Most reservoirs are designed with the rim at the filler neck below
the top of the reservoir to prevent overfilling. Some means of checking the fluid level is usually provided on a
reservoir. This may be a glass or plastic sight gage, a tube, or a dipstick. Hydraulic reservoirs are either vented to
the atmosphere or closed to the atmosphere and pressurized. A description of each type follows.

Vented Reservoir:

A vented reservoir is one that is open to atmospheric pressure through a vent line. Because atmospheric pressure
and gravity are the forces which cause the fluid to flow to the pump, a vented reservoir is mounted at the highest
point in the hydraulic system. Air is drawn into and exhausted from the reservoir through a vent line. A filter is
usually installed in the vent line to prevent foreign material from being taken into the system.

Pressurized Reservoir:

A pressurized reservoir is sealed from the atmosphere. This reservoir is pressurized either by engine bleed air or
by hydraulic pressure produced within the hydraulic system itself. Pressurized reservoirs are used on aircraft

intended for high altitude flight, where atmospheric pressure is not enough to cause fluid flow to the pump.
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Hydraulic reservoirs

A hydraulic system is closed, and the oil used is stored in a tank or

reservoir to which it is returned after use. Although probably the

most mundane part of the system, the design and maintenance of

the reservoir is of paramount importance for reliable operation.

Figure

shows details of a typical reservoir.

The volume of fluid in a tank varies according to temperature and
the state of the actuators in the system, being minimum at low

/>
Return| O Batfle plate
T, |
Pump Fluid
intake O flow
Drain Filler and
To Coa
pump = — =~+—Retum F fikgr__ Oreatner
Low Level
level | \ Mo prrrrrrnsnana fpen v oo o  sight
Access Shutdown Thermostat  Access glass
plate level o plate
Temperature Heater . ppp-  L——
switch —
Dip —» Slope B
Coarse Baffle ey Sumpﬁnd
filtter plate drain plug
Figure Construction of a hydraulic reservoir

temperature with all cylinders extended, and maximum at high
temperature with all cylinders retracted. Normally a reservoir is
designed to hold about three to four times the volume of fluid taken
by the pumps each minute. A substantial spacc above the fluid must
be included to allow for volume change and to prevent any froth on
the surface from spilling out.

The tank also serves as a heat exchanger, allowing fluid heat to be
removed. To obtain maximum cooling, fluid is forced to follow the
walls of the tank, from the return line to pump suction inlet, by a
baffle plate down the tank centre line. This plate also encourages
any contamination to fall to the tank bottom before reaching the
pump inlet, and allows any entrapped air to escape to the surface.
The main return line is below the oil surface (to reduce splashing
and froth) and is directed at a wall to enhance cooling. Low pressure
returns (such as drains from motors or valves) must be returned
above fluid level to prevent back pressure and formation of
hydraulic locks.

Fluid level is critical. If it is too low, a whirlpool forms above the
pump inlet, resulting in air being drawn into the pump. This air
results in maloperation, and will probably result in pump damage.
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A level sight glass is essential to allow maintenance checks to be
carried out. The only route for oil to leave a hydraulic system is, of
course, by leaks so the cause of any gross loss of fluid needs
investigation. In all bar the smallest and simplest systems, two
electrical float switches are generally included giving a remote (low
level) warning indication and a last ditch (very low level) signal
which leads to automatic shutdown of the pump before damage can
occur.

The temperature of fluid in the tank also needs monitoring and as
an absolute minimum a simple visual thermometer should be
included. The ideal temperature range is around 45 to 50°C and,
usually, the problem is keeping the temperature down to this level.
[deally an electrical over-temperature switch is used to warn the
user when oil temperature is too high.

When the system is used intermittently, or started up from cold,
oil temperature can be too low, leading to sluggish operation and
premature wear. A low temperature thermostat and electrical
heater may be included to keep the oil at an optimum temperature
when the system is not in use.

Reservoirs are designed to act as collecting points for all the dirt
particles and contamination in the system and are generally
constructed with a V-shaped cross section forming a sump. A slight

slope ensures contamination collects at the lower end where a drain
plug is situated. Often magnetic drain plugs are used to trap metallic
particles.

Reservoirs should be drained periodically for cleaning, and a
removable man access plate is included for this purpose. This is not
the most attractive of jobs!

Oil is added through a filler cap in the tank top. This doubles as a
breather allowing air into and out of the tank as the volume of fluid
changes. A coarse filter below the breather prevents contamination
entering the tank as fluid 1s added.

Reservoirs are generally constructed from welded steel plate with
thin side walls to encourage heat loss. The inside of the tank is shot
blasted then treated with protective paint to prevent formation of
rust particles.

At some time in the life of a hydraulic system there will eventually
be oil spillage around the tank, whether from leakage, over-
enthusiastic filling or careless maintenance. It is therefore good
practice to put substantial drip trays under reservoir pumps and
associated valves to limit oil spread when the inevitable mishaps
occur.
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B. HYDRAULIC ACCUMULATOR:

A hydraulic accumulator is a device that stores the potential energy of an incompressible fluid held under
pressure by an external source against some dynamic force. This dynamic force can come from different sources.
The stored potential energy in the accumulator is a quick secondary source of fluid power capable of doing

useful work.

It is a simple hydraulic device which stores energy in the form of fluid pressure. This stored pressure may be
suddenly or intermittently released as per the requirement. In the case of a hydraulic lift or hydraulic crane, a
large amount of energy is required when the lift or crane is moving upward. This energy is supplied from the
hydraulic accumulator. But when the lift is moving in the downward direction, it does not require a huge amount
of energy. During this particular time, the oil or hydraulic fluid pumped from the pump is stored in the

accumulator for future use.

A system operates intermittently at a pressure ranging between 150 bar (2175 psi) and 200 bar (2900 psi), and
needing a flow rate of 100 1pm for 10 s at a frequency of one every minute. With a simple system consisting of a
pump, pressure regulator and loading valves, this requires a 200 bar (2900 psi), 100-Ipm pump driven by a 50 hp
(37 kW) motor, which spends around 85% of its time, unloading to the tank. When an accumulator is installed in

the system as shown in Figure, it can store and release a quantity of fluid at the required system pressure.

Accumulators are used mainly on the lift equipment to provide positive clamping action on the heavy loads
when a pump's flow is diverted to lifting or other operations. An accumulator acts as a safety device to
prevent a load from being dropped in case of an engine or pump failure or fluid leak. On lifts and other

equipment, accumulators absorb shock, which results from a load starting, stopping, or reversal.

There are three basic types of accumulator used in hydraulic system. They are:

1. Weight — Loaded, or gravity, type
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2. Spring -Loaded type

3. Gas — Loaded type

1. Weight — Loaded Accumulator: This type consists of a vertical, heavy- wall steel cylinder, which
incorporates a piston with packing to pressure leakage. A dead weight is attached to the top of the piston. The
force of gravity of the deadweight provides the potential energy in the accumulator. This type of accumulator
creates a constant fluid pressure throughout the full volume output of the unit regardless of the rate and quantity
of output. The main disadvantage of this type of accumulator is extremely large size and heavy weight which
makes it unsuitable for mobile equipment.

Figure 7.14
Weight-loaded accumulator

2. Spring — Loaded Accumulator : A spring loaded accumulator is similar to the weight — loaded type except
that the piston is preloaded with a spring. The spring is the source of energy that acts against the piston, forcing
the fluid into the hydraulic system. The pressure generated by this type of accumulator depends on the size and
pre-loading of the spring. In addition, the pressure exerted on the fluid is not a constant. The spring- loaded
accumulator typically delivers a relatively small volume of oil at low pressures. Thus, they tend to be heavy and
large for high- pressure, large — volume systems. This type of accumulator should not be used for applications
requiring high cycle rates because the spring will fatigue and lose its elasticity. The result is an inoperative

accumulator.
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Figure 7.15
Spring-loaded accumulator

3. Gas loaded Accumulator:

These types of accumulators (frequently referred to as hydro-pneumatic accumulators) have been found to be
more practically viable as compared with the weight and spring- loaded types. The gas loaded type operates in
accordance with Boyle’s law of gases, according to which the pressure of a gas is found to vary inversely with its

volume for a constant temperature process.

The compressibility of the gas accounts for the storage of potential energy in these accumulators. This energy

forces the oil out of the accumulator when the gas expands, due to a reduction in system pressure.

Gas-loaded accumulators fall under two main categories:
1. Non-separator type

2. Separator type.
Non-Separator Type Hydraulic Accumulator

The non-separator type consists of a fully enclosed shell containing an oil port at the bottom and the gas-
charging valve at the top. The valve is confined to the top and the oil to the bottom of the shell. There is no

physical separator between the gas and oil, and thus the gas pushes directly on the oil.

The main advantage of this type of accumulator is its ability to handle a large volume of oil. However, its

disadvantage lies in the fact that the oil tends to absorb gas due to the lack of a separator.
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Figure 7.16
Non-separator-type gas loaded accumulator

MLES674

Qil port
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Diaphragm "./_,
Steel shell -~

Shut-off button

Figure 7.18
Diaphragm-type accumulator

The diaphragm-type accumulator consists of a diaphragm secured in a shell and serving as an elastic barrier

between the oil and the gas. The cross-sectional view of a diaphragm type accumulator is shown in Figure .

A shut off button which is secured at the base of the diaphragm, covers the inlet of the Hne connection when the

diaphragm is fully stretched. This prevents the diaphragm from being pressed into the opening during the

precharge period. On the gas side, the screw plug allows control of the charge pressure and the charging of the

accumulator by means of a charging and testing device.
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Piston Type Separator Gas Loaded Hydraulic Accumulator

This accumulator consists of a cylinder containing a freely floating piston with proper seals, as illustrated in
Figure. The piston serves as a barrier between the gas and oil. A threaded lock ring provides a safety feature that
prevents the operator from disassembling the unit while it is precharged. The main disadvantage of piston-
type accumulators is that they are very expensive and have size limitations. In low-pressure systems, the piston
and seal friction also poses problems. Piston accumulators should not be used as pressure pulsation dampeners or
shock absorbers because of the inertia of the piston and the friction in the seals. The principle advantage of the
piston-type accumulator lies in its ability to handle very high- or low-temperature system fluids, through the

utilization of compatible O-ring seals.

Nl = BEE

Pistor

L o—g———

Figure 7.17
Piston-type accumulator

BLADDER TYPE SEPARATOR GAS LOADED HYDRAULIC ACCUMULATOR

The bladder is fitted to the accumulator by means of a vulcanized gas-valve element that can be installed or
removed through the shell opening at the poppet valve. The poppet valve closes the inlet when the bladder is
fully expanded. This prevents the bladder from being pressed into the opening. A shock-absorbing device,

protects the valve against accidental shocks, during a quick opening.
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The greatest advantage with these accumulators is the positive sealing between the gas and oil chambers. The

Weight bladder provides a quick pressure response for pressure regulation as well as applications involving

pump pulsations and shock dampening.

* Poppet valve

Figure 7.20
Bladder-rype accumulator ( Courtesy of Robert Bosch Corp.}
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SECTIONAL VIEW

Pressure switches are actuated by a change in the pressure of a liquid or gas. They activate electromechanical
or solid-state switches upon reaching a specific pressure level. The pressure at which an electric circuit turns ON
or OFF is called Set point of switch. The most important parameter to consider is the pressure range that is
needed to be switched at, or the range over which linear output is needed. A Bourdon tube or bellows can be
used to actuate the switch. The pressure is fed inside the bellows which causes the contact of the plate with the

circuit and current flows which either on the alarm or send signals to control center.
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Pressure switch can be modified so as to make a low pressure contact, In addition to a high pressure contact. It
is adjustable. The contacts in a pressure switch may be normally closed when the pressure is below the set point
for example; the contact in a normally open switch remains opened until the pressure rises above the set point.
Then the sensing element makes the contacts snap to close position. The contacts open again when the pressure
falls below the set point. The contacts in a normally closed switch remain closed until the pressure rises above
the set point. Then the contacts snap open and remain open until a pressure drops below the set point again. Most

switches contain the two sets of contacts, one normally open and other normally closed.

Choices for pressure switches measurement ranges include absolute, gauge, vacuum, differential, and sealed.
Absolute switches are used where pressures are to be measured independently of the natural fluctuations in
atmospheric pressure. The pressure of the media to be measured is compared against a reference pressure of
absolute zero (absolute vacuum) in a sealed reference chamber. Vacuum measurement switches measure

vacuum pressure (negative pressure).

Differential pressure switches give the relative pressure between two points. If both operating pressures are the
same, the measuring element cannot move and no pressure will be indicated. A differential pressure is indicated
when one pressure is higher or lower. Low differential pressures can be measured directly in cases of high static
pressures. Sealed gauge pressure measurement is similar in concept to an Absolute Pressure switch, except that

the pressure of the media to be measured is compared to standard atmospheric pressure (at sea-level).

HYDRAULIC INTENSIFIER

» The device, which is used to increase the intensity of pressure of water by means of hydraulic
energy available from a large amount of water at a low pressure, is called the hydraulic
intensifier. Such a device is needed when the hydraulic machines such as hydraulic press as
hydraulic press requires water at very high pressure which cannot be obtained from the main

supply

FROM SUPPLY

directly. | how PREsSuRe
»  Ahydraulic intensifier consist of fixed ram through 715%
which the water, under a high pressure, flows to the I '
machine. A hollow inverted sliding cylinder, roexs (22777 \{
containing water under high pressure, j‘,g'._‘. Y77 -
is mounted over the fixed ram. The inverted Vi mm’ PRESSURE

sliding cylinder is surrounded by another fixed
inverted cylinder which contains water from the
main supply at a low pressure as shown in fig

» There are three main parts in the hydraulic
intensifiers to be noted. They are

A rrRnN 74

Fixed ram, :
2 Hollow inverted sliding cylinder, T+ |
Fixed inverted cylinder. coweressure P77 L/~ FEo maM
WATER FROM "[; S—
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H |
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WATER TO MACHINE
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HYDRAULIC SYMBOLS
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UNIT Il
HYDRAULIC CIRCUITSAND SYSTEMS

Industrial hydraulic circuits- Regenerative, Pump Unloading, Double-pump, Pressure Intensifier, Air over oil,
Sequence, Reciprocation, Synchronization, Fail-safe, Speed control, Hydrostatic transmission, Accumulators,

Electro hydraulic circuits, Mechanical Hydraulic servo systems.

A basic hydraulic circuit consists of a power supply, pump, reservoir, relief valve and a control valve.

Basic hydraulic power units can have specific control valves and activators to properly control hydraulic devices.
Examples: Single or Double Acting Hydraulic Cylinders, Hydraulic Motors or to send fluid and pressure to a

remote location.

Custom designing a hydraulic circuit is to specifically build the complete circuit to satisfy all the requirements of

the power unit.
Design Considerations :

» Safety of Operation:

1. Pressure and Temperature ratings.
2. Interlocks for sequential operations
3. Emergency shutdown features.

4. Powver failure locks.

5. Operation speed.

6. Environment conditions.

 Meet functional requirements :

1. Meet required performance specification.

2. Life expectancy same as machine.

3. Facilitate good maintenance practice.

4. Compatibility with electrical and mechanical components.

5. Withstand operational hazards.

« Efficiency of Operation :
1. Keep system Simple, Safe and Functional.
2. Access to parts need repair or adjustment.

3. Design to keep min operational cost.

4. Design to prevent and remove contamination.
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Linear Circuits :
Hydraulic
Input Shaft power | Conductor | contro)
power source devices
using fluid
Engines electric Pumps Accumulators Pressure valves
motors power take pressure head directional valves
off mechanical force flow valves
turbines
Actuators Conductors
Work devices
Fluid motors
cylinders
intensifiers
[Tt )
? Wl‘T_TIJ-]_mW * Reservoir
J -l « Strainer
T
* Pump
_'_\1 * Flexible coupling
 — | $ + Electric motor
« Connectors
* Relief valve
* Hyd. cylinder
Some of the hydraulic circuit includes:
Regenerative circuit
Pump Unloading circuit
Double-pump circuit
Pressure Intensifier circuit
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Air over oil circuit

Sequence circuit - Reciprocation circuit
Synchronization circuit

Fail-safe circuit

Speed control circuit

Hydrostatic transmission

Accumulators

Electro hydraulic circuits Mechanical

Hydraulic servo systems.

REGENERATION CIRCUITS

Regeneration circuits can double the extension speed of a single-rod cylinder without using a larger pump. This
means that regeneration circuits save money because a smaller pump, motor, and tank can produce the desired

cycle time. It also means that the circuit costs less to operate over the life of the machine.

A regeneration circuit can also replace a double rod-end cylinder in some circuits. With equal rod diameters, a

double-rod cylinder’s area is the same on both ends. Equal areas mean identical force and speed both ways at a
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given pressure and flow. Reciprocating tables often use double rod-end cylinders for this reason. When the main

function of a double rod-end cylinder is equal speed and power in both directions of travel, replace it with a

regeneration circuit.

A double rod-end cylinder costs more than a cylinder with a single oversize rod; the extra rod needs space in
which to move; and the second rod seal is another potential leakage source. To eliminate these objections, use
the full-time regeneration circuit shown in Figures 17-6 and 17-8. Extension and retraction speed (as well as

thrust) is the same, without the extra rod and its problems.

One disadvantage to using cylinders with a single oversize rod is that speed and thrust are not identical if the rod
diameter ratio is not exactly 2:1. Most cataloged 2:1 rod diameters are only close to that ratio. A standard NFPA
3.25-in. bore cylinder comes with a 2.00-in. diameter rod as a 2:1 differential. If using this cylinder in a full-time
regeneration circuit, speed is about 21% faster on the extension stroke, with about 21% less force than the

retraction stroke.
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Regenerative Circuit

In an earher chaprer, we have learned that a typical conventional double-acting hydraulic cylinder with
piston area “Ap’ and piston-rod area ‘A’ produces somewhat grearer speed when retracting than when
extending provided that the pump flow 1s constant. However, many hydraulic crrcunts require faster
extension stroke to reduce their overall cycle imes. A regencratve circurt can be emploved to increase
the speed of the cylinder during its extension stroke. The idea of the regenerative cieowit 15 explained
with the help of Figure 11.13. The circuit consists of a hydaulic cylinder powered by a fixed-
displacement pump with a flow rate “Qp’ and controlled by a 3/2-DC valve. The lines to the ports of
the cylinder are connected m parallel.

_’ 4

A
ST CiNY
i 5
<
(\]F | (2[' (\)p
O ®
(| L
{a) Forward stroke (b) Return stroke

During the forward stroke of the evlinder, flud from the pump (Qr) flows to the cap end of the
cybnder through the DC valve and flow from the piston-rod end {(Qg) regenerates with the pump
flow. Durning its forward stroke, the total How ((Q+) to the cap end of the cylnder 1s the sum of Qe
and Qg.

Thar 1s, Qr=Qr+ Qr

Thercfore, the pump flow rate Qr 1s given by:
(Qp - (QT - (V;)y\

As we are aware, the total flow rate 1s the product of the piston area (Ap) and the extension speed
(Vex) and the regenerative flow rate 15 the product of the achive area on the piston-rod side (that 15, Ap
—~ AJ) we have,

Qp = ApX Vexe - i-\? = Au) X Vit
(\)l‘ = Ae X Vex
Thersefore, Ve = Qpf A

The equation mentioned above suggests that the speed of extension steoke equals the pump flow
rate divided by the psston rod area. Thus, a small rod area provides a significant extension speed.
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Ratio of Extension and Retraction Speeds: The ramno of the extension speed (v and rthe
reteaction speed (Vi) of a hydraulie cylinder can be eelared ro the area rano (Ap/Ay) of the cvlinder,
The area ratio can be calculated i the following mannes:
Retraction speed, ver = Qref {(Ap— AY)
Therefore, Vet Ve = (Ap= A/ A,
Vest/ Ve = (Ap/A) =1

I'he equation mentioned above suggests that higher the rato of the piston arca to the pston-rod
arca of the cylinder, the greater would be the rano of 1ts extending speed to ts setraction speed, For
the particular case, when the piston ares s equal to two times the piston-rod areq, the exrension and
reteaction speeds would be equal.

Load-carrying Capacity: The load-carrying capacity of the regeneranve hydraulic cylinder during its
extension stroke 1s less than that would have obrained from a regular double-actng hydraulic cylinder.
The load-carrving capacity of the evlinder durning its extension stroke equals the system pressure nmes
the pisten-rod arca rather than the piston arca. 'This fact 1s because the pressure acts on both sides ot
the piston during the extension stroke of the eylinder.

PUMP UNLOADING CIRCUIT:

In this circuit, the unloading valve opens as the cylinder reaches the end of its extension stroke. This is because
the check valve keeps the high-pressure oil in the pilot line of the unloading valve. When the DCV is shifted to
retract the cylinder, the motion of the cylinder reduces the pressure in the pilot line of the unloading valve. This
resets the unloading valve until the cylinder is fully retracted at the point where the unloading valve unloads the
pump. It is thus seen that the unloading valve unloads the pump at the end of the extending and retracting strokes

as well as in the spring-centred position of the DCV.

i
[

Figure 10.4
Pump unloading circuit
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DOUBLE-PUMP CIRCUIT

Figure shows a circuit that uses a high-pressure, low-flow pump in conjunction
with a low-pressure, high-flow pump. A typical application is a sheet metal punch
press in which the hydraulic ram (cylinder) must extend rapidly over a great dis-
tance with very low pressure but high flow-rate requirements. This rapid extension
of the cylinder occurs under no external load as the punching tool (connected to
the end of the cylinder piston rod) approaches the sheet metal strip to be punched.
However, during the short motion portion when the punching operation occurs, the
pressure requirements are high due to the punching load. During the punching op-
eration, the cylinder travel is small and thus the flow-rate requirements are low.

The circuit shown eliminates the necessity of having a very expensive high-
pressure, high-flow pump. When the punching operation begins, the increased pres-
sure opens the unloading valve to unload the low-pressure pump. The purpose of
the relief valve is to protect the high-pressure pump from overpressure at the end
of the cylinder stroke and when the DCV is in its spring-centered mode. The check
valve protects the low-pressure pump from high pressure, which occurs during the
punching operation, at the ends of the cylinder stroke, and when the DCV is in its
spring-centered mode.

< Floap
]
,& N e >< i
WIilylrt W
i
2  PRESSURE
RELIEF
VALVE
HIGH 1 * s
PRESSURE ' ;
LINE —» ' ' 1
H
» UNLOADING VALVE
LOW- 2 =J
FLOW HIGH-
PUMP FLOW

PUMP (DELIVERS NO FLOW TO EXTENDING
CYCLINDER WHEN "HIGH PRESSURE"
EXISTS IN HIGH PRESSURE LINE DUE

Ly (LN TO PUNCHING OPERATION)

LOW PRESSURE LINE

Figure 5-8 shows a circuit that uses two pumps, one high-pressure, low-flow pump and the other low-pressure,
high-flow pump. One can find application in a punch press in which the hydraulic ram must extend rapidly over
a large distance with very low pressure but high flow requirements. However, during the short motion portion
when the punching operation occurs, the pressure requirements are high due to the punching load. Since the

cylinder travel is small during the punching operation, the flow-rate requirements are also low.
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The circuit shown eliminates the necessity of having a very expensive high-pressure, high-flow pump. When the

punching operation begins, the increased pressure opens the unloading valve to unload the low-pressure pump.
The purpose of the relief valve is to protect the high-pressure pump from overpressure at the end of the cylinder
stroke. The check valve protects the low-pressure pump from high pressure, which occurs during the punching
operation, at the ends of the cylinder stroke, and when the DCV is in its spring-centered mode.

PRESSURE INTENSIFIER CIRCUIT

What are Pressure Intensifiers ?

v Pressure intensifices, also known as pr'r_itun: hanrsters, are used to compress the liquid
im & hydeanlic system to & value above the pump discharge préssure,

v [ other words, a fpdraniic ieneifer & o devics which comverts g large-valome, low-
pressure fluid supply imro o proportionately smallwolume, high-pressure fluid outlat.
# The intensifier is wsually located in between the pump and the machine (g, press,

crane, Hft) that needs high pressure Hoguwid Cor its operation.
¥ The action of the intensifier iz similar Lo that of & step-np electrical iransformer.

¥ It finds its application at places where a liquid of vary high pressure is to be developed
from available low pressure. Typical applications include hydranlic presses, riveting
machines, and spot-welders,

Construction and Working

The constrection and operation of a typical pressure inteasifier is illugtrated in Fig.8,16.

Interisifier n ’ __,-"’:;’/f _;;J""" :}Emum
e "'rf—-“'" cﬂrl?lﬂnr
7
SiE - <3
—g |mmm
NN

i ‘mﬁ .

|
I
I Fistan rod

Fig. B 06 {-'peru.'mn af a presenre iur.ens.!ﬂ.gr
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13.3. Intensifier Ratio
It may be noted that the increase in pressure is directly proportional to the difference in
eas of the two sizes of pistons. .
Let P, = Pressure exerted on larger or ‘operating’ end of the piston,
P, = Pressure exerted by smaller or “intensifying’ end of the piston,
A, = Areaofthe larger or ‘operating’ end of the piston, and
A, = Area of the smaller or ‘intensifying’ end of the piston.
Since force load acting on the two pistons is same, we get
Pc x Ao = Pi X Ai
- P Pi Ao
or Intensifier ratio, P. ~ A, ... {8.3)
The volume output is inversely proportional to the above ratio. Therefore we can .write,
High outlet pressure (P,) Area of large piston (A,)
Low inlet pressure (P,) ~  Area of small piston (or piston red) (A)
High inlet flow rate {Q,,)
Low outlet flow rate (Q.....) -+ (84)
- ®
s | Work | ®
o | piece 1
L L ()
-------- D
® {
() - Line to reservoir \% F 0
T 4 i
@ — Filter-strainer pmmmasd : Eecueas 4 i @
d L
@ — Unidirectional, fixed
displacement pump " 'y T
@ — Pressure relief valve >< @
Wi =
@ ~ Lever operated, 8 T i g
spring return L
413 DC valve ©) -
@ — Check valve i é lL
: @ - Intensifier : @ 1 A i @
— Double acting cylinder . o
i
Fig. 8.17. Pressure intensigier circuit
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ESSURE INTEN

8.14.1. Intensifier Circuit in Punching Press Application

~ As we know, usually a heavy punching press requires two pumps (a low-pressure pump
and a high-pressure pump) to obtain the high-pressure outlet flow required for the operation,
But with the use of a pressure intensifier, one can eliminate the expensive high-pressure
pump in the punching press application.

8.14.1.1. Circuit,

Fig.8.17 shows a basic hydraulic circutt employing an intensifier for use m a punching -
operation. This circuit consists of a low-pressure pump, 4/3 DC valve, pilot check valve,
sequence valve, pressure intensifier, and cylinder. As shown in Fig.8.17, the intensifier
should be installed closer to the cylinder to shorten the high-pressure lines.

8.14.1.2. Operation

First operator places workpiece in fixture and shifts handle of 4/2 DC valve. When the 4/2
DC valve is shifted to the right side position, the oil flows to the blind 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 blind end of the cylinder to
perform the punching operation. |

When the 4/2 DC valve 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
cyltnder is retracted to the startm g position.

Alr-Over-0il Intensifier Circuit
¥ In some applications, the hydranlic and pneumatic circuits are coupled o best use of
the advantages of both il and air mediums.

¥ Thi=s combmation circuit 1= also known as kyvdrs-preamatic o paeatio-hydraslic
circiils or dmel prestmwre SYsiems.

Clreuit
Fig.8.18 shows a typical air-over-oil intensifier. This circuit can be used for drawing a
eylinder over a large distance at a low pressure and then over a2 small distance at high
pressure (such as in punch press applications), This circuit consists two lines—air lines and
oil lines, In the circuit, the air lines are shown by single lines and oil lines by double fines.
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Operation
Extension : When the first 4/2 DC valve (valve 1) 15 shifted to left mode, the air from the
reservoir flows to the approach fank. In the approach tank, the air forces the oil to the blind
end of the cvlinder through the bottom of the intensifier, as shown by double lineg in
Fig. 8. 18, Mow the cylinder extends. _
Usefnl Work ; When the cylinder experiences its koad, the second 4/2 D valve (vabes 2}
i5 actuated to the loft 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 approacn tank. Now the cylinder receives high pressure oil at the blind end to perform the |
useful work such as punching operation.

FRL Vent
d
A 3
Valve 1 AN
Y
[
Vvent = Air Return
i Ol tank
Tt 5
wf = Valve 2 YAl
2 h 4 - — i Fioad
A-{.ir- Approach ¢ [ [ i }
Ail tank Cylinder
Air line
— Oil line
1 FRL — Fiiter, regulator,
/, fubricator unit
Intensifier

Fig, 8.18. Air-over-oil intensifier circuit

Retraction : When the valve 2 is released (shifted to right mdde), the air flow from the
reservoir is blocked. The air from the top end of the intensifier is vented to the atmosphere.
This complietes the high pressure portion of the cycle.

When valve 1 is released (ie., shifted to right mode), 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 pistorn 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.

{a) Presyure intensifier, (B} Pressure infensifier,
simgle acting piston donbie acting piston

Fig. 8.19. Graplic spmibol for a pressure intensifier
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SEQUENCE CIRCUIT

The circuit depicted in Figure contains a hydraulic system in which two sequence valves are used to control the
sequence of operation of two double-acting cylinders.

When the DCV is shifted into its left envelope mode, the left cylinder extends completely and then the right
cylinder extends. If the DCV is shifted into its right envelope mode, the right cylinder retracts fully followed by
the left cylinder. This sequence of the cylinder operation is controlled by the sequence valves. The spring
centered position of the DCV locks both the cylinders in place.

Cylinder 1 (clamping) . Cylinder 2 {(punching)

/t‘\’ |
®"
= 1 Sequence
valve 2

j i P

} @Sequence

i valve 1

! - " —

Line to reservoir
- i
i @
L1

Fig. {3.5. Hydraulic cy!r'r:.der sequaetice circuit (for clamping and punching operations}

L

o e

Filter-strainer

Unidirectional, fixed
displacement pump

Pressure reilef valve

tManually-operated
spring-centered
4/3 DC valve

Sequencing valves

O ©® O

R

Check valves

SICICOMOIORGIONC,

200

R

Double-acting cylinders

13.8.2. Operation

Left mode position - When the 4/3 DC valve is shifted manually to the left eavelope flow
path configuratica, the cylinder-1 extends completely and the workpiece is clamped. Cnce
the cylinder-1 reaches its end of the stroke, pressure is increased and sequence valve | opens
and the cil starts to fow into the cylinder-2. Now the cylinder-2 extends to drive a spindle to
do punrching operation in the workpiece. 7

Right moie position : When the 4/3 DC valve is shified to the right mode, the cylinder-2
retracts. Once the cylinder-2 retracts completely, the seguence vaive 2 opens and the ofl starts
to flow into the cyiinder-1. {t causes the cylinder-1 to retract and heace the unclamping of
workpiece is achieved.
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AUTOMATIC RECIPROCATION CIRCUIT:

.
|
I I ®
! Check vaive 1 Check vaive 2 |
e L3 E
(A . PRI [ S — 4 5
: ] i
@ __________ I [ ST S @ :
Sequence — Sequence |
valve 1 AN 44 g valve 2
""""""""""""" i i - \ E“'““““ 5
* e |
@ - !' y !
*
7 @ - Line to reservoir
: :
@ M o @ — Filter-strainar E
3 H
(D b 0, @ : (@) - Unidirectionai, fixed !
displacement pump i
@ — Pressure refief vaive 1
l @ - Pi%?bcperaled
spring-centered
4/3 DC valve
) @ & @ — Sequencing vaives
& @ — Check valves
- Double-acting cyiinder‘

13.9.2. Cperation

Retraction : When the 473 DC valve is shified to the ieft envelope ﬂnw path
configuration, oil flows from the pump to the rod end of the cylinder. This pump flow retracts
the cylinder. The check valve 1 prevents shifting of the 4/3 DC valve until the fuli retraction
stroke cﬂmpletcs_ As the piston reaches its end of stroke, the pressure builds up in the
sequence valve 1 and it opens. This allows the pllu:ut pressure 5|gnal to shift the DC valve to
the right mode.

Extension : When the pilot signal shifts the 4/3 DC valve to the right mode, the oil flows
to the blind end of the cylinder. This pump flow. extends the cylinder. The check valve 2
prevents shifting of the DC valve until the fult extension stroke completes. As the piston
reaches its end of stroke, the pressure builds-up in the sequence valve 2 and it cpens. Thls
allows the pilot pressure s:gnai to shift the DC valve to the left mede again.

Thus the sequence rﬂpeats and the cylinder reciprocates continuously.
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SYNCHRONIZATION CIRCUIT

HYDRAULIC CYLINDER SYNCHRONIZING CIRCUITS

There are many industrial applications require nearly perfect synchronization of

MES674

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 synchromzatlon can be achieved in many ways such as (i) By using double-
end cylmders in series, (if) By using mechanically finked pistons, (i) By using hydraulic
motors as metering devices; (iv) By using flow control valves, (v) By using air-hydraulic
cylinders in series, e,

Now we shall discuss how synchronization is achieved using the double-end cylinders in
series. o

Synchronizing Hydr'aulic'Cylinders Connected in Series
Circuit - |
Fig.13.7 illustrates a circuit to synchronize two cylinders by connecting them in series.

This circuit uses a solenoid-operated, spring-offset 4/3 DC valve and two double-acting
hydraulic cylinders.

Operation’

Extension of cylmders I.and 2 : When the 4/3 DC valve is shifted to the left envelope
flow path configuration, oil flows from the pump to the blind end of cylinder 1 and thus the
cylinder | extends. At the same time, oil from the rod end of cylinder | is forced to the blind
end of cylinder 2 and thus the cylinder 2 also extends. Now the oil returns to the tank from
the rod end of eylinder 2-via the DC valve. Once full extension of cylinders | and 2 are over,
the DC valve is shifted to the right mode, |

Retraction of cplinders I and 2 : When the 43 DC vzlve is shifted to the right mode. oil
flows from the pump % the rod ead of cylmder 2 and thus the cylinder 2 refracts. At the same
e, otl from the dlind end of cyfinder 2 is forced to the rod end of cylinder 1 2ad thus the

cyiinder | also retracts. Now the oil reiums w0 the @ank from the blind end of ovlindsr I vi

the DC valve.

12

Thus both extension and retraction operaticas of both cyfinders are synchronized by
zceneciing them in series. But for the two cylinders &0 be synchronized, the piston arza of
zyiinder 2 shoald be equal to the difference between the areas of the piston and rod for

syfmder 1.
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Cylinder t

Cylinder 2

Fif
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]
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Line to reservoir

Filter-strainer

Unidirectional, fixed
displacement pump
Pressure relief valve
Solencid-operated
spring-ofiset 4/3 DC valve
Double-acting cylindars

Fig. 13.7. Spnchronizing hydraulic cylinders by connecting them in series
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FAIL-SAFE CIRCUIT

Fail-safe circuits are designed to safeguard the operator, the machine, and the workpiece.
These circuits prevent any possible injury to the operator or damage to the machine and the
workpiece. One such fail-safe circuit is explained below.

13.13.1. Two Handed Safety Circuit

The two handed safety circuit is designed to protect an operator from accident. ‘

43.13.2. Circuit

Fig.13.11 illustrates a typical two handed safety control circuit for .sa'feguarding the
operator from injury. This circuit uses a pilot-operated spring-offset 4/3 DC valve and two
push buttons.

- Left i Right |
push button | push butiton E
1 8
R ﬁ Si U ﬁ (VA
=2 2 -y
- ) poee | I G e LR e e
S b : '
M Af N i Y
< > :
) H H
Pifot Pitot A
L TSvalvet g valve 2! ' R
: @ ¢ A B i <
LR IA o I X__SJ‘“
AW Y | MAA

hmesuanea

C T
IS
Line to reservoir

W @ — Filter-strainer
®

@ — Unidirectional, fixed

Q

jlacnancauy

pamn
]
<«

displacement pump

i (o e . L'LI @ — Pressure relief valve

@ — Pilot-operated spring-
@ Ly ' offset 4/3 DC valve

(6)&(7) — Push-button operated

4/2 pilot controf valve

0 — Check valve
@ - Double-acting cylinder

Fig. 13.11. Two handed safety control circuit

Operation:

The operation are as follows:
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|. When the 4/3 DC valve is in its centre position, the oif flow is diverted back to tank
through the pressure relief valve. Therefore the cylinder is hydraulically locked.

2. When operator pushes down both left and right push buttoas, the oil flows in through
port R of pilot valve 1 and out through port S, 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 DC valve causing the DC valve to shift to its left mode. When the

‘DC valve is shifted to its left mode, the oil from the pump flows into the blank end of
the cylinder and thus the cylinder extends. Thus the extension of cylinder takes place
only when the operator depresses both the pusi buttons. |

(PP

When the operator pushes the right push button only, oil flows in through port R to
port S of pilot valve 1, then through poit V to port N of pitot valve 2. Thus the oil is
drained to the tank through the pilot valve 2. This allows the 4/3 DC valve to return to
neutral position; thus the cylinder is hydraulically locked.

4. When the'operator pushes the left push button only, oil flows in port R of pilot valve l
and out port T, then unseats ball in check valve Z, then on to port U of pilot valve 2,
and out port V. Ol follows the path of least resistance so it passes in port S of pilot
valve 1, out port M and into sump. It does not buiid up enough pressure to keep pilov
pressure on pilot connection A so 4/3 DC valve shifts back to neutral position; thus the
cylinder is hydraulically focked.

5. When the operator releases both left and right push buttons, cil flows in port R of pilot
vaive 1 and out port T, then through check valve Z and into port U of pilot valve 2.
Now the oil flows out port W into pilot connection B of 4/3 DC valve shifting its
position to right mode. When the 4/3 DC valve 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 retroction of cylinder takes place only when the operator releases both the push
buttons.

FAIL SAFE CIRCUIT FOR OVERLOAD PROTECTION:

Figure 9-17 shows a fail-safe circuit that provides overload protection for
system components. Directional control valve 1 is controlled by push-button
three-way valve 2. When overload valve 3 is in its spring offset mode, it drains the
pilot line of valve 1. If the cylinder experiences excessive resistance during the
extension stroke, sequence valve 4 pilot-actuates overload valve 3. This drains the
pilot line of valve 1, causing it to return to its spring offset mode. If a person the.n
operates push-button valve 2, nothing will happen unless overload valve 3 is
manuallv shifted into its blocked port configuration. Thus, the system components

are protected against excessive pressure due to an excessive cylinder load during
Its extension stroke.
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Fail-safe circuit with overload protection
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SPEED CONTROL CIRCUIT

Speed control of a hydraulic cylinder is accomplished using a flow control valve. A flow control valve regulates
the speed of the cylinder by controlling the flow rate to and of the actuator.

There are 3 types of speed control:
| IMeter- in circuit ( Primary control )
| IMeter-out circuit ( Secondary control )
Bleed - off circuit ( By pass control )

1. Meter — in Circuit : In this type of speed control, the flow control valve is placed between the pump and the
actuator. Thereby, it controls the amount of fluid going into the actuator. Fig. shows meter-in circuit.

+F LOAD

Cv FCV

D’é‘:r'_—? >': %_X

]

T

(A

R = T
P I
‘uﬁ:p u'L L8

Fig 5.16. Meter — in circuit.
C = Deuble acting cylinder ; P = Pump ; T =Tank ; F =Filter
B = Relief Valve; CV = Check Valve ; FCV = Flow control Valve
D =3-position. 4 way .Tandem center, Mamuallv operated .Spring Centered DCV

When the directional control valve is actuated to the 1st position, oil flows through the flow control valve to
extend the cylinder. The extending speed of the cylinder depends on the setting (percent of full opening position)
of the flow control valve. When the directional control valve is actuated to the 2nd position, the cylinder retracts
as oil flows from the cylinder to the oil tank through the check valve as well as the flow control valve.

Meter — out Circuit: In this type of speed control, the flow control valve is placed between the actuator and the
tank. Thereby, it controls the amount of fluid going out of the actuator. Fig. shows a meter-out circuit.

Dept. of Mechanical Engineering, Jansons Institute of Technology Page 86




HYDRAULICS AND PNEUMATICS MES674

F roan

‘*

Fig 5.17. Meter — out Circuit.

C =Double acting cylinder, P =Pump ; T = Tank; F="Filter

F = Relief Valve; CV = Check Valve ; FCV = Flow control Valve

D =3-position, 4 way ,Tandem center, Manually operated and
Spong Centered DCV

Meter-in systems are used primarily when the external load opposes the direction of motion of the hydraulic
cylinder. An example of the opposite situation is the case of a weight pulling downward on the piston rod of a
vertical cylinder. In this case the weight would suddenly drop by pulling the piston rod down if a meter-in
system is used even if the flow control valve is completely closed. Thus, the meter-out system is generally
preferred over the meter-in type. One drawback of a meter-out system is the possibility of excessive pressure
buildup in the rod end of the cylinder while it is extending. This is due to the magnitude of back pressure that the
flow control valve can create depending on its nearness to being fully closed as well as the size of the external
load and the piston-to-rod area ratio of the cylinder. In addition an excessive pressure buildup in the rod end of
the cylinder results in a large pressure drop across the flow control valve. This produce the undesirable effect of
a high heat generation rate with a resulting increase in oil temperature.
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SPEED CONTROL OF MOTOR

Sus

[

Figure 10.9
Speed control of a hydraulic motor

Figure shows a circuit in which speed control in a hydraulic circuit is accomplished using a pressure
compensated flow control valve.

The operation of the circuit is as follows:

« In the spring-centered position of the tandem four-way valve, the motor is hydraulically locked.

» When the four-way valve is actuated into the left envelope, the motor rotates in one direction. Its speed can be
varied by adjusting the setting of the throttle of the flow control valve. The speed can be infinitely varied as the
excess oil goes through the pressure relief valve.

» When the four-way valve is de-activated, the motor stops suddenly and gets locked.

» When the right envelope of the four-way valve is in operation, the motor rotates in the opposite direction. The

pressure relief valve provides overload protection when the motor experiences an excessive torque load.
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ACCUMULATORS CIRCUIT:
1. Accumulator as an auxiliary power source:
The purpose of accumulator in this application is to store the oil delivered by the pump during a portion of the
work cycle. The accumulator then releases the stored oil on demand to complete the cycle, thereby serving as a

secondary power source.

- 1 |

U

X[

L

The schematic diagram is shown in Fig. 1.8. When the four-way valve is manually activated, oil flows from the

Figure 1.8 Accumulator as an auxiliary power source.

accumulator to the blank end of the cylinder. This extends the piston until it reaches the end of the stroke. When
the cylinder is in its fully extended position, the accumulator is being charged. The four-way valve is then
deactivated for retraction of the cylinder oil flows from both the pump and accumulator to retract the cylinder
rapidly.

2. Accumulator as a leakage compensator:

An accumulator can be used as a compensator for internal and external leakage during an extended period in
which the system is pressurized but not in operation. The pump charges the accumulator and the system until the
maximum pressure sets the pressure switch ON. The schematic diagram is shown in Fig. 1.9. The contacts on the
pressure switch then open to automatically stop the electric motor that drives the pump. The accumulator then
supplies leakage oil to the system during a long period. Finally, when the system pressure drops to the minimum
pressure setting of the pressure switch, it closes the electrical circuit of the motor until the system gets recharged.
The check valve is placed between the pump and accumulator so that the pump does not reverse when the motor

is stopped and does not permit all the accumulator charge to drain back into the power unit. With this circuit, the
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only time the power unit operates is when the pressure drops to an unsafe operating level. This saves electric

power and reduces the heat in the system

<Xl

Figure 1.9 Accumulator as a leakage compensator.
3. Accumulator as an emergency power source:

In some hydraulic systems, safety dictates that a cylinder be retracted even though the normal supply of oil
pressure is lost due to a pump or electrical power failures. The schematic diagram is shown in Fig. 1.10. In it, a
solenoid activated three-way valve is used along with the accumulator. When the three-way valve is energized,
oil flows to the blank end of the cylinder and also through the check valve into the accumulator and the rod end
of the cylinder. The accumulator charges as the cylinder extends.

If the pump fails due to an electric failure, the solenoid de-energizes, shifting the valve to its spring offset mode.
Then the oil stored under pressure is forced from the accumulator to the end of the cylinder. This retracts the

cylinder to its starting position.
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4. Accumulator as a hydraulic shock absorber:
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Figure 1.11 Accumulator as a hydraulic shock absorber.
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One of the important applications of accumulators is the elimination of hydraulic shock.The schematic diagram

is shown in Fig. 1.11. Hydraulic shock is caused by the sudden stoppage or declaration of a hydraulic fluid
flowing at relatively high velocity in a pipe line. Rapidly closing a valve creates a compression wave. This
compression wave travels at the speed of sound upstream to the end of the pipe and back again to the closed

valve, which causes an increase in pressure.

The resulting rapid pressure pulsations or high-pressure surges may cause damage to the hydraulic system
components. If an accumulation is installed near the rapidly closing valve, the pressure pulsations or high-

pressure surges are suppressed.

5. Accumulator as a thermal expansion compensator:

m LSS IL L

I |
1 |
l ﬁ—J
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I
I

U

L

Figure 1.12 Accumulator as a thermal expansion compensator.

When closed-loop hydraulic systems are subjected to heat conditions, both the pipe lines and the hydraulic fluid
expand volumetrically. Because the coefficient of cubical expansion of most fluids is higher than that for pipe
material, this expanded liquid volume increases the entire system pressure. This condition may cause pressures to
exceed the limits of safety and may damage the system components. Under these conditions, an accumulator of
proper capacity pre-charged to the normal system working pressure is installed. It takes up any increase in the
system fluid volume, thus reducing the system pressure to its safe limits. The accumulator also feeds the required
volume into the system as thermal contraction takes place.The schematic diagram of such an arrangement is
shown in Fig. 1.12.
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Fie. 10.10.18 Different hvdraulic circuits

OSTATIC TRANSMISSION :

Figure are actually hydrostatic transmissions. They are called open-
circuit drives because the pump draws its fluid from a reservoir. Its output is then
directed to a hydraulic motor and discharged from the motor back into the reservoir.

L R .l .l * o . L & «h
Circuit Drives :

draws fluid from reservoir.
output directed to Hydraulic Motor.
arge from Motor into reservoir.

In a closed-circuit drive, exhaust oil from the motor is returned directly to the
pump inlet. Figure 9-21 gives a circuit of a closed-circuit drive that allows for only
one direction of motor rotation. The motor speed is varied by changing the pump
displacement. The torque capacity of the motor can be adjusted by the pressure set-
ting of the relief valve. Makeup oil to replenish leakage from the closed loop flows
into the low-pressure side of the circuit through a line from the reservoir.

d Circuit Drive :
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ust oil from the motor returned directly to pump inlet.
Circuit One-Direction Hydrostatic Transmission :

d Circuit that allows only one direction of motor rotation.
r speed varied by changing pump displacement.

e capacity of motor adjusted by pressure setting of the relief valve.

ELECTRIC
MOTOR

Figure 9-21. Closed-circuit one-
direction hydrostatic transmission.

Circuit Reversible Direction Hydrostatic Transmission :

Many hydrostatic transmissions are reversible closed-circuit drives that use a
variable displacement reversible pump. This allows the motor to be driven in either
direction and at infinitely variable speeds depending on the position of the pump
displacement control. Figure 9-22 shows a circuit of such a system using a fixed dis-
placement hydraulic motor. Internal leakage losses are made up by a replenishing
pump, which keeps a positive pressure on the low-pressure side of the system. There

are two check and two relief valves to accommodate the two directions of flow and
motor rotation.

Dept. of Mechanical Engineering, Jansons Institute of Technology Page 94




]

HYDRAULICS AND PNEUMATICS MES674
| gl
]
AM !
REPLENISHING Y
CHECK VALVE FIXED
MENT i
REVERSIBLE
REPLENISHING
PUMP PUMP MOTOR
@% sy Q{
) LY )
(LN} (AN]
REPLENISHING
LI RELIEF VALVE ‘
I VWA
'
L4
OVERLOAD
RELIEF VALVE
Figure 9-22, Closed-circuit reversible-direction hydrostatic transmis-
sion. (Courtesy of Sperry Vickers, Sperry Rand Corp., Troy, Michigan.)
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UNIT IV PNEUMATIC AND ELECTRO PNEUMATIC SYSTEMS

Compressors- Filter, Regulator, Lubricator, Muffler, Air control Valves, Quick Exhaust valves, Pneumatic

actuators, Servo systems. Introduction to Fluidics, Pneumatic logic circuits.

Pneumatic teclrnology deals with the study of behavior and applications of compressed air in our daily life in
general and manufacturing automation in particular. Pneumatic systems use air as the medium which is
abundantly available and can be exhausted into the atmosphere after completion of the assigned task.

1. Basic Components of Pneumatic System:

Actuator

Tonbrol

ntake  Compressor  Cooler  Separater Hecelver
filter

Secandary @y

treatm ent
Proczure

seitoh

WMotar controd

center
Fig. 6.1.1 Components of a pneumatic system

Important components of a pneumatic system are shown infig.6.1.1.

a) Air filters: These are used to filter out the contaminants from the air.

b) Compressor: Compressed air is generated by using air compressors. Air compressors are either diesel or
electrically operated. Based on the requirement of compressed air, suitable capacity compressors may be
used.

c) Air cooler: During compression operation, air temperature increases. Therefore coolers are used to
reduce the temperature of the compressed air.

d) Dryer: The water vapor or moisture in the air is separated from the air by using a dryer.

e) Control Valves: Control valves are used to regulate, control and monitor for control of direction flow,
pressure etc.

f) Air Actuator: Air cylinders and motors are used to obtain the required movements of mechanical
elements of pneumatic system.

g) Electric Motor: Transforms electrical energy into mechanical energy. Itis used to drive the compressor.

h) Receiver tank: The compressed air corning from the compressor is stored in the air receiver.

These components of the pneumatic system are explained in detail on the next pages.

2. Receiver tank
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Figure 6.1.2. The air receiver smoothens the pulsating flow from the compressor.

delivered by the compressor. The pressure in the receiver is held higher than the system operating pressure
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to compensate pressure loss in the pipes. Also the large surface area of the receiver helps in d
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Fig.6. 1.2 Air receiver

COMPRESSORS

The compressor
the temperature of the

tD fluid energy.

In

energy i

ICa

hich converts mechan

hanical device wi
increases the air pressure

IS a mec

It

INncreases

its volume which also

compressed air. The compressor is selected based on the pressure it needs to operate and the delivery

volume.

by reducing

types

n

The compressor can be classified into two mal

lacement compressors and

isp

d
b. Dynamic displacement compressor

itive

Pos

a.

hragm type and screw type.

iap

d

vane type

ton type

IS

Positive displacement compressors include p

Page 97

C.Jfitfiziyesh 'l(um{f(, <Dept. of'M.ecfimiica{'Engineering, Jmismts Institute of' Tecfino fogy




YDRAULICS AND PNEUMATICS MES8674

Compressors
|
I
Positive displacemarlt types Dynamic types
' |
I -
R&ciprocalin[| Rotary Centrifugal ‘
1 Plslon 1. SCfew 1. Radial fiow
2. labyrinth 2. Vane 2. Axialflow .
3. Diaphragm 3. lobe \
- 4. Liqulring
5. Gear

Fig. 11.J. Types (Fair compressors
Piston compressors

Piston compressors are commonly used in pneumatic systems. The simplest form is single cylinder compressor

(Fig. 6.L3). Itproduces one pulse of air ﬁer piston stroke, As the piston moves down during the inlet stroke the
inlet valve opens and air is drawn into the cylinder.

As the piston moves up the inletvalve closes and the exhaust valve opens which allows the air to be expelled.
The valves are spring loaded. The single cylinder compressor gives significant amount of pressure pulses atthe
outlet port The pressure developed is about 3-40 bar.

121432

T

Bir indet e u s A7 OIS

| . Connecting
Crankshaft a1 | | rod
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1. Diaphragm compressor

Alr Air
inter outlet
DHaphragm
Hyrlr aulic Hydrauhic
fluid in i ot

Fig. 6.2.1 Diaphragm compressor

These are small capacity compressors. In piston compressors the lubricating oil from the pistons walls may
contaminate the compressed air. The contamination is undesirable in food, pharmaceutical and chemical
industries. For such applications diaphragm type compressor can be used. Figure 6.2.1 shows the construction of
Diaphragm compressor. The piston reciprocates by a motor driven crankshaft. As the piston moves down it pulls
the hydraulic fluid down causing the diaphragm to move along and the air is sucked in. When the piston moves
up the fluid pushes the diaphragm up causing the gection of air from the outlet port. Since the flexible
diaphragm is placed in between the piston and the air no contamination takes place.

2. Screw compressor

Piston compressors are used when high pressures and relatively low volume of air is needed. The system is
complex as it has many moving parts. For medium flow and pressure applications, screw compressor can be
used. Itis simple in construction with less number of moving parts. The air delivered is steady with no pressure
pulsation. It has two meshing screws. The air from the inlet is trapped between the meshing screws and is
compressed. The contact between the two meshing surface is minimum, hence no cooling is required. These
systems are quite in operation compared to piston type. The screws are synchronized by using external timing
gears.

ey
i 4 iy b
) 0 it

5; . lrtet

D@“W shan

i

Outlet

A
L A A
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intermeshing

i
i
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Fig. 6.2.2 Screw cmnrnre"<or
W
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3. Rotary vane compressors

Casing

| Outlet

Rtor Vae S

Fig. 6.2.3 Rotary vane compressor

The principle of operation of vane compressor is similar to the hydraulic vane pump. Figure 6.2.3 shows
the working principle of Rotary vane compressor. The unbalanced vane compressor consists of spring
loaded vanes seating in the slots of the rotor. The pumping action occurs due to movement of the vanes
along a cam ring. The rotor is eccentric to the cam ring. As the rotor rotates, the vanes follow the inner
surface of the cam ring. The space between the vanes decreases near the outlet due to the eccentricity.
This causes compression of the air. These compressors are free from pulsation. Ifthe eccentricity is zero
no flow takes place.

1.1 Filters
To prevent any damage to the compressor, the contaminants present in the air need to be filtered out. This
is done by using inlet filters. These can be dry or wet filters. Dry filters use disposable cartridges. In the
wet filter, the incoming air is passed tluough an oil bath and then through a fine wire mesh filter. Dirt
particles cling to the oil drops during bubbling and are removed by wire mesh as they pass through it. In
the dry filter the cartridges are replaced during servicing. The wet filters are cleaned using detergent
solution.
Air filter and water trap is used to

« Prevent any solid contaminants from entering in the system.

« Condense and remove water vapour that ispresent in the compressed air.

Adrin A out

¥ Filter

# Deflector cong
Battle

airs plug

Fig. 6.3.2 Air filter and water trap
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The filter cartridge is made of sintered brass. The schematic of the filter is shown in Fig. 6.3.2. The
thickness of sintered cartridge provides random zigzag passage for the air to flow-in which helps in
arresting the solid particles. The air entering the filter swirls around due to the deflector cone. The
centrifugal action causes the large contaminants and water vapor to be flung out, which hit the glass
bowl and get collected at the bottom. A baffle plate is provided to prevent the turbulent air from
splashing the water into the filter cartridge. At the bottom of the filter bowl there is a drain plug which
can be opened manually to drain off the settled water and solid particles.

Lubricators

Ot drons

il enigr ™

e Sl ke
e

xxxxxxxxxxxxxxxxxx . - L v Py

Fig. 6.3.6 Air lubricator

The compressed air is first filtered and then passed through a lubricator in order to form a mist of oil and
air to provide lubrication to the mating components. Figure 6.3.6 shows the schematic of a typical
lubricator. The principle of working of venturirneter is followed in the operation of lubricator. The
compressed air from the dryer enters in the lubricator. Its velocity increases due to a pressure differential
between the upper and lower changer (oil reservoir). Due to the low pressure in the upper chamber the oil
is pushed into the upper chamber from the oil reservoir through a siphon tube with check valve. The main
function of the valve is to control the amount of oil passing through it. The oil drops inside the throttled
zone where the velocity of air is much higher and this high velocity air breaks the oil drops into tiny
particles. Thus a mist of air and oil is generated. The pressure differential across chambers is adjusted by
a needle valve. It is difficult to hold an oil mixed air in the air receiver as oil may settle down. Thus air is
lubricated during secondary air treatment process. Low viscosity oil forms better mist than high viscosity
oil and hence ensures that oil is always present in the air.

PRESSURE REGULATOR
A pressure regulator is comprised of three functional elements

1. A pressure reducing or restrictive element. Often this is a spring loaded poppet valve.
A sensing element. Typically a diaphragm or piston.
3. A reference force element. Most commonly a spring.

r

In operation, the reference force generated by the spring opens the valve. The opening of the valve applies
pressure to the sensing element which in tum closes the valve until it is open just enough to maintain the
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set pressure. The simplified schematic “Pressure Regulator Schematic” illustrates this force balance
arrangement. (see below)

PRESSURE REGULATOR SCHEMATIC
SHOWING FORCES ACTING CN
THE INDIVIDUAL ELEMENTS

ADJUSTMENT
SCREW
rd ™
SPRINGFORCE | (~=—— =~ |  SPRING()
OPENING VALVE ~ | ™S | " -
{‘::_37 -_ : — //'_"
REGULATED — OTTTT 111 é
PRESSURE N H ? H —
/ FLOW OUT —=
PRESSURE FORCE _// Ky K
CLOSING VALVE L]
7 ~—— FLOW IN

SUPPLY |/ T
PRESSURE ~  / ,

PRESSURE REDUCING VALVE (1)

(1) Pressure Reducing Element (poppet valve)

Most commonly, regulators employ a spring loaded “poppet” valve as a restrictive element. The poppet
includes an elastomeric seal or, in some high pressure designs a thermoplastic seal, which is configured
to make a seal on a valve seat. When the spring force moves the seal away from the valve seat, fluid is
allowed to flow from the inlet of the regulator to the outlet. As the outlet pressure rises, the force
generated by the sensing element resists the force of the spring and the valve is closed. These two forces
reach a balance point at the set point of the pressure regulator. When the downstream pressure drops
below the set-point, the spring pushes the poppet away from the valve seat and additional fluid is
allowed to flow from the inlet to the outlet until the force balance is restored.

(2) Sensing Element (piston or diaphragm)

Piston style designs are often used when higher outlet pressures are required, when ruggedness is a
concern or when the outlet pressure does not have to be held to a tight tolerance. Piston designs tend to
be sluggish, as compared to diaphragm designs, because of the friction between the piston seal and the
regulator body.

In low pressure applications, or when high accuracy is required, the diaphragm style is

preferred. Diaphragm regulators employ a thin disc shaped element which is used to sense pressure
changes. They are usually made of an elastomer, however, thin convoluted metal is used in special
applications. Diaphragms essentially eliminate the friction inherent with piston style designs.
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Additionally, for a particular regulator size, it is often possible to provide a greater sensing area with a
diapluagrn design than would be feasible if a piston style design was employed.

(3) The Reference Force Element (spring)

The reference force element is usually a mechanical spring. This spring exerts a force on the sensing
element and acts to open the valve. Most regulators are designed with an adjustment which allows the
user to adjust the outlet pressure set-point by changing the force exerted by the reference spring.

Regulator Accuracy and Capacity

The accuracy of a pressure regulator is determined by charting outlet pressure versus flow rate. The
resulting graph shows the drop in outlet pressure as the flow rate increases. This phenomenon is known
as droop. Pressure regulator accuracy is defmed as how much droop the device exhibits over a range of
flows; less droop equals greater accuracy. The pressure versus flow curves provided in the graph "Direct
Acting Pressure Regulator Operating Map", indicates the useful regulating capacity of the

regulator. When selecting a regulator, engineers should examine pressure versus flow curves to ensure
the regulator can meet the performance requirements necessary for the proposed application.

Actuators

Actuators are output devices which convert energy from pressurized hydraulic oil or compressed air into
the required type of action or motion. In general, hydraulic or pneumatic systems are used for gripping
and/or moving operations in industry. These operations are carried out by using actuators.

Actuators can be classified into tluee types.

1. Linear actuators: These devices convert hydraulic/pneumatic energy into linear motion.
Rotary actuators: These devices convert hydraulic/pneumatic energy into rotary motion.
3. Actuators to operate flow control valves: these are used to control the flow and pressure of fluids such as

gases, steam or liquid.

A

The construction of hydraulic and pneumatic linear actuators is similar. However they differ at their
operating pressure ranges. Typical pressure of hydraulic cylinders is about 100 bar and of pneumatic
system is around 10 bar.

1. Single acting cylinder

RS pinder pody Ehe P

Evd v

Bty

Pisgom B

Tiping

Pk

Fig. 6.4.1 Single acting cylinder

These cylinders produce work in one direction of motion hence they are named as single acting
cylinders. Figure 6.4.1 shows the construction of a single acting cylinder. The compressed air pushes
the piston located in the cylindrical barrel causing the desired motion. The return stroke takes place by
the action of a spring. Generally the spring is provided on the rod side of the cylinder.

2. Double acting cylinder
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Fig. 6.4.2 Double acting cylinder

The main parts of a hydraulic double acting cylinder are: piston, piston rod, cylinder tube, and end caps.
These are shown in Figure 6.4.2. The piston rod is connected to piston head and the other end extends
out of the cylinder. The piston divides the cylinder into two chambers namely the rod end side and
piston end side. The seals prevent the leakage of oil between these two chambers. The cylindrical tube
is fitted with end caps. The pressurized oil, air enters the cylinder chamber through the ports provided.
In the rod end cover plate, a wiper seal is provided to prevent the leakage of oil and entry of the
contaminants into the cylinder. The combination of wiper seal, bearing and sealing ring is called as
cartridge assembly. The end caps may be attached to the tube by threaded connection, welded
connection or tie rod connection. The piston seal prevents metal to metal contact and wear of piston
head and the tube. These seals are replaceable. End cushioning is also provided to prevent the impact
with end caps.

3. Cylinder end cushions

Bleed

’i:h%‘iﬁ!: Yalve

Flyid
Paart
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Elu&?’éém'e
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Fig. 6.4.3 Cylinder end cushioning

Double acting cylinders generally contain cylinder cushions at the end of the cylinder to slow down the
movement of the piston near the end of the stroke. Figure 6.4.3 shows the construction of actuating
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cylinder with end cushions. Cushioning arrangement avoids the damage due to the impact occurred
when a fast moving piston is stopped by the end caps. Deceleration of the piston starts when the tapered
plunger enters the opening in the cap and closes the main fluid exit. This restricts the exhaust flow from
the barrel to the port. This throttling causes the initial speed reduction. During the last portion of the
stroke the oil has to exhaust through an adjustable opening since main fluid exit closes. Thus the
remaining fluid exists through the cushioning valve. Amount of cushioning can be adjusted by means of
cushion screw. A check valve is provided to achieve fast break away from the end position during
retraction motion. A bleed screw is built into the check valve to remove the air bubbles presentin a
hydraulic type system.

4. Gear motor: a rotary actuator

Rotary actuators convert energy of pressurized fluid into rotary motion. Rotary actuators are similar to
electric motors but are run on hydraulic or pneumatic power.

Spur Gear i Fluid out at
] b hipgh pressurne

: Flodd carried
- - betwean teeth
Al case

lowy presaure
Fig. 6.4.4 Gear motor

It consists of two inter meshing gears inside a housing with one gear attached to the drive shaft. Figure

6.4.4 shows a schematic diagram of Gear motor. The air enters from the inlet, causes the rotation of the
meshing gear due to difference in the pressure and produces the torque. The air exists from the exhaust
port. Gear motors tend to leak at low speed, hence are generally used for medium speed applications.

5. Vane motor: a rotary actuator

A rotary vane motor consists of a rotor with sliding vanes in the slots provided on the rotor (Fig. 6.4.5).
The rotor is placed eccentrically with the housing. Air enters from the inlet port, rotates the rotor and thus
torque is produced. Air is then released from the exhaust port (outlet).

Casing

Inlet ---+  Qutlet

Raorm Vahes
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Fig. 6.4.5 Vane motor
6. Limited rotation actuators

Itconsists of a single rotating vane connected to output shaft as shown in Figure 6.4.6. Itis used for double
acting operation and has a maximum angle of rotation of about 270°. These are generally used to actuate
dampers in robotics and material handling applications. Other type of limited rotation actuator is a rack
and pinion type actuator.

Movable vane

Fhamad i

MUFFLER

11.10.1. What are Mufflers ?

I Function : The function of muffler (also known as pneu matic exhaust silencer) is to
control the noise caused by a rapid ly exhausting air-stream flowing into the
atmosphere.

I Noise created by air exhausting from an air system not only cause nervous tension and
dissatisfaction among the operators, but also results -in mental fatigue, lack of

concentration, and neffi<:iency. This exhaust noises C8N be greatly reduced by
installing a muffler at each pneumatic exhaust port.

11102 Construction and Operation

The construction and opention of a typical pneumatic silencer is illustrated in
Fig.lL 138).

TETIT 0 o0
Bxhaust oin | Ez:x Beel 0§ i 1. Tethe I ™
o - L
stream ao e qQ e Out -V almesphere [
FREE R A ke Rl Sernt
£

(b) Graphicsymbol

(1) Construcdon

Pig. f1.13. Muffler

As shown in Fig. 11.13 {a), the exhaust air stream enters one end, and passes out the
another end after passing through a series of baffles. The baffle tuhes are perforated witll 11
large number of small holes. The outer shell acts as a barrier and helps guide the stream
toward the exit to the atmosphere.
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AIR CONTROL VALVES

Valve are defined as devices to control or regulate the commencement, termination and direction
and also the pressure or rate of flow of a fluid under pressure which is delivered by a compressor
or vacuum pump or is stored in a vessel.

Values of one sort or another, perform three main function in pneumatic installation

[J They control the supply of air to power units, example cylinders

[ They provide signal which govern the sequence of operation

[ They act as interlock and safety devices

The type of valve used is of little importance in a pneumatic control for most part. What is
important is the function that can be initiated with the valves, its mode of actuation and line
connection size, the last named characteristics also determining the flow size of the valve. Valves
used in pneumatics mainly have a control function that is when they act on some process,
operation or quantity to be stopped. A control function requires control energy, it being desirable
to achieve the greatest possible effect with the least effort. The form of control energy will be
dictated by the valve’s mode of actuation and may be manual, mechanical, electrical hydraulic or
pneumatic.

Valve available for pneumatic control can be classified into four principal groups according to their
function:

1. Direction control valve
2. Non return valves
3. Flow control valves

4. Pressure control valves

1.2 DIRECTION CONTROL VALVES

Pneumatic systems like hydraulic system also require control valves to direct and regulate the
flow of fluid from the compressor to the various devices like air actuators and air motors. In order
to control the movement of air actuators, compressed air has to be regulated, controlled and
reversed with a predetermined sequence. Pressure and flow rates of the compressed air to be
controlled to obtain the desired level of force and speed of air actuators.

The function of directional control valve is to control the direction of flow in the pneumatic
circuit. DCVs are used to start, stop and regulate the direction of air flow and to help in the
distribution of air in the required line.

6.2.1 TYPES OF DIRECTION CONTROL VALVES

Directional valves control the way the air passes and are used principally for controlling
commencement, termination and direction of air flow. The different classification scheme of the
pneumatic cylinders are given below

1. Based on construction

i) Poppet or seat valves

- Ball seat valve

- Disc seat valve

- Diaphragm Valves

il) Sliding spool valves

- Longitudinal slide valve

- Suspended spool valves
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- Rotary spool valves

Based on the Number of ports :
i) Two way valves
ii) Three way valves

iii) Four way valves

ISO DESIGNATION OF DIRECTION CONTROL VALVES

Valves are represented by symbols because actual construction is quite complex. A symbol specifies
function of the valve, method of actuation, no of ports and ways. Pneumatic symbols have been
standardised in 1SO 1219-1:2006. (Fluid power systems and components — Graphic symbols and
circuit diagram).

Part Old (Letter) swstem | ISO (Noumber) Svstem | Remarks

Pressurs port P 1 Supply port
Working port A 2 32 DCV

Working ports AB 4.2 42 or 572 DCV
Exhaust port R 3 32 DCV

Exhaust ports RS 53 %2 DCV

Pilot ports ZorY 12 Pilot line (How 1-1)
Hlot ports L 12 ot s (How 1-4)
Dilot ports Zoar'Y 10 Pilot line (no fow)
Infzrnal pilod pots Pz By Bl 21 Auxiliary pilos lins

Ports and position: DCVs are described by the number of port connections or ways they control. For
example: Two way, three — way, four way valves. Table shows the Port markings of DCVs and Table
shows commonly used DCVs with old and new designations.

Part and positon
8l 277 Direclional contral
—T l vEve
= Part
- 1‘_-|F-:| =  Positionn
} 32 Directional control
| 204} Vawe
.
{normally closed)
T '!J'h
R ET
|22y 32 I:-Iran::.f:-_rlu__.l': comtraol
F Kalse=
‘mormally openi
[T oty gen)
MIETT
477 Directional contral
e vae
Xl
x
1F) l:-llF.I
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POPPET DIRECTION CONTROL VALVES

There are two different types of poppet valves, namely ball seat valve and disc seat valve.

A.Ball seat valve.

In a poppet valve, discs, cones or balls are used to control flow. Figure 1.1 shows the construction of a
simple 2/2 normally closed valve. If the push button is pressed, ball will lift off from its seat and
allows the air to flow from port P to port B. When the push button is released, spring force and air
pressure keeps the ball back and closes air flow from port P to port B. Valve position are shown in
Figure 1.1(a) 1.1 (b) 1.1(C)

7

7
7
v

77

i
7
ST,

’ o
/ Y

Bals
2(A)
—= Redrn ' 1
@
LY I
1(P)
() Poppet pesidon | (k) Poppet position 2 ¢} symbol

B. Disc seat poppet valve
Figure 1.2 shows the construction of a disc type 3/2 way DCV. When push button is released, ports 1
and 3 are connected via hollow pushbutton stem. If the push button is pressed, port 3 is first blocked
by the moving valve stem and then valve disc is pushed down so as to open the valve thus connecting
port 1 and 3. When the push button is released, spring and air pressure from port 1 closes the valve.
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Advantages of poppet valves are as follows
i) Response of poppet valve is very fast- short stroke to provide maximum flow opening

il) They give larger opening (larger flow) of valves for a small stroke

iii) The valve seats are usually simple elastic seals so wear is minimum

iv) ) They are insensitive to dust and dirt and they are robust, seats are self cleaning
v) Maintenance is easy and economical.

vi) They are inexpensive

vii) They give longer service life: short stroke and few wearing parts give minimum wear and
maximum life capabilities

Disadvantages of poppet valves are as follows
i) The actuating force is relatively high, as it is necessary to overcome the force of the built in
reset spring and the air pressure.

ii) They are noisy if flow fluctuation is large.

C.Diaphragm valves
The diaphragm between the actuator and valve body hermetically isolates the fluid from the
actuator.
The valves are maintenance-free and extremely robust and can be retrofitted with a comprehensive
range of accessories, e.g. electrical position feedback, stroke limitation or manual override.

a) Unactuated b) actuated

Closed position: When de-energized, the valve is closed by spring action
Open position: If the actuator is pressurized by the control pressure, it simultaneously lifts the control
piston and the valve spindle to open the valve.
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112.4.2. Two-Way Valves

12.4.2 .1.Consbruction and Operatio:n

The construe and operation of an .air-piloted (i.e., air-operated),. N.\V0O-''ray pneumatic
"\1'JE"eis:ilhlstr.ated M FMng..12..2.

Bag,]Jcallly two-way valve isan ozofftype 'i‘alve. This 212 "Way has two ports "(a smppty port
and an exhaust port) Bilild tvliO positions (open and closed).As shown m Fiig.]2.2, 212 way
alveiisa\rail bfe to operareeilher normatlly open or normally closed comfitions.

A mmnally open two-way valve {fig_-12.2(a)) perrnifs How iim. its: nonM!al ot in its rest

positcolll and bfocks fiow when actuated. The twnnaTmy closed valve (fig.12.2(li)) bkd:: fkiw
JP,jts nomta] position and permits How v.i-hen actuared.

-J, Tnese valves have lone: l:iiffeamd can be used li:o haml'.le dflii' and Inhnted .:a:iir

Operator
Operator pressurized

exhausted

— -

Inlet. Outlet inlet

(a) NoTJnally open

operator Operator
exhausted pressurized

W
o 1]~

Pressurized

T ool .
-0,

——— — -
tlet
Outlet inlet ] Outle

(b) Normally closed

Fig. / 2.2. Two-way, airpilotel/ vctlve

1243. Three-Way Valves
The th.-ee-way ty pe .:...atves have three ports an inlet, an exhaust, and a cyl inder port.

124331. Construction and Operation

The construct1011 and operation of atypical poppet-type three-way two-posit ion (i.e, 312)
pneumatic valve ¥ illustrated in Fig.12.3(a). Fig.12.J(b ) shows the graphic symbol- of the 312
way valve.

As cotild be seen from Fig.12.3(a) that one fio\v port is connected to eithelof the other
two ports. This valvemay aiso be used to pressu rise one port and exhaust the other por:t. Thus
these valves can-be usd as a pilotelay to operate the other valves.
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Fig. 12332 way DC valve

1244. Four-Way Valves

The four way type val ves have four ports-an inlet, an exhaust. and two cylinder ports.

12.4.4.1. Constructionand 013eration

The construction and operation .of a typical valve-seat type four-way two-position (i.e.,
4/2) pneumatic valve is illustrated in Fig.12.4(a). Fig.12.4(b) shows the graphic symbol of

the 4/2 way valve.

%%

@)"

™ ]
_ . ~+— Pushbulloo
7
Valveplate
Cylinder Cylinder
portA 7 / port B

é I / , — Sliding seat
Inetport P ///IYIJ' ; /b;’ d _ . Exbaust
(Airsupply) —-- s 7% portR

b(1VA

(b) Graphic symbol |

Fig. 124. 41 wiv DC valve
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As shown in Fig.12-4. the inlet port P connects to cylinder ports A and B to exhaust port
R. When the valve clements are actuated by means of the push button, they are unseated and
port P connects to cylinder ports.B and A to exhaust port R.
[Note |Generallytwo way DC valves are used as on-off type valves; thneway DC valves are used to control
single-acting linear acluator5: and four way DC valves are used to control double-actil1lgactuators.

12.5.SHUTIEVALVES -- .-

125.1 What are Shuttle Valves'?

v' Shuttle valves; also knqwn as double c/1e,ck valves, are used when conlrol is required
from more than one pmver source.

v" In other words, shuttle valves are used to select the higher of the two input pressures
automatically and con11e tooutputport. Thisvalveisa“tsoknownas'ORGATE'

1252 Constructionan Operaion

The construction and operation ofatypical three port spool-type shuttle valve is illustrated
in Fig.12.S(a). The alternaive ball-type shuttle valve for the same purpose is slbwn in

Fig.12.5(b).
Ball CyTer port

7
7 \k -

£ \ X nket
hlet port 1 Inlet
‘ \ et port 2 port 1 port 2

7 % ' 7))
(a) Spool typeshuttle valve (b) Ball type sh11ttle valve
10—

(c) Graphic symbol

Fig. 125Slluttle vallee

Asshown in Figs.12.5(a)and (b), thisval\.".e consists oftwo inlet pots and one outlet port.
As long as pressure intheright inlet port is greater than tile left, the spool (or ball) closes the
left port. When pressure at the left port becomes greater than at the right, the spool (or ball)
moves totheright, closing the right portand opening the left.
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Quick Exhaust Valves
A quick exhaust valve is a typical shuttle valve. The quick exhaust valve is used to exhaust the
cylinder air quickly to atmosphere. Schematic diagram of quick exhaust valve is shown in Figure
1.38. In many applications especially with single acting cylinders, it is a common practice to increase
the piston speed during retraction of the cylinder to save the cycle time. The higher speed of the piston
is possible by reducing the resistance to flow of the exhausting air during the motion of cylinder. The
resistance can be reduced by expelling the exhausting air to the atmosphere quickly by using Quick
exhaust valve.

Figure 1.38 Functional diagram of quick exhaust valve.

The construction and operation of a quick exhaust valve is shown in Figure 1.38. It consist of a
movable disc (also called flexible ring) and three ports namely, Supply port 1, which is connected
to the output of the final control element (Directional control valve). The Output port, 2 of this
valve is directly fitted on to the working port of cylinder. The exhaust port, 3 is left open to the
atmosphere
Forward Motion: During forward movement of piston, compressed air is directly admitted
behind the piston through ports 1 and 2 Port 3 is closed due to the supply pressure acting on the
diaphragm. Port 3 is usually provided with a silencer to minimise the noise due to exhaust.
Return Motion: During return movement of piston, exhaust air from cylinder is directly
exhausted to atmosphere through opening 3 (usually larger and fitted with silencer) .Port 2 is
sealed by the diaphragm. Thus exhaust air is not required to pass through long and narrow
passages in the working line and final control valve

Typical applications of quick exhaust valves for single acting and double acting cylinders are shown

in Figure 1.39
L . -
= 3
Quick return Quick return vahve
1 2
(= -l -\ 4

1

1.2.3 FLOW CONTROL VALVES
Function of a flow control valve is self —evident from its name. A flow control valve regulates the rate
of air flow. The control action is limited to the air flow passing through the valve when it is open,
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maintaining a set volume per unit of time. Figure 1.41(a) shows a variable restrictor type flow control
valve (manifold type). Figure 1.41(b) shows a variable restriction type flow control valve (inline
type). Figure 1.42 shows another design of Flow control valve, in which flow can be set by turning the
knob.

Figure 141 Flow control valve a) manifold b) inline

Figure 1.42 Flow control valve (adjustable)

1.2.4 PRESSURE CONTROL VALVE.

Compared with hydraulic systems, few pressure control valves are brought into use in
pneumatics. Pressure control valves control the pressure of the air flowing through the valve or
confined in the system controlled by the valve.

There are three types of pressure control valves

1. Pressure limiting valve

2. Pressure sequence valve

3. Pressure regulator or pressure reducing valve

A.Pressure limiting valve.
Prevents the pressure in a system from rising above a permissible maximum. Construction feature of
pressure limiting valve is shown in Figure 1.43. It is a standard feature of compressed air production
plant but is hardly ever used in pneumatic controls. These valves perform a safety relief function by
opening to the atmosphere if a predetermined pressure is exceeded in the system, thus releasing the
excess pressure. As soon as the pressure is thus relieved to the desired figure, the valve closed again
by spring force.
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-f

Figure ] 43 Pressure imiting valve

B.Pressure sequence valve

Function of the sequence valve is very similar to that of a pressure limiting valve. It is however
used for a different purpose. Outlet of the pressure sequence valve remains closed until pressure
upstream of it builds up to a predetermined value. Only then the valve opens to permit the air
from inlet to outlet. Sequence valve must be incorporated into a pneumatic control where a
certain minimum pressure must be available for a given function and operation is not be initiated
at any pressure lower than that. There are also used in systems containing priority air consumers,
when other consumers are not to be supplied with air until ample pressure is assured.

C.Pressure reducing valve or regulator

Pressure regulators, commonly called pressure-reducing valves, maintain constant output pressure
in compressed-air systems regardless of variations in input pressure or output flow. Regulators are
a special class of valve containing integral loading, sensing, actuating, and control components.
Available in many configurations, they can be broadly classified as general purpose,

special purpose, or precision. Three dimensional view of pressure reducing valve is shown in
Figure 1.44

General-purpose or utility regulators have flow and regulation characteristics that meet the
requirements of most industrial compressed-air applications. Such regulators provide long service
life and relative ease of maintenance at competitive prices. Precision regulators are for

applications where regulated pressure must be controlled with close tolerances. Such regulators

are used when the outcome of a process or the results of a test depend on accurate pressure

control.

Special-purpose regulators often have a unique configuration or special materials for use with
fluids other than compressed air. Regulator construction can range from simple to complex,
depending on the intended application and the performance requirements.

However, the principle of operation and the loading, actuating, and control components are basic
to all designs. Most regulators use simple wire coil springs to control the downstream pressure.
Various size springs are used to permit regulation of the secondary pressure within specific

ranges. Ideally, the required pressure should be in the center one-third of the rated outlet pressure
range. At the lower end of the pressure range, the spring loses some sensitivity; at the high end,

the spring nears its maximum capacity.

Regulators can use either a piston or diaphragm to sense downstream pressure. Diaphragms are
generally more sensitive to pressure changes and react more quickly. They should be used where
sensitive pressure settings are required (less than 0.0025 bar). Pistons, on the other hand, are
generally more rugged and provide a larger effective sensing area in a given size regulator. The
functional difference between precision and general-purpose regulators is the degree of control
accuracy of the output pressure. Output pressure accuracy is determined by the droop due to flow
changes (regulator characteristics).
Pressure droop is most pronounced when the valve first opens. Factors contributing to droop are: load
change with spring extension, effective area change with diaphragm displacement, and unbalance of
area forces on the valve. The amount that output pressure changes with variations in supply pressure is
called the regulation characteristic and is influenced by the ratio of diaphragm area to valve area and
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the degree of valve unbalance.

Body
Cap

Disgbeagm

Stem

Dommstresm presswe

Steed vahve Sensor

Mesh Sereing port

Figure 1.44 Three dimensional figure of pressure regulating valw

SERVO SYSTEMS:
14.2.1. What is a Servo System ?

¥ In general, a system in which a small input force is capable t{:- control a larger nutput
force is called as a servo system.

v Definition : A servo conirol sysiems is one in which a comparatively large amount of
power is controlled by small impulses or command signals and any errors are
corrected by feedback signals.

¥ As stated in the above definition, a servo system should provide both signal
amplification and automatic correction of any deviation that may take place between
the output quantity and quantity set by the command signal.

v' Basically most of the servo systems are closed-loop systems.

14.2.2. Elements of a Basic Closed-Loop Servo System
Fig.14.1 shows a block diagram of a basic closed-loop servo circuit.
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1. Command signa! : The command signal may be derived from a punched card, a tape, a

tachometer, a potentiometer, or some other device.

2. Servo amplifier : The servo amplifier receives a low-power input signal and amplifies it
to a higher power level

3. Servo valve : The servo valve receives the output signal from the amplifier to actuate
the servo valve torque motor.

4. Actuntor: The actuator could be linear (hydraulic/pnéumatic cylinder) or rotary
(hydraulic/air motor),

5. Load

6. Feedback transducer : The feedback transducer can be a linear variable differential
transformer (LVDT), a tachometer, a potentiometer, or a synchro. This device measures the
results at the load and sends a feedback signal to the amplifier unit. The feedback signal is
compared with the command signal. If there exists a difference (also called ‘error’), a
hydraulic/pneumatic correction is automatically made that will bring the output signal into
correspondence with the input.

The difference between the output signal and the command signal is called the ‘error
signal’. When the error signal is zero, the ideal condition exists. The purpose of the servo
system is to bring the error signal to zero.

14.2.3. Servomechanism

A system having a servo valve, servo amplifier and actuator connected together providing
aclosed loop feedback is known as a servomechanism.

Dept. of Mechanical Engineering, Jansons Institute of Technology Page 119




]

HYDRAULICS AND PNEUMATICS MES674

INTRODUCTION TO FLUIDICS

Fluid logic A means of implementing logic functions, not by the normal use
of electronic circuitry but by the flow of incompressible fluids (liquids) or
gases through tubing containing intersections and constrictions. The logic
gates so formed are useful in situations in which high electromagnetic
interference prevents the use of electronic components. If the working
medium is a gas, the term pneumatic logic is often used.

F FLUIDIC LOGIC CONTROL: -
or Wall-Attachment” Effect)

15.3.1. What is a ‘Coanda Effect’ ?
Y The ‘Coanda’ effect’, also known as ‘Wall-Attachment effect’, is the basis. for
functioning of many fluidic components and the fluidic technology itself.

V' “Coandu effect’ defined : “When a stream of fluid meels other stream, the effect is lo
change its direction of flow and effect is the fluid sticks to the wall.”

15.3.2. lllustration of Coanda Phenomenon

Figs.15.1(a), (b) and (c) illustrate the wall-attachment phenomenon.

\“\\\\
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,,v, Vortex
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y' Free jet

-

- () Supply of fluid (b) The fluid moves lowards  |(e) Once the fluid stuck to
the direction of less pressure | the wall, it attaches to it
and continues ifs flow

Fig, 15,1, llustration of the wall-attuchment phenomenon

Dept. of Mechanical Engineering, Jansons Institute of Technology Page 120




]

HYDRAULICS AND PNEUMATICS MES674

1533, Visual Demonstration of Coanda Effect

Fig 15.2 illustrates 2 simple self-explanatory, visual demonstration of Coanda effect.
When a finger is held near the stream of water flowing at from the water-tap, ﬂir—:ﬂ 0ne can see
that the water attaches itseff o the figure as shown. This s clearly due to the Coanda effect.

Fig. 15.2. Visual demoustration of the Comnd effect

Home / Sequential Logic / Sequential Logic Circuits

Input Qutput
Combinational
Logic Circuit e 1
Feedback
Frevious
State

Memory “ _I_I_ Clock

Sequential Logic Circuits

Unlike Combinational Logic circuits that change state depending upon the actual signals
being applied to their inputs at that time, Sequential Logic circuits have some form of
inherent “Memory” built in.

In other words, the output state of a “sequential logic circuit” is a function of the following
three states, the “present input”, the “past input” and/or the “past output”. Sequential Logic
circuits remember these conditions and stay fixed in their current state until the next clock
signal changes one of the states, giving sequential logic circuits “Memory”.
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Sequential logic circuits are generally termed as two state or Bistable devices which can have
their output or outputs set in one of two basic states, a logic level “1” or a logic level “0” and
will remain “latched” (hence the name latch) indefinitely in this current state or condition
until some other input trigger pulse or signal is applied which will cause the bistable to
change its state once again.

Sequential Logic Representation

Input Cutput
Combinational
Logic Circuit Positive
Feedback
Frevious
State

Memory < J_L Clock

The word “Sequential” means that things happen in a “sequence”, one after another and in
Sequential Logic circuits, the actual clock signal determines when things will happen next.
Simple sequential logic circuits can be constructed from standard Bistable circuits such as:
Flip-flops, Latches and Counters and which themselves can be made by simply connecting
together universal NAND Gates and/or NOR Gates in a particular combinational way to
produce the required sequential circuit.

Related Products: Direct Digital Synthesizer

Classification of Sequential Logic

As standard logic gates are the building blocks of combinational circuits, bistable latches and
flip-flops are the basic building blocks of sequential logic circuits. Sequential logic circuits
can be constructed to produce either simple edge-triggered flip-flops or more complex
sequential circuits such as storage registers, shift registers, memory devices or counters.
Either way sequential logic circuits can be divided into the following three main categories:

e 1. Event Driven — asynchronous circuits that change state immediately when enabled.
e 2. Clock Driven — synchronous circuits that are synchronised to a specific clock signal.
e 3. Pulse Driven —which is a combination of the two that responds to triggering pulses.
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Sequential Logic Circuit

Y Y
Event Driven Clock Driven Pulse Driven
(Asynchronous) (Synchronous)
Cyclic Mon-cyclic

As well as the two logic states mentioned above logic level “1” and logic level “0”, a third
element is introduced that separates sequential logic circuits from their combinational logic
counterparts, namely TIME. Sequential logic circuits return back to their original steady state
once reset and sequential circuits with loops or feedback paths are said to be “cyclic” in
nature.

We now know that in sequential circuits changes occur only on the application of a clock
signal making it synchronous, otherwise the circuit is asynchronous and depends upon an
external input. To retain their current state, sequential circuits rely on feedback and this
occurs when a fraction of the output is fed back to the input and this is demonstrated as:

Sequential Feedback Loop

-
Feadback
Input +
A—"* ()
Qutputs
0

The two inverters or NOT gates are connected in series with the output at Q fed back to the
input. Unfortunately, this configuration never changes state because the output will always be
the same, either a ““1” or a “0”, it is permanently set. However, we can see how feedback
works by examining the most basic sequential logic components, called the SR flip-flop.

SR Flip-Flop

The SR flip-flop, also known as a SR Latch, can be considered as one of the most basic
sequential logic circuit possible. This simple flip-flop is basically a one-bit memory bistable
device that has two inputs, one which will “SET” the device (meaning the output = “1”"), and
is labelled S and another which will “RESET” the device (meaning the output = “0”), labelled
R.

Then the SR description stands for “Set-Reset”. The reset input resets the flip-flop back to its
original state with an output Q that will be either at a logic level “1” or logic “0” depending
upon this set/reset condition.
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A basic NAND gate SR flip-flop circuit provides feedback from both of its outputs back to its
opposing inputs and is commonly used in memory circuits to store a single data bit. Then the
SR flip-flop actually has three inputs, Set, Reset and its current output Q relating to it’s
current state or history. The term “Flip-flop” relates to the actual operation of the device, as it
can be “flipped” into one logic Set state or “flopped” back into the opposing logic Reset state.

The NAND Gate SR Flip-Flop

The simplest way to make any basic single bit set-reset SR flip-flop is to connect together a
pair of cross-coupled 2-input NAND gates as shown, to form a Set-Reset Bistable also known
as an active LOW SR NAND Gate Latch, so that there is feedback from each output to one of
the other NAND gate inputs. This device consists of two inputs, one called the Set, S and the
other called the Reset, R with two corresponding outputs Q and its inverse or complement Q
(not-Q) as shown below.

The Basic SR Flip-flop

S [setf)
_ 1 i
S o— | eoaq o LI® vy D——o Q
SR
Flip-flop
J— . B —
T L = £ S Y
0 _
R (reset)
Symbol Circuit
The Set State

Consider the circuit shown above. If the input R is at logic level “0” (R = 0) and input S is at
logic level “1” (S = 1), the NAND gate Y has at least one of its inputs at logic “0” therefore,
its output Q must be at a logic level “1” (NAND Gate principles). Output Q is also fed back
to input “A” and so both inputs to NAND gate X are at logic level “1”, and therefore its
output Q must be at logic level “0”.

Again NAND gate principals. If the reset input R changes state, and goes HIGH to logic “1”
with S remaining HIGH also at logic level “1”, NAND gate Y inputs are now R =“1”and B =
“0”. Since one of its inputs is still at logic level “0” the output at Q still remains HIGH at
logic level “1” and there is no change of state. Therefore, the flip-flop circuit is said to be
“Latched” or “Set” with Q =“1” and Q = “0”.

Reset State

In this second stable state, Q is at logic level “0”, (not Q = “0”) its inverse output at Q is at
logic level “17, (Q =“17), and is given by R =“1”and S = “0”. As gate X has one of its
inputs at logic “0” its output Q must equal logic level “1” (again NAND gate principles).
Output Q is fed back to input “B”, so both inputs to NAND gate Y are at logic “1”, therefore,
Q=-0".
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If the set input, S now changes state to logic “1”” with input R remaining at logic “1”, output
Q still remains LOW at logic level “0” and there is no change of state. Therefore, the flip-flop
circuits “Reset” state has also been latched and we can define this “set/reset” action in the
following truth table.

Truth Table for this Set-Reset Function

State S R Q Q Description

1 0 0 1 SetQ»1
Set

1 1 0 1 no change

0 1 1 0 ResetQ » 0
Reset

1 1 1 0 no change
Invalid 0 0 1 1 Invalid Condition

It can be seen that when both inputs S = “1”” and R = “1” the outputs Q and Q can be at either
logic level “1” or “0”, depending upon the state of the inputs S or R BEFORE this input
condition existed. Therefore the condition of S = R = “1” does not change the state of the
outputs Q and Q.

However, the input state of S = “0” and R = “0” is an undesirable or invalid condition and
must be avoided. The condition of S = R = “0” causes both outputs Q and Q to be HIGH
together at logic level “1” when we would normally want Q to be the inverse of Q. The result
is that the flip-flop looses control of Q and Q, and if the two inputs are now switched
“HIGH” again after this condition to logic “1”, the flip-flop becomes unstable and switches to
an unknown data state based upon the unbalance as shown in the following switching
diagram.

S-R Flip-flop Switching Diagram

I .
3 | 1 1 1] 1 0 1
I
R : 1] 1 1 1 0 1
I
|
a : 1 1 0 0 ﬁ-
Mo Mo . Lnknown
| Set Change Reset Change Invalid States
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This unbalance can cause one of the outputs to switch faster than the other resulting in the
flip-flop switching to one state or the other which may not be the required state and data
corruption will exist. This unstable condition is generally known as its Meta-stable state.

Then, a simple NAND gate SR flip-flop or NAND gate SR latch can be set by applying a
logic “0”, (LOW) condition to its Set input and reset again by then applying a logic “0” to its
Reset input. The SR flip-flop is said to be in an “invalid” condition (Meta-stable) if both the
set and reset inputs are activated simultaneously.

As we have seen above, the basic NAND gate SR flip-flop requires logic “0” inputs to flip or
change state from Q to Q and vice versa. We can however, change this basic flip-flop circuit

to one that changes state by the application of positive going input signals with the addition
of two extra NAND gates connected as inverters to the S and R inputs as shown.

Positive NAND Gate SR Flip-flop

5 [set)

r : S R|Q Q
. 0 0 |Mochangs

1- .
. |l 0 1|0 1
R (reset) o) :: ? ;{ E{
: {(Invald)

NAND Circuit

As well as using NAND gates, it is also possible to construct simple one-bit SR Flip-flops
using two cross-coupled NOR gates connected in the same configuration. The circuit will
work in a similar way to the NAND gate circuit above, except that the inputs are active HIGH
and the invalid condition exists when both its inputs are at logic level “1”, and this is shown
below.

The NOR Gate SR Flip-flop

S (set) s RlQ O

——@ Q
1— 0 0 [Nochange
0 | | 0 1 1 0
B 1 0 0 1
—e Q 1T 11X X
R (reset) (Imvalid)

S NOR Circuit

Switch Debounce Circuits

Edge-triggered flip-flops require a nice clean signal transition, and one practical use of this
type of set-reset circuit is as a latch used to help eliminate mechanical switch “bounce”. As
its name implies, switch bounce occurs when the contacts of any mechanically operated
switch, push-button or keypad are operated and the internal switch contacts do not fully close
cleanly, but bounce together first before closing (or opening) when the switch is pressed.
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This gives rise to a series of individual pulses which can be as long as tens of milliseconds
that an electronic system or circuit such as a digital counter may see as a series of logic pulses
instead of one long single pulse and behave incorrectly. For example, during this bounce
period the output voltage can fluctuate wildly and may register multiple input counts instead
of one single count. Then set-reset SR Flip-flops or Bistable Latch circuits can be used to
eliminate this kind of problem and this is demonstrated below.

SR Flip Flop Switch Debounce Circuit

Wagr e ?m{nc\flmntact:baunmng
Switch T I B ‘ |'
Set
A,
VResET '(( '\
. Reset [ -|— 1
= o
Set Rezet
Multiple signals (false inputs)
+Wee

L COne Single
Set = [ g B _ q Qutput Pulse
Switch ~ @ D—-—- Q .f 1
o R rI'\J}'i"«l'%ll:l Gates T -0
Reset oy | o
- Set Reset

Depending upon the current state of the output, if the set or reset buttons are depressed the
output will change over in the manner described above and any additional unwanted inputs
(bounces) from the mechanical action of the switch will have no effect on the output at Q.

When the other button is pressed, the very first contact will cause the latch to change state,
but any additional mechanical switch bounces will also have no effect. The SR flip-flop can
then be RESET automatically after a short period of time, for example 0.5 seconds, so as to
register any additional and intentional repeat inputs from the same switch contacts, such as
multiple inputs from a keyboards “RETURN” key.

Commonly available IC’s specifically made to overcome the problem of switch bounce are
the MAX6816, single input, MAX6817, dual input and the MAX6818 octal input switch
debouncer IC’s. These chips contain the necessary flip-flop circuitry to provide clean
interfacing of mechanical switches to digital systems.

Set-Reset bistable latches can also be used as Monostable (one-shot) pulse generators to
generate a single output pulse, either high or low, of some specified width or time period for
timing or control purposes. The 74LS279 is a Quad SR Bistable Latch IC, which contains
four individual NAND type bistable’s within a single chip enabling switch debounce or
monostable/astable clock circuits to be easily constructed.
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Quad SR Bistable Latch 74L.S279

Voo 45 4R 40 35B 3SA 3R 30

16 15 14 13 L1211 10 ]9 |

D

CHZH G HeHE e

iR 18A 15B 12 2R 25 20 GND

Gated or Clocked SR Flip-Flop

It is sometimes desirable in sequential logic circuits to have a bistable SR flip-flop that only
changes state when certain conditions are met regardless of the condition of either the Set or
the Reset inputs. By connecting a 2-input AND gate in series with each input terminal of the
SR Flip-flop a Gated SR Flip-flop can be created. This extra conditional input is called an
“Enable” input and is given the prefix of “EN*. The addition of this input means that the
output at Q only changes state when it is HIGH and can therefore be used as a clock (CLK)
input making it level-sensitive as shown below.

Gated SR Flip-flop

5
&
N = 0 — —
—] EN EN
—_— 0l p—
-
| &

When the Enable input “EN” is at logic level “0”, the outputs of the two AND gates are also
at logic level “0”, (AND Gate principles) regardless of the condition of the two inputs S and
R, latching the two outputs Q and Q into their last known state. When the enable input “EN”
changes to logic level “1” the circuit responds as a normal SR bistable flip-flop with the two
AND gates becoming transparent to the Set and Reset signals.

This additional enable input can also be connected to a clock timing signal (CLK) adding

clock synchronisation to the flip-flop creating what is sometimes called a “Clocked SR Flip-
flop“. So a Gated Bistable SR Flip-flop operates as a standard bistable latch but the outputs
are only activated when a logic “1” is applied to its EN input and deactivated by a logic “0”.
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Fluidics Circuit:

15.6.1. Control of Air Cylinder Using Preferenced Flip-Flop
15.6.1.1. Circuit

Fig.15.14 illustrates a fluidic logic circuit that can provide the push-button stast and air

limit switch reversal of an air cylinder. This circuit uses two pilot-actuated 3/2 control valves

(V1and V2), a preference flip-flop, a normally closed (NC) limit switch (V3), a shuitle valve
(V4), and an air cylinder. .

A- . d . )
I clinder = V3 @&@ — Back-pressure sensors
= M @) - Preferenced i
- - ® ~ — Preferen ip-flop
: 05b & ~ Piloi-operated 3i2
M \ / \ / W o @ @ control valves
N 1@ T A T : = Shutlle vaive
% I < @ — Normally clased (NC
. 7bar O5bar \-—‘ 7 bar ® rimitswi{chu )
@T ~ Double-acting ait cylinder

(= )_( . .- = val /\ 0.5 bar
ip-

Start A4 @ 0.5 bar represents pressure of the
button @ flop @ )!( fluidic (pilot) air.
0.5 bar H 7 bar represents pressure of the

Panic | main air supply.
button

Fig. 15.14. Control of air eylinder using preferenced flip-flop

AP A s A A~ _ur
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. ne)  (NC
Cillder1 NS (NC) Cylioder 2
0.5bar 0.5har I |
- ] T
] " V1 Y
! / Thar @ 7£b$ar‘\. vz @
| 05bar  05bar 0.5bar
B tal ; ORINGR
1 ~ N
@:/ \l 11 I\C
Flip-flop : | !
S B J |-l -

(l) - Back-pressure sensor

® = Preferencedflpflop

@ - oriNORgate
© &© = Pilot-opeted412 control valves
@ &(f) = Normally closed (NC) limitswkches
@ &@ = Double-actingpneumatic cylinders

05 bar represents pressure of the
fluk:lic (piot) alr.

Tharrepresents pressure 0f the
main ar supply.

Fig. 1515. Fluitfic sequenci 11g control of tWOpneumatic cylinders

Ny o e -
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0.5 bar ON,L o OFF
@ Flip-flop . Selector
switch
+
_______ E
: 70 bar :
oyl
@ i M >< & N A Yy E . . @
| a2 3| . — Xt 11| o1 02
GIVARELAE T
ln_terifaé:e R
NOR ) LT NOR
0.2 bar 0.2 bar

/_L\ S2 . Hvdra sylinder | | A 8.1

0.1 bar 0.1 bar

@ - Seleclor swilch
@ — Preferenced flip-flop

@ & @ — MNOR gates

@ — Pilot-operated 4/3 interface valve
OF @ = 1interruptible jet sensors

~ Hydraulic cylinder

Fig. 15.16. Continuous reciprocation of ¢ liydraulic cylinder using fluidic controls
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UNIT V TROUBLE SHOOTING AND APPLICATIONS

Design of circuits using the components of hydraulic system for Drilling, Planning, Shaping,
Punching Press. — Selection, fault finding and maintenance of hydraulic components
Sequential circuit design for simple application using cascade method, Electro pneumatic
circuits. Selection criteria of pneumatic components — Installation fault finding and
maintenance of pneumatic components. Microprocessor and PLC- Applications in Hydraulic
and Pneumatics- Low cost Automation — Hydraulic and Pneumatic power packs.

Design of circuits using the components of hydraulic system for Drilling:

|

Clamp

2 Drill ‘__<:>>

ﬁ’
|

[ —

@Hifl
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Cylinder 1 (clamping) . Cylinder 2 {punching)

/ - ® /

# y

e
®"
3 i Sequence
i P valve 2

@Sequence 1 T . ?
valve 1
; _ LA
=

2

Line to reservoir

1

Filter-strainer -
Unidirectional, fixed i - _I_LI
1
i
(]

dispiacement pump @ _ .
Pressure relief valve e (PR | @
Manuaily-cperated -

ing-centered '
spring-centere ® &
NGO

Sequencing valves

Check valves

@0 @O G

Double-acting cylinders

ES
&

Fig. 13.3. Hydraulic cylin.der sequence circuit {for clamping and punching operations)
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Circuit: The hydraulic press circuit employing double pump unloading principle is

shown in Fig.1.
|

“~ Flsag

< [T°
b
P

@ - Line to reservoir

@ @ ~ Filter-strainer
E : i >41 @ - Lowﬂowpumg

@ ~ High flow pump

: l @ ~ Unloading valve
g E@ = @ - Pressure relief valve
L .

(7) - Manually aperated 43 DC valve
- Double-acting cylinder

@@O
@@@

Fig. 1. Double-pump hydraulic press circuit
Operation: When the pressing/punching operation starts, the increased pressure opens
the unloading valve to unload the low-pressure pump. When the DC valve is in its
spring-centered mode, the relief valve protects the high-pressure pump from
overpressure at the end of the cylinder stroke. During the punching operation, the check
valve protects the low-pressure purp from high pressure.
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" pneumatlc Ioglc clrcults
13 %. 11 Procedure

13.26.DESIGN.OF PNEUMATIC LOGIGGIRCIITS 5, 1t it b iy oo 15 g

[n the preceding sections, we have discussed few basic pﬁeuhiat'fc‘ creuts. Tt shodld be
* noted that a pneumatic circuit for a particular appllcation can be desxgned in vanous methods

 The five methods commonly used by engineersare’s AT G

. Cascademthod, - "t e
2. Classicor intuitive method, - .. .
3. Step-counter method, - v
. Karnaugh-Veitch (K-V) mapping method, and
5. Combinational circuit design. .
However, the-design of pieumatic logié crcuits using cascade inethiid s more fmpordant
from our subject point of view, . '

o -

213,261, Cascade Method of Pneumatic Ctrcust Desngn

" The- cascade-method::is- found tc be the snmplest ‘and eaS{est method of desngnmg

“ TR T iy ~’.
) : Al "y

The followmgs ep by step procedure may | be fo[lowed wlule usmg the cascade method

Stepl Each cylmders are.given, fcr convemence mdmdual Ietters (say A B C 6Ic)
The given sequence!is written- first with 4 representmg extension (forward) strokc of the

o cy!mder and ‘- representing retractxon (rcturn) stroke of the cyhnder (For example A, B*

vy YRy .
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Step 2 : The given sequence is split i nto minimldm number of groups. The groupingcan be
done as below :

(i) The tirst group is split where the change in stroke occurs.
(i) The second, third and subsequent groups are formed such that maximum of
one change occurs within the group.
(110 No letter should be repeated within any group.
(iv) The groups are identified by letters like I, 11, 111, etc.
illustration : Let us assume.the sequence A+ B+ B- C+ C- A-. This sequence can be

splitted into three groups asshown below :
A+S+ SC+ C-A-
1 [ R ]|

Step 3: Each group is.assigned a pressure manifold line which must be pressurised only
during the time the partfoulaF group is active.
. Number ofpressur llnesl = - Number of groups
Step4:Selectiolldvallies: ::
(i) Each cylinder is..provided with a pilot operated 412 DC val ve.
. Number of pilot colltro/ valvs = Number of g/linders
(ii) Limit valves are positioned at either end actuated by the piston rod to identify the
extension and retraction of cylinders. The limit valves are denoted .by ay a, ho; bl,
etc., where the suffix (0" corresponds to valves which are actuated at the end of
return stroke and the suffix '1' corresponds to valves which are actuated at the end
of forward stroke. Each cylinder requires two limitvalves.
:. Number of limit valves =.2 xNumber d cy/ilid_ers
Each manifold line supplies air pressure to those limit valves within its particu lar
gr<?up.
(iii) In order to pressurize the various manifold lines in the proper order, one. or more
group changing.valves or-cascade val ves are used.

. Number of cnscal/e (orgroup clianging) valves ;;; Number of grolJps -1
Step J : The valve connections are made as follows ;

(i) The output of each limit valve is connected to the pilot input corresponding to the
next sequence step. :

(@ii) The limit valve corresponding to the last step of the given group is 'not' connected
to the pilot actuation of the DC valve of next cylinder. Instead, it is. connected to the
pilot line of the grup changing or cascade valve s? as to press1,1 dze the manifold of
the subsequent group.

This manifold rine is then connected to the pilot line correspond ing:to the first step
of the next group.
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13262 Advantages of Cascade Method
1. Circuitdesign, drawing and checking can be accomplished very quickly.

Faultdiagnosisand trouble-shooting are velysimple.
Requiredtask by each cylinderandtheirsignal elements isfully ensured.

~ o

This avoids a problem that may occur because of air becoming trapped in the
pressure iine tocontrol avalve and so preventing the valve. frornswitching.
| Example 132 |-Three pneltmatic cy/illders A, B, tmtl C are usetl in 011 automutic

-equence of operation. A cylinder extends, B cylinder extends, B cyli,,der retractsandtllen
A cyliltder retrticts, o/lintler extemls (JIu/ C glintler retr(Icts. Develop pnelimatic circltils

by cascade metltotl.
©Solutimi: Thestepsinvolvingduringthedesign ofthiscircuitisexplainedasbelow :
Step I : Given sequence isA+S+B-A-CC-

Step 2 : The given sequence can be initially splitted into three groups as
A+St B-A-c+ c-
( L "IH

In order to keep the number of groups minimal, the C- can be assigned to group I.So the

ideal groupingis AS follows ;
c-A+s+ S-A-c+

I u
Step3: N umberofpressure lines == Number ofgroups =2
Step4:Selectionofvalves:
(i) Num ber of pilot operated 4/2 DC valve == N umber of cyl inders;;;: 3
Thusthree cylinder actuation-VA, VB, VC-are provided.
{ii) Numberoflimitvalves=2xNumberofcylinders=2x3==6
Thus six limit valves-agya ;,b0,bi, cocy-are provided.
(iiiy Number of cascade (or group " )valves= {Numberof} 1 2-1 =z I.
changing grou
So forthiscircuit, only one cascade val ve issufficient.
Step 5: The valve connections are made as follows ;

(i) The cascade valve CV is shifted to-its teft envelop tlow path configuration so that
the pressure manifold to group | is pressurized. First line | is connected directly to

thepilotline (-)of 4/2 DC valve VC. Soretraction of C (C-) startswhen group I is
pressurized.
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Attheend cfrctition of C, the liinit valve cq is actuated. Now \h ¢ pressure from

manifoN Ht; * pas throughco,t orhe pilot l ine (+) of 4/2 DC xale VA. As a
re_sul yliger A eJtends. (A+) and actuates limit valve ;- Pressure. then passes
frommanifold Hiw| rougha,tC?thepHotline.(+)of4/2_DC val VB; \liscauses

cylinder to. tend rr)andactuatr. limitvalv.b,- ThListhesc_qu.ncingo\Group

--.. represntsoperC!-tions O  oupl

| iscomplet -
1 _—
e _ |
i A 1 __ B + C «
i 55 T
| A = - Y/ 4 - |
I = = = Vaﬂ ﬁa1 I = bO ﬁbt ____! \CO _ﬁ;1 ;
' Bl R R G A ] f
| @i | | i B
ERIE: ERE: R
RV VN A ~VB| |+t -|vC + ; 1
' H B : 1 A - ' '
~i 1 x'— i i Tl R ] X i ; El
P | : = : i ® ; i
; é) ; CF L0 I T S o I ] s N : : i
: : L -4 : : i
------------- e et SR : i1
‘ s + - : H
Pressure manifold to Group 5 i | ; ; 5
Pressure manifold to Group II | ; T ' ;
. $ —— 5‘.—_ — é e . < iI !
"t cv ;
I U — 1
|
|

A,6.ardC - Doulkactingpeumaticcyltqrs

. CV :Cascade{orgroup changing}Vi [Iv

--- --—-fepresents operatoins O groyp 1l % ]
1 I
VA,VB, ndVC ._ 4/2direction !controlvalvesfof the cylinders !

B g e At

: L
A.8,andC e iy S
ag nda1 - Limitvalvs |
bo ndby - Limitvalve$forcylinderB U
—--—-- -|:c0.d....1 - Limt valves for cymder ¢
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Attheenofrctr\tion of C,the liulitvalve cyisactuated. Now\ cpressure from
manifo ,Hn\pa sthrough co,t orhepilot line (+) 0f 4/2 DC ale VA. Asa
rsultf yl er A etends (A+) and actuates Hmit valve a - Pressure. then passes
fromnanifoldH1wl 1rougha. tc:>thepHotline. (+)of4/2_DCvalvVB; Hliscauses
cylinder to.etend (f-)andactuatP. limitvalv.b,- ThLis the seqLl;ncingo{Group
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c |
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16 FLul0 POWER Ci1Rcu1Ts:

The new applications of hydraulic and pneumatic power system are being found and
adopted every day in all fields. Also fluid power is considered as the muscle of automation
because the future automated industries will largely depend on fluid power for their
operations. So we cannot afford the failure of these systems. Like any other systems, fluid
power systems also develop various types of faults and defects which need periodic and
routie maintenance. Therefore in order to enhance the . operational reliabiUty 11J1d
maintainability ofthe fluid power system, itis highly required to take up various maintenance
and repair measures to prevent failure of components and stoppage of the system.

It is also found that the maximum trouble free life of the fluid power systems mainly
depend on the following four basic requirements :

I. Properly installed equipments,

2. Properly trained personnel,
. 3. Planned preventive maintenance, and
4. Effigient troubleshooting.

In this chapter, we shall describe how to troubleshoot fluid power circuits effectively,
depending on the symptoms of the problem involved:

FAILURE AND | ROUBLESHOOTING.

FALUR'E AND TRAUBLESHo0a>MING :OF HYDRAULIC- <SYSTEM

6.2, FAILURE AND TROUBLESHOOTING OF HYDRAULIG:SYSTE!

162.1. Common FaultsinHydraulic Systems
Table 16.1 lists the most common type of defects that can be found in hydraulic systems.

Table 16.1.Commonfaidts in hydraulic systems

1. Reduced speed of travel of machine tool elements.
2 . Slowresponse tdontrol.

3. Excessive lossof system pressure.

4, Excessive leakage inthe system.

5.Rise in the oil temperature.

6. Non-uniform or jerky movement of tables, carriages, etc., especially at low
feed rates.
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7. Increased noise- in the system.
8. No supply or less supply from pump.
9. cCavitation of seal failure.
10. High rate of seal failure.
11. Poor oil life.
12. High degree of contamination level of system medium.

16.2.2. Common Causes of Hydraulic System Breakdown
Table 162 lists the most common causes of-hydraulic system breakdown.
Table 16.2. Common causes of hydraulic system breakdown

1 Inadequate supply of oil in the reservoir.
2. Clogged or dirty oil filters.

3. Leaking seals.
4 . Loose inlet lines that cause the pump to take in air.

.5. - Incorrect type of oil.
6. Excessive oil temprature.
. Excessive oil pressure.

16.2.3. Fault Finding Using Troubleshooting Charts
The term troubleshooting refers to an organised and systematic study of the problem and
a logical approach tthe difficultyfaced in-a .system.

Erratic I
molion 1
ofcynder |

1 kmotion ‘ : ]

' erratic No fis eylinder | No_{Are siides Is load 5 piston Etc.
inboth misaligned? misaligned excessive? rod bent?
directions )
of cylinder
travel?

Yes
Is there Check Check | Decrease Replace
air in the and and bador and
adjust adjust | increase determine
— | pressure cause

S system.
Eliminate
source of
airentry

Fig. 16.1 Tree-branching chartfor ahydrallJic system
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Maintenance engineers often use a fault finding chart, also known as tree-banchillg
chart, to simplify the complex fault finding process in a hydraulic circuit.- A typicat tree-
branching chart is illustrated in Fig.16.1.

As could be seen from the charte.it asks a question which has answers only in the 'yes' or
'no’ type. This answer will determine the. next step to be taken. Thus, this tree-branching
chart technique helps the maintenance personnel in developing a logicalJ and rapid approach
to fault diagnosis.

182 4. FaultDiagnosis of Hydraulic System

Table 16.3 presents the various faults, their symptoms, probable causes, and also the

remediaactions that can be taken to prevent them in hydraulic systems.
-Table 163 Variousfatti ts,possible carlses and remedies of a

hydraulre system and itscomponents

‘(rouble/Fault Probable causes Remedial actions
I.PUMP -
1. Pllmp deldivedng Worong direction of shaft Must be rversed immediately
insuflicientor no oil to prevent seizure and
breakage of parts due to lack of
oil
Pump shaft turning too slowly | Check minimum speed
to prime itself recommendation and
momentarily increase rpm, to
rectify
Clogged strainer or-suction Clean strainer or suction pipe
pipe line line.Remove foreign matter
Strainer capacity insufficient Replace withastrainer whose

capacity is more than twice the
maximunt flow rate

Air leak in suction line Add oil and check oil level in
reservoir. Check for leaks and
repair

Faulty rot.ating part in tne Check by listening to the

pump body sound. Remove the cover and

check the internal mechanism.
Replace, il necessary

Oil leak inpump casing dueto | Checkthesliding parts
seizureor wear of pump
sliding parts

Low level of oil in the reservoir | Add the oil recommended as
per the indicator line

Oil viscosity too heavy to pick Use oil as per recommendation
up prime or too light causing
excessive slippage
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Troublault

Probable causes

Remedial actions

2. Pumpdevelopingunstable
.Or zero pressure

Pump not delivering oil for
itny of the above .reasons

Apply the above remedies

Relief valve setting not high
enouh

Correct valve setting by using
pressure gauge

Relief valve sticking open

Check relief valve. If necessary,
dismantleand clean valve

Clogged orifice of the relief
valve

Overhaul and dean relief valve

Mis-assembly, mis-connection
or mis-operation of various
valves in the circuit

Must be corrected

Faulty performance of various

valves or excessive oil leakages
in the circuit through actuators
and valvesetc.

Testeach component
separately and repair

Faultv pressure gauge

Check and replace if necessary

Partially clogged suction line
or suction strainer

Clean and remove foreign
matter

-| 3. Pump making noise

Misalignmentofpumpand
prime mover

Check and rectify

Strainer capacity insufficient

Replace with a strainer whose
capacity is more than twice the
maximum flow rate

Air leak at pun,p's suction pipe
joints or from shaft packing of
the pump

Pour oil on suspected joints
while listening for chatlge in
sound. [fsound stops, tighten
thejoint

Air remains in pump casing

Eliminate air through the air ‘
breather

Small size of suction pipe

Replace so that the flow
velocity on thesuction side
will beapproximately0.5to 1
m/s

Couplinl1:misalignment

Re-alifm properly

Pump bolts very loose

Tighten

Resonance noisesirlthesystem

Reinforce by installing

supports to eliminate
resonance

Air bubble or too much foam
insuction oil.

Check to be certain that the
return lines are below oil level
and well separated from

suction lines.

Verv high viscosity .

Use recommended oiL

Pumprunning too fast.
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Trouble/fault

Probable causes

Remedial actiops

4: Pump oil over-heated

Faulty oil cooler

Repair

Insufficient size Ol oil reservoir

Increase capacity or install an
oil cooler

Pump pressure too high

-Readjust relief valve setting

Excessive flow velocity

Replace piping

Seizure of pum p'ssliding parts

Dis-assemble and repair.
Check for foreign matter in oil
and see if the pump casing is
filled with oil

5. Internal leakage arour\d
pump

Shaft packing worn out

Replace

Topcover packingdamaged

Change the packing and apply
clamping torque on the cover
as pr manufa cturer's

tecom mendation

6. Excessive wear

Abrasive matter inthe
hydraulic oil being circulated
through

Instal an adequate filter or

-replae oil more often

Viscosity of oil very low at
working conditions

Check pump manufacturer's
recommendatfons or consult
your hydraulic engineer

Sustajned high pressure above
the maximum pump rating

Check maximum setting of the
relief valve

Misaligned drive or tight belt
drive

Check and rectify

Air recirculation causing
chatter in the system

Remove air from the system

7. Breakage of partsinside
pump houslng

Excessive pressure above
maximum pump rating
Seizure due to lack of oil

Adjust relief valve properly

| Check oil level in reservoir and

cleanness of stl'ainer and any
other possible restrictionsin
suction lines

Solid matter wedged in the
pump

Install a filtilr in the system.
Clean suction strainer more
often

Excessive tighhless of head
SCrews

Follow manu facturer's
recommendation s

U. RELIEF VALVES

‘ 1 Erratic pressure

Dirtinoil

Cleanstrainer and flush the
system

Worn poppet or seat

Lap thepoppet or replace
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Trouble/Fault
2. No or low pressure

3. Excessive noise or chatter

Probable causes

ME8674

Remedial actions

Vent connection open

Check and rectify

Balancehole plugged

Check and rectify.

Poppet not seating properly

Check,lap and repair

High oil velocity Check and rectify
Faulty or worn poppet or seat Check, lap or replace
Excessive tank line pressure Check and rectify
Long vent line or pressure Check and rectify

setting too dos to that of
another valve in the circuit

Valve setting too dose to the
system operating pressure

Setrelief valve atleast 0 bar
higher than therequired
working pressure of thesystem

I1I.DIECTIONAL CONTROLVALYES (DCVs)

I Faulty or incomplete
shifting

Worn out control linkage, shift
pin, etc.

Check and repair

Insufficient pilot pressure

Check and rectify

Burned out solenoid

Check and replace

Worn spring centering
mechanism

Check and replace

2... Cylinder creeping or
drifting

Valve spool not centering
properly

CnNeck ana recury

Valve spool not shifting
completely

Checkand i:eplace

Valve spool or body worn out

Check and rectify

Leakage past the piston in the
cylinder

Check and overhaul the

-cylinder

IV.SEQUENCCNG VALVES.

1. Premature movement of
secondary operation

Valve set too low

Ch.eek and set it hiJ?her

Excessive loadonprimary
cylinders

Check and adjust accordingly

High inertia load on primary
cylinder

Check and make sequence
valve remote controlled

2. No movement or slow
secondary operation

Sequence valve setting too
hih

Check and adjust again

Relief valve setting too dose to
that of sequence valve

Should have at least 10 bar
differential

Valve spool bindin in body

Check and repair

V. UNQINGVALVES

1. Fails to completely unload
pump

Valve setting too high .

Set correctly

Remote pressure setting too
low

Adjust properly

Valve spool binding in body

Overhaul valve
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Trouble/Fault

‘ Probable causs

ME8674

Remedial actions

VI CQIIN'tERE J4\Na,:VALVES

1 Willnotsupportload

Valve setting too low

Dirt under jntelD"al check valve

Setproperly
Flush the system

Valve spool and body worn
out

Replaceworn outparts

Leakage past the piston in the
cylinder

Okck and overhaul the
cylinder

VII.FLOWCON fROLVEVES.

1. Variation in feed

Sticking- hydrostat

Overhaul valve

Cvlinder or motor leakag-e

Overhaul cylinder or motor

Chal\ge jn oil viscosity

Check and replace oil

Improper pressure drop across
valve

Adjust correctly

Inadequate lubrication of
machine parts

Check and do the T e essary
redifications

;VIII. REMOTE FLOW CONTRO

L VALVES

1. External leakage

Back pressure in drain line or
defective seals

Drain directly to reservoir or
replace seals

2. Feed rate variation

Hydrostatic pressure
compensator inoperative or
sticking hydrostat

Clean valve anrl nu h system.
PpHsh hydrostat and metering
spool. Replace defective seals

3. Maximum flow not
obtainable

Contaminants in the throttling
orifice.Meterg spool binding
or not shifting fully.
Insufficient voltage in torque
motor

Clean valve.Check torque
motor coils and input current.
Re-align properly

. 4. Check valve-inoperative

Dirtlodged between the
matin faces or finished faces

Disassemble and flush
thorough ly

AX.HYDRAULIC :MOTORS

1. Motor turning inwrong
direction

Incorrect piping between
control valve and fluid motor

Check circuits to det-ermine
correct piping

2. Abence of proper speed
and torque

System overload, relief valve
adjus_h1lentnot set high
enough

Check required system
pressure and reset relief valve

Relief valve sticking open

Inspect and overhaul relief
valve, set correctly

Free recirculation of oil to
reservoir

Identify the exact point of fault
and rectify

Driven mechanism binding,
because of mis-alignment

Remove fluid motor and check
the torque required for drive
shaft

Pump not delivering sufficient
volume or pressure

Check pump delivery and
pressur:e
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Trouble/fault

Ptobable causes
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Remedial actions

3. External oil leakage from
fluid motot

Gasket leaking (may bedueto
drain not connected to the
reservoir when requfred)

Replace gasket. If drainline is
required, it must be connected
directly to reservoir. -

4. Times of operation longer
than specified

Airinsystem

Bleed

Internal leakage inactuating
cylinder or directional vaive

Repair ang replace worn out
parts

Worn outpump

Repair

Action issluggish c-nly"on
startup and becoes alright
afterwarming up and vice-
versa .-

Itisdue to wrong selection of
hydraulic oil. Consult

manu facturer's
reconunendations for correct
hydraulic oil viscosity

Lowauxiliary £onlrol_pressure

Control lines may be too small
particularly if they are very
long

X.HYDRAULICCYUNPERS

1 Piston packing failing too
often

Defective or poor quality of -
packing

Packingretainerbent

Checkand consulta hydraulic
engineer for the correct
solution

Check and rectify

Pistonbearing worn out

Check andreplace

Cylinder wall surface
excessively worn outor badly
scored

Check, smoothen and replace if
.necessary

Getting damaged during
assembling

Check itnd take careduring
assembling

Packing might be facing very
high pressures.

Adjust relief valve correctly

Too rnuc::h contaminants inthe
hydraulic oil

Flush system

Design defects j.n.mounting

- Consult hydraulic engineer

Defective rod wiper

Check and chattge rod wiper

2. Reduced speed

Oil bypassing the piston

Wrong setting of the control
valve

Check and overhaul cylinder.
Replace defective parts

Adjust properly

Less delivery from pump

Check and rectify

Directional valve not shifting
fully

Checkdirectional valveas
discussed before

Low setting or any defect in
reliefvalve

Check and correctly setas
mentioned before
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Trouble/Fault

Probable causes

Remedial actions

3; Insufficient force available
or no movement at all

Defective orvery low set relief
valve

Check and correctly setas
mentioned-before

Oil bypassing the piston

Check and overhaul the
cylinder

Pump not delivering oil

Check and overhalll the
cylinder

Defective directional valve
(specially solenoid operated or
hydraulically operated)

Check and rectify

XI. ACCUMULATORS

1 Sudden drop of pressure

.when position of selector
valve is changed

Internal or exrnal leak in
accumulator

Check and repair leak

2. Noprsureavailable after
pump is stopped

Leaking gas valve or leaking
check valvein the line

C heck and replac valve

3. Sluggish response

Gas pre-charge not sufficient

Pre-charge according to
manufacturer's instructions

and check for gas leak, if any.

XII.GENERAL CIRCUIT PROBLEMS

1 Insufficient-pressure in
system

Very low relief valve setting

Reset

Leakage of full pump delivery
within circuit

Delectand rectify

Pump slipping itsentire
volume

Check and rpair

2. Slow operations

Leakage lhrough cylinder or
fluid motors

Ch&k and repair -

Valve not closing or shifting
properly

Check and repair

Relief valve setat a. much

higher pressure than

necessaly. Excess oil dissipated
through increased slippage in
various parts or thropgh relief . r
valve or through throttle valve

Reset relief valve slightly
above the maximum pressure
required for the work stToke.
Follow manufacturer' s
ecommendations for
niaximum pressure setting.

Internal oil leakage due to

wear in pump or in other
places

Replace or repair pu mp and

rectify other faul after
detecting

Viscosity of oil isvery high

Follow manufacturer's
recommendation'i for the
correctviscosity gradeto be

used at various temperatures
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Prohable calses
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Remedial actions

TUUJIC/ T aurt

3. Excessive heatingof oilin
system

Pump assembled too tightly
afteroverhaul. Thisreduces
clearanc and increases
rubbingfriction

Follow manufacturer's
instructions while tcying to
reassemble

Leaking check valves and relief
valves inthe pump

Repair

-Improper functioning of oil
cooler or supply of cooling
water cut-off

Check and repair

Automatic unloading control
inoperative

Checkand repair

Restricted lines

If lines are crimped, replace.If

partially plugged for any
reason remove obshuction

Large pump deliveries not
unloaded properly

Study circuits and rectifithe
fault

Insufficient radiation

Use artificial cooling

Reser\roir too small to provide
adequate cooling

Replace with larger reservoir
orinstallcooler

Undersized valves or pipings

Check and repair

{ FAILUREAND tRQtJBL:E:SHOOTING OF PNEUMATIC SYSTEM

6.1 fAlLiijg t4'6tiug 1 o MINEYMUisvsTF, . =%

16.3.1. Fault Finding using Troubleshooting Charts
Similartohydrauliesystems,atree branchingchartshowniFig.'16.2canbeusedtofind

the faults.in pneu matic systems.

No

LCheck pressure in

Iform the l

| compressor

the mainsli >
reemin-charge
e ST FiRrkihs igoa! Setriht
Ceckpressureln No . f Yes valve 3or4. No actuation
the dsturbed direction =] DCvalve 2and Check the control element of
of the cylinder check pressure pressure Aof valve 3 or 4
atportsAandB valve 3or 4
Yes t Yes !Yes
Check exhaust CH;;;%tg rtobe Check control
inDC\alve 2 . checked lIneatzandy
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16.3.2. Fat Diagnosis of Pneumatic System

ME8674

Table 16.4 presents the various faults, t heir symptoms, probable causes, and also the
remedial actions that can be taken to prevent them in pneumatic systems.

Table 164.Variousfaults, possible causes, and remedies of a pneumatic system and

its components

Tlouble/Fault

Probable causes

Remedial actions

l. COM(>RESSORS

1. Unusual noise

Leakin2 cylinder valve

Adjust and stop leakae

Loose belt in compressor
wheel, motor pulley

Adjust the belt as
recommended .

t'lotor with excessive end play
in shaft

Adjust the end play

Carbon on top of the piston

De-carbonise

.Leaking, broken or worn out
. constant speed unloader parts

Adjust or replace

Valve seats wom

Recondition valve seat

Wot.n-or scored connecting
rod, p]ston pin or crank pin
beari{lgs

Recondition the connecting
rod, replace or condition
gudgeon pin and crank pin
bearings

Defe!l=tive ball beal"ings on
crank shaft or on motor shaft

Loose motor fan

Replace bearings

Ti_ghten the motor fan

Cylindersor pistons scratched,
worn orscored

Rebore cylinder and replace
piston

2.Inadequate performance

Dirtinsuclion filter

Clean filtering plate and filter
disc. Do not use gasoline for
danger of explosion

Defective sealing of cylinder
ad

Mou nt fresh packing of the
grlinder head

Valve interference through
dislocated valve seat and valve
guide

Exchange valve insert plate

Worn out pistons and piston
rings as well as worn out
cylinder

Exchange iston with rings
and also the cylinder if
necessary

Piston rings broken or not
sealed

Replace piston rings as per
manufacturer's instructions

End gap not staggered in
rooves

Stagger theend gaps, make the
rings free in the gtooves

Rough, scratched orexcessive
end gaps

Replace

Cylindersorpistoscratched,
worn orscored

Replace or repair

1
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Trouble/Fault

Probable causes

ME8674

Remedial actions

II.FILTERS

1. Excessive pressure drop

Dirty filter element

Replace filter element

throi.agh filter

Filter is undersized

Consult manufacturer's flow
charts; consider both body, size
and port sizes when specifying

2. Contaminants carried
through the filter

Elements omitted during
servicing

Replace missing elements

Elements not tightened enough

Tighten elements to prevent
bypass

Broken elements

Replace broken elements

Element too coarse

Replace with finer graded
elements

Broken end cap from increased
pressure drop.caused by dirt
build-up on entry side

Instal) standard particle filter
ahead of the coalescing filter

3. Moi!lture in downstream air

Sump of filter bowl has
collected too much water and
water is re-entering the system

Drain bowl or install automatic
drain

Installation is wrong

Correct installation

Location isincorrect :filter too
dose to the after cooler or.too
high in the plant ceiling

Relocate filter or install a dryer

Body size is too large, causing
low velocity and inefficient
operation

Consult manufacturer'sdata

Dew point of air istoo high

install a dryer

high set point
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4. Plastic bowl crazed and Incompalible chemicalsin Unless exact cause can be
breaking contact with the plastic identified. substitute with
metal bowls
Excessive temperatures, Unless damaging agent can be
pressures or sunlight identified aad eliminated,
substitute metal bowls
I11. REGULATORS.
A Regulator cannot reach Pressure gaugs are inaccurate | Ensure that gauge calibration

isaregular maintenance
function

rn5uffident upstream pressure

Meastfre and compare inlet
pressure with outlet pressure

Incorrectcontrol springrange

check model humber for type
used andreplace
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Trouble/Fault

Probable causes

ME8674

Remedial actions

Leakage indownstream circuit

Chee fittings,valves,
cylindecs and regulators,
correct as required

Incorrectadjusting technique

Toachievereduced pressure,
tum handle counter-clockwise
below desire set point, then
clockwise backup -

2. Setpoint pressure becomes
| too high

External loads imposing a
higher pressure

Use pressurerelief valves,
circuitchangesor a.venting
regulator

leakage from inlet side :worn
outpoppet sea'l, seat or
balancing seal

Check for leal'ageai:'d replace
parts as necessary

Non-yenting regulator can
aggrevate pressure increase
from other causes

Replace witli venijng regulator

, 3. Airoften.escapingfrom
vent hole

External loads imposing a
higher pressure

Use pressure relief valves,
circuitchang oraventilating
regulator

Leakage from inletside :worn
out poppet seal, seat, or
balancing seal

Check for leakage and replace
partsasn cessary

4. Pressure too low when air
is flowing

Incorrect adjusng technique

To achieve reduced pressure,
tum handle counter-cl<><;kwise
below the desired set point
then clodkwise back up

Setting altered through
vibration

Re-position adjustments and
use locking features to secure
position

Leakage in downstream
system

Check connections, component
seals and correct as required

Flow regirement istoo high
for regulator rating and/or
plumbing

Install a larger regulator
and/orlargerplum.bing

5. Chatter and vibration

Load insmbility from friction,
turning over-center or reaching
a-natural frequency

Requires systein analysis

Regulator response to load
changes is too fast or too slow

Change control springs,
poppetreturn springs or the

set-point

Regulator design has an
inherent instability In this

application

Changeinsprings or set-point
‘may help oritmay be
necessary to switch regulators
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Trouble/Fault

Probable causes

ME8674

Remedial actions

6. Delay or lack of reverse
flow

Regulator isnot designed for
reverse flow

Check manufacturer's
specificalions

Inlet pressure exhausts too
slowly

Check exhaust path for ade-
quate capacity; check path for
restricting flow control valves

Downstream pressure is above

the set-points, regulator is
exhausting through VENT path

rather than reverse flow

Alter systemconditionsto
keep downstream pressure at
orbelow set-pointbefore
reverse flow starts

IV..LUBRICATORS

1 Q&bm&p&livered fromthe

Empty reservoirbowl

Institute prograln of regular
refilling, or use an automatic
refiH system

Clogged passageays

Disassemble and dean

Closed needle valve

Checkadjustment

Tomrestrictor

Replace the broken restrictor

Internal parts incorrectly
assembled

Disassembled and reassemble
carefully

Clogged pick-up tube inlet

Clean away debris

Nonvertical positioning

Reposition and/or relocate the
lubricator

2. Oil delivery is delayed

Initial st<irt up delays are
natural

Allow afew minutes of
sustained air flow to fill
internal passageway in the
lubricator with oil

JInternal leilkage in oil
passageways

Disassemble alld inspect for
missing, damaged or
improperly assembled parts

Clogged pick-up tube inlet

Clean away debris

3. Too much oil ctelivery

Improper needle valve
adjustment

Readjust as necessary

Reverse flow.through the'
lubricator

Use a quick exhaust valve at
the cylinder port or locate the
lubricator just upstream of the
quick exhaust

4. Poor component

performance evenwith oil
delivery

Tortuous flow path from
lubricator

Incorrect oil type

Relocate the lubricator

Use recommendations of the
component manufacturer

Decrease in oil delivery rate

Periodic variation of flow rate -

C:Nitliyesli ‘(u1lar <Dept Of :Mecliani.ca{<Fngi1leeriug,Jansons Institute ojkclit 10fogy

Page 155




YDRAULICS AND PNEUMATICS

Trouble/Fa.ult

Probable causes

MES8674

Water condensation inthe oil
reservoir may occur in systems
left unoperated . for long
periods

Remedial actions

Manually drainfrom the
bottom of the bowl reservoir

5. Reservoir bowl crazed

(ncompatible oil with plastic
material; excessive
temperatures. pressures or
sunlight

Use only mineral based oils or
use metal bowls

V. AIR CYLINDERS

1 Cylinder fails to move the
load when valve is actuated

Binding inmachine linkage

Check linkage to ensure that
excessive friction loads are not
pre.sent

Pressuce too low

Check the pressureat the
cylinderto make certain thatt
isinaccordancewith circuit
requirements

CyJinder undersized for loads

Re-calc;u late force needs and
install appropriate sized
cylinders to carry the load

Piston rod broken at piston
end

Disassembled and replace
piston rod

2_ Erratic cylinder action

Valve sticking or binding

ca> Check for dirt or gummy
deposits

(b) Check for wom parts

Cylittd.er sticking or binding

(a) Check for overtightened
packing onrod seal or
piston

(b) Check for mis-alignment
or worn parts

3. Cylinder body seal leak

l,oose tie rods

Tighten the tie rods according
to manu facturer's
recommendations

EXcessive pressure

Reduce the pressure to the
rated limits

Pinched or extruded seal

Replace the cylinder body seal

Seal deterioration

Check the compatibility of seal
material with the lubricant
used

4. Rod gland seal leak -

Torn or worn seal

Exarnine the piston rod for
dents and nicks. Replace the

piston rod if the surface is
rough
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Trouble/Fault " Probable causes Remedial actions
"1 5. Excessive orrapid piston | Seal installed incorrectly | Check installation instructions
seal wear and make necessary
S corrections
V1. AIR MOTORS '

it 1. Motor won’t run

Air pressure too low

Check leaking air lines, small
capacity hoses and compressor
adequacy

Insufficient lubrication

Proper lubrication by inline

pressure

oilers or lubricators
Rotor rubbing Check the bearing wear
.|| 2. Lack of power Internal air leakage and low air | Check leaking air fines

Worn vanes

Chipped, cracked, loose or
rough edged vanes should be
replaced

Worn bearing plates

() "Tf galling is only slight,
sanding-the plate to
_remove the burns

(b) If wear is'excessive
replacement is necessary

3. Excessive vane wear

Dirty air

Strainers should be located at
the inlet ports to prevent
particles of dirt and rust from
entering the motor

VIi. VALVES

1. Valve blows to exhaust

Inlet poppet not seating
properly

{a) Poppetis damaged, it
must be replaced

(b) Dirtin poppet scats, clean
it '

(c) Poppet seat damaged.
Replace the entire valve
body assembly

Nicked, torn or swelling seals

Replace it

Cylinder feaks

Leakage in the packing of the
air cylinder connected to the
valve. Replace the packings

Damage spools

Replace it

Air supply pressure too low
and causes the valve to actuate
partially

Inspect the system for
undersized supply lines, sharp
bends, fittings and clogged
filter elements or a defective
pressure regulator and adjust

MES674
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Trouble/Fault

Probable causes

ME8674

Remedial ctions

Water or oil contamination

Ensure that the air isdryand
that the air filter is drained
frequently

2. Poppet chatb!rs

Low pilot or signal pre:.sure

Check the valve specification
for minimum pilot orsignal
pressire required

3. Spoolvalve action is
sluggish

Swollen seals

Replaceit

Varnish deposi in spool valve

Removevarnishd?jng awater
solubledergent Ul solvent

such as kerosene

Air supply pressure low

Inspect the system

Low pilot or signal pressure

Check tha valve specification
for minimum pilot orsignal
pressure requirements

Poor or no lubrication

Check the system lubricator to
see that it is working as it
should

Faulty silencer/ muffler

(u) Remove thesilencer to see
ifvalve performancehas
improved.

(b)- Clean thesilencer to see if
valve performance has
improved.

(c) Verify ifthesilencer is of
adequate size

Wateroroilcontamination

Ensure tliat thesupply air is
dry

4. Air flow is normal only In.
actuated position

Broken return spring

Replace the return spring

S. Solenoid buzzes

Lowvoltageatsolenoid

Voltage should be checked at
the solenoid coil and repaired

6. Solenoid bumsout

High transient voltage

Isolatesolenoid circuits from
main power circuits

7. Sequence valve gives erratic
timing

Faulty piston seal

R.eplaceit

EXxcessive lubrication

Check the system lubrication

Fluctuating air pressure
set

Install a pressure reguletor

atthe systems lowestexpected

Ac\.Umulated water

pressure
Re-route the pilot supply lines

8. Flow control valve does not
respond to adjustment

to eliminate low points

EXcessive lupbrication

Check the Systerm tubrication

Incorrect Installation

[nstall properly

Dirtimvatve

Cleamrthe vatve-

L |
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Probable tasses Remedial aciors
¥HL FIPELENES AND HOSES
1. Prsarz drpduzto Laxse jons, fitingsarglaads| | Tighven then
Izslcane of compressed air Buptured pipes and hoses Bzplace the pipes 2nd hoses

L Pressurerisesatspedfic | Pipes. hases are blocked
EEME | Pipax, hoses are benk
3. Noisz lveis high {Slencerstapswarking

(=am 2nd remorve dies ]

e it

.|
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1581 htroduction

Program mable logic controller (PLC) is one of the important micro-processor based
controller. As we aware, microprocessor has a tremendous impact on industrial control and
instrumentation due to its hgh rnliability and flexibility at the design and impiementation
stages. The decreasing cost of microprocessors with increa_sing facilities in them are acting as
catalyst in their ":"idening scope of applications. In recent years. PLCs are being used in plce
of electro-mechanical relays or cam-ope!"ated logic controllers to control fluid power systems.

1582 What s a Programmable Logic Controller (PLC) ?

./ Ddillilion : A programmable logic controller (PLC) _can be defined as a digital
electronic device that uses a programmable memory to store instructions and to
implement functions such as logic, seq uencing, timing, counting, and arithmetic in
order to control machines and processes .

./ In simple terms, a PLC is a user-friendly electronic computer designed to 6e|rf9rm logic
functions such as AND, OR, and NOT for controlling the operation ind ustrial

equipment and processes.

./ Thus a PLC consists of solid-state digital logic elements for making logic decisions
and providing corresponding outputs.

./ Basically, PLCs are designed as a replacement for hard-wired electro-mechanical
relay sto control fluid power systems.

15.8.3. PLCs Vs Computers
PLCs are similar to genel,"al-purpose computek. But PLCs have certain features which are
specific to their use as controllers. Some of the important features of PLCs are :

I. PLCs are rugged and designed to withstand vibrations. temperature, humidity, and
noise.

2. The interfacing for inputs and outputs is inside the controller.

3. They are easily programmed and have an easily understood programming language.
Programming is primarily concerned with logic an switching operations.

158.4. Advantages of PLCs over Electromechaital Relays
The PLCs replace electr':'mechan ical relays due to their following advantages :
I. PLCs are more reliable and faster in operation.
2. They are smaller in size and can be more readily expanded .
3. They require lesselectrical power.
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4. They are less expensive when .compared to electromecha,nicl relays for the same
number of control functions.

5. Hard-wired electromechanical relays lack flexibility. For instance when system
operation requi rements change, then the relays haveto be rewired.
6. PLCs have very few hardware failure when compared to electro-mechanical relays.

7. Special flinctions such as time-delay actions and counters. can be easily performed
using PLCs.

159, ‘MAJOR UNITS OF

8.5

APLCconsists ote;tree major elements,,as-showninFig.15J7. Theyare:
1. Central processing unit (CPU),

2. Programmer/mo itor (PM). and
3. Input/output module (1D).

Central
Input Processing
modul I -P-1 Unit
. (CPUL)

Output
moduie

Programmer/Monitor
(PM)

Fig. 1517.Block diagram of aPLC
1541, Central Processing Unit(CPU)

./ The CPU controls and processes an the operations within the PLC, that's why this uni
isreferred as the 'brain’ ofthe PLC.

./ F1111ction : The CPU (2 receives input data from various sensing devices such as
switches, (ii) executes the stored program, and (iii) delivers corresponding output
signals to various load .control devices such as relay coils and solenoids.

,.{ Itconsists a microprocessor with a fixed memory (ROM-'re.ad only memory") and a
variable memory (RAM ‘random access memory").

5;9.2. Programmer/Monitor (PM)
.

/. The programmer/monitor unit allows the user to enter th desired programme into tlle
RAM.

:-1' The programme which isentered in relay logic (in RAM) determines the sequence of
operation of the system to be controlled.
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1593. Input/Output Module (1/0)
./ This module interfaces between the fluid power system input sensing and output load
devices and the CPU.

./ Function : The purpose of the 20 module is to transform the various signals received
from or sent to the. fluid power interface devices (such as push-button switches,
pressure switches, limit switches, solenoid coils, motor relay coils, and indicator

lights).

AQEedG M MF  ti]if: <o <Ny > e L AR TR RENA

15101. Whats mean by Ladder Programming ?
./ Thebasic fonnof programming commonly used with PLCs isladder programming .
./ PLC programming based onthe use of ladderdiagrams involveswritingaprogramina
similar manner to drawinga switching circuit.
./ The ladder diagram consists of two vertical lines representing the power Jines. Circuits
are connected as horizontal lines. i.e., the rungs of the ladder, between these two

verticals.

15102 PLC Ladder Symbols
./ Fig.15.18shows the basic standard symbols that are used.

.{ F1g.15.19 shows an examplg of rungs in a ladder diagram.

Input 1 Output A

11. .. rputascn_tactsnot Output A occurs wtien
input 10ccurs

Input 2 Input3 CQutput B

1A “Inpulas contact which } Output 8 occurs when
I I are closed untilnput — input 1andiput 3
occeur .

OulputCoccurswhen

O Inpul4 Output C
Output Q

nput4 orhput5
- L\J = Specialhstducion Input § occurs
Fig. 1S.18.5/ymbol Fig. 15.39.£xomple of rul1gsi1laladder diagram },’

15103 Construction
[n drawing the circuit line for a rung, inputs must always precede outputs and there must

be at least one output on each line. Each rung start with an inputor a series of inputs and end |
with anoutput. :

1

The inputs and outputs are numbered,the notation used depending on the manufacturer. i
For example, the Mitsubishi F series of PLCs precedes input elements.by an X and output
elements by a'Y and usesthe following numbers : :
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Inputs X400-407,410-413
X500-507, 510-51 3
: (24 possible inputs)
Outputs Y430-437
Y530-537
(16 possible outputs)

15.104. lllustration of Drawing a PLC Ladder Diagram

Consider an example of a solenoid valve which opens to allow water to enter a vessel.
This situation, where the output from the PLC is to energise a solenoid wilen a normally open
start switch connected to the input is being closed, is shown in Fig.152(a). The PLC ladder
diagram forthe situation isshown in Fig.15 20(b).

X400 Y430
PLC (k_)_EL‘ ladder digigram
— -1+24V Y430
a5 X400 Solenoid
Swiech
€Y

Fig.15.10. Hlustration of Aritwilrg < PLC Imider dillgram

Starting with the input, we have the normally open symbol 1 1. This might have an input
address X400. The Une terminates with the output, the solenoid, with the symbol O. Thjs
might have the output address Y430. To indicate the end of the program the end rung is
marked. When the switch is closed the solenoid is activated.

1641, PLC.LADDER PROGRAMS FOR LOGIC FUNCTIONS

The logic functions (such as AND, OR, NOR, etc.) can be obtained by combinations of
switches (such as limit switches, solenoid coils, etc.). The following sections show how we
can write PLC Jadder programs for such combinations.
16111 AND Logic Function

Fig.15.21(a) shows a situatign where a coil is not energized unless tWO, normally open,
switches are both closed. Switch A and switch B have both to be closed, which thus givesan
A.ND logic situation.

Fig.1521(b) shows the PLC ladder diagram for the AND logic function shown in
Fig.J 521(a). In Fig.15.21(b), the ladder diagram starts with |l,labelled Input i-, to represent

fwitch A and in series with it 1 1, labelled . Input 2, to represent switch B. The line then
n?inates with O to represent the output.

. __________________________________________________________________________________________________________________________________________________________________|
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A B Solenoid input1  Input2  Ouipwi
’—6‘“0—-6"‘ H

‘(@)AND Ilagic situation (b) PLC ladder diagram

Fig. 1521 A11 AND system
15112 OR Logic Function

Fig.15.42(a) shows a situation where a__coil is not energized until either, normally open,
switch or B is closed. This situation is an OR logic gate.

A Soenoid Input 1 Output
5o "
B ‘ Ay
| 5 o Input 2-
J
(2) OR logic situatio1t (b) PLC ladder diagram

Fig. 1522.Ari OR system
Fig.15.22(b) shows the PLC ladde diagram for the OR logic gate shown in Fig.15.22(a).
In Fig.15.22(b), the ladder diagram starts with 1 1. labelled Input 1, to represent A and in
parallel with it 1 1 1abelled Input 2, to represent switch B. The line then terminates with O to
represent the output.

15113 NOR Logic Function

Fig.1523(a) shows a NOR logic gate situation. Fig.15.23(b) shows the PLC ladder
program for the NOR gate shown in Fig.l 5.23(a). Since there has to be an otput when
neithr A nor B have an input and when there is. an input to A or B the output stops, the
ladder program shows Input 1 in parallel with Input 2, with both being represented by
normally closed contacts.

‘ A e Solenoid \

(2)NOR Iggicsitllalion (b) PLC ladder diagram

loput1  loput2 ouaput

Fig.J523. A NOR gystem -
15114 NANO Logic Function

Fig.15.24(a) shows a NANO logic gate situation. Fig.1524{) shows the PLC bhdder
program for the NANO gate shown in Fig.15.24(a). There is no output when both A and B
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have an input. Thus for the ladder program line to obtain we require no inputs to Input t and
fo" [nput 2.

A Solenoid Inpul1 Output
B Input 2
—0O—ro / [
(2) NAND logicsituation (b) PLC ladder diagram

Fg.15.14. ANANDsystem

15.42.. PLC CONTROL OF AHYDRAULIC CYLINDER . _

15121. Circut and Relay Ladder Diagram

Considerasystem, shown inFig.1525, which'is used to control adouble-acting hydraulic
cylinder usingasingle limitswitch. Fig.1525(b) showsthe hard-wired relay ladder diagran

for system shown -in Fig. 15.25(a).

Powerlne
HS Stop Start
(NO)
6 (Ne) LS (NC)
—5 1-CR
y l l_l 1CR
SolA [Z] ]M
y
Oil in ICR SOLA
(a)Hydralilic circuit (b)Hard-wired relay ladder diagram

Fig.1525.Control of a ltytlrau/ic g/lincler 11sil1g asingle limit swltcli

15122 PLCLadderlLogcDiagram
Fig.15.26 shows a PLC ladder logic diagram for the equivlent hard-wired relay ladder
iagram shown in Fig.15.25(b). It may be noted that the layout of both diagrams AI'€ similar.
Thetworungsofthe reay-ladderdiagramare converted to two rungs ofthe PLC ladder logic
diagram. -

Since the input modules act like relays, the relay contacts are substituted for original
switch contacts (with the prefix X followed by a umber) andoutputmodulesare substituted

byrelay coils(withthe prefix Y followed byanumber).
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X401

X400 X403 Y430
B
c
A D E
X402

" Y431

X404
"_’1{' 4 ®
, 6

R zg 15.26. PLC Indder logic dingrans

15.12.3. Boolean Equations

We know that the PLC performs operations based on logic functions. Each rung of a_
ladder diagram be represented by a Boolean equation. For this purpose, the capital letters A,
B, C, etc, are used to represent each electrical component in the Fig.15.36. Now the Boolean

equations can be written for each rung as follows :

TopRung: A-(B+C)-D=E
This equation can be read as: NOT A AND (B OR C) AND NOT D EQUALS E.

We know that OFF state can be represented by 0 and ON state by 1. This equation means that
E is energized when A is NOT actuated AND B OR C is actuated AND D is NOT actuated.

Bottomrung: F =G

This means that Gis energized when F is actuated.
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LOW COST AUTOMATION

Low Cost Automation promotes cost effective reference architectures and development
approaches for production and transportation that properly integrates human skill and
technical solutions, includes shop floor production support and decentralized process control
strategies, addresses automation integrated with information processing as well as automation
of non-sophisticated and easily handled operations for productive maintenance.

Low Cost Automation is not an oxymoron like military intelligence or jumbo shrimps. It
opposes the rising cost of sophisticated automation and propagates the use of innovative and
intelligent solutions at affordable cost. The concept can be regarded as a collection of
methodologies aiming at exploiting tolerance for imprecision or uncertainties to achieve
tractability, robustness and in the end low cost solutions. Mathematically elegant design of
automation systems are often not feasible because of neglecting the real world problems, i.e.
they are failure-prone and therefore often very expensive for their users. Low Cost
Automation does not mean basic or poor performance control. The design of automation
systems considers its life cycle with respect to cost: cost oriented automation. Batch
processing in manufacturing with decreasing lots, but increasing part complexity as well as
mixed parts to be manufactured, demands for intelligent automation integrated with human
capabilities of experience and knowledge regarding shop floor control and maintenance to
save cost: cost effective automation. Soloman (1996) points to shortening product life cycles
that need more intelligent, faster and adaptable assembly and manufacturing processes with
reduced set-up, reconfiguration and maintenance time. Machine vision, despite partly of
costly components, properly applied can reduce manufacturing cost (Lange & Hirzinger,
2002). In order to survive in a competitive market it is essential that manufactures have the
capability to deploy rapidly affordable automation with minimum downtime. This capability
to adapt to a changing manufacturing environment results in cost saving and increased
production. The concept of low cost automation or affordable automation is the provision of
the human mind (Soloman, 1996).

The reliability of low cost automation is independent on the grade of automation, i.e. to cover
all possible circumstances in its field of application. Often it is more suitable to reduce the
grade and involve human experiences and capabilities to gap the bridge between theoretical
findings and practical requirements. On the other hand, theoretical findings in control theory
and practice foster intelligent solutions with respect to saving cost. Anyway, reliability is a
must of all automation systems, but this requirement has no one-to-one relation to cost. As an

example one may consider Computer Integrated Manufacturing (CIM). The original concept
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connected the design of parts automatically to the machines at the workshop via shop floor

planning and scheduling software, thereby using a lot of costly components and instruments.
After a while this kind of automation turned out to be very costly, because of a centralized
control had to fight against uncertainties and unexpected events. A decentralization of the
control and the involvement of human experience and knowledge along the added value
chain of the production process required less sophisticated hard- and software and reduced
the manufacturing cost and got CIM to its breakthrough even in small and medium sized
enterprises (SMEs).

Low cost automation concerns also the implementation of an automation system. This should
be as easy as possible and besides facilitate the maintenance. Maintenance is very often the
crucial point and an important cost-factor to be considered. A standardization of components
of automation systems could also be very helpful to reduce cost, because it fosters the
usability, the distribution and innovation in new applications, i.e. fieldbus technology in
manufacturing and building automation.

Low Cost Automation as a cross-sectional field in automatic control mostly not develops new

control concepts but uses combinations of it and an integration of information technology.
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