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A Handbook on
MecHAnicAl enGineeRinG



Mechanical engineering is the discipline that applies  •
the principles of engineering, physics and materials 
science for the design, analysis, manufacturing, and 
maintenance of mechanical systems. It is the branch of 
engineering that involves the design, production, and 
operation of machinery and tools. It is one of the oldest 
and broadest of the engineering disciplines.
The engineering field requires an understanding of core  •
concepts  including mechanics ,  kinematics , 
thermodynamics, materials science, structural analysis, 
and electricity. 
Mechanical engineers use these core principles along  •
with tools like computer-aided engineering, and product 
lifecycle management to design and analyze 
manufacturing plants, industrial equipment and 
machinery, heating and cooling systems, transport 
systems,aircraft, watercraft, robotics, medical devices, 
weapons, and others.
Mechanical engineering emerged as a field during the  •
industrial revolution in Europe in the 18th century; 
however, its development can be traced back several 
thousand years around the world. Mechanical engineering 
science emerged in the 19th century as a result of 
developments in the field of physics. 
The field has continually evolved to incorporate  •
advancements in technology, and mechanical engineers 
today are pursuing developments in such fields as 
composites, mechatronics, and nanotechnology.
 Mechanical engineering overlaps with aerospace  •
engineering, metallurgical engineering, civil engineering, 
electrical engineering, petroleum engineering, 
manufacturing engineering, chemical engineering, and 
other engineering disciplines to varying amounts. 
Mechanical engineers may also work in the field of  •
Biomedical engineering, specifically with biomechan-
ics, transport phenomena, biomechatronics, bionano-
technology and modeling of biological systems, like 
soft tissue mechanics.
Mechanical engineering finds its application in the  •
archives of various ancient and medieval societies 
throughout mankind. In ancient Greece, the works of 
Archimedes (287–212 BC) deeply influenced mechanics 
in the Western tradition and Heron of Alexandria 
(c. 10–70 AD) created the first steam engine.
 In China, Zhang Heng (78–139 AD) improved a water  •
clock and invented a seismometer, and Ma Jun (200-265 
AD) invented a chariot with differential gears. The 
medieval Chinese horologist and engineer Su Song 

(1020–1101 AD) incorporated an escapement mechanism 
into his astronomical clock tower two centuries before 
any escapement can be found in clocks of medieval 
Europe, as well as the world's first known endless 
power-transmitting chain drive. 
During the years from 7th to 15th century, the era called  •
the Islamic Golden Age, there were remarkable 
contributions from Muslim inventors in the field of 
mechanical technology. Al-Jazari, who was one of them, 
wrote his famous Book of Knowledge of Ingenious 
Mechanical Devices in 1206, and presented many 
mechanical designs. He is also considered to be the 
inventor of such mechanical devices which now form 
the very basic of mechanisms, such as the crankshaft 
and camshaft. 
Important breakthroughs in the foundations of  •
mechanical engineering occurred in England during the 
17th century when Sir Isaac Newton both formulated 
the three Newton's Laws of Motion and developed 
Calculus, the mathematical basis of physics. Newton 
was reluctant to publish his methods and laws for years, 
but he was finally persuaded to do so by his colleagues, 
such as Sir Edmund Halley, much to the benefit of all 
mankind. Gottfried is also credited with creating 
Calculus during the same time frame.
During the early 19th century in England, Germany and  •
Scotland, the development of machine tools led 
mechanical engineering to develop as a separate field 
within engineering, providing manufacturing machines 
and the engines to power them.
The first British professional society of mechanical  •
engineers was formed in 1847 Institution of Mechanical 
Engineers, thirty years after the civil engineers formed 
the first such professional society Institution of Civil 
Engineers. On the European continent, Johann von 
Zimmermann (1820–1901) founded the first factory for 
grinding machines in Chemnitz, Germany in 1848.
In the United States, the American Society of Mechanical  •
Engineers (ASME) was formed in 1880, becoming the 
third such professional engineering society, after the 
American Society of Civil Engineers (1852) and the 
American Institute of Mining Engineers (1871). 
The first schools in the United States to offer an  •
engineering education were the United States Military 
Academy in 1817, an institution now known as Norwich 
University in 1819, and Rensselaer Polytechnic Institute 
in 1825. Education in mechanical engineering has 
historically been based on a strong foundation in 
mathematics and science. 

1. Introduction of Mechanical Engineering
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The fundamental subjects of mechanical engineering  •
usually include:
(a) Mathematics (in particular, calculus, differential 

equations, and linear algebra)
(b) Basic physical sciences (including physics and 

chemistry)
(c) Statics and dynamics
(d) Strength of materials and solid mechanics
(e) Materials Engineering, Composites
(f) Thermodynamics, heat transfer, energy conversion, 

and HVAC
(g) Fuels, combustion, Internal combustion engine
(h) Fluid mechanics (including fluid statics and fluid 

dynamics)
(i) Mechanism and Machine design (including 

kinematics and dynamics)
(j) Instrumentation and measurement
(k) Manufacturing engineering, technology, or 

processes
(l) Vibration, control theory and control engineering
(m) Hydraulics, and pneumatics
(n) Mechatronics, and robotics
(o) Engineering design and product design
(p) Drafting, computer-aided design (CAD) and 

computer-aided manufacturing (CAM) 
Mechanical engineers are also expected to understand  •
and be able to apply basic concepts from chemistry, 
physics, chemical engineering, civil engineering, and 
electrical engineering. All mechanical engineering 
programs include multiple semesters of mathematical 
classes including calculus, and advanced mathematical 
concepts including differential equations, partial 
differential equations, linear algebra, abstract algebra, 
and differential geometry, among others.
In addition to the core mechanical engineering  •
curriculum, many mechanical engineering programs 
offer more specialized programs and classes, such as 
control systems, robotics, transport and logistics, 
cryogenics, fuel technology, engineering, biomechanics, 
vibration, optics and others, if a separate department 
does not exist for these subjects. 
Most mechanical engineering programs also require  •
varying amounts of research or community projects to 
gain practical problem-solving experience. In the United 
States it is common for mechanical engineering students 
to complete one or more internships while studying, 
though this is not typically mandated by the 
university.  
Many mechanical engineering companies, especially  •
those in industrialized nations, have begun to incorporate 
computer-aided engineering (CAE) programs into their 
existing design and analysis processes, including 2D 
and 3D solid modeling computer-aided design (CAD). 
This method has many benefits, including easier and 
more exhaustive visualization of products, the ability 
to create virtual assemblies of parts, and the ease of use 
in designing mating interfaces and tolerances.

Using CAE programs, a mechanical design team can  •
quickly and cheaply iterate the design process to develop 
a product that better meets cost, performance, and other 
constraints. No physical prototype need be created until 
the design nears completion, allowing hundreds or 
thousands of designs to be evaluated, instead of a 
relative few. 
As mechanical engineering begins to merge with other  •
disciplines, as seen in mechatronics, multidisciplinary 
design optimization (MDO) is being used with other 
CAE programs to automate and improve the iterative 
design process. MDO tools wrap around existing CAE 
processes, allowing product evaluation to continue even 
after the analyst goes home for the day. 
Mechanics is, in the most general sense, the study of  •
forces and their effect upon matter. Typically, engineering 
mechanics is used to analyze and predict the acceleration 
and deformation (both elastic and plastic) of objects 
under known forces or stresses. Sub disciplines of 
mechanics include
Statics, the study of non-moving bodies under known  •
loads, how forces affect static bodies
Dynamics (or kinetics), the study of how forces affect  •
moving bodies
Mechanics of materials, the study of how different  •
materials deform under various types of stress
Fluid mechanics, the study of how fluids react to  •
forces[25]
Kinematics, the study of the motion of bodies (objects)  •
and systems (groups of objects), while ignoring the 
forces that cause the motion. Kinematics is often used 
in the design and analysis of mechanisms.
Continuum mechanics, a method of applying mechanics  •
that assumes that objects are continuous .
Mechanical engineers typically use mechanics in the  •
design or analysis phases of engineering. If the 
engineering project were the design of a vehicle, statics 
might be employed to design the frame of the vehicle, 
in order to evaluate where the stresses will be most 
intense. 
Dynamics might be used when designing the car's  •
engine, to evaluate the forces in the pistons and cams 
as the engine cycles. Mechanics of materials might be 
used to choose appropriate materials for the frame and 
engine. Fluid mechanics might be used to design a 
ventilation system for the vehicle, or to design the intake 
system for the engine.
Mechatronics is the combination of mechanics and  •
electronics. It is an interdisciplinary branch of 
mechanical engineering, electrical engineering and 
software engineering that is concerned with integrating 
electrical and mechanical engineering to create hybrid 
systems. In this way, machines can be automated 
through the use of electric motors, servo-mechanisms, 
and other electrical systems in conjunction with special 
software. A common example of a mechatronics system 
is a CD-ROM drive. 
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Mechanical systems open and close the drive, spin the  •
CD and move the laser, while an optical system reads 
the data on the CD and converts it to bits. Integrated 
software controls the process and communicates the 
contents of the CD to the computer.
Robotics is the application of mechatronics to create  •
robots, which are often used in industry to perform tasks 
that are dangerous, unpleasant, or repetitive. These 
robots may be of any shape and size, but all are 
preprogrammed and interact physically with the 
world. 
Robots are used extensively in industrial engineering.  •
They allow businesses to save money on labor, perform 
tasks that are either too dangerous or too precise for 
humans to perform them economically, and to ensure 
better quality. 
Structural analysis is the branch of mechanical  •
engineering (and also civil engineering) devoted to 
examining why and how objects fail and to fix the 
objects and their performance. Structural failures occur 
in two general modes: static failure, and fatigue 
failure.
 Static structural failure occurs when, upon being loaded  •
(having a force applied) the object being analyzed either 
breaks or is deformed plastically, depending on the 
criterion for failure. Fatigue failure occurs when an 
object fails after a number of repeated loading and 
unloading cycles. 
Failure is not simply defined as when a part breaks,  •
however; it is defined as when a part does not operate 
as intended. Some systems, such as the perforated top 
sections of some plastic bags, are designed to break. If 
these systems do not break, failure analysis might be 
employed to determine the cause.
Structural analysis is often used by mechanical engineers  •
after a failure has occurred, or when designing to prevent 
failure. Engineers often use online documents and books 
such as those published by ASM[26] to aid them in 
determining the type of failure and possible causes.
Structural analysis may be used in the office when  •
designing parts, in the field to analyze failed parts, or 
in laboratories where parts might undergo controlled 
failure tests.
Thermodynamics is an applied science used in several  •
branches of engineering, including mechanical and 
chemical engineering. At its simplest, thermodynamics 
is the study of energy, its use and transformation through 
a system. 
Typically, engineering thermodynamics is concerned  •
with changing energy from one form to another. As an 
example, automotive engines convert chemical energy 
(enthalpy) from the fuel into heat, and then into 
mechanical work that eventually turns the wheels.
Thermodynamics principles are used by mechanical  •
engineers in the fields of heat transfer, thermo fluids, 
and energy conversion. Mechanical engineers use 
thermo-science to design engines and power plants, 

heating, ventilation, and air-conditioning (HVAC) 
systems, heat exchangers, heat sinks, radiators, 
refrigeration, insulation, and others.
Drafting or technical drawing is the means by which  •
mechanical engineers design products and create 
instructions for manufacturing parts. A technical 
drawing can be a computer model or hand-drawn 
schematic showing all the dimensions necessary to 
manufacture a part, as well as assembly notes, a list of 
required materials, and other pertinent information. 
Instructions for manufacturing a part must be fed to the  •
necessary machinery, either manually, through 
programmed instructions, or through the use of a 
computer-aided manufacturing (CAM) or combined 
CAD/CAM program. Optionally, an engineer may also 
manually manufacture a part using the technical 
drawings, but this is becoming an increasing rarity, with 
the advent of computer numerically controlled (CNC) 
manufacturing. 
Drafting is used in nearly every sub discipline of  •
mechanical engineering, and by many other branches 
of engineering and architecture. Three-dimensional 
models created using CAD software are also commonly 
used in finite element analysis (FEA) and computational 
fluid dynamics (CFD).
Mechanical engineers are constantly pushing the  •
boundaries of what is physically possible in order to 
produce safer, cheaper, and more efficient machines and 
mechanical systems. Some technologies at the cutting 
edge of mechanical engineering are listed below 
Micron-scale mechanical components such as springs,  •
gears, fluidic and heat transfer devices are fabricated 
from a variety of substrate materials such as silicon, 
glass and polymers like SU8. 
Friction stir welding, a new type of welding, was  •
discovered in 1991 by The Welding Institute (TWI). 
The innovative steady state (non-fusion) welding 
technique joins materials previously un-wieldable, 
including several aluminum alloys. It plays an important 
role in the future construction of airplanes, potentially 
replacing rivets. 
Composites or composite materials are a combination  •
of materials which provide different physical 
characteristics than either material separately. Composite 
material research within mechanical engineering 
typically focuses on designing (and, subsequently, 
finding applications for) stronger or more rigid materials 
while attempting to reduce weight, susceptibility to 
corrosion, and other undesirable factors. Carbon fiber 
reinforced composites, for instance, have been used in 
such diverse applications as spacecraft and fishing 
rods.
Mechatronics is the synergistic combination of  •
mechanical engineering, electronic engineering, and 
software engineering. The purpose of this interdisciplinary 
engineering field is the study of automation from an 



6  A Handbook on Mechanical Engineering

engineering perspective and serves the purposes of 
controlling advanced hybrid systems.
At the smallest scales, mechanical engineering becomes  •
nanotechnology —one speculative goal of which is to 
create a molecular assembler to build molecules and 
materials via mechanosynthesis. For now that goal 
remains within exploratory engineering. Areas of 
current mechanical  engineering research in 
nanotechnology include nanofilters, nanofilms, and 
nanostructures, among others.
This field is not new, as the basis of Finite Element  •
Analysis (FEA) or Finite Element Method (FEM) dates 
back to 1941. But evolution of computers has made 
FEA/FEM a viable option for analysis of structural 
problems. Many commercial codes such as ANSYS, 
Nastran and ABAQUS are widely used in industry for 
research and design of components. Calculix is an open 
source and free finite element program. Some 3D 
modeling and CAD software packages have added FEA 
modules.
Other techniques such as finite difference method  •
(FDM) and finite-volume method (FVM) are employed 
to solve problems relating heat and mass transfer, fluid 
flows, fluid surface interaction etc.
Biomechanics is the application of mechanical principles  •
to biological systems, such as humans, animals, plants, 
organs, and cells. Biomechanics also aids in creating 
prosthetic limbs and artificial organs for humans.
Biomechanics is closely related to engineering, because  •
it often uses traditional engineering sciences to analyse 
biological systems. Some simple applications of 

Newtonian mechanics and/or materials sciences can 
supply correct approximations to the mechanics of many 
biological systems.
Over the past decade the Finite element method (FEM)  •
has also entered the Biomedical sector highlighting 
further engineering aspects of Biomechanics. FEM has 
since then established itself as an alternative to in vivo 
surgical assessment and gained the wide acceptance of 
academia.
 The main advantage of Computational Biomechanics  •
lies in its ability to determine the endo-anatomical 
response of an anatomy, without being subject to ethical 
restrictions. This has led FE modeling to the point of 
becoming ubiquitous in several fields of Biomechanics 
while several projects have even adopted an open source 
philosophy
Computational fluid dynamics, usually abbreviated as  •
CFD, is a branch of fluid mechanics that uses numerical 
methods and algorithms to solve and analyze problems 
that involve fluid flows. Computers are used to perform 
the calculations required to simulate the interaction of 
liquids and gases with surfaces defined by boundary 
conditions. With high-speed supercomputers, better 
solutions can be achieved. 
Acoustical engineering is one of many other sub  •
disciplines of mechanical engineering and is the 
application of acoustics. Acoustical engineering is the 
study of Sound and Vibration. These engineers work 
effectively to reduce noise pollution in mechanical 
devices and in buildings by soundproofing or removing 
sources of unwanted noise. 



Multiple ChoiCe Questions
1. If pv, is the partial pressure of vapour, ps. is the partial 

pressure of vapour for saturated air and pb is the 
barometric pressure, the relationship between relative 
humidity ‘f’ and degree of saturation ‘μ’ is given 
by:
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2. The bypass factor of single cooling coil in an air-
conditioner is 0.7. The bypass factor, if three. such 
cooling coils with the same apparatus dew point are 
kept one behind the other, will be:

 (a) 0.210 (b) 0.292
 (c) 0.343 (d) 0.412
3. Which one of the following statements is true for air 

conditioning duct design?
 (a) Static regain method is used when the duct work 

is extensive, total pressure drop is low and flow 
is balanced

 (b) Static regain method is used when the duct work 
is extensive, total pressure drop is high and flow 
is unbalanced

 (c) Equal friction method is used when the duct work 
is extensive, total pressure drop is low and flow 
is balanced

 (d) Equal friction method is used when duct work is 
extensive, total pressure drop is low and flow is 
unbalanced.

4. For an air-conditioned space, RTH = 100 kW, RSHF 
= 0.75, volume flow rate is equal to 100 m3/minute 
and indoor design specific humidity is 0.01 kg/(kg of 
dry air). The specific humidity of supply air is:

 (a) 0.010 (b) 0.0075
 (c) 0.005 (d) 0.0025
5. For an air-conditioning system, the outdoor and 

indoor design dry bulb temperatures are 45°C and 
25°C respectively. The space to be air-conditioned is 
20 m × 30 m × 5 m and infiltration is estimated to be 
one air change. If the density and specific heat of air 
are 1.2 (kg of dry air)/m3 and 1.02 kJ/(kg of dry air) 
°C, then the sensible heat load due to infiltration is, 
nearly:

 (a) 122.4 kW
 (b) 61.2 kW
 (c) 12.24 kW
 (d) 20.4 kW
6. Match List-I with List-II and select the correct answer 

using the codes given below the lists: (hm-mass transfer 
coefficient, D-molecular diffusion coefficient, 
L-characteristic length dimension, k-thermal 

conductivity, ρ-density, cp-specific heat at constant 
pressure, μ-dynamic viscosity)
List-I List-II

A. Schmidt number

B. Thermal diffusivity

C. Lewis number

D. Sherwood number

1. 
k

c Dpr

2. 
h L
D
m

3. 
m

rD

4. 
k
cpr

 Codes:
  A B C D
 (a) 4 3 2 1
 (b) 4 3 1 2
 (c) 3 4 2 1 
 (d) 3 4 1 2
7. In the operation of four-stroke diesel engine the term 

‘squish’ refers to the:
 (a) injection of fuel in the precombustion chamber
 (b) discharge of gases from the precombustion 

chamber
 (c) entry of air into the combustion chamber
 (d) stripping of fuel from the core.
8. Consider the following statements regarding the 

advantages of fuel injection over carburetion in S.I. 
engines:

 1. Higher power output and increase volumetric 
efficiency.

 2. Simple and inexpensive injection equipment.
 3. Longer life of injection equipment.
 4. Less knocking and reduced tendency for 

backfire.
 Select the correct answer using the codes give 

below:
 Codes:
 (a) 1, 2 and 3 (b) 1, 2 and 4
 (c) 2 and 3 (d) 1 and 4
9. Match List-I (Performance Parameter Y) with List-II 

(Curves labelled 1, 2, 3, 4 and 5 BHP vs. Y) regarding 
a C.I. engine run at constant speed and select the 
correct answer using the codes given below the 
lists:

 List-I
 (Performance Parameter Y)
 A. Total fuel consumption rate
 B. Mechanical efficiency
 C. Indicated power
 D. Brake specific fuel consumption.
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