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Introduction 6340 2 Structure of Alloys 6441 3 The Iron-Carbon System 6741 4 Cast Irons 695 Ferrous Metals
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PropertiesC] and Applications 101701 1 Introduction 101700 2 The Structure of Polymers 103701 3 Thermoplastics
108700 4 Thermosetting Plastics 10971 5 Additives In Plastics 11071 6 General Properties and Applications of
Thermoplastics 111701 7 General Properties and Applications of Thermosetting Plastics1 1471 8 Biodegradable
Plastics 115701 9 Elastomers rRubbers) 1178 Composite Materials[] Structure] General PropertiesC] and
Applications 121801 1 Introduction 12181 2 The Structure of Reinforced Plastics 12281 3 Properties of
Reinforced Plastics 12681 4 Applications of Reinforced Plastics 12781 5 Metal-Matrix Composites(MMC) 1308
[0 6 Ceramic-Matrix Composites(CMC) 131801 7 Other Composites 131PART Il Forming and Shaping Processes
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159100 3 Impression-Die and Closen-Die Forging 1611001 4 Extrusion and Drawing 16411 Processing of Powder
Metallurgy 1691101 1Introduction 169110 2 Production of Metal Powders 171111 3 Compaction of Metal
Powders 1761101 4 Sintering 177111 5 Process Capabilities 180111 6 Economics of Powder Metallurgy 18112
Forming and Shaping Plastics and Composite Materials 18312[1] 1 Introduction 183120] 2 Injection Molding
184120 3 Blow Molding 18713 Rapid-Prototyping Operations 19113[J 1 Introduction 1911300 2 Additive
Processes 192131 3 Applications of Rapid-Prototyping Technology 200PARTU Material-Removal Processes and
Machines 4 Fundamentals of Cutting 2111407 1 Introduction 2111400 2 The Mechanics of Chip Formation 21414
[0 3 rrhe Types of Chips Produced In Metal-Cutting 216141 4 Cutting Forces and Power 218141 5 TO0OI Life

[0 Wear and Failure 2221411 6 Surface Finish and Surface Inte 225141 7 Machinability 22715 Cutting] Tool
Materials and Cutting Fluids 2351507 1 Introduction 2351501 2 Carbon and MediumO Alloy Steels 239150 3
High-Speed Steels 239157 4 Cast[] Cobalt Alloys 2401501 5 Carbides 240151 6 Coated Tools 245151 7
Alumina-Based Ceramics 246150 8 Cubic Boron Nitride 2471507 9 SiliconJ Nitride Based Ceramics 248151 10
Diamond 2481500 11 Whisker-Reinforced and Nanocrystalline Tool Materials24916 Machining Processes Used to
Produce Round Shapes 2531601 1 Introduction 253161 2lhrning Parameters 256161 3 Lathes and Lathe
Operations 259161 4 High-Speed Machiningd Uhraprecision Machining[] and Hard Turning 2671601 5 Bofng
and Borng Machines 270160 6 Drilling and Drills 27217 Machining Processes Used to Produce Various Shapes
279170 1 Introduction 279170 2 Milling Operations 2801701 3 Milling Machines 2891701 4 Planing and Shaping
29218 Machining and Turning Centers 2951801 1 Introduction 295181 2 Machining and Turning Centers 29518
[0 3 Machining Economics 30319 Abrasive Machining and Finishing Operations 3091901 1 Introduction 309197 2
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ManufacturingJ in its broadest sensel] is the process of converting raw materials into productsC] It
encompasses(1)the design of the product[] (2)the selection of raw materialsC] and(3)thesequence of processes
through which the product will be manufactured] Manufacturing is the backbone of any industrialized nation

[ Its importance is emphasized by thefact that[] as an economic activity[] it comprises approximately 2000 to 30
[0 of the value of all goods and services produced] A country"S level of manufacturing activity is directly related to
its economichealthd Generally the higher the level of manufacturing activity in a countryd the higher
thestandard of living of its people[] Manufacturing also involves activities in which the manufactured product is
itself used to makeother productsl] Examples of these products are large presses to shape sheet metal for car bodies
[0 machinery to make bolts and nutsC] and sewing machines for making clothing[l An equally important aspect of
manufacturing activities is the servicing and maintenance of this machinery during its useful life. PAGE2 The
design process for a product first requires a clear understanding of the functions and theperformance expected of
that product] The product may be newl] or it may be a revised version ofan existing productl] We all have
observed[] for example[] how the design and style of radios[] toasters(] watches[] automobilesl] and washing
machines have changed[] The market for a product and its anticipated uses must be defined clearly] with the
assistance ofsales personnellJ market analystsC! and others in the organization Product design is a critical
activitybecause it has been estimated that 700] to 800 of the cost of product development and manufaetureis
determined by the decisions made in the initial design stagest]
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