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Deals with design, installation and improvement of plant with resources.

3. Plant Location
Deciding a suitable location, area, and place for plant.

FACTORS CONSIDERED FOR THE SELECTION OF A SITE.

e Nearness top raw material.

e Land

e Transport facilities

e Availability of labour.

e Availability of fuel and power.

* Availability of water.

* Waste disposal.

¢ Financial and government concessions.

e Other factors
1. Nearness to raw material:

* To avoid transportation cost.
e Raw material is bulk and huge.
* E.g.: cement factory, sugar factory, iron and steel industry.

2. Land:

e Topography, area, cost, drainage.

2/3

¢ Earthquakes, floods.

3. Transport facilities
Major amount is spending for transport.
Suitable method of transport is selected where in roadways, railways and
airways.
Airport or port should be near the plant to avoid transport cost.
4. Availability of labour
¢ Labour should be available near plant.
¢ Labour cost should be reasonable.

5. Availability of fuel and power

¢ Need continuous power supply at reasonable rates.
¢ Steel industry —» near coal fields—— No fuel cost.

6. Availability of water

Water is the major concern for the industry.

Water based industries like leather, paper, chemical industry and thermal
power plant also.

Location should be near the water.

7. Waste disposal

¢ Industrial waste should properly be disposed to avoid harmful effects to the

environment,
e E.g.: Paper industry, chemical plant, leather industry.

8. Financial aids and government concessions

Tax exemption.

Site and building at low cost.

Reduced electric charges

Subsidence. (50% run by other parent company.)

Note: - to avail these benefits plant should be located near backward areas.
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1. OS 14000

* QS 14000 is a quality management standard specifically developed for
the automotive industry.

¢ It was created to address the unique needs and requirements of
automotive suppliers and manufacturers, ensuring that they meet
rigorous quality standards.

¢ The standard is closely related to ISO 9000 (which focuses on general
quality management) but is tailored to the automotive industry's
specific needs, including stringent quality control, process consistency,
and continuous improvement in manufacturing operations.

¢ QS 14000 was introduced by the European Automotive Manu / 7
Association (ACEA) in the late 1990s as a response to growing,
from major automotive manufacturers for a unified and glwwvauy
recognized quality standard in the automotive supply chain.

2. Evolution and Development of QS 14000

o OS 9000: The precursor to QS 14000, QS 9000 was a set of quality
requirements for the automotive industry introduced by the "Big
Three" automotive manufacturers in the United States (General
Motors, Ford, and Chrysler). QS 9000 was based on the principles of
ISO 9001 but added specific requirements for the automotive industry.

o ISO/TS 16949: In 2002, QS 9000 was integrated with international
standards and became part of the global standard ISO/TS 16949,
which was developed by the International Automotive Task Force
(IATF) in collaboration with the International Organization for
Standardization (ISO).

o JATF 16949: In 2016, ISO/TS 16949 was updated and replaced by
IATF 16949, which is the current global standard for quality
management systems in the automotive industry.

3. Scope and Purpose of QS 14000

¢ QS 14000 is primarily focused on the quality management systems (QMS)
of companies in the automotive supply chain. Its goal is to ensure that
suppliers can consistently provide high-quality products and services that
meet the specifications and expectations of automotive manufacturers.

The standard is designed to:

v" Ensure product consistency: By implementing strict quality control
measures, QS 14000 ensures that automotive components and systems
are manufactured to meet precise specifications.

v Improve supplier performance: It helps suppliers improve their
processes, reduce waste, and enhance overall efficiency, which in turn
improves the quality of their products.

v Enhance customer satisfaction: QS 14000 helps organizations deliver
products that meet the needs and expectations of automotive
manufacturers, leading to improved customer satisfaction and loyalty.

v Promote continuous improvement: Like other quality management
systems, QS 14000 emphasizes the importance of continually
improving processes, reducing defects, and optimizing production
methods.

4. Kev Principles of QS 14000

QS 14000 is based on several core principles that guide organizations in
achieving quality excellence within the automotive sector. These principles
are similar to those in ISO 9000 but are tailored to the automotive industry's
specific needs:

1. Customer Focus:

¢ Automotive manufacturers have high expectations for quality. QS
14000 requires companies to understand and meet these expectations,
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Non-Conventional Production Processes

Non-conventional production processes (also known as non-traditional,
advanced, or non-conventional machining processes) refer to methods of
material removal or shaping that do not use traditional mechanical
cutting tools (like lathe tools, milling cutters, or drills).

Unlike conventional processes, non-conventional processes typically
involve the use of energy in the form of electrical, thermal, chemical, or
mechanical sources to remove material from a workpiece

These processes are often used for materials that are difficult to machine
using conventional methods (such as hard, brittle, or complex materials),
0.

. Classification of Non-Conventional Production Processes

Non-conventional production processes can be classified based on the
type of energy used for material removal. The main categories include:
** Mechanical Energy-based Processes
+* Thermal Energy-based Processes
++ Electrical Energy-based Processes
' Chemical Energy-based Processes
Each of these categories consists of several specific processes. Let's

explore these in detail.

. Mechanical Energy-based Non-Conventional Processes

These processes use mechanical energy to remove material from the
workpiece, often through high-pressure fluids or abrasive particles. Some
common mechanical energy-based processes include:

3.1 Water Jet Machining (WJM)

Principle In Water Jet Machining, a high-pressure stream of
water (often mixed with abrasive particles) is
directed at the workpiece to erode material from it.
Applications Cutting soft materials like plastics, rubber, and
foams, as well as hard materials like metals and
ceramics when abrasives are used.

Advantages . No heat-affected zone (HAZ), so the material’s
properties are not altered.

. Can cut complex shapes and contours.

. Environmentally friendly (no toxic fumes or
chemicals).

Limitations . Limited to soft or brittle materials.

. Slower than traditional cutting methods for sg
materials.

3.2 Abrasive Jet Machining (AJM)

Principle In AJM, a high-velocity stream of abrasive particlé
(such as aluminium oxide or silicon carbide) is

= 3
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1. DEFINITIONS
Current (I):

The flow of free electrons in any conductor is called Current. It is denoted by the letter |
The unit of current is ampere.
Resistance(R):

The opposition offered by a substance to the flow of electric current is called resistance. It
1s denoted by the letter *R°. The unit of resistance is ohm(£2).

L1. OHM's LAW:

Ohm,s Law states that at constant temperature, the current flowing through a conductor is
directly proportional to the potential difference across the conductor. Ohm’s law is the law
establishing the relation between voltage, current and resistance

Val
V=IR
It can be expressed as,

- Rigs

Where R is a constant and is called the resistance of the conductor
1.3. CONNECTION OF RESISTANCES:
Resistances can be connected in the following three ways

(a) Series connection
(b) Parallel connection

(¢) Series parallel connection

1.3.1. Resistance in Series:

A circuit is said to be in series when the current flowing through the resistances are same.
R R R
ent flowing through
K2 ana K3. when the current
through the resistance, a voltag
occurs across Ry, Rz and R

voltage drop can be calculated using ohm’s law V=IR.

Voltage drop across R| =IR| = V)
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3.2 STEPPER MOTOR
Stepper motor is an electromagnetic energy conversion device that converts electrical pulse to
discrete mechanical movements. These motors are also called step motor or stepping motor or
stepper.
Due to its nature of its working, it is primanly used for position control systems. A siep in a
stepper motor is defined as the angular rotation produced by the shaft of the motor each time it

receives a pulse.

* Each step causes the shaft to rotate a definite number of degrees. The angle through which the
motor shaft rotates for each command pulse is called the szep-angle ().
Step angle = 3609 / (No. of stator phases x No. of rotor teeth)
Based on the construction of the magnetic circuit there are three main types of motors:
* Permanent magnet (PM) stepper motor - High torque low angular resolution
* Varable reluctance (VR) stepper motor — Excellent angular resolution, low torque
* Hybrid (HY) stepper motor - combines structure of PM and VR steppers, provides good
and angular resolution
3.2.1 Permanent magnet (PM) stepper motor
Construction
* It has wound stator poles and permanently magnetized rotor which is constructed in cyli

shape. Its direction of rotation depends on the polarity of stator current,
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mechanical properties of materials are those properties which describe the
behaviour or the material under mechanical usage. Some important
mechanical properties of materials are explained below.

3.2. Mechanical properties of materials

1) Elasticity

When a body is subjected to a system of external forces,
deformation of body takes place. This deformation disappears at once the
external forces are removed. This property of material by which a body
regains its original shape and size after deformation when applied forces are
removed is known as elasticity.

If the body regains it original shape completely, it is said to be
perfectly elastic. However, this phenomenon holds good up to a particular
value of stress known as elastic limit. Beyond this limit, the deformation does
not entirely disappear when the force is removed. This residual deformation is
known as permanent set. The elasticity property is desirable in materials
used for manufacturing of tools and machine elements.

Example: Steel and rubber are some materials having good elasticity.

2) Plasticity

Plasticity 1s the property of a material by which a body retains the
deformation due to applied load without rupture, even after the removal of
applied load. Most materials become plastic under the application of heavy
forces. Plasticity plays an important role in manufacturing processes like

forming, forging, swaging, coining, extrusion, etc.

Example: Clay and lead are some materials having good plasticity.

iUnit - ITi%{ 3.1 |

3) Ductility

Ductility is the property of a material by which the material can be
drawn out or elongated into thin wires without rupture by applying a tensile
force. A ductile material should be strong and plastic in nature. Ductility of
a material is usually measured by the percentage of elongation and
percentage of reduction in area at fracture. This property is very important
in manufacturing processes like rolling, wire drawing, etc.

Example: Mild steel, copper, aluminium, zinc, gold and platinum
are some materials having high ductility.

4) Malleability

Malleability is the property of a material by which the material can
be flattened into thin sheets without cracking by hot or cold working
processes. A malleable material possesses a high degree of plasticity and
can be hammered or rolled into any desired shape without rupture. This
property is very important in manufacturing processes like forging, hot
rolling, drop forging, wire drawing, etc.
Example: Mild steel, wrought iron, copper and aluminium are

some materials having high malleability.

5) Machinability

Machinability is the property of a material by which the material
can be easily machined by cutting tools in various machining operations.
The machinability of different materials can be compared with the help of

machinability index.

The following are the advantages, if the material having good
machinability :
1) The rate of metal removal is high
2) Long life of cutting tool
3) Less power consumption

4) Good surface finish

Example: Grey cast iron has excellent machinability.
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UNIT -1
BASICS OF THERMODYNAMICS AND THERMODYNAMIC
PROCESSES OF PERFECT GASES

1.1 Introduction

Thermodynamics is a branch of science that deals with the relations between heat, and
work.

Thermodynamics deals with the study of energy transformations within systems and
transfer of energy across the boundaries of the system.
1.1.1 Definition and Units
1.1.2 Mass

Mass is the amount of matter contained in an object, and does not depends on gravity.

Mass is measured in grams or kilograms. Therefore it is denoted by letter ‘W’ and its

unit 1s Kg.

1.1.3 Weight

Weight is the amount of mass of an object, and it’s dependent upon gravity.

It is denoted by letter “W’ and Its unit is Newton. Mathematically,

W=mg.

Where, g’ is the acceleration due to gravity in m/s’.
1.1.4 Force

According to Newton’s second law of motion, the applied force or impressed force is
directly proportional to the rate of change of momentum. It is denoted by letter ‘F’. Its unit is
Newton (N). Mathematically,

F = Mass x Acceleration
F=ma

Note:

IN = lkg-m/s’
1.1.5 Volume

Volume is defined as the ratio of mass to density. It is also defined as the space
occupied by the mass. Its unit is m®. It is denoted by “V"". Mathematically,

v==2
T e

Note:
1000 c.c = 1 litre = 0.001m?

1.1.6 Density

The amount of matter (mass) in a given amount of space (volume)

Density is defined as mass per unit volume. Its unit is kg/m®. It is denoted by ‘p’. It is also
known as mass density or specific mass, Mathematically,

m
ey

1.1.7 Specific Weight
Specific weight is defined as the weight per unit volume. Its unit is N/m*. It is denoted
by ‘w’. It is also known as weight density. Mathematically,

w
W=
v
=pg.(W=mg&p=miv)
1.1.8 Specific Gravity
Specific gravity is defined as the ratio of density of given liquid to the density of a
standard fluid (water). It has no unit. It is denoted by ‘s’. It is also known as relative density.

Mathematically,

Note:
Density of water (py) = 1000 kg/m®.
1.1.9 Specific Volume

The volume occupied by unit mass is known as specific volume. Its unit is m*/kg. It is

denoted by *v,". Mathematically,

Vs =

=

Therefore, it is the reciprocal of density, i.e. v=1/p.
1.1.10 Pressure

Pressure is defined as the normal force per unit area of the surface. The unit of
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Psychrometric properties, Processes.

Psychrometry is the study of the properties of air and water vapor
mixtures. It is particularly important in applications involving heating,
ventilation, and air conditioning (HVAC), industrial processes, and
environmental control systems.

The primary focus of psychrometry is on the moisture content of air, as it
significantly affects the thermal comfort of humans and the efficiency of
many industrial processes.

In thermodynamics, psychrometric properties refer to the measurable
characteristics of the air-vapor mixture.

Understanding these properties helps engineers design systems that
efficiently control temperature, humidity, and moisture content.

2. Psychrometric Properties

The key psychrometric properties of air are:

1. Dry Bulb Temperature (T d): 2. Wet Bulb Temperature (T w):

v It is the regular temperature | v It is the lowest temperature that
measured by a thermometer can be achieved by evaporative
exposed to the air. cooling.

v It is the temperature of the air | v' It is measured by a thermometer
without considering the moisture with its bulb wrapped in a wet
content. cloth and exposed to the air.

v" Unit: °C or °F. The wet bulb temperature is
lower than or equal to the dry
bulb temperature.

v" - Unit: °C or °F.

Dry Bulb

Wet Bulb

3. Dew Point Temperature (T dp):

¢ The temperature at which air becomes saturated with water vapor and
starts to condense. It is the temperature at which the moisture in the
air begins to condense into liquid water.
Unit: °C or °F.

4. Relative Humidity (RH):

¢ It is the ratio of the current amount of water vapor in the air to the
maximum amount that the air could hold at a given temperature.
Relative Humidity (percentage) = Amount of moisture that a given
amount of air is holding / Amount of moisture that a given amount g
air can hold

Relative humidity is expressed as a percentage.
RH =P_wv/P_wsx 100
Where:

» P_wv = Partial pressure of water vapor in the air (Pa or mmHg)

A = d d O] [} aLe ab d d J | 1
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2.1 THERMODYNAMIC AIR CYCLES:
When air is assumed to be the working substance inside the engine cylinder, the cycle is called

as an air cycle.

2.1.1 Air Standard efficiency:

The thermal efficiency of the engine which uses air as the working medium is know as “Air
standard Efficiency’. This efficiency is often called as ldeal efficiency

Work done

Air standard efficiency =
f y Heat supplied

Work Done = Heat Supplied — Heat Rejected

= Q- Qe 2/12
Air standard efficiency = 1 - %

2.1.2 Reversible and irreversible process:

A thermodynamic cycle consists of number of processes. If each process comprising the

thermodynamic cycle is reversible, then the cycle is called as reversible cycle.
In a reversible cycle there should be no loss of heat due to friction, radiation.

The conditions required for reversible cycle are same as that for the reversible process. If those
conditions are not satisfied, then it becomes an irreversible cycle. Hence in an irreversible cycle

the original conditions are not restored.

(Initial
(Initial state) 4 itia| state)

1
Equilibrium states

Pressure
Pressure

2

(Final state)
Volume Volume
b)lrreversible process

(Final state)

a)Reversible process

Fig 2.1(a) Fig 2.1(b)

56

2.1.3 Assumptions in deriving air standard efficiency:
1. The working medium or air in the engine cylinder is a perfect gas i.e. It obeys the gas

laws and has constant specific heats

[

The compression and the expansion process are adiabatic and they take place without

internal friction

3. No chemical reaction takes place in the engine cylinder. Heat is supplied by bringing
the hot body in contact with the engine cylinder and heat is rejected by bringing the
cold body is assumed to be a closed system.

4. The mass of the working medium or air is assumed to be kept constant i.e the system

is assumed to be a closed system.
2.1.4 CARNOT CYCLE
Consider 1 kg of air in a piston and cylinder arrangement as shown in fig.

Let pi, vi, and T be the pressure, volume and temperature of the air at the beginning of the
cycle

Camot cycle

4% T
CLE =
Fig 2.2 (a) Fig 2.2 (b)

The Carnot cycle i1s completed with following process

Process 1-2 Isothermal expansion process

The hot body is brought in contact with the cylinder at the bottom. The air expands at constant
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PROBLEMS FOR PRACTICE
1. A rafrigerator works between the temperature limits of 27°C and -3°C. What s the

AIR CONDI

C.0.P? {Ans: 8]
2. A refrigerating cycle working on reversed camot cycle has a C.O.P. of 4 and

workdone on compressor is 10 kJ/sec. Find the refngerating effect. [Ans: 40 5.2.1. AIR CONDITIONING

kdisec] . .
3. A machine works on reversad camol cycle whose temparature limits are -15°C It is defined as, "the sii is control of humidity,

and 27°C. Find the C.O.P. of the machine working as a refrigerator. [Ans: 6.143)
4. A reversed camot cycle refrigeration system has C.O.P. as 3.5. Determine the

purity and air motion with in an enclosed space”.

ratio of absoluté temperatures. If the refrigarating ettact is 10 tonnes, fing the L% PRYCHROMETRTIFS

power of the unil. [Ans: 1.287, 10 KW] The properties of atmospheric air have to be considered more
o i 1 r onment as well as

5. A reversed camot cydle has refrigarating C.0.P. of 4. Determine (i) the 11_ ratio impertant as it affects the working of man envir
T manufacluring goods. The atmaspheric air generally consists of water vapour.
(i} If the workdane on the cycle is 12 kW, determine the meximum relrigerating The amount ol water vapour plays important role in psychrometry. If it
effect in tones; (Ans: 1.25, 13.714 tonnes) axcaads or lowers cartain limit, it will create discomfort to the man. So, it is
8. A camot refrigeretor requires 0.5 KW per ton of refrigeration to maintaln a region very imponant 10 keap the moisture content in the air within the specified limit

at low temperature of -40°C. Datermine (1) C.O.P. of the refrigerator, (2} Higher
temperature of the cycle, and {3) heat rejected in kliton of refrigeration. [Ans: 7, - , .
8.714°C, 4 kJftane) Psychromelry is the study and measurement of properties of air
7. An inverter claims to have developed a relrigeraling unit which mairtains the
refrigeratad space at -10°C, while cperating In a room whare the tomperatuio s
20°C and has C.0.P. as 8. Find whether his clai

In case of processing industries and air-conditioned buildings

wapour mixtures, This study is important because of its wide applications in air
conditioning, cooling tower etc.

s cormacion nol, [ARRSE! gime 5.2.3. PSYCHROMETRIC PROPERTIES
correct]
B. A rafrigerating machine has a capacity of 20 tonnes of refrigaration Irom and ot The properties of air-vapour mixtures are known as psychromelric
0°C. If the temperature limits are 24°C and -16°C and the latent hoat of ico 19 336 propartias.
kJikg. Caicu'ate the power required and the weight of ice produced per day of 24 Dry air: The dry is nothing bul the air without moisture or water vapour. The

hours. [Ans: 10.581 kW, 13.586 tonnes of ice]

9. A refrigerating machine has 1o do an amount of relrigeration equal 1o the i
production of 20 tonnes of iee per 24 hours al 0°C from waler at 10°C. Calculate | diexide, hydrogen elc..among these except nitrogen and oxygen other gases
the power required on the assumption that (1) the cyle Is reversed, dnd (2) actual prasent only in negligible quantity. So, the volumetric composition of dry ai is
performance Is 70 % of the ideal. The fatent heal of ice is 336 kJ/kg. [Ans: 12,364
KW, 17.663 KW) 3 77% of nitrogen and 23% of oxygen.

10, A perfact reversed heat engine is used for making ice at -5°C from water avallable

at 20°C. The temperature of brine or froezing mixture is -10°C. Calculato the " i
i ty of air: 8 1 t
quantity of ice formed per KW-hr. For ica, specilic heat is 2.1 ki/kg.K and intent Satursiion capacity of air: The maximum quaniity of witler vepour presen
heat as 336 kJikg. [Ans: 73.354 kg/kW hr] [Apr 2017, Oct 2018]
) ) Hints.{ Same modsl soived In problem 10] S ——
. A refrigerating plant Is required to produce 2.5 tonnes of ice per day at -4°C from X
water at 20°C. If the lemperature range In the compressor is in batween 25°C and Dry Bulb Temperature (DBT) (L) :The lemperature measured by an ordinary
0y 7 B iy e ' - .
! —sgési‘j::ula.e the’po:rur .'e'qul od to ;n ve me[:ampar:s;:_;-:vc'le'“ "*;; n;;:'fi thermomater is known &s dry bulb temparature. It is generally donated by 1,
g and specific hoat of lce = 2.0 kikg. [Ans: 34, ct X
1 Hints [ Same modsl soived In problom 11] Wet Bulb TB!’HDGI'I‘LI:‘P (‘”BT) (tk:
4 12. Find the least power of perfect reversed hoat angine that makes 456 kg of lce per It is the temperature of air measured by a thermomeler when its bulb
hor at -4’ from water at 16°C. Assume the temperature limits on the engine as Is covered with wet gloth and is exposed 10 a c
i 18°C and  -4°C, Given that C, for ice is 2 KJ/kg.K and latent heat of Ice Is 336 tod
KJikg. [Ans: 3,782 kW) denoted by L.
1 e

pure dry air is a mixture of number of gasas such as nitrogen. oxygen, carbon

Molst air: It is a mixture of dry air and water vapour

in air at parnticular air temperature is known as saturation capacity of air,
Molsture :Tha water vapour prese!

rent rapidly moving air. It is

and Alr Conditioming

Wet bulb depression (WBD): Whara

it is the difference between the dry bulb temperature and wet bulb C, = Specific heat at conslant pressure = 1.005 kJ/kgkK

temperature. Ta = Dry bulb temperature
WBD = DBT - WBT

The value of wel bulb depression is zero when the alr becomes

w = Specific humidity
h, = Specific anlhalpy a air corresponding to dry bulb temperature.

saturatad. . &
Dew Point Temperature {DPT) (ta): 5.2.4. Psychrometric chart
It Is ihe temperalura at which the waler vapour present I air begins A chart which shows the i lon be the
to condensa when the air is cooled. properties is known as psychrometric chart. In a psychrometric chart, dry bulb
For saturated air, the dry bulb, wet bulb and dew point temperatura tlemparature is laken along x axis and specific humidity as ordinate 1o the right
are all same. side of the chart as shewn in figure. All other psychrometric properties are
Dew point depression (DPD): shown by different lines on the chart. The various lines are dew point
it is the difference between dry bulb temperature and dew point temperalure lines, wet bulb lemporaturs lines, enthalpy lines, speciic’volume
temperature. lines and relative humidity lines. If any two of these properties are known,

then we can calculate the other properties of air from the chart.
RELATIVE WMDY LN

DPD =DBY -DPT
Specific humidity (or) Humidity ratio {or) moisture content (w):

7777 7( consnanwaT er consTaNT
7V ENTHALPY L

It is defined as the mass of water vapour present In one kg 'of dry air.
It Is the ratio of the mass of water vapour to the mass of dry air in a Iven

volume of the molsture. ) .
Degree of saturation {)) or saturation ratio

It Is defined as the ratio of specific humidity of the most air to the
specific humidity of saturated air at the same temparature.

" pew rowr
TEWPERATURE

b

Degree of saturation (or) percentage humidity (or) saturation ratio ...
__ Spaciflchumidity of malst air 5.2.5. Psychrometric processes.
Spaclific humidity of saturatedair The various

Relative humidity (o): processes which are used in

It Is defined as the of the actual mass of water vapour In a glven air conditioning to vary the
volume to the saturated mass of water in same volume and temperatu psychromelric properties ol

Relatlve humidty, air as per requirement are

e Mass of waler vapourina gw!v: vuLumIo . called psychromatric
) ur

Salurated mass of waler vapour In same voiume of temperature processes.  The  various

Total enthalpy (Total heat) of moist air (h):

processes are,

Total enthalpy of moist air ls the sum of the enthalpy of dry and the 1. Sensible heating e
enthalpy of water vapour assoclated with the dry air. 2. Sensible cocling

Total enthalpy of moist air s given by 4 3. Humidificaticn and

H = Cply = why 4. Dehumidification

Sensible heating te and tyy = Dry bulb temperature of
f . The heating of air without any change of its specific humidity Is known The efficiency of codiing ceil is measured in
‘ as sensibie heating. The heating can be done either by passing over a BPF=
|
|

heating coils like electric heating coils or by steam coils. The process is

1s: Cooling is necessary in sum
Humidification

presented on the psychrometric chart by a line paraliel to DBT line. The
heating of alr rises the dry bulb temperaturs of alr.
Sensible head added = my (ng = hy) = 1.022 (lyz = 14y) kJ
Where, m, = Mass flow rate of air per sec
hy = Specific enthalpy of air at initial state 1

Al constant dry bulb temperature
moisture is added to air, the process is called
dification. The heat is added during
humidificaion process. It is necessary for

= e

humi
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» Explain the construction and working principle of different types of Mechanical Gauges.

1.1 Introduction

Fluid Mechanics
Fluid Mechanics is the branch of engineering which deals with the properties

and behavior of fluids at rest and in motion.

Hydraulics

Hydraulics is the branch of engineering deals with the properties and behavior of
water.

1.2. Definition of Fluid

Fluid can be defined as the substance which can flow with or without the 2 / 15

A fluid may be in three form like as liquid (or) a vapour (or) a gas

1.3. Types of Fluid
Fluids are classified as follows.
1. Ideal (or) perfect fluid
A fluid having density only as property is called Ideal fluid . Ideal fluid one which

has no viscosity, surface tension, cohesion and adhesion etc.
5

Ex. Imaginary fluid
. Real fluid (or) Practical fluid

A fluid having viscosity, surface tension, cohesion, adhesion and density is
called Real Fluid.
Ex; water, air, lubricating oil

Newtonian Fluid

A fluid which obeys Newton's Law of viscosity is called Newtonian fluid.
Ex; Water, Lubricating oil etc.

. Non = Newtonian Fluid

A fluid which does not obey Newton's Law of viscosity is called Non-

Newtonian fluid.
Ex; Paints, Plastics etc.
1.4. Properties of Fluid

1. Density

It is defined as the mass per unit volume.

. Mass
Density = Volume

Unitis kg/m®  Density of water is 1000 kg/m®.

2. Specific weight (weight density)

It is defined as the weight per unit volume.

Weight

Specific weight = 7= "=
Unit is kN/m®

Relation between the Specific weight and densityis w=pxg

3. Specific volume

It is defined as the volume per unit mass.

Volume

Specific volume = ———— of) ———
P Mass ( )Dgnsft_\,




Pneumatics is widely used for applications that require quick,
lightweight, and cost-effective motion, such as in automated
machinery, robotics, and manufacturing processes.

¢ Pneumatic systems consist of various components that work together
to generate, control, and apply compressed air to produce linear or
rotary motion.

2.Components of Pneumatic Systems

The essential components of a pneumatic system include:
1. Compressor

2. Receiver (Air Tank)

3. Pneumatic Actuators (Cylinders & Motors)

4. Pneumatic Valves

5. Filters
6. Regulators : :
2/4 o

7. Air Lines (Pipes and Tubing)

8. Lubricators

3. Detailed Explanation of Pneumatic Svstem Components
3.1 Compressor

Function: Types:

v' The compressor is the heart of | > Reciprocating Compressor: Uses
the pneumatic system. a piston to compress air.

v' It converts mechanical energy | > Rotarv Screw Compressor: Uses
into compressed air by reducing two interlocking screws to
the volume of air and increasing compress air.
its pressure. » Centrifugal Compressor: Uses

v The compressed air is then stored high-speed rotating blades to
and delivered to the system as compress air.
needed.

Compressor Power:
P=V xP_max/n
Where:

P = Power (W)

V = Volume flow rate of air (m?s)
P_max = Maximum pressure (Pa)
1 = Efficiency of the compressor

YV VYV V¥

3.2 Receiver (Air Tank)

Function: Design Considerations:

v The receiver stores compressed air and | > The size of the receiver
helps smooth out pressure fluctuations in depends on the volume
the system. of air needed, the

v It serves as a buffer between the compressor compressor capacity,
and the rest of the system, ensuring that a and the required
steady supply of air is available to the system pressure.
actuators and valves.

3.3 Pneumatic Actuators (Cylinders & Motors,

Function:

e Pneumatic actuators convert compressed air into mechanical motion.
e The two primary types of actuators are:
» Pneumatic Cylinders (linear actuators): These are used for producing

straight-line motion.

» Pneumatic Motors (rotary actuators): These produce rotary motion.

Pneumatic Cylinder Pneumatic Motor
» Single-Acting Cylinder: Air pressure is | » Pneumatic motors convert
applied to one side of the piston, moving compressed air into rotary
it in one direction only. The return motion.
stroke is achieved by a spring or gravity. | > These motors are widely used
» Double-Acting Cylinder: Air pressure is in applications requiring
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Working Principle and Constructional Details of a Computer
1. Introduction

A computer is a versatile electronic device that processes data according to a set of
instructions, or software programs. It performs a range of tasks including calculations, data
management, and communication. The operation of a computer is based on the principles
of data input, processing, storage, and output.

2. Basic Components of a Computer
2.1 Central Processing Unit (CPU)

« Function: The CPU is the brain of the computer where all processing activities occur.
It executes instructions from programs and manages the flow of data within the
computer.

« Components:

o Arithmetic Logic Unit (ALU): Executes arithmetic operations (addition,
subtraction) and logical operations (comparison).

o0
o Control Unit (CU): Directs the operation of the processor. It interpi 2 / 4 [ X ]
instructions from memory and initiates necessary actions. oo

o Registers: Small, fast storage locations within the CPU used to hold
intermediate data and instructions during processing.

2.2 Memory

* Random Access Memory (RAM): Volatile memory used for temporary storage of
data and instructions that are actively being used or processed by the CPU. It allows
for quick read and write access.

« Cache Memory: A smaller, faster type of volatile memory that provides high-speed
data access to the CPU by storing frequently accessed data and instructions.

« Read-Only Memory (ROM): Non-volatile memory that holds the BIOS (Basic
Input/Output System) and system firmware essential for the computer’s startup
process.

2.3 Storage Devices

« Hard Disk Drive (HDD): Utilizes magnetic storage to read and write data on spinning
disks. It provides large starage capacity but is slower compared to SSDs.

« Solid-State Drive (SSD): Uses flash memory to store data, which results in faster
access speeds and improved reliability compared to HDDs.

« Optical Drives: Use laser technology to read/write data on CDs, DVDs, and Blu-ray
discs.

2.4 Motherboard

« Function: The main circuit board that houses the CPU, memory, and other crucial
components. It facilitates communication between different parts of the computer.

+« Components:

o Chipset: Manages data flow between the CPU, memory, and peripherals. It
includes the Northbridge (handling high-speed interfaces like RAM and CPU)
and Southbridge (managing lower-speed interfaces like USB and storage).

o Expansion Slots: Allow for additional hardware components (e.g., graphics
cards, network cards) to be added to enhance the computer’s capabilities.

o Bus Lines: Electrical pathways that facilitate data transfer between the CPU,
memory, and other components.

2.5 Input Devices

« Examples: Keyboard, mouse, scanner, microphone. These devices allow users to
input data and commands into the computer,

2.6 Output Devices

« Examples: Monitor, printer, speakers. These devices output processed data from the
computer to the user.

2.7 Power Supply Unit (PSU)

« Function: Converts alternating current (AC) from the electrical outlet into direct
current (DC) used by the computer’s internal components.

« Components:
Voltage Regulation: Ensures stable power delivery.
o Cooling Fan: Prevents overheating of the PSU and other internal components.
3. Working Principle of a Computer
3.1 Input

Nata and inctriirtinne ars innnt inta tha ramnntar thraneh varinne devirec ciirh ac a
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3.2.1 RAPID PROTOTYPING

Rapid prototyping is a new manufacturing technique that allows for fast fabrication
of computer models designed with three-dimension (3D) computer aided design (CAD)

software. Rapid prototyping is used in a wide variety of industries.

This technique allows for fast realizations of ideas into functioning prototypes,

shortening the design time, leading towards successful final products.

Steps in RPT

* Creation of the CAD model of the part design,

* Conversion of the CAD model into STL format,
* Slicing of the STL file into thin sections,
* Building part layer by layer,
* Post processing / finishing / joining.
3.2.2 Classification
1. LOM (Laminated Object Manufacturing)
2. SLA (Stereolithography)
3. FDM (Fused Deposition Modeling)
4, SLS (Selective Laser Sintering)
5. 3D Printing

Rapid prototyping technique
1. Subtractive and 2.Additive

3.2.3 Subtractive Rapid prototyping

Subtractive type is a technigue in which material is removed from a solid piece of
material until the desired design remains. This type of RP includes traditional milling, turning
or drilling to more advanced versions includes computer numerical control (CNC), electric

discharge machining (EDM).

Paibbaa bbb e vamld dacbabieldEifa sbataall, Baxtlad bavatosala macascbofas doos ba bha
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e Engineering materials can be classified into three broad categories
based on their composition and properties:

1. Metals
2. Polymers (Plastics)
3. Composites

4. Ceramics

3. Metals

¢ Metals are the most commonly used materials in mechanical
engineering due to their excellent mechanical properties like strength,
durability, and ductility.

e Metals are primarily classified into two groups: ferrous and non-
ferrous metals.

2/6

3.1 Ferrous Metals

¢ Ferrous metals are metals that contain iron as their primary
component.

¢ They are widely used in machine elements due to their strength and
availability.

Types of Ferrous Metals:

Carbon Steel Alloy Steel Cast Iron

Composed mainly of iron and | Steel that is alloyed | Contains 2-4%
carbon, it is used in the |with other elements|carbon and is used
manufacture of structural | (such as chromium, | for making heavy
components, shafts, gears, etc. | nickel, molybdenum) | machine components
Formula for Carbon Content: | to improve its | like engine blocks,
C (carbon content) = 0.04% to | properties. gearboxes, and
2.1% housing.

Properties: Properties: Properties:

High  strength, easy to | Better corrosion | Good castability, high
machine, but prone to | resistance, higher | wear resistance, but
corrosion, strength, and | low tensile strength.
toughness.

% Steel: Made primarily of iron and carbon, steel has varying levels of
carbon content, which determine its properties.

Low-carbon steel Medium-carbon steel High-carbon steel

0.05% to 0.3% carbon 0.3% to 0.6% carbon 0.6% to 1.4% carbon

Used for general- | Offers a balance of | Used for making cutting
purpose applications. | strength and ductility, | tools, springs, and high-
used for shafts, gears, ete. | strength wires.

% Cast Iron: Cast iron contains a higher percentage of carbon (2-4%),
making it more brittle but useful for applications requiring good
castability and wear resistance.

Gray Cast Iron White Cast Iron

Used in engine blocks and machinery | Harder and more brittle, used for wear-
parts. resistant parts.

Formula for Stress in Steel:

* The stress-strain relationship in metals is often described by Hooke's Law
for elastic deformation:

o6=E ‘¢
Where:
» o = Stress (N/m* or Pa)
» E = Modulus of elasticity (Pa)
» ¢ =Strain (dimensionless)




another. Belts, chains and gears are used for this purpose. When the distance between the
shafts is large, belts or ropes are used and for intermediate distance chains can be used.

For belt drive di
good results. Gear drive is used for short distances.

3.2.1 Belts

In case of belts, friction between the belt and pulley is used to transmit power. In
practice, there is always some amount of slip between belt and pulleys, therefore, exact
velocity ratio cannot be obtained. That is why, belt drive is not a positive drive.
Therefore, the belt drive is used where exact velocity ratio is not required.

ance can be maximum but this should not be more than ten metres for

The following types of belts shown in Figure 3.1 are most commonly used :

X "' Ve
’:A.‘a :
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(a) Flat Belt and Pulley (b) V-belt and Pulley (c) Circular Belt or Rope Pulley
Figure 3.1 : Types of Belt and Pulley

The flat belt 1s rectangular in cross-section as shown in Figure 3.1(a). The pulley for this
belt is slightly crowned to prevent slip of the belt to one side. It utilises the friction
between the flat surface of the belt and pulley.

The V-belt is trapezoidal in section as shown in Figure 3.1(b). It utilizes the force of
friction between the inclined sides of the belt and pulley. They are preferred when
distance is comparative shorter. Several V-belts can also be used together if power
transmitted is more.

The circular belt or rope is circular in section as shown in Figure 8.1(c). Several ropes
also can be used together to transmit more power.

The belt drives are of the following types :
(a) open belt drive, and
(b)  cross belt drive.

Open Belt Drive

Open belt drive is used when sense of rotation of both the pulleys is same. It is
80 desirable to keep the tight side of the belt on the lower side and slack side at the

top to increase the angle of contact on the pulleys. This type of drive is shown in
Figure 3.2.

Devices

Slack Side  Thickness

Tight Side
Effective Radius Neutral Section
Figure 3.2 : Open Belt Derive
Cross Belt Drive
In case of cross belt drive, the pulleys rotate in the opposite direction. The angle of
contact of belt on both the pulleys is equal. This drive is shown in Figure 3.3. As
shown in the figure, the belt has to bend in two different planes. As a result of this,
belt wears very fast and therefore, this type of drive is not preferred for power
transmission. This can be used for transmission of speed at low power.

T

~

Figure 3.3 : Cross Belt Drive

Since power transmitted by a belt drive is due to the friction, belt drive is
subjected to slip and creep.

Let d, and d> be the diameters of driving and driven pulleys, respectively. N, and
N, be the corresponding speeds of driving and driven pulleys, respectively.

The velocity of the belt passing over the driver

_nd N,

%
60

If there is no slip between the belt and pulley

Vi =Vy = ndy Ny
L 60
or nd N, _nd,N,
! 60 60
Ny dy
or, — ==
N, 4

If thickness of the beltis “f*, and it is not negligible in comparison to the diameter,

N _dy+t

Ny dy+1

Let there be total percentage slip “S” in the belt drive which can be taken into
account as follows :

v :v[ L]
2 100

nd, N, _nd N [ N ]
or —_—a Ll
60 60 100 8l
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1.2 METROLOGY

Metrology literally means science of measurements. In practical applications, it is the
enforcement, verification, and validation of predefined standards. Although metrology, for
engineering purposes, is constrained to measurements of length, angles, and other quantities
that are expressed in linear and angular terms, in a broader sense, it is also concerned with

industrial inspection and its various techniques. Metrology also deals with establishing the units
of measurements and their reproduction in the form of standards, ascertaining the uniformity
of measurements, developing methods of measurement, analysing the accuracy of methods
of measurement, establishing uncertainty of measurement, and investigating the causes of
measuring errors and subsequently eliminating them.

The word metrology is derived from the Greek word ‘metrologia’, which means measure.
Metrology has existed in some form or other since ancient times. In the earliest forms of
metrology, standards used were cither arbitrary or subjective, which were set up by regional or
local authorities. often based on practical measures like the length of an arm.

It is pertinent to mention here the classic statement made by Lord Kelvin (1824-1907), an
eminent scientist, highlighting the importance of metrology: ‘“When you can measure what
you are speaking about and express it in numbers, you know something about it; but when you
cannot measure it, when you cannot express it in numbers, your knowledge of it is of a meagre
and unsatisfactory kind. It may be the beginning of knowledge, but you have scarcely in your
thought advanced to the stage of science.’

BASIC PRINCIPLES OF ENGINEERING METROLOGY 5

Another scientist Galileo (1564-1642) has clearly formulated the comprehensive goal of
metrology with the following statement: ‘Measure everything that is measurable and make
measurable what is not so.

Metrology is an indispensable part of the modern day infrastructure. In fact, it plays an
important role in our lives, either directly or indirectly, in various ways. In this competitive
world, economic success of most of the manufacturing industries critically depends on the
quality and reliability of the products manufactured—requirements in which measurement
plays a key role. It has become increasingly essential to conform to the written standards and
specifications and mutual recognition of measurements and tests, to trade in national and
international markets. This can be achieved by the proper application of measurement methods
that enhance the quality of products and the productive power of plants

Metrology not only deals with the establishment, reproduction, protection, maintenance, and
transfer or conversion of units of measurements and their standards, but is also concerned with
the correctness of measurement. In addition to encompassing different industrial sectors, it al
plays a vital role in establishing standards in different fields that affect human beings, su
health sciences, safety, and environment. Hence, one of the major functions of metrology|
establish international standards for measurements used by all the countries in the world ir
science and industry.

Modern manufacturing technology is based on precise reliable dimensional measuren
The term ‘legal metrology” applies to any application of metrology that is subjected to na
laws or regulations. There will be mandatory and legal bindings on the units and method?
measurements and measuring instruments. The scope of legal metrology may vary considerably

from one country to another. The main objective is to maintain uniformity of measurement

i get o




Measurement of Force, Power, and Flow

¢ In mechanical engineering, force, power, and flow are fundamental
quantities that need to be measured accurately to ensure the proper
functioning of machines and systems.

® The measurement of these quantities is crucial in various applications.
such as determining the performance of engines, turbines, pu’
hydraulic systems. Metrology, which is the science of meas 2 / T
provides the tools and methods to quantify these parameters p.

e In this topic, we will cover the principles, methods, and instruments
used to measure force, power, and flow, and provide an understanding
of their relevance in engineering applications.

2. Measurement of Force

¢ Forceis defined as an interaction that changes the motion of an object.
It is a vector quantity, and its unit in the International System (SI) is
the Newton (N).

¢ Accurate force measurement is essential in applications like structural
analysis, testing of machine components, and in systems like hydraulic
presses and engines.

2.1 Principles of Force Measurement

Direct Force Measurement Indirect Force Measurement

This involves using instruments that | In some cases, force is determined
directly measure the force applied to | indirectly by measuring other quantities

a system. like displacement, acceleration, or
Examples include mechanical force | pressure, and then applying appropriate
gauges and load cells. formulas to calculate the force.

2.2 Instruments for Measuring Force

1. Spring Balance:

e A spring balance uses Hooke’s Law to measure force.
¢ Aspring is stretched under the action of a force, and the displacement
of the spring is proportional to the applied force.

Where:

» F=Force (N)

» k=Spring constant (N/m)

» x = Displacement of the spring (m)

2. Load Cells:

¢ Aload cell is a transducer that converts force into an electrical signal.
It is widely used in industrial applications for measuring weight, load,
or force.

¢ The load cell consists of strain gauges that deform when a force is
applied, causing a change in their resistance. This change is converted
into a voltage signal.

Output Signal =k ‘AR

Where:

» k = Sensitivity constant
» AR =Change in resistance

3. Hydraulic Force Sensors:
¢ These sensors measure force by converting the hydraulic pressure,
which is proportional to the applied force, into an electrical signal.
e These sensors are used in high-force applications like presses and




