The Basics of
Engineering

Lokesh Pandey




THE BASICS OF ENGINEERING

Lokesh Pandey

AP~ ARCLER
P KR E 8§ §

www.arclerpress.com



TABLE OF CONTENTS

List Of FigUres v iansssivssiissssanitsdisssiromisma mseaes et L0 LA e VSN SR Xi
GlOSSANY oo cscissivinenssnssiinssnmanesinessnnisessossasasssasntsrmesnssbisonsersign s s OR U L s xv
List Of ADDIEVIBUOMS! ussesntivesistocsssiimshomeniasis asas it it etsa et AT S E S Xix
Preface.. .ot siinysonies il s et b XXi
Chapter 1 Introduction to ENgineering .........c.ccoceeueeeeiuinenscrecnessesneeessisnesassensessensens 1
1.1 History of Enginee rng et e s et e e et 2

1.2. Definition/of Engimeering ... . e i T e 13

1.3. Engineering Fields of Specialization..........ccccieeiiiioiniiinecieecne, 14

1.4. Introduction to the Engineering Profession..........cccccceeviieneeeeienevennnn. 21

1.5. Engineering TeChNOlOBY ...cscesiustisiusasaessssssussaseatapestnaansasnatataesensseainter 22

1.6. Introduction to Engineering Design............ccceviiimieriiiiniiiiiessisineeseenns 24

1.7: Engineering Design Brocess s e o e e 24

1.8, CONCIUSTON 1suniiios sinsnrstssiuinansstomssserss s icaicnes iosiiens seun st VLo P B 29
REfEIENCES . sussiismsrsissasessiressstsranastiissatasssatisassaratnnstsasassbanst s it LS DR 30
Chapter 2 Engineering As a Profession: An OVErvIeW........ceuiueesscussensissessssnssssenses 31
2.7, INtrodUCHION  cccicuiesnmiiistonsiatansiacsdonsiessncmatessasatonaat estess LA B )

2.2. What is Engineering and What Do Engineers Do?........c.ccceeeuiuenuinnas 32

2.3. Engineering as a Profession and Common Traits of Good Engineers ..33

2.4. Common Traits of GOOd ENGINEEIS ...cecvrireeeerurrireanseissesnieaeesssassasasans 34

2.5. What Are Some Areas of Engineering Specialization?........cvoceueiuenns 36

2.6. Professional Engineer.. ..o o i e 37

2.7. Preparing for an Engineering Career...........cccouoccueemnierearsienssesenseesenns 47

2.8. The Engineering Profession and the Engineer of the 21% Century.......51
2.9. Societal Issues and Engineering Profession as an Enabling Profession 56
2.10. Redefining the Ever-Evolving Engineering Profession........ccc.ceucuaven 56



Chapter 3

Chapter 4

2.11. The Decreased Durability of the Initial Engineering Education

2.12. Determining Whether Engineering is a Profession Here or There..... 58
2.13. Conclusion...

References

Basics of Mechanical Engineering

......

3.1. Introduction

3.2. What is Mechanical ENgineering? .........ccoeeueeueeererrienereesinisesesseeees 64
B e (COTEE S ot e e bt e e L R e (R 65
B AR COmMPUEEATEd DESTGN . iiuivssiesiscnsivnsovensissssssasssissassrommossssmsnssassas 68
355, (OND) Sl el it b o R Fe e E LT 74
62 DL GrADNICS SOMWATE . -:o.crviiicisnanniensinseinvesessarassssmsessaanaoaasesisasnenes 74
B8 D BTaDNICSISOMWATE .« .. e ciicciinissssinnsnssssssessassonssasssnsssssssnsnsmasersss 75
3.8. Graphical Representation of Image Data..........c...vveeueereeeeeenneeneees 78

3.9. Analysis Software

3.11. Applications of CAD ..

3.12. Product Design for Manufaclunng and Assembly
3.13. Conclusion

SIS Lo e 93
Engineering Communication & Ethics wuuuueeeseeeeeeuemnrseoeosoeooooooos 95
B B Gl O st ot chubssionsassmsbsnasssnsst s tatose e sems s emeee 926
Sk (AU et o S SR B oo e A LR 96
4.3. Why Study Engineering Ethics? 101
4.4. Engineering Communication..................ooooeoooooo ..102
4.5. Scope of Engineering Communication and Ethics 104
S T s ) i o 106
4.7.The Professional Approach to Engineering Ethics and Codes

el e e st A R 108
RTINS e R e 110
4.9. The Importance of Ethical Conduct in Engineering 114

4.10. Parts of Communication System
4.11. Types of Signal

viii



Chapter 5

Chapter 7

4.12. Some Moral Issues in Engineering....

4.13. Conclusion ........cc.....

References

Engineering Materials and Their Applications 127
5.1. Introduction

5.2. Importance of Engineering Materials in Present World

5.3. The Evolution of Engineering Materials .........cccceoeneiriinniiiinnniinee. 131

5.4. Current Trends And Advances in Materials .......cccooeeiieeiiniieneene. 133
5.5. Classification of Engineering Material .....ccooovveveriiecncniincisiscnicnnnes 136
5.6. Applications of Engineering Materials ............oeviieeiniiiiiincnininnn. 143
5.7.The Future Engineering Materials .........c.coceeieiinneiieeinciniincnnes 148
5.8. Materials and the Environment: Green Design .....ccovverveccucunirenincns 149
5.9. Introduction to Materials SElection ..........cccvevereniiesresienensiesesenans 151
510 Conels o . R o e e e e e 155
REFETOITES, ciiivsivriesesevviisassestos b s e s ior s et e e LS ST 156

Mathematics, Probability, and Statistics in Engineering ........ccc.cecevne. 157

6. 1. INtrOAUCHION ;-.s iiiasinerssnsninestansassisssiansesasanitadssnsonsebansnzesteryttanstotbiess 158
6.2. Organization Of TEXt ........ccciveeiaeniiesenisentisiesaeionecscecessessuesisssasanss 160
6.3. Probability Tables and Computer Software ..........ccoooveenineiiinccncnne 161
6.4. Probability and Random Variables ..o 161
6.5. Random Variables and Probability Distributions..........cccivemienninine 165

6.6. Some Important Discrete Distributions

6.7. Some Important Continuous Distributions

6.8. Observed Data and Graphical Representation
6.9. Introduction to Statistics.

6.10. Descriptive Statistics

6.11. Enumerative Versus Analytic Studies ............oveerciinciinnencnnnen. 182

6.12. Collecting Datal o caie et e s S 183
6.13. CONCIUSION cteueuniensmisiiassssatonesstnmnsaisasssssassaseansssaronsoprenacssazassassistns 184
REfEEIICS s iasnss satssuasnisniancrtsatsanssvssotensavesnsuretossantasiasentansasins taneaae e botes 186
Applications of Engineering Across Various Fields .........cceeunuuuicinisianenss 187
7 Introduetion e e 188
7.2, Types Of ENgINEEriNg it ssenstessesssansirsars ot st eieE S SR 188

ix



Figure 4.5. Professional codes of ethics

Figure 4.6. Ethical risk

Figure 4.7. Integrity and honesty play an important role

Figure 4.8. Ethics issues in engineering

Figure 4.9. Sustainability

Figure 5.1. Image showing engineering material

Figure 5.2. Non-ferrous metal working waste from Barton upon Humber
Figure 5.3. Iron and steel scrap

Figure 5.4. Corinthian pottery — ceramics

Figure 5.5. Biomaterials made of natural self-assembling proteins
Figure 5.6. Materials needs and opportunities

Figure 6.1. The ‘mathematics’ gallery of BITM (Inaugurated on 8 May, 2010)
Figure 6.2. BITM mathematics gallery

Figure 6.3. Illustrates the concept of random variable

Figure 6.4. Probability histogram for random variable

Figure 6.5. Uniform distribution in probability and possibility

Figure 6.6. A normal probability distribution and its equivalent distribution in possibitity
domain done using probability possibility transformation

Figure 6.7. This file shows plotting of twelve different probability distribution functions
formed by summing the standard C language library function rand(), for illustrating the
Central Limit Theorem

Figure 6.8. A plot showing a regular and a cumulative histogram of the same data
Figure 6.9. OAIS functional model

Figure 6.10. Probability distribution around mean default probability of 10%, N=100,
rho of 0% and 10%. Created using the Gaussian Copula model and 5,000 simulations
Figure 6.11. Multivariate gaussian

Figure 6.12. Probability distribution functions of log-normal distributions
Figure 7.1. Civil engineers doing construction work
Figure 7.2. Civil engineering drawing

Figure 7.3. Civil drawing and design

Figure 7.4. Urban development

Figure 7.5. Surveying before construction
Figure 7.6. Mechanical lab

Figure 7.7. Mechanical engineers at an automotive manufacturing unit

Figure 7.8. Mechanical works in construction

Xii



Figure 7.9. An electrical engineer at work

Figure 7.10. Electrical engineering application in robotics
Figure 7.11. Tesla electric cars manufacturing unit

Figure 7.12. Graphene supercapacitor

Figure 7.13. Professionals at work in an IT firm

Figure 7.14. Programming and computer science engineering
Figure 7.15. Computer science application in health informatics

Figure 7.16. Computer science in making geographical information systems

Xiii



