Contents

Preface ... ... ... . . . . . xi
Part 1. Manufacturing Processing Techniques. . . . . . ... ... ... 1

Chapter 1. Additive Manufacturing: Technology, Materials
and Applications in Aerospace. . . . ... ................... 3

Veeman DHINAKARAN, Mahesh VARSHA SHREE, Thimmaiah JAGADEESHA and
Madabushi SWAPNA SAI

LI Introduction. . . . ... ... ... 4
1.2. Additive manufacturing configuration. . . . ... ... ... ....... 5
1.3. Classification of AM technology . . . . ... ................ 6
1.3.1. Laserbeam melting. . . . ......................... 6
1.3.2. Electron beam melting. . . .. ... ................... 7
1.3.3. Selective lasermelting . . . . .. ..................... 8
1.3.4. Direct metal laser sintering . . . . ... ................. 9
1.3.5.Lasermetal fusion . . .. ....... ... ........ ... .... 10
1.3.6. Direct metal deposition . . .. ...................... 11
1.4. Materials used in AM technology. . . . ... ................ 12
1.4.1. Titanium and its alloys. . . . . ... ....... .. .. ........ 13
142, Inconel . . ... ... ... 13
LA3 Aluminum . . ... ... 14
1.44. Stainless steel . . . . ... ... ... 15
1.5. Aerospace applications of additive manufacturing. . . . ... ... ... 15
1.6. Challenges faced in the aerospace industry . . . . .. ... ... ..... 17

1.7. Overcoming aerospace challenges with AM . . ... ... ... ...... 17



vi  Light Weight Materials

1.8. Futurework. . . . . ... ... . . ..
1.9.Conclusion . . . .. ... ... . . e
1.10. References. . . . . . . . .. e
1.11. Key terms and definitions. . . . . ... ...................

Chapter 2. Study of the Manufacturing Process of Polymer
Spur Gears: A Light Weight Gear Material . . . ... ........ ...

Jitendra Kumar KATIYAR and Hemalata JENA

2.1. Introduction. . . . .. .. ...
2.2. Gear manufacturing process . . . . . . . oo i it

2.2.1. Gear hobbing machine. . . . .. .....................

2.22. Injectionmolding. . . . ... ... ... ...
2.3. Additive manufacturing/rapid prototyping . . ... ... .........
24.Laserablation . . ... .. ... ... . . ... ...
2.5.Hotembossing . . . . . . ... ...
2.6.Conclusion . . . ... .. .. ...
2.7.References . . ... ... ...

Chapter 3. Recent Trends in Welding Polymers and
Polymer-Metal Hybrid Structures . . . . . ... ................

Jinesh Kumar JAIN and Pankaj SONIA

3.l . Introduction. . . . .. ...
3.2. Polymer and composites . . . . . ... ...
33.Polymerization. . . . ... ... ...
3.4. Synthesis of polymer composites. . . . . ... ...............
3.5. Types of fillers in composites . . . . ... ..................

3.5.1. Effect of reinforcement orientation . ... ...............
3.6. Welding polymers. . . ... ... ... .
3.7. Introduction of lightweight metal and alloys . . . . ... .........

3.7.1. Magnesium alloys . ... .................. . ......
3.72. Aluminumalloys . ... ... ... ... ...
3.8. Welding dissimilar metal alloys. . . . ... .................

3.8.1. Frictionstirwelding . . . . ........................

3.8.2. Welding polymer and metal alloys. . . ... ..............
3.9. Industrial application of polymers . . ... .................
3.10.Conclusion . . . ... ...
301 References. . . . . ..o

17
18
18
21

23

23
25
26
27
31
32
33
34
35

39

40
41
42
45
48
51
51
53
53
59
61
61
62
64
66
67



Contents  vii
Part 2. Characterization. . . . . ... ... ... ... ... ... ... .... 73
Chapter 4. Preparation and Characterization of a Composite
Material Using Sisal fibers for Light Body Vehicles . . . . . . ... .. 75
Zewdie ALEMAYEHU, Ramesh Babu NALLAMOTHU, Mekonnen LiBEN,
Seshu Kishan NALLAMOTHU and Anantha Kamal NALLAMOTHU
4.1. Introduction. . . . . ... ... 76
4.1.1. Statement of the problem . . . . .. ................... 76
4.1.2. General objective . . . . . . .. ... 77
4.1.3. Specificobjectives . . . . . .. ... 77
4.1.4. Significance of thestudy . . ... .. ......... ... ....... 77
42 LIterature reVIEW. . . . . o v v i e e e e e e e e 78
42. 1. Introduction . . . . ... ... ... 78
4.2.2. Previous works on natural fiber polymer composites. . . . . . . .. 78
4.3. Materialsandmethods . . . .. ... ..... .. .. ... .. .. ..... 79
4.3.1. Sample preparation methods . . . .. ... ............... 80
4.4 Resultsand discussion . . ... ...... ... ... ... 90
4.4.1. Experimental results . . . ... ... ...... ... ... . ... .. 90
4.42.0bservation . . . . . ... e 103
4.5. Comparison of previous works . . ... ................... 106
4.51. Tensilestrength . . . . .. .... .. ... ... ... . ......... 106
4.52.Bendingstrength . . . .. ...... ... ... ... ... ... 106
4.6. Conclusion and recommendation . . . . .. ................. 107
4.6.1. Recommendations for prospective applications . . . . .. ... ... 108
4.6.2. Scope for futurework . . . ... ... L L 108
47 References . . . .. ... ... 109
Chapter 5. Optimizing the Polystyrene Catalytic Cracking
Process Using Response Surface Methodology. . . ... ........ 111
Selvaganapathy THAMBIYAPILLAI, Muthuvelayudham RAMANUJAM
and Jayakumar MANI
S.0.Introduction. . . . ... .. 112
5.2.Materialand methods . . . . ... ..... ... . ... ... .. .. . ... 114
5201 .Materials . . . . .. ... 114
5.2.2. Experimental procedure and characterization . . . . ... ...... 116
5.2.3. Design of catalytic cracking experiment using response surface
methodology . . ... ... .. ... ... 118



viii  Light Weight Materials

53.Resultsand discussion . . . . ......... . ...
5.3.1. Thermal analysis of polystyrene . . . ... ...............
5.32.SEM-EDX analysis. . . . ... ...... .. ... ...
5.3.3. Model development for catalytic cracking of polystyrene . . . . . .
5.3.4. Combined effect of process parameters on the response (Y) . . . .
5.3.5. Characterization of liquid yield. . . . ... ...............
5.3.6. Factors affecting catalytic cracking of polystyrene . . . . ... ...
S54.Conclusion . . . ...
S5.References . . . ...

Part3. Analysis. . . . . ... ... ... .. ...

Chapter 6. FEA Comparative Studies on Heat Flux and Thermal
Stress Analysis during Conduction Mode and Keyhole Mode
inthe LaserBeamWelding . . . .........................

Harinadh VEMANABOINA, Suresh AKELLA and Ramesh Kumar BUDDU

6.1. Introduction. . . . . . ... ... ...
6.2.Heatinlaserwelding . . . . . .............. ... ........
6.3.Modeling . . . . ... ... ..
6.4. Resultsand discussion . . . .. ... ... ... ... ... ... ...

6.4.1.Keyholemodel . ............. . ... ..............

6.4.2. Conductionmodel . ........... ... ... . ... .......
6.5.Conclusion . . . . ... ...
6.6.References . . . ... ... ... .. ...

Chapter 7. Effect of Formability Parameters on Tailor-Welded
Blanks of Light Weight Materials . . ... ...................

Dappu DEEPIKA, Akkireddy Anitha LAKSHMI, Tanya BuDDI and Chalamalasetti
Srinivas RAO

7.1 Introduction. . . . . . ... ...
7.2. Experimental procedure . . .. ... ... .. ... ... ...
7.3.Resultsand discussion . . .. ... ... ... ... ... ...
74.Conclusion . . . ... ...
7.5.References . . . .. .. ...



Contents  ix

Chapter 8. Design and Analysis of Sedan Car B-pillar Outer Panel
Using Abirbara with S-glass Fiber Hybrid Composites . . . . . . . .. 197

Ramesh Babu NALLAMOTHU, Melkamu Yigrem YIHUNIE, Anantha Kamal
NALLAMOTHU and Seshu Kishan NALLAMOTHU

8.1.Introduction. . . . ... ... ... 198
8.2. Materialsand methods . . . ... ...... . ... ... ........ 202
82.1.Materials . . . ... ... ... 202
822.Methods . .. ... ... ... 206
8.3. Composite preparation, testing and analysis . . .............. 207
8.3.1. Composite preparation. . . . . . . ... . ... 207
8.3.2. Testingand analysis . . ... ....................... 210
8.4. Design analysis of the B-pillarpanel. . . . . ... ... .......... 214
85.CoNClusSion . . . . ... 219
8.6. Recommendations. . . .. .......... . ... ... . . ... ..., 220
8.7. Acknowledgments. . . ... ... ... ... L. 220
88.References . . .. ... . . ... 221
Listof Authors . . . . ... ... ... ... . ... ... 223



