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1 Components of Manufacturing Processes 

CHAPTER 1 

 

Basic Metals and Alloys 

NARMADHA T, 

Assistant Professor, Department of Computer Science Engineering, 

Faculty of Engineering and Technology,  

JAIN (Deemed-to-be University), Karnataka – 562112. India. 

Email Id: - narmadhat2021@gmail.com 

 

Materials are the driving force behind technical advancements and the essential components of 

manufacturing. Materials are all over us, and we utilise them in many ways. Understanding 

different sorts of materials and their qualities might help one appreciate the materials and 

production technique used. Mechanical qualities (such as strength, hardness, and toughness), 

thermal properties (conductivity), optical absorption (refractive index), electrical properties 

(resistance), and so on are examples of material properties. However, we will only focus on 

mechanical qualities, which are crucial in industrial processes as well as in daily life, and we use 

these phrases often. To understand mechanical characteristics, first understand the behaviour of 

the material when exposed to a force that produces deformation; this may be studied using 

the'stress-strain diagram'. 

Stress-Strain Diagram 

Consider a rod with an initial length L0 and an area A0 that is subjected to a force F. Stress is 

defined as force per unit area, while strain is defined as the change in length () divided by the 

starting length. As a result, Stress = F/A0. 

Strain =/L0 

Figure 1.1 depicts the - curve for a material (say, mild steel). The stress-strain variation is linear 

up to proportionality point A. Hooke's law is still valid at this moment. 

i.e., or = E, where E is the Young's modulus, also known as the modulus of elasticity. Beyond 

point A and up to point B, the material remains elastic, which means it returns to its former state 

when the forces operating on it are eliminated. 

 

Figure 1.1 Stress-strain curve for ductile material. 
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If the specimen is strained beyond point B, permanent set occurs and we reach the plastic 

deformation area. Even when the force that caused the strain is gone, the strain remains in the 

plastic deformation zone. While the force is raised further, the test specimen extends even when 

the tension is not increased. This is known as the yield point. In reality, there are two yield points 

C and D, which are known as the upper and lower yield points. 

With more stressing, a condition known as residual stress or work hardening occurs. 

The material gets stronger and harder, with a rise in load bearing capability. As a result, the test 

specimen can withstand higher stress. Point E is attained by gradually increasing the force 

pressing on the specimen. This is the highest point on the stress-strain curve and reflects the most 

stress. As a result, it is referred to as the material's ultimate tensile strength (UTS). It is equal to 

the greatest load applied divided by the test specimen's initial cross-sectional area (A0).The 

impact of increasing load on the merge area of the test specimen must be considered here. The 

cross-sectional area of the specimen decreases as plastic deformation rises. However, the initial 

cross-sectional area is taken into account when calculating stress in the stress-strain graph. As a 

result, the point of breakage F seems to occur at a lower stress level than the UTS point E. 

Following UTS point E, the cross-sectional area of the test specimen is sharply reduced, and a 

"neck" forms in the centre of the specimen, eventually breaking in two parts as the neck grows 

thinner and thinner. When the decreased cross-sectional area of the test specimen is considered, 

the actual breaking stress is substantially larger than the UTS. 

The ultimate tensile strength (at point E) of a material is a measure of its strength. However, in 

the eyes of a design engineer, the yield point is more significant since the structure he creates 

must sustain forces without giving. The yield stress (at point D) is usually two-thirds of the UTS, 

and this is known to as the materials yield strength.In practice, a tensile test is performed on a 

tensile tester or a universal to determine UTS.  Machine for testing. The tensile test piece has 

been standardised so that tests performed in various facilities on another material provide equal 

results. Depicts a standard test item.This curve has no yield point, and the test specimen breaks 

abruptly with no discernible necking or extension. In the lack of a yield point, the idea of "proof-

stress" has emerged for quantifying brittle material yield strength. 0.2% proof-stress, for 

example, is the stress at which the test specimen'suffers' a permanent extension equal to 0.2% of 

its original gauge length and is indicated by 0.2. 

The tensile test and the stress-strain curve have been detailed in some depth above because they 

may provide a lot of helpful information about other characteristics of the material. It should be 

noted why most tensile testing machines have the capability of performing a compressive 

strength test as well. 

Ductility and Malleability 

Both of these traits are related to the material's plasticity. Malleability refers to the ability of 

plastic to deform under compressive stresses, while ductility refers to the capacity of plastic to 

deform under tensile loads. A bendable substance is capable of being pounded into thin sheets 

and even thinner foils. Wires may be formed from a ductile material."Percentage elongation" is a 

ductility metric. Two punch marks are created on the stem of the tensile test piece before the 

tensile test commences. The distance between these markers is measured and is referred to as 

gauge length. When the tensile test component breaks into two pieces, the two pieces are 

recovered and positioned as near together as feasible. The distance between the two punch marks 

is now measured and recorded once again. Let's  
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High % elongation readings imply that the material is particularly ductile. Low values imply that 

the material is brittle and ductile. Mild steel typically has a percentage elongation of 20% or 

more. 

Brittleness 

Brittleness is the polar opposite of ductility. It is a quality held in large quantities by glass and 

other ceramics. When a piece of glass is dropped on a hard surface, it shatters and breaks into 

multiple fragments. Brittleness is caused by the material's inability to sustain stress loads. Glass, 

of course, is an extreme example of fragile material. 

Strength and Resilience 

A material with a high modulus of elasticity is considered to be stiff, whereas one with a low 

modulus of elasticity is said to be robust. Consider a material that is subjected to tensile stress 

within its elastic range.  

If the material has a high Young's modulus (the modulus of elasticity equivalent to tensile 

stress), it will not stretch very far. It will act as though it were a "stiff" material. The slope of the 

line OA (Fig. 1.1) will be greater in this instance. The trait of resilience is diametrically opposed 

to stiffness. Under comparable stress conditions, a beam composed of stiff material will deflect 

less than one made of resilient material. 

Toughness and Impact Power 

Toughness and impact strength are traits that are related or comparable (although these are some 

differences as mentioned later). They reflect the material's capacity to absorb energy prior to 

failure/fracture. If we adjust the size of the y-axis, plot force on it, and display real elongation on 

the x-axis instead of strain, we will get a force-elongation curve instead of a stress-strain curve. 

The curve's form will not change; just the scales of the x and y axes will vary. The region under 

this curve now represents the energy necessary to fracture the material.  

The more the energy, the greater the material's toughness. Toughness is determined by the 

combination of strength and percentage elongation. This feature is particularly essential since it 

allows a material to tolerate both elastic and plastic stresses.Toughness increases with increasing 

impact strength. Dynamic loads are employed in real impact testing, and the force is delivered to 

the specimen via a sharp notch.  

Two tests have been developed to assess a material's impact strength (as also its toughness). 

These tests are known as the I IZOD test and the Charpy test. The IZOD test is briefly discussed 

below. This specimen is mounted vertically in the IZOD testing equipment. The test specimen is 

then hit with a blow from just a swinging pendulum falling from a set height 22 mm above the 

notch. The pendulum's mass is known. Because the height from which the pendulum drops to hit 

the blow is also known, we can calculate the energy stored there in pendulum (m.g.h.) 

The pendulum goes on after hitting and shattering the test piece at the notch, and the height to 

which it rises on the opposite side of the test piece is documented and measured. The remaining 

energy in the pendulum may therefore be determined. The difference in energy between the 

initial energy in the pendulum and the energy left over after breaking this test specimen is 

presumed to have been consumed in the breaking of the test specimen. This is considered as the 

impact strength of the specimen's substance. To get an accurate result, a friction correction factor 

at the pendulum bearing is used. 
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Hardness 

Hardness is a critical material attribute. Hardness is a measure of wear resistance and resistance 

to abrasion or scratching. A hard substance is also resistant to being penetrated by another body. 

In the past, a hardness scale was constructed, and diamond, the hardest known substance, was 

placed at the top of this scale. Glass and other elements were placed at the bottom of the scale. A 

basic scratch test was utilised as the criteria. If one substance could scratch another, the former 

was regarded harder compared to the latter and was ranked higher on the hardness scale. 

Several hardness tests have been developed in contemporary times. The most common are the 

Brinell hardness test, the Rockwell hardness test, and the Vicker's hardness test. All of these tests 

are based on the material's resistance to penetration into the surface of the test specimen by a 

specially designed and manufactured "indentor" under specified load. Because a harder material 

provides greater resistance, the indentor cannot penetrate its surface to the same depth as it 

would if the test specimen were made of a softer substance. Thus, the hardness of a material is 

measured by the depth of the imprint created by the indentor into the test specimen or the area of 

the imprint left by the indentor into the specimen.  

Fracture of Material 

When a specimen is exposed to stress that exceeds its strength, it fails and eventually fractures 

into two or more fragments. We have previously discussed fractures of both ductile and brittle 

material during the discussion of the tensile test. The cross-sectional area is reduced in the 

vicinity of the broken region. Brittle fracture happens rapidly when a minor break in the 

material's cross-section evolves into a complete fracture. However, such a fracture does not 

exhibit considerable plastic deformation.Actually, an expert metallurgist may derive many 

fascinating information about the likely origin of the fractured surface and the both macro and 

micro metallurgical investigation of the fractured specimen. Aside from ductile and brittle 

fractures, there are also fractures generated by material fatigue and creep.  

Fatigue Failure 

Materials often fail or fracture at stress levels considerably below their strength if the force is 

either I alternating or fluctuating regularly an example will demonstrate this. Consider the case 

of a two-wheeled axle.  

The axle supports the weight of the automobile while also rotating with the wheels. Because of 

its weight, the axle deflects somewhat, creating compressive stress in the top half and tensile 

stress in the bottom half of the cross-section. However, since it rotates, every 180° revolution, 

the bottom half becomes the upper half and vice versa. As a result of the axle's rotation, the type 

of stress at every point in the axle alternates between compression and tension. 

A changing stress cycle indicates that the amplitude of the stress changes on a regular basis but 

the sign remains constant. When a material is exposed to many million cycles of either 

alternating or variable stress, it becomes exhausted and fails, even though the magnitude of such 

pressures is far smaller than its strength.Fortunately, there is an alternating and fluctuating stress 

level that the material can endure without failing even if exposed to an unlimited number of 

cycles.  

This is known as the endurance limit. A designer ensures that a component prone to fatigue in 

service is constructed in such a way that its real stress level stays below the endurance limit.  
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An inspection of a fatigue fracture reveals three different zones.  

They are as follows: 

The site of crack initiation, which is the location where the crack may have started, such as a 

notch like a key passage or a material defect like an impurity, or even a surface flaw.The fracture 

propagation area during service. This region is often defined by circular ring-like scratch marks 

with the site of fracture start in the centre. Remaining cross-sectional area with symptoms of 

unexpected breaking. As the crack propagates over time, the remaining cross-sectional area 

becomes too tiny to bear the load and cracks abruptly. 

Creep Failure 

Material failure may occur even under sustained stresses within the material's strength. This 

occurs when the submitted components are exposed to sustained loads over an extended period 

of time, particularly when they are treated to high temperature conditions. Stays in boilers and 

steam are two frequent instances.Turbine blades, furnace components, and so forth. Such failures 

are known as creep failures because the significant efforts have been made to deform plastically 

under such circumstances, although at a very slow pace. However, after lengthy periods of time, 

the influence of creep might become noticeable, resulting in component failure.  

Manufacturing 

Manufacturing may be described in two ways in the present context: technologically and 

economically. Manufacturing, from a technological standpoint, is the use of physical and 

chemical processes to change the geometry, characteristics, and/or appearance of a particular 

starting material in order to create parts or products; manufacturing also involves the assembling 

of many components to create goods. Manufacturing processes require a mix of equipment, 

tools, power, and labour. Manufacturing is nearly often done in a series of activit ies. Each 

process moves the substance closer to its ultimate condition. 

Manufacturing, is the economic transformation of resources into things of higher value via one 

or more processing and assembly procedures. The fundamental idea is that manufacturing adds 

value to a material by altering its form or qualities, or by mixing it with other similarly changed 

materials. 

The manufacturing activities done on the material have increased its value. Value is added when 

iron ore is transformed into steel. Value is added when sand is converted into glass. Value is 

added when petroleum is processed into plastic. And it becomes much more beneficial when 

plastic is moulded into the intricate geometry of a patio chair.Manufacturing and production are 

often used interchangeably. According to the author, production encompasses more than just 

manufacturing. For example, one may talk of "crude oil production," but "crude oil 

manufacturing" sounds out of place. However, in the domain of items such as metal components 

or vehicles, any term seems to be acceptable.  

Manufacturing Products 

Manufacturing is a vital economic activity carried out by businesses that sell goods to clients. A 

company's production method is determined by the sort of product it produces. \Industries of 

Production Industry is made up of businesses and organizations that manufacture or provide 

products and services. Primary, secondary, and tertiary industries may be distinguished. 

Agriculture and mining are examples of primary industries that develop and utilize natural 
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resources. Secondary industries turn the main industries' products into consumer and capital 

goods. The primary activity in this sector is manufacturing, although construction and electricity 

utilities are also covered. The service of the economy is made up of tertiary industries. 

Manufactured Goods Manufacturing sectors' final products are classified into two categories: 

consumer goods and capital goods. Automobiles, personal computers, televisions, tires, and 

tennis rackets are examples of consumer goods. Capital goods are items acquired by businesses 

in order to manufacture products and deliver services. Aircraft, computers, telecommunications 

equipment, medical equipment, trucks and buses, railroad trains, machine tools, and construction 

equipment are examples of capital goods. The service industry buy the majority of these capital 

items. Manufacturing accounts for around 15% of GDP in the United States, while services 

account for approximately 75% of GDP. However, the produced capital goods acquired by the 

service sector are the industry's enablers. The service industries could not exist without capital 

goods. 

Other manufactured things, in addition to end products, include the materials, components, and 

supplies utilised by the firms that create the final products. Sheet steel, bar stock, metal 

stampings, machined components, plastic moldings and extrusions, cutting tools, dies, moulds, 

and lubricants are examples of these commodities. As a result, the manufacturing sectors are 

comprised of a complex infrastructure comprised of many types and layers of intermediary 

providers with whom the ultimate customer never interacts. 

This book is more concerned with individual components pieces and completed products—than 

with continuous processes. Metal stampings are distinct items, yet the sheet-metal coil from 

which they are manufactured is continuous (almost). Many discrete items, such as extrusions and 

electrical wire, begin as continuous or semi continuous products. Long pieces trimmed to size are 

created in practically continuous lengths. A better example of a constant cycle is an oil refinery 

(Figure 1.2). 

 

Figure 1.2 represents the product variety and production quantity 

Product Variety and Production Quantity The number of items produced by a factory has a 

significant impact on the organization of its personnel, facilities, and operations.Annual 

production amounts may be divided into three categories: low production, quantities ranging 

from 1 to 100 parts per year; medium production, quantities ranging from 100 to 10,000 units per 

year; and large production, quantities ranging from 10,000 to millions of units. The limitations. 

The boundaries between the three ranges are rather arbitrary (in the author's opinion). These 

limits may fluctuate by a two orders of magnitude or more depending on the kind of product. 
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The number of units produced yearly of a certain product category is referred to as production 

quantity. Some plants that produce a multitude of diverse product categories, each in small or 

medium amounts. Other facilities focus on mass manufacturing of a single product type. It is 

informative to distinguish product variety from manufacturing quantity as a parameter. Product 

diversity refers to the many product designs or kinds manufactured at the facility. Varied items 

have different forms and sizes, perform different purposes, are aimed at different markets, have 

more elements than others, and so on. Each year, the number of distinct product kinds 

manufactured may be tallied. When the factory produces a large number of product varieties, it 

shows a wide range of products. 

In terms of manufacturing operations, there is an inverse relationship between product diversity 

and production quantity. When a factory's mass customization is high, its production number is 

likely to be low; meanwhile, when production quantity is large, product variety is low, 

Manufacturing facilities often specialize in a combination of output amount and product diversity 

that falls somewhere along the diagonal band.Although product variety has been defined as a 

quantitative parameter (the number of different product types manufactured by the plant or 

company), this parameter is much less precise than production quantity because the number of 

different designs does not capture details on how much the designs differ. The differences 

between a car and an air conditioner are significantly bigger than the differences between an air 

conditioner and just a heat pump. There are variances between individual models within each 

product group. 

Automobile business, the level of product variances might be minimal or large. Although the 

body shapes and other design aspects are almost identical, each of the United States' automakers 

builds automobiles with two or three distinct nameplates at the same assembly facility. The firm 

manufactures heavy vehicles at several facilities. 

Manufacturing Capability 

A manufacturing plant is a collection of processes and technologies (as well as people) intended 

to convert a restricted range of inputs into higher-value goods. The topic of contemporary 

manufacturing is made up of these three basic blocks: materials, processes, and systems. These 

variables are very interdependent. A manufacturing business cannot accomplish everything. It 

must only accomplish certain things, and those things must be done properly. Manufacturing 

capacity refers to a company's and each of its facilities' technological and physical constraints. 

This capacity has many aspects that may be identified: (1) technical processing capabilities, (2) 

physical product size and weight, and (3) manufacturing capacity Capability for Technological 

Processing The accessible set of manufacturing processes is a plant's (or company's) technical 

processing capabilities. Certain plants are effective. 

Others do machining activities, while others roll steel billets into sheet stock and yet others 

construct autos. A machine shop cannot roll steel, and a rolling mill cannot construct 

automobiles. The operations that these plants can execute are the fundamental property that 

differentiates them. Material type is intimately connected to technological processing 

capabilities. Particular manufacturing procedures are better suited to certain materials, while 

others are better suited to others. The factory specialises in particular material types by 

specialising in a certain process or collection of operations. The competency of technological 

processing involves not only the physical procedures, but also the experience of plant staff in 
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various processing technologies. Companies must focus on product design and manufacturing 

that is suitable with their technical processing capabilities. 

Physical Product Restrictions 

The physical product imposes a second element of production competence. The size and weight 

of the goods that can be accommodated in a plant with a certain set of procedures is restricted. 

Large, hefty items are difficult to transport. To carry these items, the factory must be outfitted 

with cranes with the necessary weight capability. Smaller pieces and large-quantity items may be 

conveyed via conveyor or other ways. The physical capacity of the production equipment is also 

limited by product size and weight. There are several sizes of production machinery. To process 

bigger pieces, larger machinery must be employed. Production and material handling equipment 

must be designed for goods of a certain size or weight range. 

Capacity for Production 

The production amount that can be generated in a particular time period is a third restriction on a 

plant's manufacturing capabilities (e.g., month or year). This quantity restriction is known as 

plant capacity or production capacity, and it is defined as the greatest rate of output that a plant 

may attain given anticipated operating circumstances. The operational circumstances pertain to 

the number of shifts per week, the number of hours per shift, the plants direct labour manning 

levels, and so on. These elements are inputs to the manufacturing facility. How much production 

can the factory create given these inputs. 

Plant capacity is often quantified in terms of output units, such as the number of cars produced 

by a complete assembly plant or the yearly tonnes of steel produced by a steel mill. The 

outcomes are homogenous in these circumstances. In circumstances when the output units are 

not uniform, other criteria, such as available labor hours of industrial output in a machine shop 

that produces a range of components, may be more relevant measurements.The three primary 

topic areas of this book are materials, processes, and systems, which are the fundamental 

building blocks of production.  

Materials in Manufacturing 

Most engineering materials fall into one of three categories: 

1. Metals 

2. Ceramics 

3. Polymers 

Their chemistries vary, as do their mechanical and physical qualities, and these variances 

influence the manufacturing procedures that may be employed to make goods from them. There 

are, in addition to the three main groups, Metals used in metalworking are often alloys made of 

two or more elements, at least one of which is metallic. Metals and alloys are classified into two 

types: ferrous and nonferrous. 

Metals containing iron Steel and cast iron are examples of ferrous metals, which are based on 

iron.These metals are the most significant commercially, accounting for more than three-quarters 

of global metal tonnage. Pure iron has few economic use, but when alloyed with carbon, it has 

more applications and profit than any other metal.Steel and cast iron are iron and carbon alloys.  

Steel is an iron-carbon alloy with a carbon content ranging from 0.02% to 2.11%. It is the most 

significant category of ferrous metals. Its composition often incorporates additional alloying 
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elements, including as manganese, chromium, nickel, and molybdenum, to improve the metal's 

characteristics. Steel is used in construction (bridges, I-beams, and nails), transportation (trucks, 

railways, and railroad rolling stock), and consumer items. Cast iron is an iron-carbon (2% to 4%) 

alloy used in casting (mainly sand casting). Silicon is also contained in the alloy (in 

concentrations ranging from 0.5% to 3%), and additional elements are often added to achieve 

acceptable qualities in the cast portion. Cast iron is available in numerous forms, the most 

common of which being grey cast iron; its uses include blocks and heads for internal combustion 

engines.Metallic nonferrous metals other metallic elements and their alloys are included in 

nonferrous metals. In virtually every situation, alloys are more valuable economically than pure 

metals. 

Aluminum, copper, gold, magnesium, nickel, silver, tin, titanium, zinc, and other metals are 

examples of nonferrous metals. 

Ceramics 

A ceramic is a compound that contains both metallic (andsemi metallic) and nonmetallic 

components. Nonmetallic elements include oxygen, nitrogen, and carbon. Ceramics are made 

from both traditional and contemporary materials. Clay (abundantly available, consisting of fine 

particles of hydrous aluminum silicates and other minerals used in making brick, tile, and 

pottery); silicon (the basis for nearly all glass products); and alumina and silicon carbide (two 

abrasive materials used in grinding) are examples of traditional ceramics. Some of the previous 

ingredients, such as alumina, are used in current ceramics, and their qualities are increased in 

different ways using modern processing processes. 

Newer ceramics include carbides, which are metal carbides like tungsten carbide and titanium 

carbide that are extensively utilized as cutting tool materials, and nitrides, which are metal and 

semimetal nitrides like titanium nitride and boron nitride that are used as cutting tools and 

grinding abrasives.Ceramics may be separated into two types for processing: crystalline ceramics 

and glasses.The two categories need different production procedures. Crystalline ceramics are 

made from powders in a variety of methods and then fired (heated to temperatures below the 

melting point to create bonding between the particles). Glass ceramics (specifically, glass) may 

be melted and cast, then molded using techniques such as classic glass blowing. 

Polymers 

A polymer is a substance composed of mer-like repeating structural units whose atoms share 

electrons to produce enormously big molecules. Polymers are often composed of carbon 

combined with one or more additional elements such as hydrogen, nitrogen, oxygen, and 

chlorine. Polymers are classified into three types: thermoplastic polymers, thermosetting 

polymers, and elastomers.Thermoplastic polymers may be exposed to many heating and cooling 

cycles without significantly affecting the polymer's molecular structure.Polyethylene, 

polystyrene, polyvinylchloride, and nylon are examples of common thermoplastics. 

Thermosetting polymers chemically convert (cure) into a hard structure when cooled from a 

heated plastic state, thus the name. Phenolic, amino resins, and epoxies are examples of this 

class. 

Despite the name, several of these polymers cure by methods other than heating. Elastomers are 

polymers with substantial elastic properties, thus the name. Natural rubber, neoprene, silicone, 

and polyurethane are among them. 



 
10 Components of Manufacturing Processes 

Composites 

Composites are not actually a distinct material category; they are combinations of the other three. 

A composite is a material made up of two or more phases that are produced independently and 

then bonded together to acquire qualities that are superior to the components. The word phase 

refers to a homogenous mass of material, such as an aggregation of grains in a solid metal with 

same unit cell structure. A composite's typical structure consists of particles or fibres of one 

phase mixed in a second component known as the matrix.Composites are present in nature (for 

example, wood) and may be manufactured synthetically.Glass fibres in a polymer matrix, such as 

fiber-reinforced plastic; polymer fibres of one type in a matrix of a second polymer, such as an 

epoxy; and ceramic in a metal matrix, such as tungsten carbide in a cobalt binder to form a 

cemented carbide cutting tool, are of greater interest.The properties of a composite are 

determined by its components, their physical forms, and how they are mixed to make the final 

substance. Some composites combine great strength with low weight, making them ideal for 

aviation components, vehicle bodywork, boat hulls, tennis rackets, and fishing rods. Other 

composites, such as cemented carbide cutting tools, are strong, hard, and capable of preserving 

these features at high temperatures.  

Manufacturing Processes 

A manufacturing process is a planned method that results in physical and chemical modifications 

to a beginning work material in order to increase its value.A manufacturing process is often 

carried out as a unit operation, which means it is a single step in the series of actions necessary to 

change a starting material into a finished product. Manufacturing activities are classified into two 

types: processing operations and assembly operations. A processing procedure moves a work 

material from one stage of completion to a later stage that is closer to the ultimate intended 

result. It adds value to the beginning material by modifying its shape, qualities, or appearance. In 

general, processing activities are conducted on discrete work parts, however specific processing 

processes (for example, painting a spot-welded vehicle body) are also relevant to assembled 

objects. An assembly operation unites two or more components to form a new entity known as 

an assembly, subassembly, or other word for the joining process (e.g., a welded assembly is 

called a weldment) depicts a taxonomy of manufacturing processes. Many of the production 

techniques discussed in this work may be seen on the accompanying DVD. Throughout the text, 

alerts are given on these video segments. Some of the fundamental methods employed in 

contemporary production stretch back to antiquity.  

Processing Operations 

More than one processing activity is necessary to turn the beginning material into the final form. 

The procedures are carried out in the precise order necessary to accomplish the geometry and 

conditions specified in the design specification.Processing activities are classified into three 

types:  

(1) Shaping operations 

(2) Property-enhancing operations 

(3) Surface processing operations 

Various approaches are used in shaping operations to change the geometry of the beginning work 

material. Casting, forging, or machining are examples of common shaping methods. Property-

enhancing procedures increase the value of a material by increasing its physical qualities while 
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preserving its form. The most frequent example is heat treatment. Surface processing activities 

are used to clean, treat, coat, or deposit substance onto the work's outside surface. Coatings are 

often used in plating and painting.  

Forming Procedures  

The majority of shape processing processes use heat, mechanical force, or a combination of these 

to modify the morphology of the work material. The shaping processes may be classified in a 

variety of ways. This book's categorization is based on the status of the initial material, and there 

are four categories:  

(1) Solidification processes, when the starting material is a heated liquid or semifluid that 

cools and solidifies to form the part geometry;  

(2) Particulate processing, in which the starting material is a powder, and the powders are 

formed and heated into the desired geometry;  

(3) Deformation processes, in which the starting material is a ductile solid (usually metal) 

that is deformed to shape the part; and  

(4) Material removal processes, in which the starting material is a ductile solid. 

The initial material is a solid (ductile or brittle), from which material is removed to create the 

appropriate shape in the resultant portion.The initial material is heated enough in the first 

category to turn it into a liquid or highly plastic (semifluid) state. Almost any material may be 

handled in this manner.Metals, ceramic glasses, and polymers can all be heated to high enough 

temperatures to become liquids. 

When the material is in a liquid or semifluid state, it may be poured or otherwise pushed to flow 

into a mould cavity and allowed to solidify, forming a solid shape that matches the cavity. The 

majority of these procedures are known as casting or moulding. Metals are referred to as casting, 

whereas polymers are referred to as moulding. Despite the fact that these two materials are so 

different, the procedures used to form them in particle processing are very similar. The most 

popular method is pressing and sintering, in which the powders are first pressed into a die cavity 

under high pressure and then heated to fuse the individual particles together.Deformation 

methods shape the beginning workpart by applying pressures that surpass the material's yield 

strength. To be created in this manner, the material must be sufficiently ductile to prevent 

fracture during deformation. To promote ductility (and for other reasons), the work material is 

often heated to a temperature below the melting point before forming. Metalworking is most 

closely related with deformation processes, which include activities like as forging and extrusion. 

Material removal methods are activities that remove surplus material from the initial workpiece 

to get the required geometry. Machining activities such as turning, drilling, and milling are the 

most essential processes in this category, as shown in These procedures are most typically used 

on solid metals and are carried out using cutting tools that are tougher and stronger than the work 

metal. Another prevalent technique in this area is grinding. Nontraditional material removal 

technologies employ lasers, electron beams, chemical erosion, electric discharges, and 

electrochemical energy to remove material rather than cutting or grinding equipment. 

It is preferable to reduce waste and junk when turning a beginning work part into its final shape. 

Certain shaping procedures are more efficient in terms of material conservation than others. 

Because of the way they function, material removal techniques (such as machining) tend to 
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waste material. At least in terms of the unit operation, the material eliminated from the initial 

form is waste. Other processes, like as casting and molding procedures, often turn almost 100% 

of the starting material into the finished product. Net shape methods are manufacturing 

techniques that convert virtually all of the starting material into product with no further 

machining to obtain final component geometry. Processes for Improving Property The second 

primary kind of component processing involves enhancing the mechanical or physical qualities 

of the work material. Except in rare situations, these techniques do not change the contour of the 

component. Heat treatments, such as different annealing, are the most significant property-

enhancing techniques.  

Surface Preparation Cleaning, surface treatments, and coating and thin film deposition are all 

examples of surface processing procedures. Cleaning involves both chemical and mechanical 

methods for removing dirt, oil, and other pollutants from the surface. Surface treatments include 

mechanical techniques like shot peening and sand blasting, as well as physical processes like 

diffusion and ion implantation. Coating and thin film deposition techniques add a material 

coating to the work part’s outer surface. Electroplating, aluminum anodizing, organic coating 

(painting), and porcelain enameling are all common coating procedures. Physical vapour 

deposition and chemical vapor deposition are two thin film deposition methods used to create 

incredibly thin coatings of diverse substances. 

Several surface-processing processes have been modified to manufacture semiconductor 

materials into microelectronic integrated circuits. Chemical vapor deposition, physical vapour 

deposition, and oxidation are examples of these processes. They are used to form the nanoscale 

circuit by applying them to extremely localised locations on the surface of a short piece of silicon 

or other semiconductor material.  

Assembly Operations 

Assembly is the second most fundamental sort of manufacturing activity, in which two or more 

independent pieces are linked to produce a new entity. The new entity's components are 

permanently or semi permanently linked. Welding, brazing, soldering, and adhesive bonding are 

all permanent connecting procedures. They link components that cannot be readily detached. 

Certain mechanical assembly techniques exist to attach two (or more) elements in a junction that 

can be easily disassembled. Traditional techniques in this category include the use of screws, 

screws, and other threaded fasteners. Other mechanical assembly methods, such as rivets, press 

fitting, and expansion fits, provide a more solid connection. In the assembly of electrical devices, 

special joining and fastening procedures are utilized. Some of the procedures are similar to or 

modifications of previous processes, such as soldering. Electronics assembly is largely 

concerned with the connection of components such as electronic circuit packages to printed 

circuit boards in order to create the complicated circuits seen in many of today's devices.  

 Production Machines and Tooling 

Manufacturing processes are carried out with the assistance of equipment and tools (and people). 

The Industrial Revolution saw the widespread use of machines in production. Metal cutting 

machines began to be invented and extensively utilized about this period. These were known as 

machine tools, and they were power-driven machinery used to operate cutting instruments that 

were previously handled by hand. The same general concept applies to modern machine tools, 

except that the power is electromagnetic rather than water or steam, and the degree of accuracy 

and automation is considerably higher nowadays. Machine tools are among the most adaptable of 
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all manufacturing machinery. They are utilized to create not just consumer product parts, but also 

elements for other manufacturing machinery. The machine tool is the mother of all machinery, 

both historically and reproductively. 

Presses for stamping operations, forge hammers for forging, rolling mills for rolling sheet metal, 

welding machines for welding, and insertion machines for putting electronic components onto 

printed circuit boards are examples of other manufacturing machinery. The name of the 

procedure is generally followed by the name of the equipment. Production equipment might be 

generic or specialised. General purpose equipment is more adaptable to a wide range of tasks. It 

is commercially open for investment by any manufacturing business. Special purpose equipment 

is often intended to mass-produce a certain item or product. Mass production economics support 

huge expenditures in specialised equipment to attain high efficiency and low cycle times. This is 

not the sole need for specialised equipment, but it is the most important. Another explanation 

might be because the procedure is one-of-a-kind and commercial equipment is not accessible. 

Some businesses with specialised processing needs create their own equipment. 

Tooling that customises production machines for a specific item or product is frequently 

required. In many circumstances, the tooling must be custom-designed for the exact component 

or product configuration. It is intended to be swapped when used with general purpose 

equipment. The tooling for each workpart type is attached to the machine, and the production run 

is started. When the run is over, the tooling is modified to accommodate the following work part 

type. 

When utilised with specialised machines, the tooling is often designed as an integrated element 

of the machine.Because the specialpurpose machine islikelytobeusedforproduction, the tooling 

may never need to be changed until worn components or worn surfaces are replaced. 
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A manufacturing company must have procedures in place that enable it to efficiently complete its 

sort of production in order to function successfully. People, equipment, and procedures intended 

for the mix of materials and processes that comprise a firm's manufacturing activities comprise 

production systems. The division of production systems into two categories: (1) projects and (2) 

manufacturing support systems. 

The physical equipment and the layout of equipment in the plant are referred to as production 

facilities. Manufacturing safety nets are the methods that a corporation uses to manage 

production and address technical and logistical issues that arise while procuring supplies, 

transferring work through the facility, and ensuring that products satisfy quality requirements. 

People are included in both categories. These systems are made to function by people. In general, 

direct labour employees are in charge of running manufacturing equipment, whereas professional 

staff workers are in charge of manufacturing support. 

Production Facilities 

The factory and its manufacturing, material handling, and other equipment comprise the 

production facilities. As the components and/or assemblies are being manufactured, the 

equipment comes into direct physical touch with them. The facilities come into contact with the 

product.The plant layout also includes the way the equipment is positioned in the factory. 

Manufacturing systems, such as an automated production line or a machine cell consisting of an 

industrial robot and two machine tools, are often arranged into logical groups of equipment.A 

manufacturing corporation strives to build its production systems and arrange its facilities in the 

most efficient manner possible to suit the specific objective of each facility, some kinds of 

production facilities have come to be regarded as the most suitable method to arrange for a 

specific combination of product diversity and output quantity. For each of the three yearly 

production quantity categories, different kinds of facilities are needed. 

Low-Quantity Manufacturing The term work shop is often used to define the kind of 

manufacturing facility in the low-quantity range (1-100 units/year). A work shop produces small 

quantities of specialised and customised goods. Space capsules, prototype aeroplanes, and 

customised equipment are some examples of complicated items. A work shop's equipment is 

general-purpose, while the labour force is highly skilled.To cope with the large range of product 

variants encountered, a work shop must be structured for optimum flexibility (hard product 

variety). If the product is huge and heavy, and hence difficult to transport, it is usually 

manufactured or assembled in a single site. 
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Rather of transporting the product to the equipment, workers and processing equipment are 

transported to the product. This is referred to as a fixed-position arrangementIn a pure condition, 

the product is produced in a single site throughout its whole life. Ships, aeroplanes, trains, and 

heavy equipment are examples of such items. In fact, theseitems are often produced in enormous 

modules at a single site, and the finished modules are then hauled together for final assembly 

utilising high-capacity cranes. 

Individual components of these huge goods are often manufactured in factories where the 

equipment is organised according to function or kind. This configuration is known as a process 

layout. The lathes are in one department, the milling machines in another, and so on . Separate 

components, each needing a different operation sequence, are routed through departments in the 

specific order required for processing, frequently in batches. The process plan is known for its 

adaptability; it can handle a wide range of operating sequences for various component 

configurations. Its downside is that the equipment and processes for producing a component are 

not efficient. 

Medium-Scale Production Depending on the product variety, two kinds of facilities are defined 

in the medium-quantity range (100-10,000 units yearly). When product diversity is limited, the 

traditional strategy is batch production, in which a batch of one product is produced, then the 

manufacturing equipment is switched over to make a batch of the next product, and so on. 

Because the equipment's production rate exceeds the demand rate for any particular product type, 

the same equipment may be used across many goods. 

It takes time to change tooling and set up the equipment between manufacturing runs. This setup 

time is wasted production time, which is one of the drawbacks of batch manufacturing. Batch 

manufacturing is often employed in make-to-stock circumstances.Items are produced to refill 

inventory that has already been steadily depleted as a result of demand.The equipment is often 

laid up in a process configuration, if product variation is limited, an alternate method to medium-

range manufacturing is conceivable. In this instance, significant transitions from one product 

type to the next may not be required. It is often feasible to organise the production system such 

that groups of comparable goods may be manufactured on the same equipment without 

substantial setup time. 

Cells are made up of many workstations or equipment that process or assemble various 

components or products. This method of production is often related with the phrase cellular 

manufacturing. According to group technology principles, each cell is intended to create a 

restricted number of component configurations; that is, the cell specialises in the manufacturing 

of a particular set of related parts. 

High Productivity Mass production refers to high-quantity manufacturing (10,000 to millions of 

units per year). The product is in great demand, and the manufacturing system is committed to 

producing just that particular item. There are two types of mass manufacturing: quantity 

production and flow line production. The mass manufacture of single components on single 

pieces of equipment is referred to as quantity production. Standard machines (e.g., stamping 

presses) are often outfitted with unique tooling (e.g., dies and material handling devices), thus 

committing the equipment to the manufacture of a single item type. The process layout and 

cellular layout are two common layouts used in quantity manufacturing.Flow line manufacturing 

entails arranging many pieces of equipment or workstations in a sequential order, and the work 

units are physically moved through the sequence to produce the product. To enhance efficiency, 
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the workstations and equipment are precisely tailored for the product. The arrangement is known 

as both a product layout, and the workstations are positioned accordingly.Either one single line, 

or as a collection of linked line segments. Typically, work is transported between stations via 

motorized conveyor. Each station completes a little portion of the entire job on each product unit. 

The assembly line, which is connected with items such as automobiles and home appliances, is 

the most well-known example for flow line manufacturing. The pure example of flow line 

manufacturing happens when the goods produced on the line are identical. Every product is the 

same, and the line is known as a single model manufacturing line. To effectively sell a product, it 

is often advantageous to create feature and model variants so that individual clients may choose 

the precise products that appeals to them. The feature distinctions are an example of soft product 

diversity from the standpoint of manufacturing. The phrase "mixed-model production line" refers 

to scenarios in which the goods produced on the line vary only slightly. An example is modern 

automotive assembly. Variations in choices and trim reflect multiple models and, in many 

instances, separate nameplates of the same fundamental automobile design as they roll off the 

manufacturing line.  

Manufacturing Support Systems 

A corporation must organize itself to develop procedures and equipment, plan and manage 

production orders, and meet product quality criteria in order to run its facilities effectively. 

Manufacturing support systems the personnel and processes that a corporation uses to manage its 

production operations carry out these duties. The majority of these support systems do not have 

direct touch with the product, but they plan and regulate its movement through the production. 

Manufacturing support services are often performed in the business by individuals grouped into 

departments such as the following: 

Engineering in manufacturing 

The manufacturing engineering department is in charge of manufacturing process planning, 

which includes choosing which procedures should be employed to create components and 

assemble products. This department also designs and orders the machine tools and many other 

equipment utilized by the operational divisions for processing and assembly. 

Production planning and management 

 This department is in charge of resolving the logistical issue in manufacturing, which includes 

ordering supplies and bought components, scheduling production, and ensuring that the 

operational departments have the ability to fulfil production schedules. 

Quality assurance. In today's competitive market, producing high-quality goods should be a key 

focus for every manufacturing company. It entails creating and constructing goods that meet or 

exceed client expectations while adhering to standards. The QC department is in charge of most 

of this work.  

Lean Production And Six Sigma 

These are two projects targeted at increasing production efficiency and quality. They respond to 

client requests for items that are both cheap in cost and excellent in quality. Lean and Six Sigma 

are trends because they are being extensively implemented by businesses, particularly in the 

United States.Toyota Motors in Japan invented the Toyota Production System, which is the 

foundation of lean manufacturing. Its roots may be traced back to the 1950s, when Toyota started 
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experimenting with unusual approaches to enhance quality, decrease inventory, and boost 

flexibility in its operations. Simply said, lean manufacturing is "performing more work with less 

resources." 2 It implies that fewer personnel and less equipments are utilised to produce more in 

less time while maintaining greater quality in the end output. The overarching goal of lean 

manufacturing is waste removal. The seven types of waste in production in the Toyota 

Production System are:  

1. Production of defective parts 

2. Production of more parts than necessary 

3. Excessive inventories 

4. Unnecessary processing steps 

5. Unnecessary movement of workers 

6. Unnecessary movement and handling of materials 

7. Workers waiting 

Toyota's waste-reduction approaches include error-prevention measures,Pausing a process when 

anything goes wrong, enhanced equipment maintenance, including employees in process 

improvements (so-called continuous improvement), and standardised work processes. The just-

in-time delivery system, which is discussed in Section on production and inventory management, 

was perhaps the most significant advancement.Motorola Corporation in the United States 

pioneered Six Sigma in the 1980s. The goal was to eliminate variability in the company's 

operations and products in order to improve customer satisfaction. Six Sigma is now 

characterized as a "quality-focused programmer that employs worker teams to complete projects 

targeted at enhancing an organization's operational performance" 3 S. 

Globalization and Outsourcing 

The globe is becoming more interconnected, resulting in a worldwide economy in which 

obstacles traditionally imposed by national borders have been lowered or abolished. This has 

resulted in greater freedom of movement of goods and services, money, technology, and people 

between regions and nations. Globalization is the phrase used to characterize this tendency, 

which was first identified in the late 1980s and has since become a dominating economic reality.  

It is worth noting that formerly undeveloped countries such as China, India, and Mexico have 

expanded their industrial infrastructures and technology to the point that they are now significant 

producers in the global economy.The benefits of these three nations are their big populations 

(and hence vast labour pools) and cheap labour costs.Hourly wages in the United States are now 

an order of magnitude or more higher than in these nations, making it difficult for domestic U.S. 

enterprises to compete in many goods needing a high labour content. Clothing, furniture, a 

variety of toys, and electrical equipment are all examples. As a consequence, the United States 

has lost manufacturing employment while gaining similar work in foreign nations. 

Outsourcing is directly tied to globalization. Outsourcing in manufacturing refers to the 

employment of outside contractors to execute work that was formerly done in-house. 

Outsourcing may be accomplished in a variety of methods, including the utilization of local 

vendors. Jobs in this scenario stay in the United States. Alternatively, US corporations may 

outsource to other nations, such that components and products that were formerly manufactured 

in the US are now manufactured elsewhere. In this scenario, employment in the United States are 

being lost. There are two types of outsourcing:  
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Offshore outsourcing, which involves producing items in China or other overseas locations and 

transporting them by cargo ship to the United States, and 

Near-shore outsourcing, which involves producing items in Canada, Mexico, or Central America 

and shipping them to the United States by rail or truck. 

Because of its fast-growing economy, the significance of manufacturing in that economy, and the 

degree to which U.S. corporations have outsourced labour to China, China is a nation of special 

relevance in this topic of globalization. To take advantage of cheap labour costs, American 

businesses have outsourced most of their manufacturing to China (and other east Asian nations). 

Despite the logistical issues and expenses of getting the items back into the US, the upshot has 

been cheaper costs and larger profits for the outsourcing corporations, as well as lower pricing 

and a broader selection of available products for US customers.  

The negative impact has been the loss of high-paying manufacturing employment in the United 

States. Another effect of US outsourcing to China has been a decrease in the manufacturing 

sector's proportionate contribution to GDP. Manufacturing sectors contributed for around 20% of 

US GDP in the 1990s. That contribution is now less than 15%. At the same time, China's 

manufacturing sector has expanded (along with the rest of the economy), accounting for over 

35% of Chinese GDP. Because the US GDP is nearly three times that of China, the US 

manufacturing sector is still greater. 

China, on the other hand, is the global leader in a number of sectors. Its steel tonnage production 

exceeds the combined outputs of the next six greatest steel manufacturing countries (Japan, the 

United States, Russia, India, South Korea, and Germany, in that order). 4 China is also the 

greatest manufacturer of metal castings, accounting for more tonnage than the next three major 

producers (US, Japan, and India, in that order) Steel manufacturing and casting are considered 

"dirty" businesses, and pollution is a problem not just in China, but all across the world. The 

following trend addresses this problem.  

Environmentally Conscious Manufacturing 

Waste is a fundamental element of almost all production processes (. Material removal 

techniques, in which chips are removed from a beginning workpiece to form the required 

component shape, are the most apparent examples. Almost all manufacturing activities generate 

waste in some form or another. Another inescapable feature of production is the need for 

electricity to complete any given process. That power necessitates the use of fossil fuels (at least 

in the United States and China), the combustion of which pollutes the environment. A product is 

developed at the conclusion of the production sequence and sold to a consumer. Eventually, the 

product wears out and is discarded, maybe in a landfill, with the related environmental 

deterioration. Society is paying increasing attention to the environmental effect of human 

activities across the globe, as well as how contemporary civilization is depleting our natural 

resources at an unsustainable pace. Global warming is now a significant source of worry. These 

issues are exacerbated by the industrial industry. 

Environmentally aware manufacturing refers to initiatives that strive to find the most effective 

use of materials and natural resources in manufacturing while minimising negative 

environmental repercussions. Green manufacturing, cleaner production, and sustainable 

manufacturing are other titles for similar projects. They all reduce down to two essential 

approaches: 



 
19 Components of Manufacturing Processes 

1. Design goods with little environmental effect  

2. Design environmentally friendly methods 

The appropriate starting point for environmentally responsible production is product design. 

Design for environment (DFE) is a phrase that is frequently used to practises that aim to address 

environmental effect during product design prior to manufacturing. 

DFE considerations include the following:  

1. Choose materials that require the least amount of energy to produce 

2. Choose processes that minimize material and energy waste 

3. Design parts that can be recycled or reused 

4. Design products that can be easily disassembled to recover the parts 

5. Design products that use the least amount of hazardous and toxic materials 

6. Consider how the product will be disposed of at the end of its useful life 

The materials and procedures utilized to create the product are heavily influenced by design 

considerations. These choices restrict the manufacturing divisions' possibilities for achieving 

sustainability. Various measures, however, may be used to make plant operations more 

ecologically friendly. Among them are the following: 

1. Use good housekeeping practices keep the factory clean 

2. Prevent pollutants from escaping into the environment (rivers and atmosphere) 

3. Minimise waste of materials in unit operations 

4. Recycle rather than discard waste materials 

5. Use net shape processes 

6. Use renewable energy sources when feasible 

7. Provide maintenance to production equipment so that it operates at maximum efficiency 

8. Invest in equipment that uses the least amount of power 

The book discusses a variety of themes linked to environmentally responsible production. 

Section 8 covers the themes of polymer recycling and biodegradable plastics. 5. Cutting fluid 

filtering and dry machining to mitigate the negative impacts of polluted cutting fluids. 

Microfabrication and Nanotechnology 

They are often so little that they are invisible to the human eye. In severe circumstances, the 

things are not even visible using an optical microscope. Miniaturized products need the use of 

specialised manufacturing techniques. The procedures required to create components and 

products with feature sizes in the micrometre range 1 mm 14 103 mm 14 106 m are referred to as 

microfabrication.  

Ink-jet printing heads, compact discs (CDs and DVDs), and microsensors utilised in automotive 

applications are some examples (e.g., air-bag deployment sensors). Nanotechnology refers to 

materials and products with feature sizes on the nanoscale scale 1 nm 14 103 mm 14 106 mm 14 

109 m, which is similar to the size of atoms and molecules.  

Nanotechnology-based goods include ultra-thin coatings for catalytic converters, flat screen TV 

panels, and cancer treatments. Microscopic and nanoscopic materials and products are likely to 

grow in significance in the future, both technologically and economically, and commercial 

production procedures are required. The goal of this article is to make the reader aware of the 

trend toward miniaturisation.  
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Ferrous Materials 

Ferrous materials are those whose principal ingredient is iron, while non-ferrous materials do not 

include any significant amount of iron. Ferrous materials are often stronger and tougher, and they 

are widely employed in our everyday life. Ferrous materials have the unique attribute of being 

able to have their properties dramatically changed by heat treatment techniques or the addition of 

modest amounts of alloying elements. Ferrous materials are generally inexpensive, but they have 

a significant drawback. They are prone to rusting and corrosion. 

Steel and Iron 

The most popular engineering materials are ferrous materials, which are iron alloys such as mild 

steel and stainless steel. It is true that gold is the metal for kings, and iron is the king of metals. 

"For the growth of a country, lectures and seminars are not vital; what is important are blood and 

steel," Germany's Otto Von Bismark reportedly declared. Iron is a prevalent element in both 

blood and steel. Though iron is significant, it is most often employed in the form of its alloy, 

steel. 

To the average person, the terms iron and steel imply the same thing. But iron and steel are not 

the same thing. Iron is the term given to the metal with the chemical symbol Fe, which refers to 

pure iron (or almost pure iron). Pure iron is rather soft and weak. Its melting point is around 

1540°C. Wrought iron is the closest material in purity to iron in industry, however it is seldom 

utilised these days.Steel, on the other hand, is an iron-carbon alloy with a carbon content ranging 

from 0% to 2%. In reality, however, carbon seldom reaches 1.25-1.3%. Carbon creates cementite 

(Fe3C), an intermetallic combination that is very hard, brittle, and strong. Steel is significantly 

stronger and harder than pure iron due to the inclusion of cementite. 

Steel Classification 

Steel is divided into two types:  

Ordinary carbon steel and alloy steel 

Plain carbon steel is steel in which carbon is the sole alloying ingredient present. Aside from 

carbon, various alloying elements are used in alloy steel. 

Elements such as chromium, nickel, tungsten, molybdenum, and vanadium are also present and 

make a significant variation in steel characteristics.Before proceeding, readers should be aware 

that, in addition to iron and carbon, four additional elements are always present in steels. These 

elements are S, P, Mn, and Si. It is not feasible to remove these components from steel. 

However, sulphur and phosphorus have a negative impact on steel characteristics and their 

percentages are normally not permitted to exceed 0.05%. Similarly, the average percentages of 

manganese and silicon in steel are maintained below 0.8 and 0.3%, respectively, despite the fact 

that their influence is not damaging to steel qualities. In fact, manganese mitigates the negative 

effects of sulphur. The inclusion of these four components at the level mentioned does not 

classify ordinary carbon steel as alloy steel. However, if greater percentages of Mn and Si are 

purposely added to steel to change its characteristics, the resultant steels are classified as alloy 

steels.  

Plain Carbon Steels 

Because the qualities of plain carbon steels are so reliant on their carbon percentage, these steels 

are further divided into the following carbon percentage-only categories: 
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 Low carbon or dead mild steel with carbon content less than 0.15%, Mild steel with carbon 

content between 0.15-0.3%, Medium carbon steel with carbon content between 0.3-0.7%, and 

High carbon steel with carbon content more than 0.7% (the highest practical limit of C% is 

1.3%).Plain carbon steel gains strength and hardness while losing ductility as the carbon content 

rises.  

Plain Carbon Steel Applications and Uses 

Steel that is no longer mild. It offers excellent weldability and ductility. As a result, it is 

employed in welded and solid drawn tubes, thin sheets and wire rods, and so on. It is also 

utilized for components that are subjected to stress loading yet must have a high wear resistance. 

To boost wear resistance, the components must go through a case hardening process, which gives 

a hard surface while keeping the core supple and robust. 

Steel that has been melded. It is frequently employed in structural work. If the carbon content is 

kept to 0.25%, it preserves extremely excellent weldability. Mild steel is used to make forgings, 

stampings, sheets and plates, bars, rods, and tubes. 

Steel with a medium carbon content. It has less weldability but is stronger and more durable than 

mild steel. It is utilized in railway axles, rotors and discs, wire ropes, steel spokes, marine shafts, 

carbon shafts, general agricultural equipment, and other applications.Steels with a high carbon 

content. Cold chisels, cold working dies, hammers, boiler maker's tools, wood working tools, 

hand taps and reamers, filers, razors, shear blades, and other hand tools are made of it. High 

carbon steels may be hardened by quenching and, once hardened, can be utilised for cutting tools 

that are not used in hot conditions. When heated (over 150°C), they lose their firmness and 

become dull. 

Wrought Iron 

Although it may include elements of carbon, it is the purest form of iron. It is often produced 

using the "puddling process," and it includes a little amount of slag in addition to iron. It is 

exceedingly expensive, and its usage has almost entirely been displaced by cheaper steel. 

Wrought iron is still the primary raw material for several components, such as chain links and 

chain hooks. Iron railing and gates constructed of wrought iron may still be seen in historic have 

is houses. 

Cast Iron 

Cast irons have a carbon content more than 2%, which is the maximum limit for steels. In reality, 

however, the carbon percentage of most cast irons ranges between 3 and 4%. One distinguishing 

feature of cast metals (excluding white cast iron) is that most of the carbon content exists in free 

form as graphite. This fact, in great part, defines the qualities of cast iron. 

Cast iron is typically manufactured in coke-fired cupola furnaces by melting a combination of 

pig iron, scrap cast iron, and a tiny amount (often less than 5%) of small sized steel scrap. Cast 

iron has a substantially lower melting point than steel. Grey cast iron is used in the majority of 

castings produced in a cast iron foundry. These are inexpensive and commonly used. 

There are several types of cast iron. The following are examples: grey cast iron, white cast iron, 

malleable cast iron, nodular cast iron, and alloy cast iron. 

Grey cast iron, as previously stated, is frequently employed in the form of castings. In fact, it is 

so common that the word "cast iron" has come to refer to grey cast iron. Because of the graphite 
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in the cast iron, rubbing a finger over a recently split surface of grey cast iron coats the finger 

with grey color. Grey cast iron has a high compressive strength but a low tension strength. It is 

brittle yet reasonably soft. It is relatively simple to process, and the resultant surface polish is 

excellent. Because of the presence of graphite, it is self-lubricating and has strong vibration 

dampening properties. It is more corrosion resistant than steel.Because of these features, it is 

widely employed in the manufacture of machine beds, slides, gear-housings, steam engine 

cylinders, manhole covers, drain pipes, and so on.White cast iron and malleable cast iron are also 

available. White cast iron contains 2 to 2.5% carbon, the majority of which is in the form of 

cementite. When molten cast iron is rapidly cooled and lacks graphite-promoting components 

like Si and Ni, carbon stays in mixed form as Fe3C. However, white cast iron has limited use. It 

is very hard and has a white fracture. Only the crushing rollers are constructed of white cast iron. 

However, it is employed as a raw material in the manufacturing of malleable cast iron. 

A sophisticated and lengthy heat treatment of white cast iron castings produces malleable cast 

iron. Grey cast iron is brittle and has little or no elongation. Malleable cast iron castings lose part 

of the brittleness of grey iron and may be used in applications that need some ductility and 

toughness.(Note: "Mottled iron" is a term used to describe cast iron that has a structure that is 

half grey and part white.)Cast iron with nodules. This cast iron is also known as spheroidal 

graphitic cast iron. When a tiny amount of magnesium (0.5%) is added to molten cast iron, the 

graphite, which is typically found in grey iron in the form of graphite flakes, changes shape and 

stays distributed throughout the mass of cast iron. This change in the form of graphite particles 

has a significant impact. 

The influence on the qualities of the resultant castings is significant, and their mechanical 

properties increase significantly. The strength rises, the yield point rises, and the brittleness falls. 

Some steel components may even be replaced by such castings.Cast iron alloy. Certain alloying 

elements, such as nickel, chromium, molybdenum, and vanadium, may be used to enhance the 

characteristics of cast iron. Alloy cast irons provide superior strength, heat resistance, and wear 

resistance, among other advantages. Cast irons' application and usage are expanded as a result of 

their improved characteristics. Alloy cast irons are used to make I.C. engine cylinders, cylinder 

liners, piston rings, and other components. 

Steel Alloys 

Just as the qualities of cast iron may be much enhanced by the addition of alloying elements to 

its composition, the properties of plain carbon steels can be greatly improved by the addition of 

alloying elements. In reality, the impact of alloying is far more pronounced in the case of steels. 

The primary goals of alloying in steels are: 

1. Heat treatment techniques may harden alloy steels to deeper depths with less deformation 

and fracture. 

2. As with stainless steels, alloying develops corrosion resistance. 

3. As in cutting tools, alloying generates the trait of red hardness. 

4. As with high strength low alloy (HSLA) steels, alloying increases the strength and 

toughness of steels. 

Some alloy steels exhibit significant resistance to grain development and oxidation at high 

temperatures, for example. 
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Chromium, nickel, tungsten, molybdenum, vanadium, cobalt, manganese, and silicon are the 

most common alloying elements. Alloy steels come in a wide range of grades, each designed for 

a particular use.  

Steels made of stainless steel. Stainless steels are so-called because they do not corrode or rust 

readily. The most common alloying elements are chromium and nickel. Stainless steels are 

further classified into the three types listed below: 

Stainless steel that is ferritic. Apart from iron and the standard proportions of manganese and 

silicon, these steels include a maximum of 0.15% carbon, 6-12% chrome, and 0.5% nickel. 

These steels are both stainless and reasonably priced. They are magnetic as well. These steels are 

now used to make one and two rupee coins. Because these steels are basically iron-chromium 

alloys, heat treatment cannot be used to harden them. Such steel is primarily used in the 

production of dairy equipment, food processing facilities, and the chemical sector, among other 

things. 

Martensitic stainless steel  

These stainless steels have 12-18% chromium but a greater amount of carbon (0.15-1.2%). Heat 

treatment may harden these steels, but also reduces their corrosion resistance. These steels are 

used to make surgical knives, hypodermic needles, bolts, nuts, screws, and blades, among other 

things. 

Austenitic stainless steels  

These are the most essential and expensive stainless steels. Nickel is added to these steels in 

addition to chromium. Because nickel is a powerful austenite stabilizer, the microstructure of 

these steels is austenitic at room temperature. The most common stainless steel is 18/8 steel. It 

contains 18% chromium, 8% nickel, 0.08-0.2% carbon, 1.25% manganese, and 0.75% silicon. 

These steels have excellent corrosion resistance but cannot be toughened by heat treatment. They 

are, nevertheless, very vulnerable to "strain-hardening". In fact, because to strain hardening, 

machining becomes very difficult. It is widely used in home utensils, chemical factories, and 

other locations where excellent corrosion resistance is needed.Steels for tooling. A tool steel 

must be capable of becoming very hard and must also be able to sustain its hardness at high 

temperatures usually seen during the cutting of steel and other materials. "Red hardness" is the 

name given to this feature. Furthermore, tool steel should be strong and not brittle. 

The most popular tool steel is known as high speed steel (HSS). Its name suggests that it can cut 

steel at fast rates. The temperature rises faster at high cutting speeds, although high speed steel 

tools can keep their hardness up to 600-625°C. The inclusion of tungsten results in the red 

hardness attribute. H.S.S. has a normal composition of 18% tungsten, 4% chromium, 1% 

vanadium, 0.75-1% carbon, and the remainder iron. 

Tungsten is an expensive metal. It has been discovered that molybdenum may also give "red 

hardness" to steel, and that 5% molybdenum can replace 1% tungsten. Molybdenum is much less 

expensive than tungsten. T-series steels are made of tungsten, whereas M-series steels are made 

of molybdenum. A particularly valuable H.S.S. has tungsten (6%), molybdenum (6%), 

chromium (4%), and vanadium (2%), in addition to iron and carbon. 
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Super high speed steel is another name for H.S.S. It is intended for heavy-duty tools and contains 

10-12% cobalt, 20-22% tungsten, 4% chromium, 2% vanadium, 0.8% carbon, and the remainder 

iron.In addition to H.S.S., tools are now constructed of tungsten carbide and other materials.  

Steels with Special Alloys 

Steels containing manganese.  

To counteract the negative effects of sulphur, all steels include trace quantities of manganese. 

True manganese alloy steels have much more Mn. They have the ability to harden work. They 

are utilised for railway crossings and points, and as they are used, they grow more wear-resistant. 

Nickel-based steels 

Up to 50% nickel may be added to steel. Nickel makes the steel extremely corrosion resistant, 

nonmagnetic, and with very low coefficients of thermal expansion. These steels are utilised in 

turbine blades, internal combustion engine valves, and other applications. 

Chromium steels Chromium protects steel from corrosion and boosts its UTS and IZOD strength. 

Alloy steels with chromium and nickel added are often utilised. Nickel-chromium steel wires are 

often used in furnaces, toasters, and heaters. 

Silicon steels  

A steel having 0.05% carbon, 0.3% Mn, and 3.4% silicon has exceptionally low magnetic 

hysteresis and is commonly used for electrical machine laminations. Silico-manganese steels are 

also extensively utilised in the manufacture of springs.  

Heat Treatment of Carbon Steels 

The heat treatment object. Heat treating metals and alloys improves their mechanical 

characteristics, relieves internal tensions, and improves machinability. The characteristics of 

carbon steels may also be dramatically affected by heat treatment methods. 

Heat treatment is made up of three fundamental steps: 

Bring the metal/alloy to a certain temperature. This temperature will ideally depend on the actual 

carbon steel composition (i.e. carbon percentage), soaking or holding the metal/alloy at that heat 

flux for some time, so that the temperature across the entire cross-section becomes uniform, and 

cooling the metal/alloy at a predetermined rate in a suitable medium such as water, oil, or air. 

The most crucial component is the pace of cooling. 

Carbon Steels Receive Various Heat Treatments 

Carbon steels go through four main heat-treatment processes 

1. Annealing,  

2. Normalising 

3. Hardening 

4. Tempering 

Annealing. Annealing is used to soften the material. Internal stressors, if any, will be eliminated 

in addition to softening.Soaking duration should be set at 3-4 minutes for per millimetre 

thickness of the material's cross-section.The work item is permitted to cool within the furnace 

only after the electrical power or oil supply to the furnace is turned off. This allows the work 

item to cool at a very slow pace. Due to grain development, this process softens the material and 
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increases its ductility.Normalising entails heating to the same temperatures as recommended for 

annealing (except for high carbon steel specimens, which must be heated too much higher 

temperatures than recommended for annealing, especially as the carbon percentage in the sample 

increases), soaking, and then cooling the sample in still air. The primary goal of normalisation is 

to eliminate internal tensions and refine grain. 

Hardening. Hardening is accomplished by heating (to the same temperatures as annealing) and 

soaking. Following that, the work piece is removed from the furnace and rapidly cooled in a tank 

of cold water or oil while being forcefully agitated in the water/oil. (This chilling process is 

known as "quenching.") As a consequence, the work piece hardens. To harden, however, the 

carbon concentration of the work piece must be at least 0.25%. As a result, dead mild steel 

cannot be toughened in this manner. Mild steel will also harden somewhat if it contains more 

than 0.25% carbon. The greater the carbon content, the higher the final hardness. 

Hardened parts become very fragile, which is a significant drawback. They often fail in service. 

As a result, the hardening process is always followed by a tempering procedure.Tempering. 

Tempering entails sacrificing some hardness while losing a significant degree of brittleness 

gained during the hardening process. It is a trade-off between hardness and brittleness, such that 

a hardened component may perform usefully without failure. 

Tempering entails heating the carbon steel part to temperatures ranging from 150° to 600° C 

(depending on how much tradeoff is necessary) and cooling the component in an oil, salt, or even 

air bath. 

Hardening of the case. As previously stated, only carbon steels with a carbon concentration of 

0.25% or above may be toughened. How is dead mild steel hardened? Case hardening is the 

solution. The work item is packed in charcoal and heated similarly to annealing in this technique. 

For a few hours, it is held at that high temperature. As a consequence, carbon penetrates the 

surface of the work item to a depth of a millimetre or two, depending on the heating period.The 

work piece now has a casing with the required carbon percentage for hardening. It is then heated 

and quenched as normal. As a consequence, the surface of the component hardens while the core 

remains soft and robust.  

 

----------------------------- 
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The atom is the fundamental structural unit of matter. Each atom is made up of a positively 

charged nucleus surrounded by a sufficient number of negatively charged electrons to balance 

the charges. The atomic number and element of the atom are identified by the number of 

electrons. There are slightly more than 100 elements (not including a few additional created 

intentionally), and these elements are the chemical building blocks of all matter.There are 

parallels as well as variances among the components.  

The Periodic, may be used to classify the elements into families and build connections between 

and within the families. The arrangement of components in the horizontal direction has a 

particular recurrence, or periodicity. Metallic elements are positioned on the left and centre of the 

chart, whereas nonmetals are on the right.A transition zone comprising metalloids or semimetals 

exists between them along a diagonal.Depending on temperature and pressure, any element may 

exist as a solid, liquid, or gas. They each have a natural phase at ambient temperature and 

atmospheric pressure; for example, iron (Fe) is a solid, mercury (Hg) is a liquid, and nitrogen (N) 

is a gas. 

The components in the table are organised into vertical columns and horizontal rows such that 

commonalities between entries in the same columns occur. In the far right column, for example, 

are the noble gases (helium, neon, argon, krypton, xenon, and radon), all of which have high 

chemical stability and low reaction rates. The halogens in column VIIA (fluorine, chlorine, 

bromine, iodine, and astatine) have comparable characteristics (hydrogen is not among the 

halogens). Column IB contains noble metals (copper, silver, and gold) with comparable 

characteristics. Correlations in attributes occur between items within a specific column, while 

discrepancies exist between elements in other columns. 

Many similarities and differences between elements may be explained by their atomic structures. 

The planetary model, the simplest model of atomic structure, depicts the electrons of the atom 

revolving around the nucleus at predetermined distances termed shells, the hydrogen atom 

(atomic number 1) has one electron closest to the nucleus in the orbit. Helium (atomic number 2) 

contains two protons. The atomic structures of fluorine (atomic number 9), neon (atomic number 

10), and sodium are also shown in the illustration (atomic number 11). These theories suggest 

that there is a maximum number of electrons that can be housed in a venorbit. This seems to be 

accurate, and the maximum is described as Maximum number of electrons on an orbit 14 2n2 2:1 

where n identifies the orbit and n 14 1 is closest to the nucleus. 

The number of electrons in the outermost shell, compared to the maximum number permitted, 

influences the atom's chemical affinity for other atoms to a great amount. Valence electrons are 

electrons in the outer shell. Because a hydrogen atom only contains one electron in its single 
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orbit, it easily unites with another hydrogen atom to create a hydrogenmoleculeH2. For the same 

reason, hydrogen quickly interacts with a variety of other elements (e.g., to form H2O). Helium 

is particularly stable because the two electrons in its single orbit are the maximum permitted 

(2n2 1 42(1)2 42). Because its outermost orbit (n142) contains eight electrons (the maximum 

permitted), neon is an inert gas. 

Fluorine, unlike neon, has one less electron in its outer shell (n 14 2) than the maximum 

permitted and is easily attracted to other elements that may share an electron to form a more 

stable set. With one electron in its outermost orbit, the sodium atom seems to be divinely 

designed for the scenario. It significantly interacts with fluorine to generate the chemical sodium 

fluoride. 

Bonding Between Atoms and Molecules 

Atoms in molecules are kept together by many sorts of bonds that are dependent on the valence 

electrons. In contrast, weaker bonds draw molecules to one other, which are mainly caused by 

the electron arrangement in the individual molecules. Thus, there are two forms of bonding: (1) 

primary bonds, which are often involved with molecule production, and (2) secondary bonds, 

which are generally linked with molecule attraction. Primary bonds are much more powerful 

than secondary ones.Principal Bonds Primary bonds are distinguished by strong atom-to-atom 

attractions involving valence electron exchange depicts the several types of primary bonds: (a) 

ionic, (b) covalent, and (c) metallic. Because they include attractive interactions between atoms 

inside the molecule, ionic and covalent bonds are referred to as intramolecular bonds. 

The atoms of one element give up their outer electron’s in the ionic connection, which are then 

attracted to the atoms of another element, increasing their electron count in the outermost shell to 

eight. In general, the most stable atomic configuration (save for extremely light atoms) is eight 

electrons in the outer shell, and nature creates a very strong link between atoms to attain this 

configuration. This kind of atomic link is shown in the preceding example of the interaction of 

sodium and fluorine to generate sodium fluoride a more typical example is sodium chloride 

(table salt). Because of the electron transfer between the atoms, sodium and fluorine (or sodium 

and chlorine) ions are generated, giving rise to the name of this bonding. Low electrical 

conductivity and ductility are two properties of solid materials with ionic bonding. 

Covalent bonds are formed when electrons are shared (rather than transported) between atoms in 

their outermost shells to form a stable set of eight. Covalent bonding may be found in fluorine 

and diamond. Fshows how one electron from each of two fluorine atoms is shared to generate F2 

gas (a). In the case of diamond, which is carbon (atomic number 6), each atom shares electrons 

with four neighbours. 

This results in a highly rigid three-dimensional structure, which is not fully portrayed, and 

accounts for the material's very high hardness. Other types of carbon, such as graphite, lack this 

tight atomic structure. Covalently bonded solids have a high hardness and a poor electrical 

conductivity. 

The atomic bonding process in pure metals and metal alloys is, of course, the metallic bond. In 

general, metallic atoms have too few electrons in their outermost orbits to complete the outer 

shells of all the atoms in, say, a particular block of metal.As a result, rather than atom-to-atom 

sharing, metallic bonding includes all atoms exchanging outer-shell electrons to generate a broad 

electron cloud that pervades the whole block.In most instances, this cloud supplies the attraction 
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forces that keep the atoms together and produces a strong, rigid structure. Metallic bonding 

offers strong electrical conductivity due to the universal sharing of electrons and their freedom to 

travel inside the metal.Other common qualities of metallically bonded materials include high 

heat conduction and ductility. While some of these concepts remain undefined, the book depends 

on the reader's broad grasp of material characteristics. 

Bonds issued in the secondary market Secondary bonds, as opposed to primary bonds, entail 

attraction forces between molecules, also known as intermolecular forces. Because there is no 

electron transfer or sharing in secondary bonding, these bonds are weaker than primary bonds. 

Figure 2.6 depicts three types of secondary bonding: (a) dipole forces, (b) London forces, and (c) 

hydrogen bonding. Types (a) and (b) are sometimes referred to as van der Waals forces, after the 

scientist who examined and measured them initially. 

Dipole forces form in a molecule composed of two atoms with opposing electrical charges. As a 

result, each molecule produces a dipole, for hydrogen chloride. Although the material is 

electrically neutral in its aggregate form, individual dipoles attract each other on a molecular 

scale if the positive and negative ends of the molecules are properly oriented. Within the 

material, these dipole forces produce net intermolecular bonding. 

London forces are attractive forces that exist between nonpolar molecules; that is, the atoms in 

the molecule do not form dipoles in the sense that the previous paragraph implies. However, 

since electrons in orbit around the molecule move quickly, temporary dipoles emerge when more 

electrons are on one side of the molecule than the other, as described by Finally, hydrogen 

bonding occurs in molecules containing hydrogen atoms that are covalently bound to another 

atom (e.g., oxygen in H2O). Because the electrons required to complete the shell of a hydrogen 

atom are aligned on one side of its nucleus, the opposing side has a net positive charge, which 

attracts electrons from adjacent molecules. 

Crystalline Structures 

Atoms and molecules serve as building blocks for the more macroscopic structure of matter 

discussed here and in the section that follows. When materials solidify from a molten state, they 

tend to close ranks and pack densely, forming a highly organised structure in many 

circumstances and a less orderly one in others. There are two essentially diverse material 

structures: 

 (1) Crystalline and (2) Noncrystalline. 

This section looks at crystalline structures, followed by noncrystalline formations. Many 

materials solidify from a molten or liquid state to create crystals. It is found in almost all metals, 

as well as numerous ceramics and polymers. A crystalline structure is one in which the atoms are 

arranged in three dimensions in regular and repeating patterns. Within a single crystal, the design 

may be duplicated millions of times. The structure may be seen as a unit cell, which is the 

fundamental geometric arrangement of atoms that is repeated. Consider the unit cell for the 

body-centered cubic (BCC) crystal structure depicted in which is a typical structure in metals. 

Figure below depicts the simplest form of the BCC unit cell (a). Although this model accurately 

portrays the atom positions inside the cell, it does not reflect the tight packing of atoms that 

happens in the actual crystal, depicts the unit cell's recurring nature inside the crystal, as shown 

in Figure 3.1.  
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Figure 3.1Simplest Form ofthe Bcc Unit Cell 

Types of Crystal Structures 

Metals have three main lattice structures: (1) body-centered cubic (BCC), (2) facecentered cubic 

(FCC), and (3) hexagonal close-packed (HCP), the crystal structures of the most common metals. 

It should be noted that various metals change structure at different temperatures. Iron, for 

example, is BCC at room temperature; over 912C (1674F), it converts to FCC and then back to 

BCC (2550F). When a metal (or other material) changes structure in this way, it is said to be 

allotropic.  

Imperfections in Crystals 

So far, microstructures have been treated as though they were perfect the unit cell repeating in 

the material in all directions over and again. A flawless crystal is occasionally desired for 

aesthetic or mechanical reasons. For example, a flawless diamond (one with no faults) is more 

valuable than one with blemishes. Large single crystals of silicon have suitable processing 

qualities for generating the tiny details of the circuit layout in the fabrication of integrated circuit 

chips.However, there are many reasons why the lattice structure of a crystal may not be ideal.  

Imperfections often occur spontaneously as a result of the solidifying material's incapacity to 

continue the reproduction of the unit cell forever without interruption. Metal grain boundaries are 

one example. In certain circumstances, the defects are purposefully added during the production 

process, such as the inclusion of an alloying component to a metal to boost its strength. 

Defects are the numerous flaws in crystalline substances. Imperfections or defects are aberrations 

from the regular pattern of the crystalline lattice structure. They are classified into three types: 

(1) point flaws, (2) line defects, and (3) surface defects. 

Point defects are flaws in the crystal structure that include a single or a few atoms. Defects may 

take several forms, (a) vacancy, the most basic defect, which involves a missing atom within the 

lattice structure; (b) ion-pair vacancy, also known as a Schottky defect, which involves a missing 

pair of ions of opposite charge in a compound with an overall charge balance; (c) interstitialcy, a 

lattice distortion caused by the presence of an extra atom in the configuration; and (d) displaced 

ion, also known as 

In the lattice structure, a line defect is a linked group of point defects that form a line. The 

dislocation is the most common line defect, and it may take two forms: (a) edge dislocation and 

(b) screw dislocation. an edge dislocation is the edge of an additional plane of atoms in the lattice 

shows a screw dislocation, which is a spiral inside the lattice structure wrapped around an 

imperfection line, similar to how a screw is wrapped around its axis. Both forms of dislocations 

may develop in the crystal structure during solidification (e.g., casting) or during a deformation 
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process done on the solid material (e.g., metal forming). Dislocations may help explain several 

features of mechanical behaviour in metals. 

Surface imperfections are flaws that extend in two directions to create a boundary. 

The most apparent example is the crystalline object's exterior surface, which dictates its form. 

The surface is a break in the lattice structure. Surface boundaries may also be found inside the 

material. The finest illustration of these internal surface disruptions is grain boundaries. Metallic 

grains will be examined shortly, but first consider how deformation happens in a crystal lattice 

and how the existence of dislocations aids the process. 

Deformation in Metallic Crystals 

When a crystal is exposed to steadily increasing mechanical stress, it deforms elastically at first. 

This is analogous to a tilting of the lattice structure without any changes in position among the 

atoms in the lattice, the lattice structure (and hence the crystal) returns to its original form when 

the force is released. When the stress exceeds the electrostatic forces that keep the atoms in their 

lattice locations, a permanent shape termed plastic deformation occurs. The atoms in the lattice 

have permanently shifted from their former positions, and a new equilibrium lattice has created,  

The lattice deformation is one conceivable process for plastic deformation in a crystalline 

system, known as slip. The other is twinning, which will be described later.Slip is the relative 

movement of atoms on opposing sides of a lattice plane known as the slip plane. Because the slip 

plane must be aligned with the lattice structure (as shown in the drawing), there are certain 

favoured paths along which slide is more likely to occur. The number of slip directions is 

determined by the lattice type. 

The three most frequent metal crystal forms are more intricate, particularly in three dimensions, 

than the square lattice s. HCP has the fewest slip directions, BCC has the most, and FCC is 

somewhat in the middle. At room temperature, HCP metals have little ductility and are difficult 

to deform. If the frequency of slip directions were the sole criteria, metals having BCC structures 

would seem to have the maximum ductility. Nature, on the other hand, is not that 

straightforward. These metals are frequently stronger than the others, complicating matters; and 

the BCC metals typically need larger loads to produce slide. 

 Indeed, several of the BCCmetals have low ductility. Low carbon steel is a noteworthy 

exception; despite its strength, it is commonly employed with considerable commercial success 

in sheetmetal-forming processes due to its ductility. The FCC metals are the most ductile of the 

three crystal structures, with a good number of slip directions and (typically) low to moderate 

strength. All three from these metal formations become more ductile at higher temperatures, 

which is typically used to shape them. Dislocations are critical in promoting slide in metals. 

When a shear force is applied to a lattice structure with an edge dislocation, the material 

deforms. 

Much more easily than in an ideal framework. This is explained by the fact that in the presence 

of stress, the dislocation is set in motion inside the crystal lattice, as seen in the sequence. Why is 

moving a dislocation across the lattice simpler than deforming the lattice itself? To attain a new 

equilibrium position, the atoms at the edge dislocation need a lower displacement inside the 

deformed lattice structure. As a result, a lower energy level is required to realign the atoms into 

the new locations than if the lattice did not include the dislocation. As a result, a lower stress 
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level is needed to cause the deformation. Because the new site has a comparable deformed 

lattice, atoms continue to migrate at the dislocation at the lower stress level. 

The slide phenomenon and the impact of dislocations have been explored in detail here. Slip 

happens several times over throughout the metal when exposed to a deforming stress on a wider 

scale, leading it to display the known macroscopic behaviour. Dislocations are a mixed bag of 

good and bad news. Because of the dislocations, the metal is more ductile and quickly submits to 

plastic deformation (forming) during manufacture. However, from the standpoint of product 

design, the metal is not nearly as robust as it would be in the absence of dislocations. 

Twinning is just a second kind of plastic deformation of metal crystals. Twinning is a plastic 

deformation process in which atoms on one side of a plane (called the twinning plane) are moved 

to generate a mirror copy of the opposite side of the plane.depicts the mechanism, which is 

critical in HCP metals.Because they are not easily slipped. Aside from structure, the rate of 

deformation is an important element in twinning. The slide mechanism takes longer than 

twinning, which may happen virtually instantly. Metals that would normally slide twin in 

conditions when the deformation rate is quite high. Low- carbon steel is an example of rate 

sensitivity; when exposed to high strain rates, it twins, but at moderate rates, it slips. 

Grains and Grain Boundaries in Metals 

Each grain has its own unique lattice orientation, yet the grains are positioned arbitrarily within 

the block as a whole. This kind of structure is known as polycrystalline. It is simple to see how 

such a structure is the natural condition of the material. When the block cools from its molten 

state and starts to solidify, individual crystal nucleation occurs at random places and orientations 

throughout the liquid. As these crystals develop, they eventually collide, generating a surface 

imperfection grain boundary at their contact. The grain border is formed by a transition zone, 

which may be just a few atoms thick and is not aligned with either grain.The number of 

nucleation sites in the molten material and the bulk cooling rate, among other parameters, define 

the size of the grains in the metal block. The comparatively cool walls of the mould typically 

provide nucleation sites in a casting process, motivating a somewhat favored grain orientation at 

these walls. 

Cooling rate is inversely linked to grain size: 

Slower cooling produces larger grain size, while faster cooling produces smaller grain size. 

Metal grain size is essential because it impacts mechanical characteristics. Smaller grain size is 

often preferred in design since it signifies greater strength and hardness. It is also desired in some 

industrial activities (for example, metal forming) since it provides more ductility during 

deformation and a smoother end product surface.The existence of grain boundaries in the metal 

also influences mechanical characteristics. They indicate flaws in the crystalline structure that 

prevent dislocations from moving freely. This helps to explain why smaller grain size—and so 

more grains and grain boundaries increases metal strength. Grain boundaries contribute to a 

metal's distinctive attribute of becoming stronger as it is bent by interfering with dislocation 

movement. The characteristic is known as strain hardening. 

Noncrystalline (Amorphous) Structures 

Many essential materials, such as liquids and gases, are noncrystalline. Noncrystalline 

formations exist in water and air. When a metal is melted, it loses its crystalline structure. 

Mercury is a liquid metal at ambient temperature, having a melting point of 38 degrees Celsius 
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(37F). In their solid state, important types of engineering materials have a noncrystalline 

structure; the word amorphous is often used to characterise these materials. This group includes 

glass, various polymers, and rubber. Many essential polymers are crystalline and noncrystalline 

mixes. Even metals may be amorphous rather than crystalline if the cooling rate during the 

liquid-to-solid change is quick enough to prevent the atoms from organising themselves into 

their preferred regular patterns. This may happen if molten metal is poured between cool, tightly 

spaced, revolving rollers, for example. 

Noncrystalline materials are distinguished from crystalline materials by two closely linked 

properties: (1) the lack of long-range order in the molecules, and (2) variations in melting and 

thermal expansion characteristics. 

The crystal structure's densely packed and repeating pattern is illustrated on the left, while the 

noncrystalline materials less dense whereas random arrangement of atoms is shown on the right. 

When a metal melts, it demonstrates the difference. When compared to the material's solid 

crystalline condition, the more tightly packed atoms in the molten metal indicate an increase in 

volume (loss in density). When most materials are melted, they exhibit this effect. A major 

example is ice; liquid water is denser than solid ice. The absence of long-range order is a general 

property of liquids and solid amorphous materials, as seen on the right in our illustration.The 

melting phenomena will now be investigated in more depth, and the second significant 

distinction between crystalline and noncrystalline structures will be determined. 

As previously stated, as a metal melts from the solid to the liquid state, its volume increases. This 

volumetric shift happens relatively suddenly for a pure metal at a constant temperature i.e., the 

melting temperature Tm. The alteration reflects a break in the slopes on each side of the plot. 

The metal's thermal expansion the change in volume as a function of temperature, which is 

generally different in the solid and liquid states is characterized by the gradual slopes. The 

addition of a particular amount of heat, known as the heat of fusion, is associated with the abrupt 

volume increase when the metal transitions from solid to liquid at the melting point, causing the 

atoms to lose the dense, regular arrangement of the crystalline structure. The process is 

reversible; it may go in either way. When molten metal is cooled to its melting temperature, the 

same sudden change in volume happens except that it is a reduction, and the metal emits the 

same amount of heat. 

As the glass cools, it progressively solidifies, passing through a transition phase known as a 

supercooled liquid before becoming hard. It does not exhibit the abrupt volumetric shift that is 

typical of crystalline materials; rather, it passes through its melting temperature Tm without 

changing its thermal expansion slope. As the temperature drops in this supercooled liquid area, 

the substance becomes extremely viscous. As it cools more, a point is reached at which the 

supercooled liquid solidifies. This is referred to as the glass-transition temperatureTg. The 

thermal expansion slope has changed at this point. (The thermal contraction slope may be more 

accurate; nonetheless, the slope is the same for expansion and contraction.) The rate of heat flow 

of the solid substance is slower than that of the supercooled liquid. 

The reaction of their different atomic structures to temperature changes explains the variation in 

behaviour between crystalline and noncrystalline materials. When a pure metal solidifies from its 

molten state, its atoms form a regular and repeating structure. This crystal structure is 

significantly more compact than the random and loosely packed liquid that gave rise to it. As a 

result, the solidification process causes the sudden volumetric contraction shown in Figure 2.15 
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for the crystalline material. Amorphous materials, on the other hand, do not attain this repetitive 

and tightly packed structure at low temperatures. Because the atomic structure is the same as in 

the liquid state, there is no dramatic volumetric shift when these materials transition from liquid 

to solid.  

Engineering Materials 

Metals almost all metals exhibit crystalline formations in their solid state. These crystal 

formations' unit cells are virtually invariably BCC, FCC, or HCP. Metal atoms are kept together 

by metallic bonding, which allows their valence electrons to roam about with relative freedom 

(in comparison to other forms of atomic and molecule bonding). Metals become strong and hard 

as a result of these structures and bonding.  

Many metals, particularly the FCC metals, are extremely ductile (capable of being deformed, 

which is important in manufacturing). Other common metal attributes linked to structure and 

bonding include: strong electrical and thermal conductivity, opaqueness (resistance to light rays), 

and reflection (capacity to reflect light rays). Ceramics Ionic or covalent bonding, or both, define 

ceramic molecules. 

Metallic atoms give or share their outermost electrons with nonmetallic atoms, and there is a 

strong attraction force inside the molecules. High hardness and stiffness (even at high 

temperatures), brittleness (no ductility), electrical insulation (nonconducting) characteristics, 

refractoriness (being thermally resistant), and chemical inertness are some of the typical features 

that come from these bonding methods. 

Ceramics may be crystalline or noncrystalline in structure. Most ceramics have a crystal 

structure, while silica (SiO2) glasses are amorphous. In certain situations, both structures may 

coexist in the same carbon fibre. Silica, for example, exists naturally as crystalline quartz. When 

this material is melted and cooled, it solidifies to create fused silica, a monocrystalline mineral.  

Polymers 

A polymer molecule is made up of numerous repeating mers that combine to create extremely 

massive molecules that are bound together by covalent bonds. Polymer elements are typically 

carbon+ one or more additional elements like hydrogen, nitrogen, oxygen, and chlorine. 

Secondary bonding (van der Waals) maintains the molecules in the aggregate material together 

(intermolecular bonding). Polymers may have a glassy structure or a glassy-crystalline structure. 

There are distinctions between the three polymer kinds. The molecules in thermoplastic 

polymers are made up of long chains of mers in a linear shape. These materials can be heated 

and cooled without affecting their linear structure significantly. When thermosetting polymers 

cool from a heated plastic state, the molecules change into a hard, three-dimensional structure. 

When thermosetting polymers are warmed, they chemically deteriorate rather than soften. 

Elastomers are composed of big molecules having coiled shapes. When exposed to stress cycles, 

the uncoiling and recoiling of the molecules causes the aggregate material to display its typical 

elastic behaviour. 

Polymers have the following characteristic features due to their molecular structure and bonding: 

low density, high electrical resistivity (some polymers are employed as insulators), and poor 

thermal conductivity. Polymer strength and stiffness vary greatly. Some are robust and rigid (but 

not to the strength and stiffness of metals or ceramics), others are exceedingly elastic. 
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Non-Ferrous Metals and Alloys 

Nonferrous metals and alloys contain no substantial amounts of iron. Copper, aluminium, tin, 

lead, and zinc are the most frequent nonferrous metals utilised in engineering applications. 

Nickel, magnesium, and antimony are also used to alloy the nonferrous metals mentioned above. 

Non-Ferrous Metals: Properties and Applications 

Copper. Copper is a corrosion-resistant metal with an appealing reddish brown hue. It is an 

excellent heat and electrical conductor. It may also be formed into wires, sheets, and plates. As a 

result, it is widely employed in the electrical sector for the fabrication of armature coils, field 

coils, current carrying wires, household items, and so on. However, its greatest use stems from 

the fact that it alloys with zinc, tin, and nickel to produce brass, bronze, and cupro-nickels, all of 

which are extensively utilised in the engineering sector. As a result, copper is often employed in 

ornamental products. 

In India, there is a scarcity of copper. Every year, we import at least 50-60% of our requirements. 

Aluminium. Aluminium metal is difficult to get from its primary source, bauxite. However, 

bauxite is abundant in India, and we have a booming aluminium sector. Aluminium is also 

incredibly resistant to corrosion (because an adherent oxide layer protects it from further 

oxidation). It is yet another excellent heat and electrical conductor (although not as good as Cu). 

It is ductile and malleable, and it is far less expensive than copper. As a result, it has mostly 

supplanted copper lines in the transmission of power. It is also used to make home items like as 

pressure cookers. However, since it can be turned into thin foils, it is now widely employed in 

the beverage container and packaging industries. Its density is around one-third that of steel, 

hence it is also utilised for aeroplane and helicopter structures, as well as in transportation 

vehicles. 

In India, 1, 2, 5, 10, and 20 paisa coins were formerly constructed of an aluminum-magnesium 

alloy. Aluminium and magnesium make a range of alloys that are tougher and stronger than 

aluminium.Tin. It has a lovely silvery white colour. It is very resistant to acid corrosion. Prior to 

the introduction of plastic tin coated thin plates of thin gauge, thin gauge steel sheets were 

utilised for the fabrication of Tin cans for storing ghee, mustard, and other oils. Tin is now 

mostly utilised for alloying purposes. When tin and lead are heated together, they form a 

succession of soft solders. Tin has a rather low melting point. 

Lead. Lead is a heavy metal that appears dull grey. It offers excellent corrosion resistance and 

malleability. It was widely used for roof protection throughout Europe. It was also used in 

plumbing. It can tolerate sulphuric acid, which was formerly held in lead-lined jars. It has self-

lubricating characteristics. As a result, it was utilised in lead pencils.A tiny amount of lead is 

sometimes added to titanium and tin bronze to give free cutting qualities. 

Zinc. Zinc has a metallic blue grey look. It is very resistant to corrosion. In reality, steel sheets 

are often coated with a thin layer of zinc. These zinc-coated sheets are referred to as galvanised 

galvanized iron (G.I. sheets). For many years, the zinc coating protects steel sheets from 

corrosion. 

Zinc has a low melting point and a high fluidity, making it appropriate for the die-casting 

process. Because zinc is substantially cheaper than copper or tin, brass, an alloy of copper and 

zinc, is much cheaper than copper or tin-bronze. In addition, zinc is employed in torch light 

batteries.  
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Alloys of Copper 

Brass Brass is a copper and zinc alloy. Commercially, there are two sorts of brasses: 

1. Brass Alpha. It has up to 36% zinc and the rest is copper. 

2. Alpha and beta brass. It includes 36% to 46% Zn, with the remaining being copper. 

3. Brasses are classified into two phases: Alpha and Beta. Alpha-Beta brass is made up of both 

alpha and beta stages. 

4. Brass's tensile strength and ductility improve with increasing Zn content up to 30% zinc. 

When the zinc concentration exceeds 30%, the tensile strength improves to 45% Zn, but  

Brass ductility has significantly decreased. -phase is significantly harder and stronger than -

phase, however it is less ductile. -phase has high cold-formability and is utilised for wrought-to-

shape items. The mechanical characteristics of -brasses alter depending on how much cold work 

is done on them. - Brasses are suitable for hot working. 

-brasses are classified into two types: I red brasses having up to 20% Zn, and (ii) yellow brasses 

containing more than 20% Zn. 

Red brasses are more costly and are often utilised in applications where their colour, higher 

corrosion resistance, or workability are obvious benefits. They are weldable and have excellent 

casting and machining qualities. "Gilding-brass," or gilding metal with 5% Zn, is a well-known 

red-brass. It is used in ornamental work. Yellow brasses are the most ductile and are utilised for 

the most demanding cold forging processes. By using a deep drawing method, the cartridges are 

manufactured from a 70% Cu, 30% Zn brass, which has become known as cartridge brass. 

Other well-known brass compositions include Admirability brass, which has 29% Zn, 1% Tin, 

and the remainder copper. Muntz's metal includes 40-45% Zn and the rest is copper.  Naval brass 

is made up of 39% Zn, 1% Tin, and the rest is copper.Admiralty brass, navy brass, and muntz 

metal are all used in ship fittings, condenser tubes, preheaters, and heat exchangers, among other 

applications. 

Bronzes 

Although commercial bronzes may include additional components than tin, bronze is an alloy of 

copper and tin. In actuality, bronzes are alloys of copper with aluminium, silicon, and beryllium 

that may or may not include tin. 

Tin bronzes have a lovely golden colour. Bronzes' tensile strength and ductility improve with 

increasing tin concentration, much as brasses. More than 10% tin, on the other hand, is not 

utilised in bronze because it results in the development of a brittle intermetallic complex, Cu3Sn. 

Tin addition to copper up to 10% enhances strength, hardness, and durability significantly more 

than zinc addition to copper. 

Tin bronzes of the following types are often used: 

Phosphor-Bronze. The addition of 0.5% phosphor to tin bronze produces phosphorous bronze. 

Phosphorous enhances the fluidity of molten metal, allowing for delicate castings. 

Leaded-Bronze. The addition of lead to tin bronze produces leaded bronze. Lead is a cause of 

weakness, but it also improves machinability and possesses self-lubricating characteristics. In 

most cases, the lead percentage does not surpass 2%. 
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Gun-metal. It is made up of 2% zinc, 10% tin, and 88% copper. It is a well-known piece. This 

bronze is used for bearing bushes, glands, pumps, and valves, among other things. 

Bell metal. It is a tin bronze with a very high tin content (20-25%). When hammered with a 

hammer, it produces a pleasing tinkling sound. 

Bronzes with no tin. The following bronzes contain no tin and are well-known commercially: 

Bronze made of aluminium. The composition is 14% aluminium and the remainder copper. It has 

high strength and corrosion resistance. The colour is golden yellow. Frequently used in costume 

jewellery. 

Silicon bronze Composition: 1-4% silicon, with the remainder mostly copper. It is particularly 

resistant to corrosion. Cold workable and strain-hardenable. Used to make boiler and marine 

fittings. 

Manganese bronze the composition is 40% zinc, 55-60% copper, and 3-5% manganese. It is 

simply a brass with manganese added to it. It is used to make ship propellers. 

Beryllium bronze (IVT mechanical qualities and may be cold worked and toughened over time. 

It is primarily used for bellows, bourdon gauge tubes, and other similar applications. 

CUPRO-NICKELS 

Cupro-nickels are copper and nickel alloys. When melted together in any proportion, copper and 

nickel are entirely miscible and dissolve each other. When the alloy hardens, the solubility 

persists, resulting in a solid solution.Cupro-nickel is silvery white in colour and has excellent 

corrosion resistance. They are widely utilised in maritime fittings. They are also very strong, 

hard, and ductile. The rupee five coin is comprised of 75% copper and 25% nickel. Constantan is 

the name given to another alloy that contains 45% Ni and 55% copper. It's used to make 

thermocouples, low-temperature heaters, and resistors. 

Alloys of Aluminium 

Aluminium is a soft metal with a low tensile strength. The majority of aluminium alloys are 

created by alloying it with varying quantities of magnesium; these alloys are tougher and 

stronger. These alloys, known as L-M series alloys, may be extruded and are widely employed in 

structural applications. 

Duralumin is a well-known aluminium alloy that contains 4% copper, 0.5% magnesium, 0.5% 

manganese, a trace of iron, and the remainder aluminium. It has a high specific gravity and a 

high strength. However, its corrosion resistance is much lower than that of pure aluminium. 

Duralumin is sometimes coated or clad on both sides with a thin aluminium covering. ALCLAD 

is a material used in the aerospace industry. 

When 5-15% silicon is alloyed with aluminium, we produce temperature-resistant alloys. 

Castings consisting of Al-Si alloys are widely employed in the mass production of two-wheeler 

pistons. 

Nickel Alloys I German silver. It is a cupro nickel with zinc added to it. A common composition 

is 60 percent copper, 30 percent nickel, and 10 percent zinc. The use of zinc reduces the cost. It 

is silvery in colour with a faint pale tint. It is very ductile and malleable, as well as corrosion 

resistant. It is used to make electrical contacts, costume jewellery, and high-quality taps, among 
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other things. It was also used for domestic items and currency before to the emergence of 

stainless steel. etc 

Monel steel. It is made up of 68% nickel, 30% copper, 1% iron, and the rest manganese. 

 Nichrome. Nickel-chromium alloy used as a heat-resistant electrical wire in 

Inconel and incoloy are alloys used in furnaces and electrical heating equipment such as geysers 

and electric irons. Nickel, chromium, and iron alloys are the most common. In the electrical 

sector.  

Mechanical Properties of Materials 

A material's mechanical qualities dictate how something behaves when exposed to mechanical 

stresses. Elastic modulus, ductility, hardness, and different strength measurements are among 

these qualities. Mechanical qualities are significant in design because they affect a product's 

function and performance. 

Rely on its ability to withstand deformation under service conditions. The common goal in 

design is for the product / system to resist these pressures with little change in shape. This 

capacity is determined by factors such as elastic modulus and yield strength. In production, the 

goal is exactly the reverse. To change the form of the material, stresses that surpass its yield 

strength must be applied. Mechanical operations such as shaping and machining are successful 

because they generate forces that are greater than the material's resistance to deformation. As a 

result, the following quandary exists: Mechanical features that are desired to the designer, like as 

great strength, frequently make the product more complex to build. It is advantageous for the 

manufacturing engineer to understand the design perspective and for the designer to understand 

the manufacturing viewpoint. 

Stress–strain relationships 

Materials may be exposed to three forms of static stresses: tensile, compressive, and shear. 

Tensile tensions stretch the material, compressive stresses crush it, and shear stresses cause 

neighbouring sections of the material to move against one another. The stress-strain curve is the 

fundamental connection that defines the mechanical characteristics of all three kinds of 

materials. 

Tensile Properties 

The tensile test is the most often used method for investigating the stress-strain relationship, 

especially in metals. A force is given to the material during the test, aiming to elongate it and 

shrink its diameterASTM (American Society for Testing and Materials) standards govern the 

preparation of test specimens as well as the testing process itself. The usual specimen and 

general set of the tensile test, respectively. 

The first test specimen has a length Lo and an area Ao. The length is measured as the distance 

between the gauge markings, and the area is measured as the specimen's (typically round) cross 

section. Shows how a metal object stretches, necks, and eventually breaks under testing. As 

testing progresses, the stress and the change in length of the specimen are recorded to give the 

data needed to determine. 

As stress grows, there comes a point in the linear relationship where the material starts to give. 

The change in slope there at conclusion of the linear section in the picture identifies the 
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material's yield point Yo. Because the beginning of yielding is frequently difficult to notice in a 

test data plot (it does not usually appear as a dramatic change in slope), Y is commonly defined 

as the stress at which a strain offset of 0.2% off the straight line has occurred. More precisely, it 

is the point at which the material's stress-strain curve crosses a line parallel to the straight section 

of the curve but offset by 0.2%. Because the yield point is a material strength characteristic, it is 

also known as the yield strength (other names include yield stress and elastic limit). 

The yield point denotes the transition to the plastic zone and the beginning of the material's 

plastic deformation. Hooke's law no longer governs the link between stress and strain. When the 

load is raised beyond the yield point, the specimen elongates at a considerably quicker pace than 

previously, causing the slope of the curve to shift significantly, as seen in Figure 3.3. Elongation 

is followed by a uniform decrease in cross-sectional area, which is compatible with the 

maintenance of constant volume. Finally, consider the applied load. 

F reaches a maximum value, and the engineering stress estimated at this point is referred to as 

the material's tensile strength or ultimate tensile strength. It is indicated by the symbol TS, where 

TS 14 Fmax=Ao. In design calculations, TS and Y are critical strength characteristics. (They're 

also utilised in production calculations.) some typical yield and tensile strength values for 

various metals. Ceramic tensile testing is problematic, hence an alternate test is employed to 

determine the strength of these fragile materials. Because of viscoelasticity, polymers have 

different strength qualities than metals. 

The load starts to drop to the right of the tensile on the stress-strain curve, and the test specimen 

often begins a process of localised stretching known as necking. Instead of straining evenly 

throughout its height, straining concentrates on a tiny area of the specimen. The region of that 

segment dramatically narrows (necks) until failure occurs. The fracture stress is the stress 

estimated right before failure. 

The amount of strain that a material can withstand before failing is another mechanical attribute 

that is important in many industrial processes. The capacity of a material to elastic deformation 

stretch without fracture is a standard metric of this characteristic.  

Hardness 

A material's hardness is defined including its resistance to persistent indentation. A high 

hardness indicates that the metal is resistant to scratches and wear. Scratch is utilised in 

numerous technical applications, including the majority of industrial tooling.Because they are 

rapid and convenient, hardness tests are often used to evaluate material qualities. However, due 

to the variances in hardness among various materials, a number of testing procedures are 

applicable. Brinell and Rockwell hardness tests are the most well-known.  

Brinell Hardness Test 

The Brinell hardness test is commonly used for determining the hardness of metals and 

nonmetals ranging from low to medium. It was called after the Swedish engineer who invented it 

in the year 1900. A hardened steel (or cemented carbide) ball of 10-mm diameter is forced into 

the surface of a specimen with a weight of 500, 1500, or 3000 kg during the test. The load is then 

divided by the area of indentation to get the Brinell Rockwell Hardness (BHN). In the form of an 

equation 
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Where HB 14 is the Brinell Hardness Number (BHN), F 14 is the indentation force in kg, Db 14 

is the diameter of the ball in mm, and Di 14 is the diameter of the indentation upon that surface 

in mm. 

F depicts these dimensions. The resultant BHN have units of kg/mm2, although the units are 

frequently ignored when the number is expressed. Because the steel ball suffers elastic 

deformation, which reduces the integrity of the reading, the coated carbide ball is utilised for 

tougher materials (over 500 BHN). Furthermore, for tougher materials, greater loads (1500 and 

3000 kg) are frequently employed. Because various loads produce different findings, it is 

considered best practise to specify the load utilised in the test when reporting HB levels. 

Effect Of Temperature On Properties 

Temperature has a substantial impact on practically all material characteristics. It is critical for 

the designer to understand the material qualities of the product while it is in service. It is also 

critical to understand how temperature influences mechanical qualities in production. At high 

temperatures, materials lose strength while increasing ductility. As a result, most metals can be 

produced more readily at high temperatures than at low temperatures. 

Temperature Hardness Hot hardness is a characteristic that is often used to quantify toughness at 

high temperatures. Hot hardness is simply a material's capacity to keep hardness at high 

temperatures; it is often reported as either a list of hardness values at various temperatures or as a 

plot showing hardness vs temperature. 

Ceramics have exceptional characteristics at high temperatures. These materials are often used in 

high-temperature applications such as turbine components, cutting tools, and refractory 

materials. 

 To resist the friction heat of high-speed re-entry into the atmosphere, the exterior skin of a 

shuttle spacecraft is coated with ceramic tiles.In tooling materials used in various industrial 

activities, delicious hot hardness is also desired. Most metalworking processes create significant 

quantities of heat energy, and the tools must be able to endure the high temps involved. 

Temperature of Recrystallization The flow curve in the plastic zone describes how most metals 

behave at room temperature. The metal gains strength as it is stressed due to strain hardening 

(the strain-hardening exponent n > 0). However, strain hardening does not occur if the metal is 

heated to a sufficiently high temperature and subsequently deformed. 

Instead, strain-free new grains develop, and the metal acts like a fully flexible material, with a 

strain-hardening exponent of n14 0. Recrystallization is the process by which new strainfree 

grains form, and the temperature at which it happens is about one-half the melting point (0.5Tm), 

measured on an absolute scale (R or K). This is referred to as the recrystallization temperature. 

Recrystallization is a time-consuming operation. The recrystallization temperature of a certain 

metal is often described as the temperature at which full production of new grains takes about 1 

hour. 
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Recrystallization is a temperature-dependent metal property that may be used in manufacturing. 

The amount of stress that the metal can withstand is dramatically enhanced by heating it to the 

melting point before deformation, and the forces and power needed to carry out the operation are 

significantly decreased. Hot working refers to the process of forming metals at temperatures 

higher than the recrystallization temperature. 

-------------------------- 
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Fluids and solids react quite differently. A fluid moves; it takes on the form of the container in 

which it is contained. A solid has a geometric shape that is independent of its surroundings; it 

does not flow. Fluids encompass both liquids and gases; this section focuses on the former.Many 

industrial procedures are carried out on materials that have been heated from a solid to a liquid 

state. Metals are cast when molten; glass is created while heated and very fluid; and polymers are 

virtually usually fashioned as thick fluids. 

Viscosity although flowing is a distinguishing feature of fluids, the inclination to flow varies 

depending on the fluid. The attribute that governs fluid flow is viscosity. The resistance to flow 

that is typical of a fluid is roughly described as viscosity. It is a measure of the internal friction 

that occurs when velocity gradients exist in a fluid the higher the internal friction and the greater 

the resistance to flow, the more viscous the fluid.  

Fluidity is the reciprocal of viscosity the ease with which a fluid flows.Viscosity is defined more 

accurately in relation to the configuration which consists of two parallel plates separated by a 

distance d. One plate is fixed, the other is moving at v, and the gap between the plates is filled 

with fluid. When these parameters are oriented relative to an axis system, d is on the y-axis and v 

is on the x-axis. 

The top plate's motion is resisted by force F, which is caused by the fluid's shear viscous action. 

By dividing F but by plate area, this force may be converted to a shear stress. AFluids and solids 

react quite differently. A fluid moves; it takes on the form of the container in which it is 

contained. A solid has a geometric shape that is independent of its surroundings; it does not flow. 

Fluids encompass both liquids and gases; this section focuses on the former. 

Many industrial procedures are carried out on components that have been heated from a solid to 

a liquid state. Metals are cast when molten; glass is created while heated and very fluid; and 

polymers are virtually usually fashioned as thick fluids.Viscosity although flow is still a 

distinguishing feature of fluids, the inclination to flow varies depending on the fluid. The 

attribute that governs fluid flow is viscosity. The resistance to flow that is typical of a fluid is 

roughly described as viscosity. It is a measure of the internal friction that occurs when velocity 

gradients exist in a fluid the higher the internal surface roughness and that the greater the 

resistance to flow, the more viscous the fluid. Fluidity is the reciprocal of viscosity the ease with 

which a fluid flows. 

Viscosity is defined more accurately in relation to the configuration which consists of two 

parallel plates isolated by a distance d. One plate is fixed, the other is moving at v, and the gap 

between the plates is filled with fluid. When these parameters are oriented relative to an axial 
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system, d is on the y-axis and v is on the x-axis. The top plate's motion is resisted by force F, 

which is caused by the fluid's shear viscous action. By dividing F but by plate area, this force 

may be converted to a shear stress.  

Viscoelastic Behavior of Polymers 

Viscoelasticity is another attribute that distinguishes polymers. Viscoelasticity is a material 

attribute that governs the strain it endures when exposed to stress and temperature combinations 

over time. It is a mix of viscosity and elasticity, as the name implies the substance in (b), on the 

other hand, exhibits viscoelastic behaviour. Under the given load, the strain amount 

progressively rises over time. When tension is removed, the material does not instantaneously 

revert to its previous form; rather, the strain progressively decays. If the stress had been applied 

and then quickly released, the material would have instantaneously reverted to its original form. 

However, time has entered the picture and has influenced the material's behaviour. 

Using the notion of elasticity as a starting point, a basic model of viscoelasticity may be created. 

Hooke's law, s 14 Ee, expresses elasticity succinctly by relating stress to strain through a 

proportionality constant.  

The time function f(t) may be thought of as a time-dependent modulus of elasticity. It is also 

known as a viscoelastic modulus and may be written as E(t). The shape of this time function may 

be complicated, with strain being a role at times. Without delving into the mathematical 

formulations, the impact of temporal dependence may be investigated.  depicts the stress-strain 

behaviour of a thermoplastic polymer at varied strain rates and reveals one consistent effect. The 

material displays substantial viscous flow at low strain rates. At high strain rates, it becomes 

significantly more brittle. 

Temperature influences viscoelasticity 

As the temperature rises, viscous behaviour becomes more dominant in comparison to elastic 

behaviour. The substance transforms into a fluid. This temperature dependency for a 

thermoplastic polymer is. 

The material exhibits elastic properties at low temperatures. The polymer becomes viscoelastic 

when T rises over the glass transition temperature Tg. It gets soft and rubbery as the temperature 

rises. It shows viscous qualities at higher temperatures. Depending on the plastic, the 

temperatures at which different forms of action are seen vary. Furthermore, the forms of the 

elasticity versus temperature curve vary according of the ratio of crystalline and amorphous 

structure in thermoplastic.  

Thermosetting polymers and elastomers react differently than illustrated in the picture; after 

curing, these polymers do not soften in the same way as thermoplastic materials do at high 

temperatures. Instead, at high temperatures, they deteriorate (char). 

Shape memory is a manifestation of viscoelastic behavior in polymer melts. As the viscous 

polymer melt is converted from one shape to another during processing, it "remembers" its prior 

shape and strives to return to that geometry. Die swell, for example, is a typical issue in polymer 

extrusion. This occurs when the profile of the extruded material expands in size, reflecting its 

inclination to revert to its larger cross section in the extruder barrel shortly before being pushed 

through the smaller die aperture. The features of viscosity and deformability are discussed in 

further depth in the section on plastic shape. 
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Basic Metal Forming Processes and Uses 

Metal forming operations, also known as mechanical working processes, are basic shaping 

processes that involve the application of mechanical forces to a mass of metal or alloy. The form 

and size of a metal object change as a result of the action of such forces. Mechanical working 

procedures may accomplish the desired form and size of a machine component while saving both 

material and time. 

Metal forming is achievable in the event of adequately malleable and ductile metals or alloys. 

Mechanical working necessitates "plastic deformation" of the material during processing. 

Frequently, work piece material is not malleable or ductile enough at room temperature, but it 

may become so when heated. As a result, we have both hot and cold metal forming operations. 

Many metal forming methods are appropriate for processing huge amounts (i.e., bulk) of 

material, and their applicability is determined not only by the product's shape and size control, 

but also by the surface finish achieved. There are several metal forming procedures, and some 

provide superior geometry (i.e., shape and size) and surface polish than others. However, they 

are not equivalent to what machining operations can produce. In addition, hot working metal 

forming procedures provide superior shape, size, and surface polish than hot working processes. 

Hot working causes surface oxidation and decarburization, scale development, and a loss of size 

control owing to work piece contraction as it cools to room temperature.  

Advantages of Mechanical Working Processes 

Mechanical working procedures provide many benefits over traditional production processes, in 

addition to increased productivity. These are listed below: 

Mechanical working enhances material mechanical qualities such as ultimate tensile strength, 

wear resistance, hardness, and yield point while decreasing ductility. "Strain hardening" is the 

term for this phenomena. 

It causes grain flow lines to form in the portion being mechanically manipulated. When the 

component is in use, the grainflow enhances the strength against fracture. This is best shown by 

using a crankshaft as an example. If the crankshaft is machined from a big bar of steel, 

In a cross-section, the particle flow lines are severed at bends, however in a crankshaft formed by 

forging (a mechanical working technique), the grain flow lines follow the whole contour of the 

crankshaft, strengthening it. 

Metal grains are bent and lengthened in the direction of metal flow during mechanical action. As 

a result, they provide extra layer to fracture across them. As a result, mechanically treated 

components have greater mechanical strength in one direction, namely across the grain flow. 

Difference between Hot and Cold Working 

Cold working (or cold forming, as it is often known) is the failure mode of metals and alloys at 

temperatures lower than the recrystallisation temperature of that metal or alloy. When this 

occurs, the strain hardening that occurs as a consequence of mechanical functioning does not 

occur. 

Relieved. In reality, when the metal or alloy hardens, more and more power is needed to generate 

additional plastic deformation. If the impact of strain hardening is not eliminated after a while, 

the forces used to generate plastic deformation may eventually cause cracking and material 
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failure. Hot working is defined as plastic deformation of metals and alloys at such temperatures 

that recovery and recrystallisation occur concurrently with strain hardening. This temperature is 

higher than the recrystallisation temperature.  

Hot working done correctly will result in a fine-grained recrystallised structure of the metal or 

alloy. A note on recrystallisation temperature might be appropriate here. Recrystallisation 

temperature is a temperature range rather than a specific temperature. Its worth is determined by 

a number of things. Among the critical elements are: 

I Metal or alloy nature: It is typically lower for metals and greater for alloys. Recrystallisation 

temperature is typically one-third of melting temperature for pure metals and half of melting 

temperature for alloys. 

Quantity of cold work previously done: As the amount of strain-hardening done on the work 

piece grows, the recrystallisation temperature decreases. 

Strain-rate: The lower the recrystallisation temperature, the faster the strain hardening. The 

recrystallisation temperature range for mild steel is 550-650°C. Room temperature may be used 

to calculate the recrystallisation temperature of low melting point metals such as lead, zinc, and 

tin. Strain hardening effects may be eliminated by annealing just above recrystallisation 

temperature. 

Advantages and Disadvantages of Cold and Hot Working Processes 

Cold working is done mostly at room temperature, no surface oxidation or tarnishing occurs. 

There is no scale formation, hence there is no material loss. In heated working conditions,  

1. The inverse is true. Furthermore, heat working of steel causes partial decarburisation of the 

work piece surface because carbon is oxidised as CO2. 

2. Cold working improves dimensional precision and produces a brilliant surface. Cold rolled 

steel bars are hence known as brilliant bars, whilst hot rolled steel bars are known as black 

bars (they appear greyish black due to oxidation of surface). 

3. Heavy work hardening occurs during cold working, which enhances the strength and 

hardness of bars but also implies that large pressures are needed for deformation, increasing 

energy consumption. This is not the case while working in a heated environment. 

4. Cold working techniques cannot produce complicated forms because of their poor ductility 

at room temperature. 

5. Cold working causes severe internal strains in the metal. If these pressures are not released, 

the produced component may fail early in service. There are no residual internal tensions in 

hot working, and the mechanically worked structure is superior to that generated by cold 

working. 

6. At high temperatures, the strength of materials decreases. At high temperatures, its 

malleability and ductility improve. As a result, for hot working operations, minimal capacity 

equipment is necessary. In the event of hot working operations, the pressures on the working 

tools likewise decrease. 

7. During hot working, blow holes and interior porosities are sometimes eliminated by welding 

action at high temperatures. 
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8 Non-metallic inclusions in the work piece are shattered. Metallic and non-metallic 

segregations are also minimized or eliminated in hot working because high temperatures 

encourage diffusion, making the composition more homogeneous over the whole cross-

section. 

Classification of Metal Forming Processes According To Type of Stress Employed 

Primary metal working procedures are those in which bulk material, such as ingots, blooms, and 

billets, is broken down into appropriate forms and sizes by processes such as forging, rolling, 

extrusion, and so on. These procedures may be classified based on the kind of stress utilized in 

the material, namely: 

1. Primarily compression type (Examples: forging, rolling, extrusion etc.). 

2. Primarily tension type (Example: drawing). 

3. Compression and tension together (Examples: deep drawing, embossing etc.). 

Thermal Expansion 

The density of a substance varies with temperature. The basic rule is that as temperature rises, 

density decreases. In other words, when temperature rises, so does the volume per unit weight. 

The impact of temperature on density is known as thermal expansion. It is often represented in 

mm/mm/C (in/in/F) as the coefficient of thermal expansion, which quantifies the displacement 

per degree of temperature. Because it is simpler to measure and apply, it is a length ratio rather 

than a volume ratio. This is consistent with the ordinary design scenario in which dimensions 

changes are more important than volumetric changes. The length change associated with a 

particular changes in temperature is given by 

The coefficient of thermal expansion values indicate a linear connection with temperature. This 

is merely a rough estimate. Temperature has an effect not only on length but also on the thermal 

expansion coefficient. It rises with temperature for certain materials and lowers for others. These 

variations are typically not severe enough to cause worry, and numbers like those in the table are 

very valuable in design calculations for the temperature ranges that will be encountered in 

service. When a metal undergoes a phase transition, such as from solid to liquid or from one 

crystal structure to another, changes in the coefficient become more pronounced. 

Thermal expansion is used in manufacturing processes in shrink fit and expansion fit assemblies, 

in which a component is heated to expand its size or chilled to reduce its size to allow insertion 

into another part. When the component cools to room temperature, it forms a securely fitting 

assembly. Because of the thermal stresses that arise in the material during these operations, 

thermal expansion might be a concern in heat treatment. 

Melting Characteristics 

The melting point of a pure element Tm denotes the temperature at which the substance 

transitions from solid to liquid. The freezing point is the temperature at which the reverse 

transition from liquid to solid happens. Melting and freezing temperatures are the same for 

crystalline materials such as metals. At this temperature, a particular quantity of heat energy, 

known as the heat of fusion, is needed to complete the change from solid to liquid.As previously 

explained, melting a metal particle at a certain temperature assumes equilibrium circumstances. 

In nature, exceptions exist; for example, when a molten metal is cooled, it may persist in the 

liquid state below its freezing point if crystal nucleation does not occur promptly. The liquid is 

considered to be supercoiled when this occurs. 
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Other variables in the cooling process include changes in how melting happens in various 

materials. Most metal alloys, unlike pure metals, do not have a single melting point. Instead, 

melting starts at a certain temperature known as the solidus and continues as the temperature 

rises, eventually converting entirely to the liquid state at a temperature known as the liquidus. 

The alloy is a combination of solid and molten metals between the two temperatures, with the 

proportions of each being inversely proportional to their respective distances from the liquidus 

and solidus. Although most alloys act in this manner, eutectic alloys that melt (and freeze) at a 

single temperature are exceptions. These concerns are addressed in the phase 

discussion.Noncrystalline materials exhibit still another distinction in melting (glasses). These 

materials gradually shift from solid to liquid states. As the temperature rises, the solid substance 

softens progressively, eventually becoming liquid at the melting point. As the material softens, 

its consistency becomes more plastic (more like a fluid) as it approaches the melting point. The 

variations in melting qualities between pure metals, alloys, and glass. The graphs depict density 

variations as a function of temperature for three hypothetical materials: pure metal, alloy, and 

glass. 

Melting is obviously important in production. Metal casting melting metal and pouring it into a 

mould cavity. Metals with lower melting temperatures are often simpler to cast, but if the 

melting temperature is too low, the metal loses its technical usefulness. Polymer melting 

properties are crucial in plastic moulding and other polymers shaping operations Melting points 

must be known when sintering powdered metals and ceramics. 

Sintering does not melt the materials, but the temperatures employed in the process must 

approach the melting point in order for the powders to join properly. 

Thermal Properties 

The impact of temperature on the volumetric characteristics of materials occupied most of the 

preceding section. Temperature, melting, and heat of fusion are all thermal characteristics 

because temperature impacts the thermal energy level of the atoms, causing material changes. 

The present section looks at a few more thermal characteristics, which are concerned with the 

storage and transfer of heat inside a material. Specific heat and heat capacity are common 

qualities of importance, with data provided for chosen materials. 

A material's volumetric heat storage capability is often of interest. Simply multiply density by 

specific heat rC. Thus, volumetric specific heat is defined as the amount of heat energy necessary 

to increase the temperature of a particular volume of material by one degree, expressed as J/mm3 

C (Btu/in3 F). Conduction is the most basic heat-transfer technique. It entails the transmission of 

thermal energy inside a substance from molecule to molecule by only thermal movements; no 

mass is transferred. A substance's thermal conductivity is hence its capacity to move heat 

through itself through this physical process. It is measured by the thermal conductivity 

coefficient k, which has usual values of J/s mm C (Btu/in hr F). Metals have a high coefficient of 

heat conductivity, whereas ceramics and polymers have a low value. In heat transfer studies, the 

ratio of thermal conductivity and volumetric specific heat is commonly encountered. It is known 

as thermal diffusivity K and is calculated as K 14 k rC 4:3.  

Thermal Properties in Manufacturing 

Heat production is ubiquitous in so many operations, thermal characteristics are significant in 

manufacturing. In certain activities, heat is the energy that drives the process; in others, heat is 
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produced as a byproduct of the process. For numerous reasons, specific heat is of importance. 

Specific heat defines the amount of heat energy required to increase the temperature to a 

desirable level in operations that involve heating of the material (example, casting, heat 

treatment, and hot metal forming),  

Many procedures performed at room temperature transfer the mechanical energy needed to 

complete the action to heat, raising the temperature of something like the workpart. This is 

frequent in metal machining and cold forming. The temperature increase is proportional to the 

specific heat of the metal. Coolants are often employed in machining to lower these 

temperatures, and the heat capacity of the fluid is crucial. Because of its tremendous heat-

carrying capability, water is nearly typically used as the foundation for these fluids.Thermal 

conductivity is used to disperse heat in industrial operations, which may be advantageous or 

detrimental. Much of the power necessary to run mechanical operations such as metal forming 

and machining is transferred to heat. In these operations, the capacity of the work material and 

equipment to transmit heat away from its source is particularly desired. 

High thermal conductivity of the work metal, on the other hand, is undesirable in fusion welding 

methods such as arc welding. The heat input in these processes must be focused at the joint area 

in order for the metal to melt. Copper, for example, is notoriously difficult to weld due to high 

thermal conductivity, which enables heat to be transferred from the energy source into the work 

too quickly, preventing heat accumulation for melting at the joint. 

Mass Diffusion 

There is mass transfer in addition to heat transmission in a material. The movement of atoms or 

molecules inside a material or across a border between two materials in contact is referred to as 

mass diffusion. It may seem more intuitive that such a phenomena happens in liquids and gases, 

but it also occurs in solids. It occurs in pure metals, alloys, and materials with a shared interface. 

Atoms in a substance (solid, liquid, or gas) are constantly moving about due to thermal agitation. 

It is a free-roaming movement in liquids and gases with considerable thermal agitation. Atomic 

mobility in solids (particularly metals) is aided by vacancies and other flaws in the crystal 

structure. 

The set of drawings in diffusion in the situation of two metals coming into close contact for the 

first time. Both metals have their own atomic structure at first, but over time, there is an 

interchange of atoms not just across the border, but also inside the distinct parts. Given enough 

time, the assembly of two components will eventually achieve a homogeneous composition all 

the way through. 

Temperature has a vital role in diffusion. Thermal agitation is stronger at higher temperatures, 

and atoms may move about more easily. The concentration gradient dc=dx, which represents the 

concentration of the two kinds of atoms in a direction of interest determined by x, is another 

component the concentration gradient is displayed to correspond to the instantaneous distribution 

of atoms in the assembly. Fick's first law is a well-known connection for describing mass 

diffusion: 
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where dm 14 indicates a tiny quantity of material moved, D 14 represents the metal's diffusion 

coefficient, which rises quickly with temperature, dc=dx14 concentration gradient, A14 border 

area, and dtre denotes a short time increment. The mass diffusion rate is given by an alternate. 

 

Although these equations are difficult to apply in computations due to the difficulty in 

determining D, they are useful in understanding diffusion and the factors that influence D. 

Mass diffusion is employed in a variety of procedures. Diffusion is the basis for a variety of 

surface-hardening procedures, including hardening and nitridingDiffusion welding s a welding 

procedure that is used to unite two components by forcing them together and enabling diffusion 

to occur over the boundary to establish a permanent bond.In electronics production, diffusion is 

utilised to change the surface characteristics of a semiconductor chip in extremely limited places 

to generate circuit details. 

Resistivity and Conductivity 

The mobility of charge carrier’sinfinitesimally tiny particles with an electrical charge is required 

for the passage of electrical current. These charged particles are electrons in solids. Charge 

carriers in a liquid solution are positive and negative ions. The presence of an electric voltage 

drives the movement of charge carriers, which is resisted by the intrinsic property of the 

material, such as atomic structure and bonding between the atoms and molecules. Ohm's law 

defines this as a familiar connection. 

The fundamental attribute that characterises a material's capacity to resist current flow is its 

resistivity.Shows resistivity values for several materials. Resistivity is not a constant; rather, it 

fluctuates with temperature, as do many other qualities. It rises with temperature for metals.  

It is often easier to think of a substance as transmitting electrical current rather than preventing 

its passage. A material's conductivity is just the reciprocal of its resistivity 

Classes of Materials by Electrical Properties 

Because of their metallic bonding, metals are the finest conductors of electricity. They have the 

least amount of resistance (Most ceramics and polymers are poor conductors because their 

electrons are strongly linked by ionic and ionic bonds. Because of their high resistivity’s, several 

of these materials are utilised as insulators. 

Because the word dielectric signifies nonconductor of direct current, an insulator is sometimes 

referred to as a dielectric. It is a substance that may be sandwiched between two electrodes 

without allowing electricity to flow between them. However, if the voltage is high enough, the 

current will travel through the material abruptly, such as in the form of an arc. The electrical 

potential needed to break down an insulator per unit width is the dielectric strength of the 

substance. Volts/m (volts/in) are the appropriate units.There are superconductors and 

semiconductors in addition to conductive layers (or dielectrics). A superconductor is a substance 

with no resistance. It is a low-temperature phenomena that has been seen in certain materials. 

Getting close to absolute zero. Because of the enormous influence that temperature has on 

resistivity, one may assume the presence of this phenomena. The existence of these 

superconducting materials is of tremendous scientific significance. If materials with this ability 

at more typical temperatures could be created, it would have substantial practical consequences 
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in power transfer, electronic switching rates, and magnetosphere applications.Semiconductors 

have previously shown their utility: Their applications span from computers to home products 

and engine controls in automobiles. A semiconductor, as the name implies, is a substance whose 

resistance sits between insulators and conductors. Shows the usual range. Silicon is the most 

extensively used semiconductor material nowadays, owing to its abundance in nature, cheap 

cost, and simplicity of processing. What distinguishes semiconductors is their ability to 

drastically modify conductivities in surface chemistries in extremely limited locations in order to 

construct integrated circuits  

Electrical qualities are crucial in many industrial processes. 

Electrical energy is used in some of the unconventional procedures to remove material. Electric 

discharge machining removes material from metals by using the heat created by electrical energy 

in the form of sparks. The majority of essential welding procedures rely on electrical energy to 

dissolve the joint metal. Finally, the ability to modify the electrical characteristics of 

semiconductor materials serves as the foundation for microelectronics production. 

Electrochemical Processes 

Electrochemistry is the study of the link between electricity and chemical processes, as well as 

the conversion of electrical and chemical energy. 

The molecules of an acid, base, or salt are split into positively and negatively charged ions in a 

water solution. These ions are the charge carriers in the solution, allowing electric current to flow 

in the same way as electrons do in metallic conduction. The ionized solution is referred to as an 

electrolyte, and electrolytic conduction needs current to enter and exit the solution via electrodes. 

The positive electrode is known as the anode, while the negative electrode is known as the 

cathode. The whole setup is known as an electrolytic cell. At each electrode, a chemical reaction 

occurs, such as material deposition or dissolution, or gas decomposition from the solution. 

These chemical changes in the solution are referred to as electrolysis. Consider one example of 

electrolysis: water breakdown, to speed up the process, the electrolyte is dilute sulfuric acid 

(H2SO4), while the electrodes are platinum and carbon (both chemically inert). The electrolyte 

dissociates into H and SO4 14. The highly reactive cathode attracts the hydrogen ions.When they 

get there, they pick up one electron and unite to form molecules of hydrogen gas: The result 

H2SO4 is separated intoions of H+ and SO4 14, and the process is repeated. 

Electrolysis is utilised in a variety of industrial operations in addition to the creation of hydrogen 

and oxygen gases, as indicated by the example.Electroplating, which applies a thin coating of 

one material (e.g., chromium) to the surface of a second metal (e.g., steel) for ornamental or 

other reasons; and electrochemical machining which removes material off the surface of a metal 

item. Both of these processes use electrolysis to add or remove material from the surface of a 

metal object. In electroplating, the workpiece serves as the cathode in an electrolytic circuit, 

attracting positive ions from the coated metal to the negatively charged portion. The work part is 

the anode in electrochemical machining, while the cathode is a tool with the required form. In 

this configuration, electrolysis removes metal from the component surface in locations dictated 

by the geometry of the tool as it progressively feeds into the work. 

Michael Faraday, a British physicist, initially articulated the two physical rules that regulate the 

quantity of material deposited or withdrawn from a metallic surface: 



 
50 Components of Manufacturing Processes 

1. The mass of a material released in an electrolytic cell is proportional to the amount of 

electricity that passes through the cell. 

2. The masses of the substances freed are proportionate to their chemical counterparts when the 

same amount of power is transmitted through various electrolytic cells. 

Faraday's laws are used in the following sections on electrodeposition and electrochemical 

machining.  

Forging 

Metal and alloys are distorted to the desired forms in forging by repeatedly striking them with a 

hammer. It is normally done hot, although cold forging is however done on occasion. The raw 

material is often a piece with a round or rectangle cross-section that is somewhat bigger in 

volume than the completed component. Depending on the final application of the component, it 

forged item may be utilised as is, or it may need to be machined to the necessary size and 

tolerances. As a result, the initial amount of material taken must account for loss due to scaling 

as well as the machining allowance. 

Classification of Forging 

Forging may be done by hand or using power hammers. Hydraulic presses are sometimes used 

for forging. 

Hand Forging: Under the action of compressive pressures caused by hammer blows, the material 

expands laterally, that is, in a direction perpendicular to the direction of the hammer blows. 

Brittle materials, such as cast iron, cannot be forged because they will break under hammer 

blows. An ordinary blacksmith uses an open-hearth with coke (or sometimes steam coal) as fuel 

to heat the metal, and once it is red-hot, the blacksmith's assistant (called striker on hammer 

man) delivers blows on the metal piece while a blacksmith holds it on an anvil and manipulates it 

with a pair of tongs. This method of forging is known as "hand forging," and it is only 

appropriate for tiny forgings and low-volume manufacturing. 

Drawing down: This is the opposite of the upsetting process. This procedure increases length 

while decreasing cross-sectional area. Cutting: This procedure involves eliminating excess metal 

from the task before completing it with hot chisels. 

Bending: A blacksmith is often used to bend bars, flats, and other similar materials. To make a 

bend, first heat the section at the bend point then leap (upset) it on the outside surface. This adds 

material so that the cross-section at the bend does not shrink owing to elongation after bending. 

Punching and drifting: Punching is an operation that involves forcing a punch through the work 

item to create a rough hole.The project is heated, held on the anvil, and a punch of appropriate 

size is hammered to roughly half the depth of the job. The work is then flipped upside down, and 

punch is pushed in from the opposite side, this time completely. 

Punching is frequently followed by drifting, or driving a drift through and through the punched 

hole. This results in a superior hole in terms of size and quality. Setting down and finishing: 

Setting down is the process of removing the rounding from a corner to make it square. It is 

accomplished with the use of a set hammer. After the project has been roughly brought to the 

required form and size, finishing is the operation in which the uneven surface of the forging is 

smoothed out with the use of a flatter or set hammer and round stems are finished to size with the 

use of swages.Forge welding: It is sometimes essential to unite two pieces of metal. Steel forge 
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welding is extremely frequent and consists of heating the two ends to white heat (1050°C - 

1150°C). The two ends of steel are then brought together after the surfaces under joining have 

been given a modest convex form. Scale is removed from the surfaces. Then they're hammered 

together using borax as a flux. The hammering begins in the Centre of the convex surface and 

continues to the ends. As a consequence, the slag is pressed out of the joint. 

Hammering is carried out until a sound joint is created. There are many sorts of joints that may 

be formed, including butt joints, scarf joints, and splice joints.(b) Forging using Power 

Hammers: Hand forging is only used for minor forgings. When a massive forging is needed, 

relatively weak blows from a striker's hand hammer or sledge hammer will not create 

considerable plastic flow of the material. As a result, more powerful hammers are required. 

Forging has been done using several types of power hammers driven by electricity, steam, and 

compressed air (i.e., pneumatic). These hammers are now described in detail (Figure 4.1). 

 

Figure 4.1 represents the parts of forging process  

Electrochemistry is a branch of science that studies the link between electricity and chemical 

changes, as well as the conversion of electricity to chemical changes. An electric motor turns a 

pair of pulleys, one loose and one fast, in this configuration. The unsecured pulley spins 

aimlessly on its shaft. The fast pulley is secured to its shaft by a key, so that as the fast pulley 

turns, so does the shaft. Because the shaft has an eccentric sheave on it, when the electric motor 

turns the fast pulley, the eccentric sheave rotates with it, imparting vertical reciprocator motion 

to the connecting rod. The connecting rod's upper end is attached to one end of a laminated 

bearing spring. The other end of this spring is attached to a ram that may move up and down in a 

vertical guide built into the machine frame at the front of the machine. A tup (and, if necessary, a 

die) is attached to this ram. An anvil on a base is also lying vertically under the ram and tup. 

When the hammer operator depresses the treadle with his foot, the motor is linked to the fast 

pulley, and when the connecting rod goes up, the front end of the spring moves down, causing 

the spring buckle in the centre of the spring to be pivoted. The ram travels up when the 
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connecting rod slides down. Thus, the spinning of the motor causes the ram and tup to move up 

and down, which is utilised to hammer the work piece held on the anvil. 

There is usually a mechanism for adjusting the pivot's location. The vertical movement of the 

ram and tup increases as the pivot is relocated towards the connecting rod, as does the intensity 

of the hammering action. When the foot is taken from the treadle, the motor is activated. To the 

loose pulley, and an automated brake engages, instantaneously halting the pounding operation. 

Spring hammers were manufactured in a variety of sizes, with tups weighing from 30 to 250 kg 

and capable of producing up to 300 blows per minute.The molecules of an acid, bases, or salt are 

split into positively and negatively charged ions in a water solution. These ions are the charge 

carriers in the solution, allowing electric current to flow in the same way as electrons do in 

metallic conduction. The ionised solution is referred to as an electrolyte, and electrolytic 

conduction needs current to enter and exit the solution via electrodes. The positive electrode is 

known as the anode, while the negative electrode is known as the cathode. The whole setup is 

known as an electrolytic cell. At each electrode, a chemical reaction occurs, such as material 

deposition or dissolution, or gas decomposition from the solution. These chemical changes in the 

solution are referred to as electrolysis. 

Consider one example of electrolysis: water breakdown, as demonstrated in to speed up the 

process, the electrolyte is dilute sulfuric acid (H2SO4), while the electrodes are platinum and 

carbon (both chemically inert). The electrolyte dissociates into H and SO4 14. The negative 

charge cathode attracts the hydrogen ions. An electric motor turns a crank, which in turn pushes 

a connecting rod (D) back and forth, converting the crank's rotating motion into a reciprocating 

motion. This reciprocating action is transmitted to a piston within cylinder 'C'. The cylinder and 

piston assembly are outfitted with appropriate air input ports, allowing the complete unit to 

function as a reciprocating air compressor, compressed air may be transferred to another piston 

piston assembly B. The hammerman or person operating this hammer operates this air valve A 

using the handle depicted in the picture H. When air valve A is entirely closed, the supply of air 

to cylinder B is cut off, and the piston of cylinder B rests at the bottom position. Its tup, which is 

connected to the piston through a piston rod (P), is resting on the anvil at this point. When the air 

valve 'A' is opened, the compressed air from cylinder C is sent to cylinder B, a double acting 

cylinder. The compressed air enters below the piston, raising it, and then enters above the piston, 

pushing it downward with enormous power. This upward and downward motion of the piston in 

cylinder B is transmitted to the tup, which travels in a vertical guide V supplied in the power 

hammer frame, and the tup impacts the work piece held on the anvil. 

The intensity of the blows may be regulated by adjusting the opening of air valve a, ranging from 

very light to extremely heavy. The weight of moving elements, including the tup in cylinder B, 

determines the hammer's capacity. Pneumatic hammers come in capacities ranging from a 

quarter to five tonnes. 

Steam hammers: These hammers vary from the pneumatic hammer in that they need a separate 

boiler to generate steam. Thus, cylinder 'C' of the pneumatic hammer is not necessary in a steam 

hammer. Cylinder B's piston is driven by steam taken from the boiler and is controlled by a 

simple slide valve system. Because the steam pressure is higher than the cabin pressure in 

pneumatic hammers, the striking force in steam hammering is greater than in pneumatic 

hammers of comparable size. 

-------------------------- 
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Power hammer tools are similar in form to hand forging tools, but they are bigger and more 

durable. To the greatest extent feasible, every effort is put in to complete the needed form in a 

single heat. Typically, the bottom surface of the tup and the top of the anvil are flat, as in hand 

forging, however dies are often used to enhance output and save costs. The top die is firmly 

connected to the tup, while the lower die is securely fitted to the anvil. One half of the completed 

job's imprint is sunk in the top die, while the other half is buried in the bottom die. The right 

amount of raw material is heated in the furnace and given a rough form initially. Following that, 

it is put on the bottom die and strokes are delivered with the tup and top die. The substance 

spreads to cover all the empty space in the die imprints. This kind of forging is known as die 

forging. There are three common die forging procedures. There are three types of forging: open 

die forging, impression die forging, and sealed die forging. 

Open Die Forging 

The metal is never entirely contained or restricted on all sides in this sort of forging. The 

majority of open die forgings are made on flat, V, or swaging dies. Swaging dies are often 

spherical, but they may also be of different forms, such as a double V, as shown in Figure 5.1. 

 

Figure 5.1 open die forging process of material 

The benefits of open die striking are as follows: (i) it is simple to learn and operate; (ii) it 

requires less machinery and equipment since no die-sinking is required; and (iii) it can handle a 

wide variety of work piece sizes. The biggest problem is the limited volume of manufacturing 

and the difficulties in controlling close size. 

Impression Die Forging 

Half of the final forging's imprint is sunk or created in the top die, while the other half is sunk or 

made in the bottom die. Die-sinking is the process of carving the impression in a die and is done 

using a particular equipment called a die sinking machine. The work item is crushed between the 

dies in impression die forging. The required shape is created between the closing dies as the 
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metals spreads to fill the voids sunk in the dies. "Flash" refers to material that is driven out of 

dies. As the tup impacts the anvil, the flash offers some padding for the dies. 

The flash that surrounds the work piece is removed and disposed as junk. The imprint in the dies 

must be entirely filled by the material for a proper forging. This may need multiple hammer 

strokes; a single blow may not enough. Hand forging may be used to give the work piece a rough 

form before die forging to help in the manufacture of excellent forgings. 

Closed Die Forging 

Closed die forging is similar to imprint die forging, but in real closed die forging, the initial 

quantity of material taken is precisely regulated such that no flash is created. Otherwise, the 

procedure is similar to impression die forging. It is a technology that lends itself to large 

manufacturing. 

Drop Forging or Drop Stamping Hammers 

A modified form of a power hammer is often used for closed die or impression die forging. It is 

known as a drop stamping or drop forging hammer, and it produces superior results. The tup is 

not an option in this scenario. 

It is a distinct component of the piston and piston rod assembly. The tup, to which the top part of 

the die is attached, is raised using flexible ropes or a flexible canvas belting. It is then placed on 

the anvil, to which the bottom half of the die is connected.  

Its downward movement is a gravity-controlled free fall regulated by vertical guides built into 

the hammer's frame. The flexible ropes guarantee that the tup may recover after hitting the anvil. 

Typically, one fall of the tup is enough to finish the forging. Before being drop stamped, the 

metal component is given a rough form. 

Some Important Considerations Which Lead To Sound Beginnings 

Hot forgings necessitate the heating of work parts to the previously stated forging temperature. If 

the material to be forged has a thick cross-section, we should give adequate "soaking" time for 

heat to flow from the surface to the core of the material. A general rule of thumb is to allow 30 

minutes of soaking time for every 12-15 mm of cross-sectional thickness. It is critical that the 

whole cross-section be heated to a consistent temperature. 

A good forging procedure requires for a 40% decrease in cross-section. It is not acceptable to 

choose a cross-section for work piece material that is near to the completed size and then forge it 

lightly or superficially to the desired form.  

If this is done, the mechanical qualities of the forging will be severely compromised. It is 

important to note that forging is not only a procedure for changing the form of raw material to 

the appropriate shape, but it may also result in increased mechanical strength of the forged 

component. 

Another important aspect of excellent forging practise is to employ as little "heats" as possible to 

complete the forging. It is also critical to complete forging/hammering operations when the work 

has reached a suitably low temperature; leaving forging at a high temperature causes grain 

development and reduces the mechanical strength of the forged product. Stop forging mild steel 

after the work piece has cooled to about 450-500°C. Hammering a cold work piece will result in 

wasted effort and may possibly cause fissures in the material. 
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Engineering Presses 

High capacity hydraulic presses are sometimes used for forging, and the metal is formed by the 

press's squeezing action rather than the hammer's pounding action. Closed dies are utilised, with 

imprints buried in both dies; the top die is attached to the ram, while the lower die is attached to 

the press platen. Vertical presses are the most common kind. Forgings of exceptional structural 

quality are produced using presses. 

Forging On a Machine 

Special forging machines have been created for specialised applications such as mass production 

of bolts and nuts from bar stock. These devices operate in tandem with a furnace that heats one 

end of the bar for an extended period of time. The machine is then fed the warmed end of the bar. 

The hexagonal head of the bolt is forged by "upsetting" using dies and a heading tool. These 

devices are really horizontal mechanical presses controlled by a foot pedal. The die is made up of 

two parts as well as a heading tool. 

Defects Are Created 

Common forging errors may be traced back to raw material problems, inappropriate material 

heating, defective die design, and improper forging behaviour. 

The following are the most prevalent forging defects: 

1. Laps and Cracks at Borders or Surfaces a lap is created by a layer of material following over 

another surface. These flaws are the result of poor forging and defective die design. 

2. Incomplete forging—either owing to insufficient or inappropriate material flow. 

3. Mismatched forging as a result of misaligned die halves. 

Scale pits are caused by the pressing of scales into the steel surface during the hammering 

motion. 

5. Burned or overheated metal—due to insufficient heating. 

6. Internal forging fractures generated by forceful hammer strokes and insufficiently heated 

and saturated material. 

7. Fibre flow lines are disrupted as a result of metal's highly quick plastic flow. 

Forgings Heat Treatment 

In service, the forged components may be exposed to extreme strains. After finishing forging 

operations, forgings may indeed be given an appropriate heat treatment to increase service life, 

characteristics, reduce internal tensions, and occasionally machinability. Normalizing is the most 

often used heat treatment.Cold forging is limited to low and medium carbon steels and items that 

need little deformation to achieve final shape because to its limited formability at room 

temperature. Typically, the stock is in the form of a wire or thin rods, from which a head is 

created in a cold upsetting operation at one end. A manual press is often utilized. Nails, tiny 

diameter rivet pins, brass bolts, and other similar items are common. 

Dimensions Surfaces, And Their Measurement 

Aside from the mechanical and physical qualities of materials, the dimensions and surfaces of a 

produced object are also important elements in determining its performance. The dimensions of a 
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component are the vertical or angular sizes stated on the part design. Dimensions matter because 

they affect how well a product's components fit together during assembling. It is practically 

difficult and very expensive to fabricate a specific component to the precise dimensions specified 

on the design. Instead, a limited variance from the dimension is permitted, and this authorized 

variation is referred to as a tolerance. 

A component's surfaces are also significant. They have an impact on the product's performance, 

assembly fit, and visual appeal to a prospective buyer. A surface is an item's outer border with its 

surroundings, which might be another object, a fluid, or space, or any combination of these. The 

surface encloses the bulk mechanical and physical qualities of the item. 

Dimensions, tolerances, and surfaces are three properties defined by the product designer and 

determined more by manufacturing procedures used to manufacture the components and 

products. It also discusses how these characteristics are measured and gauged utilizing 

measuring and gauging equipment. 

Dimensions and Tolerances 

A dimension is defined by as a numerical number represented in proper units of measure and 

displayed on a drawing and in other documents together with lines, symbols, and comments to 

identify the size or geometric character, or both, of a part or part feature. 

Component drawing dimensions indicate the nominal or fundamental sizes of the part and its 

characteristics. These are the values that perhaps the designer would prefer the component size to 

be if it could be manufactured to an exact size with no faults or changes throughout the 

fabrication process. There are, however, variances in the manufacturing process that emerge as 

variances in component size. Tolerances are used to determine the maximum allowable 

deviation. To per the ANSI standard a tolerance is "the entire amount by which a certain 

dimension is allowed to fluctuate. Tolerance is defined as the difference between the maximum 

and lowest limits. 

Tolerances may be stated in a variety of methods, as shown in Figure 5.1. The bidirectional 

tolerance, in which deviation from the nominal dimension is accepted in both positive and 

negative directions, is perhaps the most prevalent. For example, the nominal size is 14 2.500 

linear units (e.g., mm, in), with a permissible variation of 0.005 units in either direction. Parts 

that exceed these parameters are unacceptable. A bilateral tolerance, such as 2.500 +0.010, -

0.005 dimensional units, might be imbalanced. A unilateral tolerance allows deviation from the 

stated dimension in just one direction, either positive or negative. 

Conventional Measuring Instruments and Gages 

Measurement is the process of comparing an unknown amount to a known standard using an 

established and accurate system of units. The world has developed two systems of units: (1) the 

US customary system (US.C.S.) and (2) the International System of Units (or SI, for Systeme 

Européenne d'Unites), also known as the metric system. Throughout the book, both techniques 

are utilised in tandem. Except for the United States, which has steadfastly held to its U.S.C.S., 

the metric system is universally recognised across the industrialised world. The United States is 

gradually embracing SI. 

Within specific bounds of accuracy and precision, measurement offers a numerical value of the 

quantity of interest. The amount to which the measured value corresponds with the real value of 
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the quantity of interest is referred to as accuracy. When a measuring technique is followed 

correctly, it is accurate.  

Systematic errors, which are positive or negative variations from the correct value that are 

constant from one measurement to the next, are not present. The degree of repeatability in the 

measuring procedure is referred to as precision. Precision implies that random mistakes in the 

measuring technique are kept to a minimum. Random mistakes are often related with human 

involvement in the measuring procedure. Variations in setup, inaccurate scale readings, round-

off approximations, and so on are all examples. Temperature fluctuations, progressive wear 

and/or misalignment of the device's operating parts, and other variables are all nonhuman factors 

to random error. 

Gage is closely connected to measuring. Gaging (sometimes written gauging) simply assesses 

whether or not a component characteristic fulfils or fails to match the design criteria. It is 

frequently quicker than measuring, but it provides little data on the actual value of the feature of 

interest. 

Precision Gage Blocks 

Precision gauge blocks serve as the benchmarks by which other dimensional measuring 

equipment and gauges are measured. Gageblocks are typically square or rectangular in shape. 

The measuring surfaces are refined to a mirror sheen and are dimensionally exact and parallel to 

within few millionths of an inch. There are many precision gauge block grades available, with 

tighter tolerances for higher precision grades. The highest quality, known as the master 

laboratory standard, is manufactured with a tolerance of 0.00003 mm (0.000, 001 in). Gage 

blocks may be constructed of a variety of hard materials, depending on the degree of hardness 

sought and the price the customer is prepared to pay. These materials include tool steel, chrome-

plated steel, chromium carbide, and silicon carbide. 

Alternatively, tungsten carbide. Precision gauge blocks are available in a range of conventional 

sizes as well as in sets including an assortment of different-sized blocks. The sizes of a set are 

established deliberately such that they may be stacked to obtain practically any required 

dimension to within 0.0025 mm (0.0001 in). 

Gage blocks should be used on a level reference surface, such as a surface plate, for the greatest 

results. A surface plate is a huge solid block with a flat plane on its top surface. Today, granite is 

used to make the majority of surface plates. Granite offers the benefits of being hard, nonrusting, 

nonmagnetic, long lasting, thermally stable, and simple to maintain. 

Gage blocks and other high-precision measuring equipment must be used under standard 

temperature and other circumstances that may impact the measurement. The standard 

temperature has been set by international agreement at 20 degrees Celsius (68 degrees 

Fahrenheit). This is the standard at which metrology laboratories work. Corrections for heat 

expansion or contraction may be necessary if gauge blocks or other measuring equipment are 

employed in an industrial setting where the temperature varies from this norm. Furthermore, 

working gauge blocks used for inspection in the shop wear out and must be calibrated on a 

regular basis against more accurate laboratory gauge blocks. 

Measuring Instruments for Linear Dimensions 

Measuring devices are classified as graduated or no graduated. Graduated measuring instruments 

include a series of marks (called graduations) on a linear or angular scale with which the object's 
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feature of interest may be measured.No graduated measuring instruments lack such a scale and 

are used to compare dimensions or transfer dimensions for measurement by a graded device. The 

rule (made of steel and sometimes referred to as a steel rule) is the simplest basic graded 

measuring instrument, used to measure linear measurements. Rules come in a variety of lengths. 

Metric rule lengths range from 150 to 1000 mm, with graduations of 1 or 0.5 mm. The most 

common sizes in the United States are 6, 12, and 24 in, with graduations of 1/32, 1/64, or 1/100 

in. 

For numerous measuring uses, graded callipers are provided. The slide calliper is the most basic, 

consisting of a steel rule with two jaws, one fixed at the end of the rule and the other moveable,. 

Depending on whether inner or outside jaw faces are employed, slide callipers may be used for 

either interior or exterior measurements. In usage, the jaws are pressed into contact with the to-

be-measured component surfaces, and the position of the moveable jaw shows the dimension of 

relevance. Slide callipers provide for more precise and accurate measurements than basic rules. 

The vernier calliper, depicted in Figure 5.4, is a development of the slide calliper. The moveable 

jaw of this instrument comprises a vernier scale, named after P. Vernier (1580-1637), a French 

mathematician who designed it. The vernier has graduations at 0.01 mm in SI (and 0.001 inch in 

US customary scale), which is far more accurate than a slide calliper. 

The micrometre is a popular and very precise measuring equipment, with the most typical 

configuration consisting of a spindle or a C-shaped anvil, and precise screw thread moves the 

spindle relative to the stationary anvil. Each turn of the spindle on a normal US micrometre 

produces 0.025 in of linear motion. A thimble with 25 markings around its circle, each 

equivalent to 0.001 in, is attached to the spindle. A vernier is normally attached to the 

micrometer sleeve.For numerous measuring uses, graded callipers are provided. The slide 

calliper is the most basic, consisting of a steel rule with two jaws, one fixed at the front of the 

rule and the other moveable. Depending on whether the inner or outside jaw faces are employed, 

slide callipers may be used for inside or exterior measurements. In usage, the jaws are pressed 

into contact with the to-be-measured component surfaces, and the position of the moveable jaw 

shows the measurement of interest. Slide callipers provide for more precise and accurate 

measurements than basic rules. The vernier calliper is an improvement on the slide calliper. The 

moveable jaw of this instrument comprises a vernier scale, named after P. Vernier (1580-1637), 

a French mathematician who designed it. The vernier has graduations of 0.01 mm in SI (and 

0.001 inch in US customary scale), which is far more accurate than a slide calliper. 

The micrometre is a frequently used and very precise measuring equipment that consists of a 

spindle and a C-shaped anvil. The spindle is manipulated relative to the fixed anvil through an 

exact screw thread. Each turn of the spindle on a normal US micrometre produces 0.025 in of 

linear motion. A thimble with 25 markings around its circle, each equivalent to 0.001 in, is 

attached to the spindle. A vernier is normally attached to the micrometre sleeve. 

Comparative instruments are used to compare the dimensions of two items, such as a workpart 

and a comparison surface. They often cannot provide an absolute measurement of the quantity of 

interest; rather, they quantify the size and direction of the deviation between two items. 

Mechanical and electrical gauges are examples of instruments in this category. 

Dial Indicators: Mechanical Gages Mechanical gauges are intended to mechanically exaggerate 

the deviation so that it may be seen. The dial indicator (Figure 5.6) is the most typical device in 

this category, converting and amplifying the linear movement of a contact pointer into spin of a 
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dial needle. The dial is calibrated to 0.01 mm increments (or 0.001 in). Dial indicators are used 

to assess straightness, flatness, parallelism, squareness, plumpness, and runout in a variety of 

applications.   

Gages for Electronics Electronic gauges are a kind of measuring and gauging device that uses 

transducers to transform a linear movement it in to an electrical signal. The electrical signal is 

amplified and translated into an appropriate data format, such as a digital readout. Electronic 

gauge applications have expanded quickly in recent years, owing to advancements in 

microprocessor technology. Many traditional measuring and gauging equipment are increasingly 

being phased out. Electronic gauges have many advantages, including (1) high sensitivity, 

accuracy, precision, repeatability, and speed of response; (2) the capacity to detect extremely tiny 

dimensions—down to 0.025 mm (1 m-in. ); (3) simplicity of operation; and (4) decreased cost. 

Fixed Gages 

There are two types of gauge: master gauge and limit gauge. A master gauge is made to be an 

exact reproduction of the nominal component dimension. It is often used to calibrate a measuring 

equipment or to set up a comparable measuring instrument, such as a dial indicator. 

A limit gauge is a reverse duplicate of the component dimension that is used to verify the 

dimension for one or more tolerance limits. A limit gauge is often made consisting of two gauges 

in one piece, one for testing the lower limit of the tolerance on the component dimension and the 

other for measuring the higher limit. These gauges are often referred to as GO/NO-GO gauges 

because one gauge limit enables the component to be inserted while the other does not. The GO 

limit is used to assess the dimension at its maximum material condition; it is the lowest size for 

an interior feature like a hole and the maximum size for an exterior feature like an outer 

diameter. The NO-GO restriction is used to examine the dimension's minimum material 

condition. 

Snap gauges and ring gauges are common limit gauges for checking outer component 

dimensions and plug gauges for checking inner dimensions. A snap gauge is made up of a C-

shaped frame with gauging surfaces situated in the frame's jaws,  It features two gauge buttons, 

one for the GO gauge and one for the NO-GO gauge. Outside measurements such as diameter, 

breadth, thickness, and comparable surfaces are checked using snap gauges. 

Ring gauges are used to measure the diameter of cylindrical objects. A pair of gauges, one GO 

and the other NO-GO, are normally needed for a specific application. Each gauge is a ring with 

an aperture cut to one of the part's tolerance limits. The exterior of the ring is knurled for 

comfort. The existence of a groove around the exterior of the NO-GO ring distinguishes the two 

gauges. 

The plug gauge is the most often used limit gauge for measuring hole diameter. 5.9, a typical 

gauge consists of a lever to which two precisely ground cylindrical pieces (plugs) of hardened 

steel are connected. The cylindrical plugs function as the GO and NO-GO indicatorsgauges. 

Taper gauges, which consist of a tapered plug for checking tapered holes, and thread gauges, 

which consist of a threaded plug for checking internal threads on components, are other gauges 

comparable to the plug gauge. 

Fixed gauges are simple to use, and the time it takes to conduct an examination is nearly always 

shorter than that of a measuring instrument. Fixed gauges were a critical component in the 

evolution of interchangeable parts manufacturing  
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They made it possible to manufacture pieces with tight enough tolerances for assembly without 

filing nor fitting. Their downside is that they give little to no information about the actual 

component size; instead, they just show if the size is within tolerance. With the advent of high-

speed electronic measuring equipment and the need for statistical process monitoring of 

component sizes, the usage of gauges is rapidly losing way to devices that offer real measures of 

the dimension of interest. 

Angular Measurements 

Angles may be measured using a protractor in one of many techniques. A basic protractor is 

made out of a pivoting blade relative to a semicircular head graded in angular units (e.g., 

degrees, radians). To use, rotate the blade to a point matching to the angle to be measured, and 

read the angle off the horizontal scale. A bevel protractor is made up of two straight blades that 

pivot relative to each other. The pivot assembly has a protractor scale for reading the angle 

created by the blades. The bevel protractor may be read to around 5 minutes when fitted with a 

vernier; without a vernier, the resolution is only about 1 degree. 

A sine bar, as, may be used to make precise angular measurements. A flat steel straight edge (the 

side bar) and two precision rollers at a specified distance apart on the bar are one conceivable 

arrangement. To calculate height, the straight edge is aligned with the portion angle to be 

measured, and gauge blocks or other reliable linear measurements are taken. To produce the 

most exact results, the operation is performed on a surface plate. The angle A is calculated using 

the height H and length L of the sine bar among rolls.  

Surfaces 

When handling an item, such as a manufactured component, one touches the surface. The 

designer determines the component dimensions and connects the different surfaces. Lines in the 

engineering design define these nominal surfaces, which indicate the expected surface curvature 

of the component. The nominal surfaces look as perfectly straight lines, ideal circles, round 

holes, and other mathematically flawless edges and surfaces. The procedures employed to create 

a manufactured item define its actual surfaces. The multiplicity of manufacturing techniques 

available results in broad variances in surface properties, and engineers must understand surface 

technology. 

Surfaces are significant economically and technologically for a variety of reasons, with various 

motivations for different applications: (1) Aesthetic reasons—smooth, free of scratches and 

imperfections surfaces are more likely to leave a good impression on the consumer. (2) Surfaces 

have an impact on safety. (3) Surface qualities influence friction and wear. (4) Surfaces have an 

impact on mechanical and physical qualities; for example, surface defects might constitute stress 

concentration locations. (5) The surfaces of components influence assembly; for example, the 

strength of adhesively bonded joints (Section 31.3) is improved when the surfaces are somewhat 

rough. (6) Smooth surfaces improve electrical contact. 

Surface technology is concerned with (1) defining surface qualities, (2) surface texture, (3) 

surface health, and (4) the interaction between manufacturing processes and surface 

characteristics.  

Characteristics of Surfaces 

A microscopic examination of a part's surface shows inconsistencies and flaws. The 

characteristics of a typical layer are shown in a greatly enlarged cross section of a metal part's 
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surface. Despite the fact that this debate is centred on metallic surfaces. These remarks apply to 

ceramics and polymers, with adjustments due to structural variations between these materials. 

The majority of the part, known as the substrate, has a grain structure that is affected by previous 

metal processing; for example, the metal's substrate structure is affected by its chemical 

composition, the original casting process used on the metal, and any deformation operations and 

heat treatments performed on the casting.The outside of the component has a topography that is 

everything but straight and smooth. The surface shows roughness, waviness, and defects in this 

greatly magnified cross section. It also has a pattern and/or direction as a consequence of the 

mechanical process that created it, which is not visible here. Surface texture encompasses all of 

these geometric aspects. 

Just under the surface lies a layer of metal with a different structure from the substrate. This is 

known as the changed layer, and it is a representation of the operations that have been performed 

on the surface both during and after its development. Manufacturing operations entail huge 

quantities of energy acting on the component against its surface. Work hardening (mechanical 

energy), heating (thermal energy), chemical, or even electrical energy may all result in a changed 

layer. The application of energy affects the metal in this layer, causing its microstructure to 

change. This changed layer comes within the purview of surface integrity, which is concerned 

with the definition, specification, and management of a material's surface layers during 

manufacture and subsequent performance in service. Surface integrity is often taken to 

encompass both surface texture and the changed layer underneath. 

Furthermore, most metal surfaces are covered with an oxide coating following processing to 

allow the film to form. On its surface, aluminium forms a hard, dense, thin film of Al2O3 (which 

protects the substrate from corrosion), and iron forms oxides of various chemistries (rust, which 

provides virtually no protection at all). Moisture, filth, oil, adsorbed vapors, and other pollutants 

are also possible on the part's surface.  

Surface Integrity 

Surface texture does not fully characterise a surface. There may be metallurgical or other 

changes in the material close under the surface that affect its mechanical characteristics 

significantly. Surface integrity is the study and management of this subsurface layer and any 

changes that occur as a result of processing that may affect the performance of the completed 

component or product. When the structure of the subsurface layer changes from that of the 

substrate. Lists the probable abnormalities and damage to the subsurface layer that might occur 

during production. Surface modifications are induced by the use of many types of energy during 

processing, including mechanical, thermal, mechanical, and electrical energy. 

Mechanical energy is the most frequent kind of energy utilised in manufacturing; it is exerted 

against the work material in activities such as metal forming (forging, extrusion), pressworking, 

and machining. Although mechanical energy's main role in these processes is to modify the 

geometry of the workpart, it may also generate residual strains, work hardening, and cracking. 

Measurement of Surface Roughness 

Surface roughness is measured using a variety of ways. They are classified into three types: 

subjective comparison with standard test surfaces, electrical devices with stylus, and optical 

approaches.Surfaces for Standard Testing Standard surface texture block sets with defined 

roughness levels are available. 1 To evaluate the roughness of a specific test specimen, the 
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surface is inspected and via the "fingernail test" compared to the standard. The user lightly 

scrapes the surfaces of the specimen and the standards in this test, determining which standard is 

closest to the specimen. Standard test surfaces are a quick and easy approach for a machine 

operator to determine surface roughness. They may also help design engineers decide how much 

surface roughness to provide on a component drawing. Instruments Stylus The fingernail test has 

the problem of being subjective. Several stylus-type tools for measuring surface roughness are 

commercially available similar to the fingernail test, but more scientific. 

A cone-shaped diamond stylus with a point radius of around 0.005 mm (0.0002 in) and a tip 

angle of 90 is traversed over the test surface at a constant slow speed in these electrical 

devices.The stylus head rotates vertically as it moves horizontally to track surface irregularities. 

Vertical movement is translated into an electrical signal that depicts the surface topography. This 

may be shown as either a surface profile or an average roughness value. Profiling devices assess 

deviations against a distinct flat plane that serves as the nominal reference. The result is a surface 

contour map along the path crossed by the stylus. This device can detect roughness and waviness 

in the test surface. Roughness deviations are reduced to a single value Ra using averaging 

devices. To establish the nominal references plane, they employ skids riding on the real surface. 

The skids operate as a mechanical filter to lessen the influence of surface waviness; in fact, these 

averaging devices execute the calculations electronically.  

Evaluation of Surface Integrity 

Surface roughness is easier to evaluate than surface integrity. Some approaches for inspecting for 

subsurface modifications are harmful to the material specimen. Surface integrity evaluation 

methodologies include the following:The texture of the surface. Surface roughness, lay 

designation, and other measurements give only superficial information about surface integrity. 

This sort of testing is reasonably easy to undertake and is always part of the surface integrity 

assessment. 

Visual inspection. Surface imperfections like as cracks, crater, laps, and seams may be shown 

visually. Fluorescent and photographic methods are often used to supplement this sort of 

evaluation. 

Microstructural analysis. This entails using typical metallographic methods to prepare cross 

sections and take photomicrographs of the microstructure of the surface layers in comparison to 

the substrate. 

Microhardness distribution. Microhardness measuring methods such as Knoop and Vickers may 

detect hardness changes near the surface. To produce a hardness profile of the cross section, the 

component is sectioned and hardness is plotted versus distance below the surface. Profile of 

residual stress. To quantify residual stresses in a part's surface layers, X-ray diffraction methods 

may be used. 

Effect of Manufacturing Processes 

The manufacturing process determines the ability to attain a certain tolerance or surface. The 

general capabilities of different processes in terms of tolerance, surface roughness, and surface 

integrity are described in this section. Some manufacturing processes are more accurate by 

definition than others. 

Most machining methods are very precise, with tolerances of 0.05 mm (0.002 in) or greater. 

Sand castings, on the other hand, are often imprecise, and tolerances 10 to 20 times those used 
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for machined components should be set. Includes several production techniques as well as the 

normal tolerances for each. Tolerances exist.  

Conventional Manufacturing Process 

According to traditional production methods, a paste made of lead and leading oxide powdered, 

additives, and the right proportions of acid and water to generate the desired density is applied to 

the carrying lead grid before being reduced to a porous lead mass.Metal is removed during the 

machining process. This procedure is subtractive since it removes a substance and reduces the 

material mass. The term "traditional machining process" can also refer to the ordinary machining 

procedure. It is the fundamental technique used in the metal removal process, which reduces the 

mass of the metal by removing a substance. The inhomogeneous structure and abrasive 

reinforcing are known to result in low-quality results when using conventional machining 

techniques. Laser machining thus offers several benefits over conventional machining 

techniques. 

A conventional machining process entails performing the machining the old-fashioned manner, 

that is, without resorting to any advanced techniques. Thus, this machining technique is 

sometimes referred to as classical machining. In this kind of machining, sharp pointed cutting 

tools are used, for example the taper tool in the center lathe for tapering. Tool wear is 

exacerbated because the cutting tool's material is more durable than the workpieces and because 

it comes into direct touch with the workpiece. The cutting tool is used against a rotating or 

stationary workpiece to remove material. The inhomogeneous structure and abrasive reinforcing 

are known to result in low-quality results when using conventional machining techniques. Laser 

machining therefore provides a number of benefits over conventional machining techniques. 

Lathes, machine shops, vertical drilling machines, cutting machines, etc. are a few examples of 

typical machining equipment. 

It is challenging to industries were established with contouring channels using conventional 

machining. To guarantee quick and smooth circulation, as well as the advantages of a quick 

cycle time and high plastic component quality, the channels are built employing milling and 

cutting in a design that is as near to the conform system as feasible. However, due to geometrical 

limitations, the channel count is reduced for the same mound volume since the drilled channels 

are straight and cannot curve the molding surface uniformly. As a result, some refrigeration 

effectiveness reduction is to be expected. 

Applications of Conventional Manufacturing Process 

Distinct conventional machining process types have varied operations, and thus have different 

uses. The most often employed include, 

1. Operations on a lathe machine include knurling, face, screw cutting, and tapering. 

2. surface abrasion during milling 

3. use a drill machine to create perforations in a workpiece 

4. On a shaper machine, there are exterior, internal, and surfacing keyways. 

Metal Casting Process 

Making items by pouring the molten into a blank, shaped space is known as metal casting. The 

metal then solidifies and cools into the shape that this shaped mound has provided for it. If an 

item needs to be machined out of a solid piece of metal, casting is sometimes a less expensive 

option.Modern metal casting has historical precedent. In the metal castings, metal is poured into 
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a mould cavity, cooled, and then shaped into the desired shape before being removed from the 

mound. The oldest and most important manufacturing plant in history is probably metal casting. 

Many of the metal items we use on a daily basis are made using it, including school bus pedals, 

railway wheels, automobile parts, and more. Additionally, metal recycling serves as a cost-

effective supply of raw materials for metal casting foundries, thereby lowering the amount of 

discarded metal that may otherwise wind up in landfills. 

History of Metal Casting 

The earliest metal casting that has been discovered is a copper frog, which is thought to have 

been created in Mesopotamia about 3200 BCE when iron was a widely used material. Later, iron 

was found, perhaps about 2000 BCE. The first cast iron manufacturing, however, did not start 

until about 700 BCE in China. It's interesting to note that around 645 BCE, China also developed 

the sand molding technique for casting metals. 

The technique of casting metals into useful items has evolved over thousands of years to become 

more precise and mechanized, yet at its foundation, the procedure has largely not changed. 

Automation advancements in foundry operations, such as the VIBRA-DRUM® Sand Casting 

Cleaner from General Kinematics, have simplified the processing of huge batches of castings 

while also enhancing the castings' quality. The equipment's large capacity mound and sand 

processing for foundry applications is groundbreaking. 

Steps for Metal Casting  

General Metal casting Process Steps and which is illustrated as below: 

1. Make the core box and master pattern. 

2. Make the core and the mould. 

3. Burnish the alloy. 

4. The molten metal should be poured into the mould. 

5. Give the metal time to solidify. 

6. Take the casting out of the mould. 

7. Complete the casting. 

Die casting process 

Zinc and aluminum, two metals with low melting points, are injected into the die casting mould 

during the process of die casting, and then the mould is let to cool. Both simple and sophisticated 

sheet metal pieces may be produced using hot chamber casting, which happens under two 

distinct pro he method uses a distinctive technique and is in charge of producing numerous metal 

components used cesses depending upon that melting point, and cold chamber casting.T in 

manufacturing consumer and industrial goods. However, you should become quite 

knowledgeable about it before using the method or outsourcing to businesses that provide such 

services. Consequently, this essay will introduce dying casting, including its history, its 

mechanics, and its benefits and drawbacks. Low- melting point metal are melted and injected 

into a die casting mould that has previously been created. This process is known as die casting. A 

mould or tools are made of steel that has been specifically manufactured for a given project 

utilizing manufacturing techniques like CNC machining. Die cast sheet metal parts offer great 

levels of accuracy, accuracy, and repeatability as a result.  

Large capital expenses associated with the metal dies and casting equipment often restrict the 

method to high-volume manufacturing. Die casting requires only four primary procedures for the 
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production of components, which keeps the additional cost per item minimal. Die casting 

generates more castings than almost any other casting technique because it is especially well-

suited for a lot of small- to intermediate castings. Die castings are distinguished by dimensional 

uniformity and a very excellent surface quality (by casting standards). 

Rolling 

Metals and alloys are plastically deformed into semifinished or finished products in this process 

by being pushed between two spinning wheels. The metal is first forced into the area between 

two rolls; after the roll takes a "bite" into the material's edge, the material is drawn in by the 

friction between the surfaces of the rolls and the material.  

As the rollers squeeze (and pull) the material, it is exposed to considerable compressive force. 

This is a bulk material handling procedure that reduces the cross-section of the material while 

increasing its length. The imprint cut in the roll surface through which the substance travels and 

into which it is crushed determines the final cross-section.  

Hot and cold rolling are both used. The starting point of a rolling mill linked to a steel factory is 

a cast ingot of steel, which is gradually broken down into blooms, billets, and slabs. The slabs 

are hot rolled into slab, sheet, rod, bar, rails, and other structural forms such as angles, channels, 

and so on. Steel is frequently converted into such economically essential parts in another rolling 

machine known as a merchant mill. 

Rolling is a highly easy and cost-effective method of generating commercially significant 

sections. In the cases of steel, about three-fourths of all steel produced in the nation is marketed 

as a rolled product, with the remainder employed as forgings, extruded goods, and cast form. 

This demonstrates the significance of the rolling process. 

Rolled Product Nomenclature 

The following terminology is often used: 

 Blooms: The initial product produced by breaking down Ingots. A bloom's cross-section size 

ranges from 150 mm rectangular to 250 mm square, or possibly 250 300 mm rectangular. 

Billet: The next product rolled from either a bloom is a billet. Billets range in size from 50 mm 

square to 125 mm square. 

Slab: Slab has a rectangular cross-section and thicknesses ranging from 50 to 150 mm. It is 

available in lengths of up to 1 metre. 

Plate: A plate is typically 5 mm thick or thicker, 1.0 or 1.25 metres wide, and 2.5 metres long. 

Sheet: A sheet may be up to 4 mm thick and has the same width and length as a plate. 

Flat: Flats come in a variety of thicknesses and widths and are lengthy strips of material with a 

certain cross-section. 

Foil: An extremely thin sheet of metal. 

Bar: Bars are typically circular in cross-section and many metres long. They are common raw 

material (stock) for capstan and turret lathes. 

Wire: A wire is a length (typically in coil form) of a tiny circular segment, the diameter of which 

determines the wire's size. 
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Rolling mechanism 

Each of the two rollers makes contact with the metal surface along the arc AB, which is referred 

to as the arc of contact. Angle of contact () is determined by dividing Arc AB by the radius of 

rolls. The rollers only move the material ahead because of the friction between the roll surface 

and also the metal. The response at the contact point A will be R acting along the radial line 

O1A, and the frictional force will be operating along the tangent at A at right angles to O1A. In 

the worst-case scenario, R sin = R cos = tan or = tan-1.If is larger than tan-1, the material will not 

enter the rollers without assistance, r is the radius of the rollers. The value of h0 for a particular 

diameter of rollers and distance between them is restricted by the value of which relies on the 

material of the rolls and work being rolled, the roughness of their surfaces, and the rolling 

temperature and speed. 

In the case of hot rolling, when maximal cross-section reduction per pass is desired, it may be 

required to artificially boost the value of by "ragging" the surface of rolls. Ragging is the process 

of roughening the surface of rolls by forming tiny grooves in the roll surface. However, ragging 

of rolls is not essential nor desired in cold rolling, which is a finishing process with minimal 

cross-section reduction. In reality, in such instance, some lubrication is used in addition to 

providing the rolls a perfect finish. Another rationale for settling for a lower coefficient of 

friction in cold rolling is because extremely high pressures are employed in this operation, and 

even with a low value of, significant frictional force is available.Biting angles used in industry 

are typically 2-10°... for cold rolling of sheets and strips; 15-20°... for hot rolling of sheets and 

strips; and 24-30°... for hot rolling of large billets and blooms.  

Although the material is crushed between two rollers during the rolling process, the breadth (b0) 

of the cloth does not grow or just marginally rises. Because the volume of material entering the 

rolls equals the volume of material leaving the rolls, and material thickness decreases from h0 to 

h1, the velocity of material leaving the rolls must be greater than the velocity of material entering 

the rollers. The rolls move at a constant surface speed and at a constant r.p.m. The rolls are 

attempting to move the material into in the rolls only by friction; there is no positive hold 

between the rolls and the substance. As a result, on one side, i.e., point A, where contact between 

the rolls and workpiece begins, the rolls move at a faster surface speed than the work material. 

As the material is compressed and passed through the rollers, its speed steadily rises until, at a 

point CC (Fig. 3.2), known as the neutral or no slip section, the velocity of metal matches the 

velocity of rolls. As the material is pressed more, its speed surpasses the roll's speed. The angle 

subtended at the neutral region of the roll is known as the angle of no slip or crucial angle (angle 

BO1C). 

The lagging zone is the deformation zone to the left of the neutral section, while the leading zone 

is the deformation zone to the right of the neutral section. If Vr is the velocity of the roll surface, 

V0 is the velocity of the material at the entry to the deformation zone, and V1 is the velocity of 

the material at the exit of the rolls, we get 

V1 (Vr Vr) = Forward slip 

A hundred percent 

And Backward slip = Vr V0 100% 

Vr 
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Forward slip is typically 3-10% and rises with increasing roll dia and friction coefficient, as well 

as with decreasing material thickness being rolled. 

Other concepts related to rolling are defined further below: Draught absolute h = (h0 - h1) mm, 

h h0 = relative draught 

a hundred percent 

Absolute elongation, l = Final length - Work material original length 

Elongation coefficient = final length 

The original duration 

Absolute spread = final work material width minus original material width, Note: During cold 

working, absolute spread may be assumed to be zero. 

ROLLING MILL TYPES 

The following are short descriptions of several kinds of rolling mills: 

Two large mills: It is made up of two thick rolls stacked on top of each other. Bearings support 

the rolls, which are housed in solid upright frames (called stands) that are grouted here to rolling 

mill floor. The vertical distance between the rollers may be adjusted. The rolls spin in opposing 

directions and are powered by large electric motors. Typically, the rotated direction of rolls 

cannot be changed, therefore 

The work must only be fed into rolls from one direction. If rolling requires more than one 'pass' 

in the same set of rolling, the material must be returned to the same side once the first pass is 

completed. 

Because conveying material (which is red hot) from one side to another is difficult and time 

consuming (material may cool in the meanwhile), a "two high reversing mill" has been 

developed in which the direction of roll rotation may be altered. By transferring the material via 

back and forth passes, this enables rolling. 

Three large mills: a three-high rolling mill configuration. It is made up of three rolls stacked 

squarely on top of one another, as depicted. As in the case of a two-high mill, the first and two 

rollers rotate in opposing directions. The rotational directions of the second and third rolls are 

once again opposing. All three rollers always revolve in the same direction in their bearings. The 

benefit of this mill is that the work material may be supplied in just one direction between the 

first and second rolls, with a return pass given between the second and third rollers. This 

eliminates the need to carry material from one side of the rollers to the other after one pass. 

Four tall mills: This mill is made up of four horizontal rollers, two of which are smaller in 

diameter and two of which are significantly bigger. Backup rolls are the bigger rolls. The smaller 

rolls are the working rolls, however without the backup rolls, the rolled material would be fatter 

in the centre and thinner at either end owing to roll deflection between stands. When the material 

is rolled, backup rolls keep the working rolls pressed and limit deflection. Heated and cooled 

rolled plates and sheets are the most common products of these mills. 

Cluster mills: It is made up of two small-diameter working rolls and four or more backup rolls. 

Because backup rolls cannot surpass the diameter of working rolls by more than 2-3 times, a 

significant number of backup rolls are required. Working roll sizes are reduced to support 
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procedures requiring high rolling loads (e.g., cold rolling of high strength steel sheets). As the 

size of backup rolls increases, it is possible that backup rolls may give deflection. As a result, the 

backup rolls need assistance or backup from further rolls. As many as 20 backup rolls are 

employed in the cluster at the world-famous Sendzimir Mill. This machine is used to roll thin 

gauge stainless steel or other high strength steel sheets. 

--------------------------- 
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Seamless (i.e., without a joint) rings are widely used in industry. Some examples are the inner 

and outer races of ball and roller bearings, as well as steel tyres for railway wheels. Ring rolling 

is a specific rolling procedure used to create these rings. The initial work piece is a thick-walled 

circular metal block with a hole in the centre created by drifting or piercing. The work item is 

heated until it gets red hot before being inserted between two opposingly rotating rollers A and 

B. The pressure roll B applies internal pressure to the material. The ring spins as it is caught 

between rolls A and B. At the same time, the interior and outer diameters of the ring gradually 

expand as the wall thickness decreases. Two guide rollers are appropriately positioned on the 

ring's outside surface to guarantee that it is round. The rolling is halted when the outer or inner 

dia of the ring reach the necessary size. 

Cold Rolling 

Hot rolled steel products have an unappealing greyish-black colour. Because to oxidation of the 

outer surface, nonferrous materials also obtain a tarnished appearance. The surface texture of hot 

rolled items is harsh, and the completed sizes are far from ideal. In the case of steel, 

decarburisation is caused by the oxidation of iron on the surface. Hot rolling, on the other hand, 

is particularly inexpensive because, because to greater flexibility, considerable cross-section 

reductions may be produced fast and with little energy usage. A large amount of hot rolled 

"black" bars and steel sheets/plates are utilised in the construction sector for structure fabrication. 

Cold rolling produces thinner gauges, greater surface polish, tighter size control, and "bright" 

surfaces. Because of strain hardening, these goods gain strength and wear resistance.The impact 

of mechanical work (i.e., strain hardening) is automatically countered in the hot rolling process 

since recrystallisation inside the hot worked material continues at the same time. 

Rolling Defects 

To comprehend the reasons and solutions for rolling problems, we will separate them into two 

categories: 

Surface flaws and structural flaws are the two types of flaws. 

Surface flaws include rusting and scaling, interface scratches, surface fractures, and pits left on 

the surface after the detachment or removal of scales that may have been forced into the surface. 

Structural flaws are more serious rolling flaws, some of which are impossible to correct. Among 

these flaws are the following: Wavy edges zipper cracks, and edge cracks, Split in the middle 

Alligatoring Folds  
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Laminations. 

Zipper cracks and wavy edges: These flaws are created by roll bending under rolling pressure. A 

roll may be thought of as a beam supported by its supports. The rolls deflect when subjected to 

rolling pressure. As a result, the work material gets thinner at the two borders and thicker in the 

centre. In other words, the material develops longer towards the borders than in the centre. 

Tensile tension is generated in the centre, whereas compressive stress is generated at the 

margins. The former results in zipper fractures in the centre, while the latter results in wavy 

edges. 

The solution to zipper cracks and wavy edges is to impart "camber" to the rolls. They are 

somewhat convex in the centre to compensate for distortion under rolling loads. Edgecracks and 

a split in the centre: These flaws are created by non-homogeneous plastic deformation of the 

metal over its breadth. Under the rolling pressure, the work piece's height lowers while its length 

grows as it travels through the rollers. Some lateral spread, or growth in breadth, occurs as well. 

However, lateral spread is greater towards the margins rather than in the centre because there is 

less barrier to lateral spread at the edges. Friction and the surrounding layer of material prevent 

lateral spread at the centre. As a consequence, a reduction in lateral spread in the middle area of 

the work material results in a bigger rise in length in this region than at the margins. 

It is clear that under such non-homogeneous deformation of the work material, the edges suffer 

tension (as the centre section attempts to pull it owing to material continuity) while the central 

portion experiences compressive stress. Such a stress distribution may cause an edge fracture or, 

in extreme circumstances, a split along the core part. 

Alligatoring: As previously stated, rolling results in a decrease in height and an increase in 

length. However, owing to friction at the interface between the rolls and the upper and lower 

surfaces of the work material, the dilation on the top and bottom surfaces is smaller than the 

material placed at the work piece's centre of thickness. If circumstances deteriorate, it may result 

in a defect known as "alligatoring," which is the rupture of material along its length into an upper 

and lower half that resembles the open mouth of the an alligator. 

Layers are referred to as laminations. If the ingot is not sound and includes piping or blow holes, 

and they are not entirely welded during rolling (for example, if the piping has oxidised material 

or non-metallic inclusions, it will not be welded), it will result in a fault known as laminations. 

Nonmetallic inclusions are quite common in ingots; during rolling, they will be extended and 

including sound material. This may also result in laminations. These faults can only be corrected 

by eliminating the area of the ingot containing pipework and other problems and choosing only 

excellent metal for rolling. 

Metal 

Part II delves into the four different categories of engineering materials: (1) metals, (2) ceramics, 

(3) polymers, and (4) composites. Metals are the most significant engineering materials, and this 

chapter is about them. A metal is a class of materials distinguished by ductility, malleability, 

lustre, and high electrical and thermal conductivity. Metallic constituents and their alloys are 

included in this category. Metals offer qualities that allow them to meet a broad range of design 

needs. The industrial techniques that mould them into goods have been created and perfected 

through time; in fact, some of the processes trace back to prehistoric times (Historical Note 1.2). 
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Furthermore, heat treatment may improve the characteristics of metals.Metals' technical and 

economic relevance stems from the following broad qualities shared by almost all major metals: 

High stiffness and strength. Metals may be alloyed to provide high rigidity, strength, and 

hardness, and are consequently employed to provide the structural framework for the majority of 

designed goods.The ability to be tough. Metals absorb energy more efficiently than other types 

of materials. 

Excellent electrical conductivity. Metals are conductors due to their metallic bonding, which 

allows electrons to travel freely as charge carriers.Thermal conductivity is excellent. Metallic 

bonding also explains why metals transport heat more efficiently than ceramics or polymers. 

Furthermore, several metals have unique qualities that make them appealing for particular uses. 

Many common metals are available at a cheap cost per unit weight and are often the material of 

choice due to their low cost.  

A multitude of industrial methods are used to turn metals into components and products. 

Depending on the method, the metal's beginning form varies.  

The major categories are (1) cast metal, which is purchased in the form of very small powders 

for conversion into parts using powder metallurgy techniques; (2) wrought metal, which has been 

worked or can be worked (e.g., rolled or otherwise formed) after casting; better mechanical 

properties are generally associated with wrought metals compared to cast metals; and (3) 

powdered metal, which is purchased in the form of very small powders for conversion into parts 

using powder metallurgy techniques. The majority of metals are accessible in all three forms. 

This chapter's discussion concentrates on categories (1) and (2), which are of the most 

commercial and engineering relevance. Chapter 16 looks at powder metallurgical 

methods.Metals are divided into two categories: ferrous (those based on iron) and nonferrous (all 

other metals).  

Phase Diagrams 

A phase diagram, as used in this literature, is a graphical representation of the phases of a metal 

alloy system on the basis of composition and temperature. This schematic discussion will be 

confined to alloy systems with two elements at atmospheric pressures. This is referred to as a 

binary phase diagram. Other types of phase diagrams are addressed in materials science 

textbooks, such as  

The Alloy of Copper and Nickel the phase diagram is best introduced by example. Figure 6.2 

depicts one of the most straightforward instances, the Cu-Ni alloy system. The horizontal axis 

represents composition, whereas the vertical axis represents temperature. As a result, every point 

on the diagram represents the overall composition as well as the phase or phases present at the 

particular temperature. Pure copper melts at 1083° C (1981° F), whereas pure nickel melts at 

1455° C (2651° F). As temperature increases, alloy ratios between these extremes demonstrate 

progressive melting that begins at the solidus and ends at the liquidus. 

Throughout its entire composition range, the copper-nickel system is a solid solution alloy. The 

alloy is a solid solution somewhere below the solidus line; there are no intermediate solid phase 

in this system. The zone delimited by the solidus and liquidus, on the other hand, has a 

combination of phases. The phase diagram now shows that these temperatures vary with 

composition. The metal is a solid-liquid mixture that exists between the solidus and the liquids.  
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Determining Chemical Compositions of Phases 

Although the overall composition of the alloy is determined by its location along the horizontal 

axis, the liquid compositions differ, and solid phases are not interchangeable. These 

compositions may be determined from the phase diagram by drawing a horizontal line just at 

temperature of interest. The locations of intersection between both the horizontal line and the 

solidus and liquidus represent the solid and liquid phase compositions, respectively. Simply 

make vertical projections from the junctures to the x-axis and read the compositions that result, 

as shown in Figure 6.1. 

 

Figure 6.1: Represents the phases of material under chemical processes 

Tube Drawing and Making 

Extrusion is a procedure that subjects metal to plastic flow by confining the metal in a closed 

chamber with the single opening supplied by a die. The material is frequently prepared so that it 

can undergo deformations at a fast enough pace to be pushed out of the die hole. During the 

procedure, the metal fills the die hole and emerges as a long strip that has the same cross-section 

as the die opening. In addition, the metal strip manufactured will have a longitudinal grain 

flow.Extrusion is most typically used to produce solid and hollow sections of nonferrous metals 

and alloys such as aluminium, aluminum-magnesium alloys, magnesium and its alloys, copper, 

brass, and bronze, among others. Extrusion is also used to make certain steel goods. The material 

to be produced is in the form of cast ingots or billets. Extrusion may be done either hot or cold. 

Extruded goods have a broad range of cross-sections. 

The following are some of the benefits of the extrusion process: 

(i) The complexity and variety of pieces that may be created by the extrusion technique 

are very broad. Dies are quite basic and straightforward to create. 

(ii) The extrusion operation is completed in a single pass. This is not the case with 

rolling; the amount of decrease in extrusion is substantial. The extrusion process is 

simple to automate. 
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(iii) The extrusion technique can readily manufacture large diameter, hollow goods, thin 

walled tubes, and so forth. 

(iv) Extruded goods have a good surface polish and great dimensional and geometrical 

correctness. This cannot be achieved by rolling. 

The pressure needed for extrusion is determined by the material's strength and the extrusion 

temperature. If the material is heated, it will shrink. It will also be determined by the needed 

cross-section reduction and the speed of insertion. The pace of extrusion is limited. Extrusion at 

high speeds may cause the metal to break. Extrusion ratio refers to the needed decrease in cross-

sectional area. There is also a limit to this. This ratio should not exceed 40:1 for hot steel 

extrusion, but it may be as high as 400:1 for hot aluminum extrusion. 

Extrusion Processes 

The following extrusion processes may be classified: 

Hot Extrusion (A) 

1. Direct or forward extrusion. 

2. Indirect or backward extrusion. 

Cold Extrusion (B) 

1. Extrusion of hookers. 

2. Extrusion by impact. 

3. Forging by cold extrusion. 

Hot Extrusion Methods I Forward or direct extrusion method: The material to be extruded in this 

procedure is in the shape of a block. It is heated to the required temperature before being 

transported inside the chamber asdie with an aperture shaped like the cross-section of the 

extruded product is inserted in the front part of the chamber. A ram and a foot pad are used to 

push the material block from behind. Because the chamber is completely sealed on all sides, the 

heated material is forced to squeeze through die-opening in the shape of a long strip with the 

requisite cross-section (Figure 6.2). 

 

Figure 6.2 Represents extrusion process of material 
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The method seems straightforward, but the friction between the material and the chamber walls 

must be overcome with appropriate lubrication. The high temperature to which the steel must be 

heated makes it challenging to find a suitable lubricant for extruding steel items. As a lubricant, 

molten glass is used to remedy the issue. As a lubricant, a blend of oil and graphite is employed 

at lower temperatures.A little bit of metal is left in the chamber at the conclusion of the extrusion 

process that cannot be extruded. This item is known as butt end scrap and is discarded. To make 

a tubular rod, a ring with the same diameter as the tube bore is connected to the ram. When the 

material is extruded, this mandrel goes through the die in the centre. The hole in the die will 

determine the outer diameter of the tube produced, and the bore of the tube will be equal to the 

mandrel diameter. The extrusion process will be referred to as "tubular extrusion" from then on. 

(ii) Reverse or indirect extrusion the heated metal block is put into the container/chamber as 

indicated. Except for the front, where a ram with a die pushes on the material, it is limited on all 

sides by the container walls. The material must flow forward through the aperture in the die 

while the ram pushes rearward. The ram is hollow so that the extruded metal bar may pass thru it 

freely. 

Machines for Extrusion 

For extrusion, both hydraulic and mechanical presses in horizontal and vertical configurations 

are employed. They should be able to apply strong pressures and have lengthy strokes on their 

rams. Lubricants are utilised to minimise friction between the metal and the extrusion chamber 

walls. Die and punches are constructed of high-quality alloy steels known as cold and hot die 

steels.Extrusion speed for light alloys is about 0.5 m/sec and 4.5 m/sec for copper alloys. 

DEFECTS IN EXTRUSION 

Surface fractures may form on the surface for extruded metal/products. This is due to the heat 

produced during the extrusion process. These fissures are particularly common in aluminium, 

magnesium, and zinc alloy extrusions. 

Internal fissures might form in the extruded product as well. These are also known as a centre 

burst, a centre crack, and an arrowhead fracture. The likelihood for centre cracking rises as die 

angles and material impurities increase. 

Drawing on Wire 

Wire drawing is a straightforward procedure. Rods composed of steel or nonferrous metals and 

alloys are dragged through conical dies with a hole in the centre in this operation. The cone's 

included angle is maintained between 8 and 24°. As the material is drawn through the cone, it 

experiences plastic deformation and eventually shrinks in diameter. Simultaneously, the length is 

raised proportionally. 

Because of the constant rubbing of metal being dragged through it, dies tend to wear out quickly. 

As a result, they are built of very hard materials such as alloy steel, tungsten carbide, or even 

diamond. The decrease in cross-sectional area accomplished in one pass is around 25-30%. As a 

result, in a wire drawing facility, the wire must pass through a series of dies of increasingly 

decreasing diameter to accomplish the needed diameter reduction. However, strain hardening 

occurs when the wire travels through dies and experiences plastic deformation. Its strength grows 

while its ability to withstand additional plastic deformation declines. As a result, during the 

whole course of the wire, it must be heated (and cooled) to eliminate the impact of work-
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hardening. "In process annealing" refers to this procedure. The goal is to restore the material's 

softness and ductility so that the drawing process can go easily. 

The metal rods that will be pulled into cables must be spotless. They are pickled in an acid bath 

if required to dissolve the oxide coating on the surface. Its front end is then tapered down to fit 

through the hole in the die, which is securely held in the wire drawing machine. The wire is 

dragged via a series of power-driven spools or revolving drums. 

The friction between the wire rod and the die generates a lot of heat during wire drawing. Dry 

soap or a manmade lubricant is used to minimise friction. Despite the reduced friction, the dies 

and drummers may need water cooling. 

Tungsten carbide is the main material for dies, however ruby or diamond dies are preferable for 

drawing thin wire. 

The drawing machines may be linked together so that the wire drawn by the preceding die can be 

gathered (in coil shape) in sufficient amount before being fed into the next die for further 

diameter reduction. The linear speed of wire drawing increases as the diameter 

decreases.Reduction ratio, Die angle, and Friction are the primary variables in the wire drawing 

process. Inadequate management of these factors will result in flaws in the drawn material. 

Center cracking (as in extrusion and for the same reasons) and the production of longitudinal 

scratches or folds in the material are examples of defects. 

Polyimides These polymers are available as thermoplastics and thermosets, although the TS 

variants are more often used in industry. They are available in a variety of forms, including 

tapes, films, coatings, and moulding resins, under brand names such as Kapton (Dupont) and 

Kaptrex (Professional Plastics). Chemical resistance, high tensile strength and stiffness, and 

temperature stability are all characteristics of TS polyimides (PI). Due to their strong heat 

resistance, they are known as hightemperature polymers. Insulating films, moulded components 

used in high-temperature operation, flexible cables in computers, medical tubing, and fibres for 

protective apparel are all examples of applications that make advantage of these qualities. 

Polyurethanes this is a broad family of polymers that are all distinguished by the presence of the 

urethane group (NHCOO) in their structure. The chemistry of polyurethanes is complicated, and 

the family has several chemical variants. The interaction of a polyol with hydroxyl (OH) groups, 

such as butylene ether glycol (C4H10O2), with an isocyanate, such as diphenylmethane 

diisocyanate, is the distinguishing property (C15H10O2N2). Polyurethanes may be 

thermoplastic, thermosetting, or elastomeric materials depending on chemistry, cross-linking, 

and processing. The latter two are the most relevant commercially. Polyurethane is most often 

used in foams. These may be elastomeric or stiff, with the latter having more cross-linked. Rigid 

foams are utilised in hollow building panels and refrigerator walls as a filler material. In these 

applications, the material offers great thermal insulation, increases structural stiffness, and does 

not absorb considerable quantities of water. Many paint, varnishes, and other coating products 

are urethane-based.  

the repeating unit -((CH3)m-SiO)-, where m determines proportionality. Polysiloxanes may be 

generated in three forms based on composition and processing: (1) fluids, (2) elastomers, and (3) 

thermosetting resins. Fluids (1) are low molecular weight polymers used in lubricants, polishes, 

waxes, and other liquids; they are not polymers in the meaning of this chapter, but they are major 

commercial items. Cross-linking occurs in silicone elastomers (2) (discussed in Section 8.4) and 
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thermosetting silicones (3) (discussed here). Polysiloxanes, when extensively crosslinked, create 

hard resin systems used in paints, varnishes, and other coatings, as well as laminates such as 

printed circuit boards.  

They are also employed in the manufacture of electrical components. Curing is achieved by 

either heating or allowing the polymer-containing solvents to evaporate. Silicones are well 

known for their heat resistance and water repellence, yet their mechanical strength is not as 

high as that of other cross-linked polymers contains data for a typical silicon thermosetting 

polymer. 

Elastomers 

When exposed to relatively mild loads, elastomers exhibit considerable elastic deformation. 

Some elastomers can sustain 500% or more expansions and yet recover to their original form. 

Rubber is, of course, the more common name for elastomer. Rubbers are classified into two 

types: natural rubber, which is obtained from specific biological plants, and synthetic elastomers, 

which also are made by polymerization procedures similar to those used for thermoplastic and 

thermosetting polymers. Before delving into both natural and synthetic rubbers, explore the 

general properties of elastomers. 

Characteristics of Elastomers 

Elastomers are made up of cross-linked long-chain molecules. They have exceptional elastic 

qualities due to a combination of two characteristics: (1) the long molecules are tightly kinked 

when unstretched, and (2) the degree of cross-linking is much lower than that of thermosets. 

These characteristics are which depicts a strongly kinked merge molecule under no stress.When 

the material is stretched, the molecules are pushed to uncoil and straighten (b). The initial 

elasticmodulus of both the aggregatematerial is provided by the molecules' inherent reluctance to 

uncoiling. As more tension is applied, the covalent bonds weaken. 

Cross-linked monomers begin to play an increasing role in modulus and stiffness. \With 

increased cross-linking, the elastomer stiffens and its modulus of elasticity becomes more linear. 

The stress-strain curves for three grades of rubber are shown in the figure: natural crude rubber, 

which has very low cross-linking; cured (vulcanised) rubber, which has low-to-medium cross-

linking; and hard rubber (ebonite), which has a high degree of cross-linking and thus becomes a 

thermosetting plastic. 

To have elastomeric qualities, an apolymer must be amorphous in the unstretched state and have 

a temperature above Tg. The material is hard and brittle if it is below the glass transition 

temperature (Tg), and stretchy if it is above Tg. Because its linear molecules are constantly 

coiled to some degree, every amorphous thermoplastic polymer will display elastomeric 

characteristics above Tg for a short period, allowing for elastic extension. The lack of cross-

linking in TP polymers precludes them from being fully elastic, instead exhibiting viscoelastic 

behaviour. 

Most popular elastomers nowadays need curing to achieve cross-linking. 

In the context of natural rubber (and some synthetic rubbers), curing is referred to as 

vulcanization, which entails the development of chemical cross-links between the polymer 

chains. Depending on the degree of stiffness wanted in the material, typical cross-linking in 

rubber is 1 to 10 links per 100 carbon atoms in the linear polymer chain. This is much less than 
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the degree of cross-linking seen in thermosets.Another way of curing includes use of starting 

chemicals that, when combined (often with the help of a catalyst or heat), react to generate 

elastomers with very uncommon cross-links between molecules. Reactive system elastomers are 

the name given to these synthetic rubbers. Certain polymers that cure this way, such as urethanes 

and silicones, may be classed as thermosets or elastomers based on the degree of cross-linking 

accomplished during the reaction. 

Thermoplastic elastomers are a relatively new family of elastomers with elastomeric qualities 

resulting from the combination of two thermoplastic phases. 

At room temperature, one is above its Tg, while the other is below it. As a result, we have a 

polymer with soft rubbery areas intermixed with hard particles that serve as crosslinks. The 

mechanical behaviour of the nanocomposites is elastic, albeit not as extensible as most other 

elastomers. Because all phases are thermoplastic, the bulk material may be heated beyond its Tm 

for shaping, allowing for more cost-effective techniques than those utilised for rubber. 

Natural Rubber 

Natural rubber (NR) is mostly composed of polyisoprene, an isoprene polymer with a high 

molecular weight (C5H8). It is made from latex, which is a milky material generated by many 

plants, the most significant of which being the rubber tree (Hevea brasiliensis), which thrives in 

tropical area. Latex is an aqueous emulsion containing polyisoprene (approximately one-third by 

weight) and additional chemicals. Rubber is recovered from latex using a variety of processes 

that remove the water (for example, coagulation, drying, and spraying. 

Natural unvulcanized rubber is sticky in hot weather yet stiff and brittle in cold weather. Natural 

rubber must be vulcanised in order to be converted into an elastomer with usable qualities. 

Vulcanization has traditionally been performed by combining tiny quantities of sulphur and other 

chemicals with raw rubber and heating it. Cross-linking is the chemical consequence of 

vulcanization; the mechanical outcome is improved strength and stiffness while maintaining 

flexibility. The stress-strain curves in Figure 8.13 show the substantial change in characteristics 

produced by vulcanization.Cross-linking may be caused by sulphur alone, but the process is 

sluggish and takes hours to complete. 

Different compounds are added to sulphur during vulcanization to speed up the process and fulfil 

other purposes. Rubber may also be vulcanised using substances other than sulphur. Curing 

periods have been greatly shortened in comparison to the traditional sulphur curing of years ago. 

Vulcanized rubber is an engineering material known for its high tensile strength, tear strength, 

resilience (ability to restore shape after deformation), and resistance to wear and strain. Its 

disadvantage is that it degrades when exposed to heat, sunshine, oxygen, ozone, and oil. Some of 

these constraints may be alleviated by the application of additives.shows typical characteristics 

and other characteristics for vulcanised natural rubber. Market share is calculated as a percentage 

of total yearly rubber volume (natural + synthetic). Rubber accounts for about 15% of the overall 

polymer market.Automotive tyres are the biggest single market for natural rubber. Carbon black 

is a significant addition in tyres; it strengthens the rubber, increasing tensile strength and 

resistance to tearing and abrasion. Rubber is also used in shoe bottoms, bushings, seals, and 

shock-absorbing components. The rubber is compounded in each instance to acquire the precise 

qualities needed in the application. Other additives used in rubber and certain synthetic 
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elastomers, in addition to carbon black, include clay, kaolin, silica, talc, and calcite, as well as 

compounds that accelerate and encourage vulcanization. 

Synthetic Rubbers 

Synthetic rubber tonnage is now more than three times that of natural rubber.The development of 

these synthetic materials was primarily spurred by the World Wars, when NR was scarce. 

Styrene-butadiene rubber (SBR), a copolymer of butadiene (C4H6) and styrene, is the most 

significant of the synthetics (C8H8). Petroleum, like most other polymers, is the primary raw 

source for synthetic rubbers. Only the most commercially important synthetic rubbers are 

mentioned here. Contains technical information. Data for market share are for total volume of 

natural and synthetic 

Butadiene Rubber is a kind of rubber. Polybutadiene (BR) is most essential when combined with 

other rubbers. In the manufacture of vehicle tyres, it is combined with natural rubber and styrene 

(styrene-butadiene rubber is addressed later). Polybutadiene's tear resistance, tensile strength, 

and simplicity of processing are less than acceptable without compounding. 

Howeveryl Rubber Butyl rubber is a polyisobutylene (98%-99%) and polyisoprene (1%-2%) 

copolymer. It may be vulcanised to produce a rubber with extremely low air permeability, 

leading to uses in inflatable items such as inner tubes, tubeless tyre liners, and sports goods. 

Rubber made with chloroprene one of the earliest synthetic rubbers to be produced was 

polychloroprene (early 1930s). It is a significant specialpurpose rubber that is now commonly 

known as Neoprene. When stretched, it crystallises to offer excellent mechanical characteristics. 

Chloroprene rubber (CR) is more resistant to oils, weather, and ozone, heat, even flame than 

natural rubber (NR), although it is somewhat more costly. Fuel hoses (and other automotive 

components), conveyor belts, and gaskets are among its uses, however tyres are not among them. 

Rubber made of ethylene and propylene the terpolymer ethylene-propylene-diene (EPDM) is 

formed by polymerizing ethylene and propylene with tiny amounts (3%-8%) of a diene 

monomer. Other than tyres, applications include for components in the automobile sector. Other 

applications include wire and cable insulation. 

Isoprene Rubber is a kind of rubber. Polymerization of isoprene results in the chemical 

equivalent of natural rubber. Unvulcanized synthetic polyisoprene is softer and more malleable 

than raw natural rubber. The synthetic material's applications are comparable from those of its 

natural counterpart, with vehicle tyres being the biggest single market. It is also utilised in 

footwear, conveyor belts, and caulk. The cost per unit weight is about 35% greater than for NR. 

Nitrile Rubber is a kind of rubber. This is a vulcanizable copolymer of butadiene (50%-75% by 

weight) and acrylonitrile (25%-50% by weight). Butadiene-acrylonitrile rubber is the more 

technical term for it. It's tough and resistant to abrasion, oil, gasoline, and water. Because of 

these qualities, it is perfect for applications such as fuel hoses and seals, as well as footwear. 

Polyurethanes Elastomers, most often generated as flexible foams, are thermosetting 

polyurethanes with little cross-linking. They are extensively utilised as cushion materials for 

furniture and automotive seats in this form. Unfoamed polyurethane may be moulded into a wide 

range of goods, from shoe bottoms to vehicle bumpers, with the cross-linking altered to provide 

the necessary qualities for the application. The material is a thermoplastic elastomer which can 

be injection moulded since there is no cross-linking. Reaction injection moulding and other 

shaping procedures are employed with elastomers and thermosets. 
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Silicones Silicones, like polyurethanes, may be either elastomeric or thermosetting depending on 

the degree of cross-linking. Silicone elastomers are well-known for their broad temperature 

range of use. Their oil resistance is low. The silicones have a variety of chemistries, the most 

prevalent of which being polydimethylsiloxane. Silicone elastomers must be reinforced, often 

with fine silica particles, to provide acceptable mechanical characteristics. Because of their high 

cost, they are classified as special-purpose rubbers for uses such as gaskets, seals, wire and cable 

insulation, prosthetic devices, and caulking material bases.Butadiene-Styrene Rubber SBR is a 

random copolymer of styrene (about 25%) and butadiene (75%). Prior to World War II, it was 

created in Germany as Buna-S rubber. It is now the greatest tonnage elastomer, accounting for 

almost 40% of all rubbers manufactured (natural rubber is second in tonnage). Its appealing 

characteristics include cheap cost, abrasion resistance, and greater homogeneity than NR. Its 

properties and uses are extremely similar to those of natural rubber when supplemented with 

carbon black and vulcanised. The price is also comparable. A detailed examination of its 

qualities indicates that, with the exception of wear resistance, most of its mechanical properties 

are inferior to NR, but its resistance to heat ageing, ozone, weather, and lubricants is greater. 

Automotive tyres, footwear, and wire and cable insulation are all examples of applications. 

Styrene-butadiene-styrene block copolymer is a thermoplastic elastomer that is chemically linked 

to SBR. 

Elastomers that are thermoplastic a thermoplastic elastomer (TPE), as previously defined, is a 

thermoplastic that behaves like an elastomer. It belongs to a polymer family that is a rapidly 

increasing part of the elastomer industry. TPEs get their elastomeric qualities not from chemical 

cross-links, but through physical linkages between the material's soft and hard phases. Styrene-

butadiene-styrene (SBS) is a block copolymer, as opposed to styrene-butadiene rubber (SBR), 

which is a random copolymer. 

Other copolymers and polymer mixes include thermoplastic polyester copolymers. SBS data may 

be found in. icated, comprising two incompatible components that form dicrete phases with 

varying room temperature characteristics. TPEs cannot compete with typical cross-linked 

elastomers in terms of increased temperature strength and creep resistance due to their 

thermoplasticity. Footwear, rubber bands, extruded tubing, cable coating, and moulded 

components for automotive and other purposes requiring elastomeric qualities are examples of 

typical applications. TPEs are not suited for tyre applications. 

Polymer Recycling and Biodegradability 

It is estimated that 1 billion tonnes of plastic have been wasted as rubbish since the 1950s. 2 

Because the main linkages that make plastics so durable also make them resistant to 

disintegration by natural environmental and biological processes, this plastic waste may stay 

there for generations. In this part, we look at two polymer themes related to environmental 

concerns: (1) polymer recycling and (2) biodegradable plastics. 

Polymer Recycling 

Every year, around 200 million tonnes of plastic items are manufactured worldwide, with the 

United States producing more than one-eighth of this total.  Only around 6% of the tonnage in 

the United States gets recycled as plastic trash; the rest stays in goods or ends up in rubbish 

dumps. Recycling entails recovering wasted plastic goods and reprocessing them into new 

products, which may be substantially different from the original discarded ones.Plastic recycling 

is often more challenging than recycling glass and metal items. There are various causes for this, 
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including: (1) Many recycled metal items are much larger and heavier than plastic parts (e.g., 

structural steel from buildings and bridges, steel car body frames), so the economics of recycling 

are more favourable for recycling metals; most plastic items are lightweight; (2) glass products 

are all based on silicon dioxide, whereas plastics come in a variety of chemical compositions that 

do not mix well; and (3) many plastic products contain fillers, dyes, and additives. The change in 

the cost of recycled materials is, of course, a constant issue in all recycling initiatives. 

The Plastic Identification Code (PIC) was established by the Society to address the issue of 

mixing various kinds of plastics and to facilitate plastic recyclingof the Plastics Industry. The 

code is represented as a triangle formed by three bent arrows surrounding a number. On the 

plastic object, it is printed or moulded. The number is used to identify the plastic for recycling 

reasons. The seven plastics (all thermoplastics) used in the PIC recycling programme are: (1) 

polyethylene terephthalate, which is used in 2-liter beverage containers; (2) high-density 

polyethylene, which is used in milk jugs and shopping bags; (3) polyvinyl chloride, which is 

used in juice bottles and PVC pipes; (4) low-density polyethylene, which is used in squeezable 

bottles and flexible carton lids; (5) polypropylene, which is The PIC aids in the separation of 

objects created from various kinds of plastics for recycling. Nonetheless, sifting the plastics is a 

time-consuming task. 

The thermoplastic materials may be easily recycled into new products after being separated. This 

is not true for thermosets and rubbers as cross-linking occurs in these polymers. As a result, these 

materials must always be recycled and treated in various ways. Recycled thermosets are often 

pulverised into fine particles and utilised as fillers in moulded plastic products. The majority of 

recycled rubber originates from old tyres. While some of these tyres are retreaded, others are 

pulverised into granules such as chunks and nuggets that may be used for landscaping mulch, 

playgrounds, and other similar applications.  

The code is represented as a triangle consisting of three bent arrows surrounding a number. On 

the plastic object, it is printed or moulded. The number is used to identify the plastic for 

recycling reasons. The seven plastics (all thermoplastics) used in the PIC recycling programme 

are: (1) polyethylene terephthalate, which is used in 2-liter beverage containers; (2) high-density 

polyethylene, which is used in milk jugs and shopping bags; (3) polyvinyl chloride, which is 

used in juice bottles and PVC pipes; (4) low-density polyethylene, which is used in squeezable 

bottles and flexible container lids; (5) polypropylene, which is The PIC aids in the separation of 

objects created from various kinds of plastics for recycling. Nonetheless, sifting the plastics is a 

time-consuming task. 

The thermoplastic materials may be easily recycled into new products after being separated. This 

is not true for thermosets and rubbers due to cross-linking in these polymers. As a result, these 

materials must be recycled and treated in various ways. Recycled thermosets are often pulverised 

into fine particles and utilised as fillers in moulded plastic products. The majority of recycled 

rubber originates from old tyres. While some of these tyres are retreaded, others are pulverised 

into granules such as chunks and nuggets that may be used for landscaping mulch, playgrounds, 

and other similar applications.  

Biodegradable Polymers 

Another strategy to addressing plastics' environmental issues is the creation of biodegradable 

plastics, which are characterised as polymers that disintegrate via the activity of microorganisms 

found in nature, such as bacteria and fungus. Conventional plastic goods are typically composed 
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of a petroleum-based polymer plus a filler, resulting in a polymer-matrix composite. The filler's 

goal is to increase mechanical qualities and/or minimise material costs. Both the polymer and the 

filler are not always biodegradable. Non-biodegradable plastics are distinguished by two types of 

biodegradable polymers: (1) partly degradable and (2) entirely degradable. 

A standard polymer plus a natural filler make up partially biodegradable polymers. Although the 

polymer matrix is petroleum-based and hence non-biodegradable, the natural filler may be 

devoured by microorganisms (for example, in a landfill), transforming the polymer into a 

sponge-like structure and perhaps contributing to its disintegration over time. 

The most environmentally friendly plastics are entirely biodegradable plastics (aka bioplastics), 

which are made up of a polymer and a filler produced from natural and renewable sources. 

Biodegradable plastics are made from a variety of agricultural products. Starch, a key component 

of maize, wheat, rice, and potatoes, is a frequent polymeric starting material. It is made up of the 

polymers amylose and amylopectin. Starch may be used to create a variety of thermoplastic 

polymers that can be processed using traditional plastic shaping processes such as extrusion and 

injection mouldingAnother method for producing biodegradable plastics is to ferment maize 

starch or sugar cane to make lactic acid, which can then be polymerized to form polylactide, 

another thermoplastic material. Cellulose is a frequent filler in bioplastics, generally in the form 

of reinforcing fibres in the polymer-matrix composite. Cellulose is cultivated in the same way as 

flax or hemp are. It is cheap and has high mechanical strength. 

The fact that biodegradable plastics are more costly than petroleum-based polymers limits their 

use. This might change in the future as a result of technical advancements and leverage. 

Biopolymers are particularly appealing in instances when degradability trumps economic 

savings. 

Packaging materials that are promptly abandoned as garbage in landfills are at the top of the list. 

It is estimated that 40% of all plastics are used in packaging, the majority of which is for food 

goods. As a result, biodegradable polymers are increasingly being employed as alternatives for 

conventional plastics in packaging applications. Other uses include disposable food service 

products, paper and cardboard coatings, garbage bags, and agricultural crop mulches. Sutures, 

catheter bags, and sanitary laundry bags are examples of medical uses.  

Press Work and Die-Punch Assembly 

The use of mechanical and hydraulic presses for forging and extrusion was previously described. 

Mechanical presses with knuckles are often used for sheet metal work. These presses are 

typically vertical in design. These presses have a large flywheel that is powered by an electric 

motor. When a ram is attached to the flywheel by a connecting rod and just a crank mechanism, 

it travels up and down the guide ways supplied in the press frame. A foot-operated treadle 

operates the clutch, which transfers momentum from the flywheel to the ram. The configuration 

resembles the mechanics of a reciprocating engine. These presses are very handy for producing 

short, forceful strokes. 

These presses are offered in two designs: (i) open frame and (ii) closed frame. 

Open frame presses are less sturdy than closed frame presses, but they allow for more material 

loading since they are open on all sides. Because of their appearance, they are also known as C-

frame or gap presses. For heavier work, closed frame presses are employed. The force (or 

tonnage) that the press is capable of exerting indicates its capability. 
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Tools working with presses necessitates the use of a collection of dies. A die set is made up of 

three parts: a punch (male tool), a die (female tool), and a stripping plate. The punch is connected 

to the ram and the die is bolted to the machine bed in such a way that the two are perfectly 

aligned. When the punch, together with the press ram, goes lower, the punch passes through the 

die centrally. 

The punch slices the metal sheet as it falls. The punch hole has the same profile as the punch. If 

the remaining section of the sheet metal is usable, the punched out portion is discarded as scrap. 

The procedure is known as "punching" in this scenario. If the punched out section is the usable 

part, the procedure is known as "blanking," and the punching out piece is known as blank. The 

size of the blank is governed by the size of the die hole (Figure 6.3). 

 

Figure 6.3 Represents Die Forging Process 

The stripper plate's duty is to keep the sheet held down throughout the succeeding upward 

movement of the punch; otherwise, this sheet may get entangled with the punch during the ram's 

and punch's upward movement.Some room is given between the punch and the die for effective 

operation and clean cut surfaces. It is a measure of sheet thickness under shear and ranges from 

3-5% of thickness. Actually, after the punch's bottom surface makes contact with the sheet, it 

travels or permeates through the sheet up to roughly 40% of the sheet thickness, causing 

increasing and higher compressive stress in the sheet metal. Finally, the shear force at the blank's 

perimeter surpasses the material's maximum shear strength, and the blank is sheared off over the 

remaining 60% of the sheet thickness. If the blank's perimeter is visually inspected, the depth of 

penetration-zone and plate boundary are delineated and plainly visible. 

The area beneath this curve (shown darkened) represents the amount of energy needed for 

shearing. 

The die and hammer are composed of fine-grained alloy steel of excellent grade. After that, they 

are heat treated to achieve high hardness, wear resistance, and impact resistance. 

When there is no press capable of delivering complete shear force, the bottom surface of the 

punch is tapered. Shear is the term for this. The use of shear minimises the maximum force 

needed since the whole perimeter of the punch does not bear on the steel sheet at the same time. 

 

----------------------------- 
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Bending is the process of deforming a single layer along a straight line to create the appropriate 

angle. Bending produces various sections like as angles, channels, and so on, which may 

subsequently be utilised to construct steel structures.Bending is accomplished with a V-shaped 

punch, a die, and a press specifically built for the task. The stroke of such presses may be 

adjusted by the operator, and they are known as press brakes. 

A V-shaped punch drives a metal sheet or flat strip into a wedge-shaped die in V-bending. The 

bend angle is determined by the distance the punch depresses. Bends of 90° or obtuse as well as 

sharp angles are possible.Only 90° bends are utilised for wiper bending. The sheet is securely 

held down on the die here, while the punch bends the extended area of the sheet. 

Spring back: Due to elasticity, the bend angle tends to expand up after the conclusion of the 

bending operation once the punch applying the bending force is recovered. This is known as 

"spring back". The impact of spring back may be countered in the first place by modest 

overbending. Other approaches tobottoming and ironing help to prevent spring back. Spring back 

is 1- 2° for low carbon steels and 3-4° for medium carbon steels. 

THICK DRAWING 

Deep drawing begins with a flat metal plate or sheet that is converted into a cup form by pressing 

the sheet in the centre with just a circular punch that fits into a cup shaped die. Many containers 

in the home kitchen, such as deep saucepan, are manufactured via the deep drawing procedure. 

Deep drawing is used when the depth of the cup is more than half its diameter, while shallow 

drawing is used when the depth to diameter ratio is less than half. Drawing produces parts of 

diverse geometries and shapes. 

The area of the blank between the die wall and the punch surface is only subjected to tension, but 

the portion further down at the bottom is subjected to both tension and bending. The part of 

metal blank that forms this flange at the top of the cup is subjected to circumferential stress 

concentration and buckling, causing it to thicken. As a result, the flange must be kept down by a 

hydraulic piston, or its surface would buckle and become uneven, much like an orange peel. 

Deep drawing is a challenging procedure, and the material used must be extremely malleable and 

ductile to avoid cracking under the produced forces. A deep drawn component's wall thickness 

does not stay constant. Tensile strains cause the vertical walls to thin. However, the thinnest part 

is all around the bottom corner of the cup. Necking refers to the thinning of the sheet at certain 

points. 

Following deep drawing, the element may be subjected to finishing procedures such as 

"irowing," the goal of which is to achieve more uniform wall thickness (Figure 7.1). 
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Figure 7.1 Represent Thick Drawing tothe Manufacturing Material 

Embossing and Coining 

Both coining and embossing procedures are performed 'cold,' and mechanical presses with die 

and punch are employed. Impressions are formed on sheet metal in such a way that the thickness 

of the sheet stays constant all throughout even after embossing. It implies that if one face of the 

sheet is lifted to make a pattern, the other side of the sheet is depressed. Essentially, it is a 

pressing process that requires little effort. The sheet is spread over the bottom die, and the punch 

stroke is regulated such that as it goes down to its lowest position, it leaves a consistent clearance 

equal to the height of the sheet being embossed between the imprints cut in the punch and the 

die. The pattern is transferred to the sheet by bending it up and down without changing its 

thickness in any way. Many religious decorative elements are manufactured in this manner. 

Coining 

A blank of metal softened by the annealing process is put between two dies carrying an imprint 

in the coining process. The blank is confined throughout its perimeter in such a way that when 

the two dies close around it, the material cannot flow laterally, or sideways. The content is 

limited to free to flow both vertically (filling the depressions in the higher die) and downwards 

(when it fills up depressions in the bottom die). The coining procedure results in the design 

engraved on the top and bottom dies being stamped in relief (i.e., elevated material) on the 

corresponding faces of the blank without affecting the size of the blank-circumference. This is 

how coins used as money in everyday life are made. The pressures necessary here are 

substantially larger, causing plastic flow of material.  

Shear of Guillotine 

Readers may have noted that the raw material for all press operations is in the shape of sheets or 

plates. Sheets and plates are commercially available in two sizes: 2500 1000 mm and 2500 1250 

mm. Before subsequent operations such as bending, punching, and so on, they must be chopped 

into smaller rectangular or square pieces to the desired sizes. Guillotine shears (also known as 

mechanical presses) are used to cut sheets into smaller pieces with straight cuts.Guillotine shears 

come with two straight blades of sufficient length manufactured of die steel. The blades are 

hardened and ground to provide smooth and sharp edges. One blade is attached to the ram 

(which is significantly longer in the case of guillotine shears), while the other is attached to the 

machine bed's edge (Figure 7.2). 
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Figure 7.2 represent sheet positioning 

The sheet is positioned on the machine bed with one end protruding. It is kept in place by a 

clamp. The blades shred the sheet along blade length as the ram goes down. On 250 tonne 

presses, steel plates up to 10 mm thick may be sheared in this manner. A guillotine shear is 

essential in every sheet-metal business. 

Composite Materials 

A fourth material group may be differentiated in addition to metals, ceramics, and polymers: 

composites. A composite material is a material system made up of two or more physically 

separate phases that when combined create aggregate qualities that vary from the components. 

Composites are the most intriguing of the engineering materials in some ways since their 

structure is more complicated than the other three varieties. 

The technical and economic interest in composite materials stems from the fact that their 

qualities are not only distinct from those of their constituents, but are sometimes substantially 

better. Among the options are: Composites may be constructed to be very strong and stiff while 

being extremely light in weight, resulting in strength-to-weight and stiffness-to-weight ratios 

many times higher than steel or aluminium. These characteristics are extremely desired in a wide 

range of applications, from commercial aeroplanes to sports equipment. 

Fatigue characteristics are often superior to those of popular engineering metals. Toughness is 

often increased as well. Composites that do not corrode like steel may be created; this is essential 

in automotive and other applications. 

It is feasible to produce combinations of qualities using composite materials that are not 

conceivable with metals, ceramics, or resins alone. Certain composite materials may improve the 

look and control of surface smoothness. 

Along with the benefits, there are drawbacks and limits to composite materials. These are some 

examples: (1) Many important composites' properties are anisotropic, which means they differ 

depending on the direction in which they are measured; (2) many polymer-based composites are 

susceptible to attack by chemicals or solvents, just as polymers themselves are susceptible to 

attack; (3) composite materials are generally expensive, though prices may fall as volume 

increases; and (4) certain manufacturing methods for shaping composite materials are sloppy. 

In our review of the other three material classes, we have already come across various composite 

materials. Cemented carbides (tungsten carbide with a cobalt binder), plastic moulding 

compounds with fillers (e.g., cellulose fibres, wood flour), and rubber combined with carbon 
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black are some examples. Although we did not always label these materials as composites, they 

properly match the above description. A two-phase metal alloy (e.g., Fe Fe3C) may even be 

claimed to be a composite material, albeit it is not categorised as such. Wood is perhaps the most 

significant composite material.We begin our discussion of composite materials by looking at its 

technology and categorization. There are several materials and structures that may be used to 

produce composites; we examine the main categories, giving the greatest focus to fiber-

reinforced plastics, which are the most significant economically. 

Technology and classification of composite Materials 

The word phase refers to a homogenous substance, such as a metal or ceramic having the same 

crystal structure throughout, or a polymer with no fillers. By merging the phases via yet-to-be-

described procedures, a new material is generated with aggregate performance that exceeds the 

sum of its parts. The result is additive. 

Composite materials are categorised in a variety of ways. One such categorization is (1) 

conventional composites and (2) synthetic composites. Traditional composites are those found in 

nature or created by civilizations throughout time. Wood is a naturally occurring fiberglass 

reinforced, while classic composites used in building include concrete (Portland cement with 

sand or gravel) and asphalt combined with gravel. 

Synthetic composites are contemporary material systems that are often connected with the 

manufacturing sectors, in which the elements are initially manufactured separately and then 

mixed in a controlled manner to provide the required structure, characteristics, and part shape. 

These synthetic materials are the composites that are often associated with designed items. In 

this chapter, we will concentrate on these elements. 

Components inA Composite Material 

A composite material, in its most basic form, consists of two phases: a primary phase and a 

secondary phase. The matrix in which the secondary phase is embedded is formed by the main 

phase. Because it normally works to reinforce the composite, the embedded phase is frequently 

referred to as a reinforcing agent (or equivalent word). 

As we will see, the reinforcing phase may take the shape of fibres, particles, or a variety of 

different geometries. The phases are normally insoluble in one other, but there must be 

significant adhesion at their contacts.  

The matrix phase may be made of any of three different kinds of materials: polymers, metals, or 

ceramics. The secondary phase might be one of the three basic materials or an element like 

carbon or boron. 

1. Metal Matrix Composites (MMCs) are composites made of ceramics and metals, such as 

cemented carbides and other cermets, as well as aluminium or magnesium reinforced by strong, 

high-strength fibres. 

The second most prevalent group is Ceramic Matrix Composites (CMCs). Aluminum oxide and 

silicon carbide are two materials that may be embedded with fibres to enhance their 

characteristics, particularly in high-temperature applications.Composites using Polymer Matrix 

(PMCs). Thermosetting resins are the most common polymers utilised in PMCs. Epoxy and 

polyester are often blended with fibre reinforcement, whereas phenolic is used with powders. 

Thermoplastic moulding compositions are often reinforced, most commonly using powders  
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The categorization may be used to both conventional and synthetic composites. 

Asphalt and wood are polymer matrix composites, but concrete is a ceramic matrix composite. 

In the composite, the matrix material fulfils many purposes. First, it offers the bulk form of the 

composite material component or product. Second, it keeps the embedded phase in situ by 

enclosing and often obscuring it. Third, when a load is applied, the matrix shares the burden with 

the secondary phase, deforming in certain situations such that the stress is borne mostly by the 

reinforcing agent. 

The Reinforcing Phase 

It is critical to remember that the secondary phase's job is to support the main phase. The 

embedding phase is most usually represented by one of the morphologies shown in Figure 9.1: 

fibres, particles, or flakes. Furthermore, the secondary phase might exist as an infiltrated phase in 

a skeletal or porous matrix. Depending on the material, diameters vary from less than 0.0025 mm 

(0.0001 in) to roughly 0.13 mm (0.005 in). 

Fiber reinforcing has the most potential for increasing the strength of composite constructions. 

Because it carries the majority of the load in fiber-reinforced composites, the fibre is often 

regarded as the primary ingredient. Because the filament form of most materials is substantially 

stronger than the bulk form, fibres are appealing as reinforcing agents. As the diameter of the 

material shrinks, it gets orientated in the direction of the fibre axis, and the likelihood of 

structural flaws falls considerably. Tensile strength rises considerably as a consequence. 

Composite fibres may be either continuous or discontinuous. Continuous fibres are very long; in 

principle, they provide a continuous channel for a load to be borne by the composite portion. In 

actuality, because to variances in the fibre material and processing, this is impossible to 

accomplish. Discontinuous fibres (chopped pieces of continuous fibres) have a small length to 

diameter ratio (L/D 100). Whiskers hair-like single crystals with diameters as small as 0.001 mm 

(0.00004 in) and very high strength are an important form of discontinuous fibre. The dimension 

in which the composite material has isotropic characteristics. 

Metals, ceramics, polymers, carbon, and boron are all employed as fibres in fiber-reinforced 

composites. The most common commercial use for fibres is in polymer composites. The usage of 

fiber-reinforced metals and ceramics, on the other hand, is increasing. The following is a list of 

the major varieties of fibre materials. Glass, the most often used fibre in polymers, the name 

fibreglass refers to glass fiber-reinforced plastic (GFRP). Eglass and S-glass are the two most 

prevalent glass fibres. E-glass is strong and inexpensive, although its modulus is lower than that 

of other fibres. S-glass is stiffer and has one of the greatest tensile strengths of any fibre material; 

nonetheless, it is more costly than E-glass.Carbon may be converted into high-modulus fibres. 

Other appealing features besides stiffness are low density and minimal thermal expansion. 

C-fibers are typically made of graphite and amorphous carbon. Boron has a very high elastic 

modulus, but its expensive cost restricts its use in aerospace components where this (and other) 

properties are crucial. 

Kevlar 49 

This is the most significant polymer fibre; it is a crystallinity aramid polyamide family member . 

Because of its low specific gravity, it has one of the greatest strength-to-weight ratios of any 

fibre. 
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Ceramics 

Among ceramics, the most common fibre materials are silicon carbide (SiC) and aluminium 

oxide (Al2O3). Both have large elastic moduli and may be utilised to reinforce metals with low 

densities and moduli, such as aluminium and magnesium. 

Metal 

Steel filaments, both continuous and discontinuous, are utilised in polymers as reinforcing fibres. 

Other metals are less often used as reinforcing fibres at the moment. 

Particles and Flakes 

It is critical to remember that the secondary phase's job is to support the main phase. The 

embedding phase is most usually represented by one of the morphologies \: fibres, particles, or 

flakes. Furthermore, the secondary phase might exist as an infiltrated phase in a skeletal or 

porous matrix. Depending on the material, diameters vary from less than 0.0025 mm (0.0001 in) 

to roughly 0.13 mm (0.005 in). 

Fiber reinforcing has the most potential for increasing the strength of composite constructions. 

Because it carries the majority of the load in fiber-reinforced composites, the fibre is often 

regarded as the primary ingredient.  

Because the filament form of most materials is substantially stronger than the bulk form, fibres 

are appealing as reinforcing agents. As the diameter of the material shrinks, it gets orientated in 

the direction of the fibre axis, and the likelihood of structural flaws falls considerably. Tensile 

strength rises considerably as a consequence. 

Composite fibres may be either continuous or discontinuous. Continuous fibres are very long; in 

principle, they provide a continuous channel for a load to be borne by the composite portion. In 

actuality, because to variances in the fibre material and processing, this is impossible to 

accomplish.  

Discontinuous fibres (chopped pieces of continuous fibres) have a small length to diameter ratio 

(L/D 100). Whiskers hair-like single crystals with diameters as small as 0.001 mm (0.00004 in) 

and very high strength are an important form of discontinuous fibre. The dimension in which the 

composite material has isotropic characteristics. 

Metals, ceramics, polymers, carbon, and boron are all employed as fibres in fiber-reinforced 

composites. The most common commercial use for fibres is in polymer composites. The usage of 

fiber-reinforced metals and ceramics, on the other hand, is increasing. The following is a list of 

the major varieties of fibre materials, with their attributes 

Glass 

The most often used fibre in polymers, the name fibreglass refers to glass fiber-reinforced plastic 

(GFRP). Eglass and S-glass are the two most prevalent glass fibres. E-glass is strong and 

inexpensive, although its modulus is lower than that of other fibres. S-glass is stiffer and has one 

of the greatest tensile strengths of any fibre material; nonetheless, it is more costly than E-glass. 

Carbon may be converted into high-modulus fibres. Other appealing features besides stiffness 

are low density and minimal thermal expansion. 

C-fibers are typically made of graphite and amorphous carbon. 
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Boron 

Boron has a very high elastic modulus, but its expensive cost restricts its use in aerospace 

components where this (and other) properties are crucial. 

Kevlar 49 

This is the most significant polymer fibre; it is a highly crystalline aramid polyamide family 

member. Because of its low specific gravity, it has one of the greatest strength-to-weight ratios 

of any fibre. 

Ceramics  

Among ceramics, the most common fibre materials are silicon carbide (SiC) and aluminium 

oxide (Al2O3). Both have large elastic moduli and may be utilised to reinforce metals with low 

densities and moduli, such as aluminium and magnesium. 

Metal 

Steel filaments, both continual and discontinuous, are utilised in polymers as reinforcing fibres. 

Other metals are less often used as reinforcing fibres at the moment. 

Properties of Composite Material 

In the case of a composite material, the best mix of qualities is generally sought rather than a 

single attribute. For example, an aircraft's fuselage and wings must be lightweight while yet 

being robust, rigid, and durable. It is challenging to find a monolithic material that meets these 

characteristics. This combination of characteristics is seen in a number of fiber-reinforced 

polymers.Rubber is another example. Natural rubber is a brittle substance. It was found in the 

early 1900s that adding substantial quantities of carbon black (nearly pure carbon) to natural 

rubber boosted its strength considerably. The two elements combine to form a composite 

substance that is substantially stronger than each ingredient alone.To reach maximum strength, 

rubber must, of course, be vulcanised. 

Rubber may be used as an addition in polystyrene. Brittleness is one of polystyrene's 

distinguishing and unfavourable qualities. While most other polymers have significant ductility, 

polystyrene has almost none. Rubber (natural or synthetic) may be used in small quantities (5%-

15%) to create high-impact polystyrene, which has much higher toughness and impact 

strength.Three elements influence the properties of a composite material: (1) the materials 

employed as component phases in the composite, (2) the geometric forms of the components and 

the resultant structure of the composite system, and (3) the method in which the phases interact 

with one another. 

The Mixture Rule a composite material's qualities are determined by the initial ingredients. 

Certain attributes of a composite material may be calculated using a mixtures rule, which entails 

taking a weighted average of the component material properties.  

Carbides Cemented Cemented carbides are made up of one or more carbide compounds that are 

bound together in a metallic matrix. Even though it is theoretically valid, the name cermet is not 

used for all of these materials. Wrought iron carbide (WC), titanium carbide (TiC), and 

chromium carbide are the most prevalent cemented carbides (Cr3C2). Tantalum carbide (TaC) 

and other materials are also used, although less often. Cobalt and nickel are the primary metallic 
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binders. We already mentioned carbide ceramics (Section 7.3.2); they are the main constituent in 

cemented carbides, often accounting for 80% to 95% of total weight. 

Particulate processing procedures are used to create cemented carbide component). Cobalt is a 

typical binder for WC, while nickel is a binder for TiC and Cr3C2. Even though the binder 

accounts for just 5% to 15% of the total weight of the composite material, its impact on 

mechanical characteristics is substantial. In the case of WC-Co, as the proportion of Co 

increases, hardness decreases but transverse rupture strength (TRS) increases. TRS correlates 

with WC-Co composite toughness.Cutting tools are the most typical use for tungsten carbide-

based cemented carbides. Other uses for WC-Co cemented carbides include wire drawing dies, 

rock-drilling bits and other mining equipment, powder metallurgy dies, hardness tester indenters, 

and other applications where hardness and wear resistance are required. 

Titanium carbide ceramics are primarily employed in high-temperature applications. 

Nickel is the favoured binder because it is more resistant to oxidation at high temperatures than 

cobalt. Gas turbine nozzle vanes, valve seats, thermocouple protection tubes, torch tips, and hot-

working spinning tools are examples of applications TiC-Ni is also employed in machining 

processes as a cutting tool material.Nickel-bonded chromium carbides are more brittle than WC-

Co cemented carbides, but they have superior chemical stability and chemical resistance. This 

combination, along with its high wear resistance, makes it appropriate for gauge blocks, valve 

liners, spray nozzles, and bearing seal rings. 

Cermets based on oxidation the majority of these composites employ Al2O3 as the particulate 

component; MgO is another oxide which is occasionally utilised. Chromium is a typical metal 

matrix, however other metals may also be employed as binders. The relative quantities of the two 

phases vary greatly, with the metal binder being the most important component. Cutting tools, 

mechanical seals, and thermocouple shields are examples of applications. 

Fiber-Reinforced Metal Matrix Composites 

These MMCs are interesting because they combine a fiber's high tensile strength and modulus of 

elasticity with metals of low density, resulting in a composite material with excellent strength-to-

weight and modulus-to-weight ratios. Aluminum, magnesium, and titanium are common low-

density matrix metals. Al2O3, boron, carbon, and SiC are some of the major fibre components 

employed in the composite.Fiber-reinforced MMCs have anisotropic properties, as predicted. 

Continuous fibres tightly attached to the matrix metal achieve maximum tensile strength in the 

chosen direction. The elastic modulus and tensile strength of the composite material rise as fibre 

volume increases. MMCs with fibre reinforcement provide excellent high-temperature strength 

and electrical and thermal conductivity. The majority of applications have been components in 

aircraft and turbine gear, where these features may be utilised. 

Ceramic Matrix Composites 

Ceramics offer many appealing qualities, including high stiffness, hardness, hot hardness, and 

compressive strength, as well as a low density. Ceramics also have various flaws, including poor 

toughness and aggregate tensile strength, as well as thermal cracking susceptibility. Ceramic 

matrix composites (CMCs) are an effort to keep ceramics' beneficial qualities.While 

compensating for their limitations. CMCs are made up of a ceramic primary phase embedded in 

a secondary phase. Too far, the majority of research has been on the utilisation of fibres as the 

secondary phase. Success has eluded me. The thermal and chemical compatibility of the 
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ingredients in CMCs during processing is one of the technical challenges. Furthermore, like any 

other ceramic material, component geometry constraints must be addressed. 

Alumina (Al2O3), boron carbide (B4C), boron nitride (BN), silicon carbide (SiC), silicon nitride 

(Si3N4), titanium carbide (TiC), and other kinds of glass have all been utilised as matrices. As 

CMC matrices, several of these materials are currently in the development stage. Carbon, SiC, 

and Al2O3 are some of the fibre materials used in CMCs. 

In modern CMC technology, the reinforcing phase comprises of either small fibres, such as 

whiskers, or long fibres. Short fibre products have been effectively manufactured employing 

particle processing techniques  with the fibres being treated as a powder in these materials. 

Although employing long fibres as reinforcement in nanocomposites offers performance 

benefits, developing cost-effective processing procedures for these materials has proved 

problematic. As demonstrated in the figure, one prospective commercial use of CMCs is in 

metal-cutting tools as a rival to cemented carbides. The composite toolmaterial has whiskers of 

SiCin in an Al2O3 matrix. Various possible uses include high temperatures and chemically 

corrosive conditions for other materials. 

Polymer Matrix Composites 

A polymer matrix composite (PMC) is made up of a polymer primary phase with an embedded 

secondary phase in the form of fibres, particles, or flakes. PMCs are the most significant 

commercially of the three types of synthetic composites. Most plastic moulding compounds, 

rubber reinforced with carbon black, and fiber-reinforced polymers are among them (FRPs). 

FRPs are most closely associated with the word composite. When a design engineer hears the 

phrase "composite material," FRP is generally the first thing that springs to mind. Our composite 

materials and production video clip gives an overview into fiber-reinforced polymer composites.\ 

Polymers with Fiber Reinforcement 

A fiber-reinforced polymer is a composite material made up of a polymer matrix and high-

strength fibres. The polymer matrix is often a thermosetting material like unsaturated polyester 

or epoxy, although thermoplastic polymers including nylons (polyamides), polycarbonate, 

polystyrene, and polyvinylchloride are also utilised. Furthermore, fibres are used to strengthen 

elastomers in rubber goods such as tyres and conveyor belts.PMC fibres may be discontinuous 

(chopped), continuous, or woven into a fabric. Glass, carbon, and Kevlar 49 are the most 

common fibre materials used in FRPs. Boron, SiC, Al2O3, and steel are less frequent fibres. 

Glass (especially E-glass) is the most frequent fibre material in today's FRPs; it has been used to 

strengthen plastics since approximately 1920. 

The phrase "advanced composites" refers to FRPs produced since the late 1960s that include 

boron, carbon, or Kevlar as reinforcing fibres.The most prevalent matrix polymer is epoxy. 

These composites typically have a high fibre content (>50% by volume) and a high modulus of 

elasticity. A hybrid composite is formed when two or more fibre components are mixed in a FRP 

composite. 

Hybrids' advantages over traditional or advanced FRPs include balanced strength and stiffness, 

enhanced toughness and impact resistance, and decreased weight. Aerospace applications make 

use of advanced and hybrid composites.The most common kind of FRP is a laminar structure, 

which is created by stacking and connecting small layers of fibre and polymer until the 

appropriate thickness is achieved. A certain amount of anisotropy in characteristics may be 
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obtained in the laminate by altering the fibre orientation among the layers. This technology is 

used to create thin-section elements like as aircraft wing and fuselage sections, car and truck 

body panels, and boat hulls. 

Properties A variety of appealing characteristics differentiate fiber-reinforced plastics as 

engineering materials. The most noticeable features are (1) a high strength-to-weight 

ratio. Composite material categorization system is based on the matrix phase. The classes are 

listed here. 

1. Metal Matrix Composites (MMCs) are composites made of ceramics and metals, such as 

cemented carbides and other cermets, as well as aluminium or magnesium reinforced by strong, 

high-strength fibres. 

The second most prevalent group is Ceramic Matrix Composites (CMCs). Aluminum oxide and 

silicon carbide are two materials that may be embedded with fibres to enhance their 

characteristics, particularly in high-temperature applications. 

Composites using Polymer Matrix (PMCs). Thermosetting resins are the most common polymers 

utilised in PMCs. Epoxy and polyester are often blended with fibre reinforcement, whereas 

phenolic is used with powders. Thermoplastic moulding compositions are often reinforced, most 

commonly using powders. 

The categorization may be used to both conventional and synthetic composites. Asphalt and 

wood are polymer matrix composites, but concrete is a ceramic matrix composite.In the 

composite, the matrix material fulfils many purposes. First, it offers the bulk form of the 

composite material component or product. Second, it keeps the embedded phase in situ by 

enclosing and often obscuring it. Third, when a load is applied, the matrix shares the burden with 

the secondary phase, deforming in certain situations such that the stress is borne mostly by the 

reinforcing agent. 

Casting Process 

Casting is the method of making a machine component by heating a metal or alloy over its 

melting point and pouring the liquid metal/alloy into a cavity that is about the same shape and 

size as the machine part. When the liquid metal cools and solidifies, it takes on the form and size 

of the cavity and mimics the desired end product. The foundry is the workshop section where 

castings are created. 

A casting is made by: (a) preparing a pattern, (b) preparing a mould with the help of the pattern, 

(c) melting metal or alloy in a furnace, (d) pouring molten metal into mould cavity, (e) breaking 

the mould to retrieve the casting, (f) cleaning the casting and cutting off risers, runners, etc., (g) 

inspecting the casting. 

Castings are produced in a wide range of ferrous and non-ferrous metals and alloys. Grey cast 

iron components are widely utilised; steel castings are stronger and used for components 

subjected to greater loads. Bronze and brass castings are utilised aboard ships and in maritime 

environments where ferrous goods may corrode rapidly. Automobiles employ aluminium and 

aluminum-magnesium castings. Cutlery pieces are made from stainless steel castings.Casting is a 

cost-effective method of creating components of a certain form in small or large quantities. 

Castings, on the other hand, are less sturdy than wrought components created by procedures such 

as forging and so on. However, castings allow for somewhat better properties in certain areas of 
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the casting using procedures like as the application of chill, for example. Very little metal is 

wasted during the casting process. 

Patterns 

Patterns are exact duplicates of the casting needed 

It is about the same shape and size as the finished product. Typically, the mould is created in wet 

sand with a binder added to keep the sand particles together. The pattern is then removed from 

the sand mould in such a way that the impression/cavity formed in the mould is not damaged or 

destroyed. Finally, molten material into the hollow, where it solidifies and cools to room 

temperature. 

 

-------------------------- 
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Because most metals decrease in volume after solidifying from a liquid condition and again 

when cooling, the design should be somewhat bigger than the completed casting size. This 

discrepancy in pattern size is known as shrinking allowance. This allowance is 1% for cast iron 

and about 1.6% for aluminium. 

Castings manufactured in the foundry shop are often machined afterwards. The goal of 

machining is to get precise dimensions and a higher surface quality on the component. If this is 

the case, a 1.5-2.5 mm thick coating of material must be given all around the casting. This is 

accomplished by making the design slightly larger than the casting. The term "machining 

allowance" refers to this increase in pattern size. 

Draft allowance is another essential provision granted on patterns. It makes it easier to remove 

the pattern from of the mould. It is available on vertical surfaces. The objective is to provide 

vertical surfaces a 2-3 degree inclination so that when lifting the pattern, the top surface is 

broader and removing the pattern with the draught given does not harm the sand mould. Draft is 

given on inner building facades in such a manner that the top surface is smaller and the bottom 

half of the pattern is broader. 

Aside from the tolerances mentioned above, certain extra allowances are frequently granted to 

compensate for intrinsic casting distortion or bending. When creating a pattern, sharp edges and 

bends are also radiused.Patterns are often constructed of high-quality wood. Wood is simple to 

work with, has a smooth surface, and keeps its size when properly seasoned. It is also quite 

inexpensive and plentiful. Metal patterns, on the other hand, may be employed if a large number 

of castings are needed. They are often constructed of aluminum-magnesium alloys. 

Pattern Styles 

Solid or single piece pattern: These patterns are manufactured in a single piece and are only 

appropriate for extremely basic castings. There is no provision for runners or risers, for example. 

Moulding may be done on the foundry floor (referred to as pit moulding) or in a moulding box. 

The design is easy to remove from the mould since the widest part of the pattern is at the top. For 

instance, if a cylindrical pin with a round head to be cast, the one-piece design  

Piece no. o in one moulding box will make one-half of the imprint in the mould, and piece no. 

two in a second moulding box will make the other half of the impression. After removing the 

pattern halves from their respective moulding boxes, the two boxes will be joined and secured 

together so that the whole imprint is ready for metal pouring.The two pattern halves are equipped 

with locating dowels, allowing one half to sit on the other in the precise location necessary with 
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no mismatch. Each portion also has two tapped holes on the flat mating surface. These tapped 

holes serve as a grip for lifting the pattern halves from the sand without harming the mould 

imprint. 

The line that divides the pattern into half is known as the "parting line," and it generally follows 

the casting's largest cross-section. Choosing where to draw the separating line requires great 

expertise and experience. 

Some of the more intricate castings may need splitting the design into three or more sections. 

Loose piece pattern: The casting may include minor projections or overhanging parts in certain 

circumstances. These protrusion make removing the design from the mould difficult. As a result, 

these projections are constructed in bits. They are loosely linked to the main body of the design, 

and the mould is constructed as normal. 

When the main pattern is removed from the mould, some loose parts fall out and stay in the 

mould. The loose parts are removed once the top part of the design has been removed. 

Match plate design: A match plate is a metal plate that is often composed of aluminium. The split 

pattern's two parts are placed on this match plate, one on each side. Care is taken to ensure that 

there is no mismatch while attaching them to the match plate. These patterns are used in 

combination with moulding equipment that are mechanically driven. The bottom portion of the 

mould imprint in one moulding box is made using the bottom side of the match plate template 

(known as the drag). In another moulding box, the top side of the match plate design is utilised to 

make the mould imprint. Finally, the two moulding boxes are stacked on top of each other, with 

the bottom box known as the drag and the top box known as the cope. 

Gated patterns: When a pattern for a casting is created, additional component is often included so 

that when the impression is formed in the moulding box, the cavity has a shallow channel in 

addition to the primary cavity for the item to be cast. This duct, known is the "gate," will be 

utilised to feed molten metal into the main cavity. Gated patterns are patterns that have been 

designed with gating in mind. It eliminates the need to create a gate individually. 

Other patterns include skeleton patterns, sweep patterns, and segmental patterns, among others. 

The whole pattern is not created in these designs, and the mould is finished using an improvised 

pattern. This is done to lower the cost of pattern creation. If just one or two moulds are to be 

manufactured, this process is used. 

Sand for Moulding and Its Properties 

Sand is used in foundries to make moulds. Although high grade silica sand is mined, natural sand 

found on the bed and banks of rivers provides an ample supply. Sand is chemically SiO- silicon 

dioxide in the form of granules. Aside from silica grains, ordinary river sand includes clay, 

moisture, non-metallic contaminants, and traces of magnesium and calcium salts. This sand is 

used to make moulds once it has been properly treated. A good moulding sand should contain the 

following characteristics: 

Refractoriness, or the ability to withstand high temperatures. 

Permeability, or the ibility to flow gases, water vapour, and air through it. 

Green sand strength, i.e., when a mould is produced using wet sand, it must be strong enough to 

prevent the mould from breaking. 



 
96 Components of Manufacturing Processes 

Good flowability, which means that when it is packed around a pattern in a moulding box, it 

should be able to cover all nooks and corners, or else the imprint of the pattern in the mould will 

be blurry. 

Good collapsibility, i.e., it should collapse readily after cooling and extraction after breaking the 

mould. It is especially critical when creating cores. 

Sand grain cohesiveness, or the capacity of sand grains to adhere together. The moulds will be 

weak if they lack cohesion. 

Adhesiveness, or the capacity of sand to adhere to other bodies. If the moulding sand does not 

adhere to the walls of the moulding box, the whole mould will slide through. 

Permeability, cohesiveness, and green strength are all affected by the size and form of the sand 

grains, as well as the binding substance and moisture content of the sand. Clay is a natural 

adhesive. If the clay content of natural sand is insufficient, chemical binders such as bentonite 

are occasionally used. 

Foundrymen developed standard methods to assess sand characteristics. Fresh moulding sand 

created in the foundry typically has the following composition: 

1. 75% Silica (approx.) 

2. Clay 10–15% 

3. 2-5% Bentonite (as required) 

4. 5-10% coal dust 

5. Moisture 6–8% 

The major binding ingredient in core sand is oil. A core is encircled by molten metal, causing the 

oil to vaporise. This promotes sand collapsibility and helps removing sand from casting holes 

easier. 

Technique for Making Moulds 

Mould manufacturing is a highly skilled craft. We will walk you through the process of 

manufacturing a split pattern mould, step by step: 

Step 1: Place the bottom half of the divided pattern on a flat moulding board, parting surface 

down. Parting sand should be applied to the design and the moulding board. Parting sand is silica 

sand that does not include any clay or binding substance. Then, to encompass the design, put a 

moulding box. 

Step 2: Spread facing sand over the whole design to a depth of 20-25 mm. Facing sand is 

moulding sand that has been newly prepared. Backing sand should be used to fill the leftover 

space in the moulding box. Backing sand is made by reconditioning previously used foundry 

sand, which is constantly on hand on the foundry floor. The use of backing sand eliminates the 

need for expensive face sand. 

Step 3: A specific instrument is then used to drive the sand in the moulding box. Ramming is the 

process of gently pounding the sand down. Sand should be placed snugly but not too tightly in 

the moulding box. If the level of sand in the box falls as a consequence of ramming, additional 

sand should be placed in and slammed. Then, using a trowel, level the sand on top of the mould 
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box. Next, using a venting tool (a long, thick needle), cut venting holes in the sand, being careful 

not to go so deep as to contact the design. This moulding box, known as "drag," will produce the 

bottom box. 

Step 4: After levelling the foundry floor, carefully flip the moulding box over and place it on 

some loose sand. Place the top half of the split pattern in the right relative location on the bottom 

half of the pattern's flat surface. Drag another empty moulding box on top of the previous 

moulding box and temporarily attach them together. Parting sand should be sprinkled across the 

exposed surface of the upper half of the design and the surrounding sand. Cover the design with 

facing sand that is 20-25 mm deep. Place two taper pins in the appropriate locations for the 

runner and riser. Fill the box with backing sand, compress it in with a ramming tool, level the 

sand, and drill vent holes. Remove the taper pins and create space on the foundry floor, close to 

the drag box, for the "cope," as the top box is known. Unclamp the moulding boxes, then raise 

the 'cope' and set it on its back. Now you can see the smooth separating surface of both portions 

of the split pattern, one in each box. 

Step 5: To raise the patterns from the cope and drag, find the tepped holes on the flat surface and 

screw in a lifting rod. This offers a handle for effortlessly lifting the patterns vertically. However, 

before raising the handles, the patterns are loosen somewhat by gently knocking them. This 

reduces the risk of sand mould damage. 

Step 6: After removing the wooden pattern halves, the mould cavities may be repaired if any 

corners or other details are broken. This is a sensitive procedure. In addition, any sand that has 

fallen into the mould cavity is carefully raised or blown away by an air stream. 

Step 7: If any cores were used to form holes in the casting, now is the time to insert the cores into 

the mould cavity. Of course, the cores are appropriately supported by core prints or other devices 

such as chaplets, etc. When the liquid metal is pumped in, cores that are not adequately 

supported may be displaced from their right location. 

Step 8: Graphite powder is spread on the mould surface in both boxes before to sealing. A gate is 

cut below the runner's placement in the drag box (in the cope box). The molten metal will flow 

through the gate into the mould cavity after being put into the runner. 

If the moulds have been dried, a mould wash comprising a suspension of graphite in water is 

softly applied over the mould surface instead of graphite powder. 

After all of these processes are completed, the cope box is repositioned on the drag and tightly 

secured. The mould is now ready for the pouring of molten metal. Molten metal is poured till it 

reaches the riser. It guarantees that the mould cavities are full with metal and that the metal does 

not flow out. Sand moulds are classified into three types: 

(a) Green sand mould: This kind of mould is used for pouring molten metal while the sand is 

still damp. 

(b) Skin dry moulds: These moulds are superficially dried by passing a flame over the cavity of 

the mould, allowing the mould to dry only to a few millimetres depth. 

(c) Dry moulds: After creating such moulds, they are dried by storing the mould in an owen with 

a temperature of 130-150°C for 24-36 hours. Dry sand moulds are stronger and cannot cause 

moisture-related casting problems. Mould wash increases casting surface smoothness. 



 
98 Components of Manufacturing Processes 

Cores 

When a hole, recess, undercut, or internal cavity is needed in a casting, a core formed of a 

refractory substance such as sand is introduced at the desired position in the mould cavity before 

ultimately sealing the mould.A core should be able to endure high temperatures since it is 

surrounded on all sides by molten metal. It should also be suitably supported, otherwise it will be 

moved owing to the buoyancy of molten metal.  

The core should give way when the molten metal surrounding the core solidifies and shrinks; 

otherwise, the casting may split (hot tear). As previously stated, cores should be produced of oil 

sand and dried in owens before usage.Core boxes are used to create cores. Core boxes are 

constructed of wood and have a hollow carved into them to accommodate the core's form and 

size. The sand has been blended and placed in the core boxes. Then it is jammed. A core box is 

divided into two parts, with each side containing a half imprint of the core. A core may need 

reinforcements at times to keep it together. The reinforcements are in the form of wire or nails, 

which may be retrieved from the casting hole with the core sand. 

Core Prints 

A core must be supported in the cavity of the mould. This is accomplished whenever feasible by 

giving core printouts. Core prints comprises extensions of the core that rest in analogous 

extensions of the mould cavity, allowing the core to stay sustained in the mould cavity without 

dropping to the cavity's bottom.  

Risers, Runners, and Gates 

The gating system is the path in the mould via which molten metal flows into the mould cavity. 

It is created by scooping sand into the drag box and cutting the appropriate channels.The top of 

the cope's runner hole has been expanded to create a pouring basin. The molten metal then runs 

down the runner into a well, where it enters the gating system and the mould cavity. The riser 

hole is linked at a suitable place inside the mould cavity. 

Without the barrier, the metal would have fallen directly into the mould cavity, causing damage. 

Furthermore, the gated system is intended to prevent contaminants from entering the mould 

cavity. The riser has two functions.  

For starters, it serves as a visual signal that the mould chamber is filled. Second, and more 

crucially, the molten metal in the riser acts as a reservoir to feed the shrinkage that occurs when 

the casting solidifies and cools. The metal with in riser should be kept molten for as long as 

feasible. This is accomplished by offering a "hot-top". 

Cupola 

Metal must be heated well beyond its melting point in order to be cast. A furnace is used to heat 

the house. Furnaces may be categorised as electric, oil-fired, or coal-fired, depending on the fuel 

utilised. Electric kilns are used to produce metal that is free of impurities. The flame interacts 

with the hot metal in oil and coal powered furnaces, and the molten metal takes up impurities by 

coming into touch with flames. Electric furnaces are expensive to purchase and run. 

Oil-fired crucible furnaces are often used for nonferrous metals and alloys. The metal is put in 

enormous graphite cauldrons and heated on the outer surface of the crucibles so that no flames 

come into direct contact with the metal. 
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Construction 

A cupola furnace is used to melt cast iron. It is one of the most cost-effective and easy methods 

of obtaining molten cast iron. Cockpit canopy is powered by coke. Coke is made by heating 

conventional steam coal inside of an inert environment. It produces more heat than coal.The 

cupola is made out of a hollow tubular steel shell with a refractory fire-brick inside. It is built 

vertically and rests on small pillars around 0.85 metres above ground. The cupola's bottom is 

equipped with steel doors that are coated with fire-resistant material and topped with a layer of 

high-quality sand.  

A suitable height opening is built towards the top of this steel shell for charging fuel and 

commodities into the furnace. Mostly one metre above the bottom closing doors, a wind box 

with a motorised blower is attached. This wind box produces little air tubes. 

To aid in the combustion of fuel, air is introduced into the cupola shell. These air tubes are 

known as tuyeres. A tapping spout is provided at the bottom, above the door, to tap molten 

metal, and a slag hole is provided at the back of the cupola, roughly 350 mm above the tapping 

hole, through which fluid slag may be forced out under air pressure. The cylindrical space 

between the tap hole and the slag hole where molten metal gathers between two taps is known as 

the molten metal well. 

Cupola Operation 

The first operation in the cupola is to repair the lining of the entrance and the area surrounding it 

before shutting the hinged doors. Doors are wedged shut, making it impossible for them to open 

while the cupola is in use. The fire is then lit at the bottom using some wood and kerosene oil 

rags. When the fire is hot, coke is fed from the top charging door until the height of the coke bed 

reaches approximately half a metre above the tuyeres. Following that, the tuyeres are partly 

opened, the air blower is turned on, and alternating layers of metal, flux (in the form of limestone 

fragments), and coke are charged from the top. These alternating layers settle into a coke bed. 

When the cupola is filled to the charging door level, the tuyeres are completely opened and the 

heating of charge starts.  

The coke close to the tuyeres begins to burn, and the coke bed gets very hot. The metal in the 

lower layers near the coke bed begins to melt. Limestone is composed of CaO and CO2. Calcium 

oxide interacts with impurities such as silica and other oxides to generate slag (CaSiO3). Slag is 

lighter than water and floats on top of the molten metal layer. When enough metal has melted, 

the slag is blasted out via the slag hole. The metal is then tapped by inserting a long steel rod 

with one end fashioned like a cone into the tap hole. The molten metal will begin to flow down 

the metal chute, where it will be gathered into ladles (refractory coated steel buckets with long 

handles) and hauled away for pouring into moulds. The tap hole is then sealed up with a piece of 

fire clay. 

Cast iron's characteristics increase when modest quantities of ferro manganese and ferro silicon 

are added. Because the majority of the manganese and silicon already present in scrap cast iron, 

pig iron, and a small amount of thin steel scrap that forms the metallic charge fell into the cupola 

is oxidised and lost, ferro manganese and ferro silicon must be added to the molten metal in the 

ladles prior to pouring. 

Extra coke is charged into the cupola with the final charge once the day's work is completed. 

After all of the metal has melted, the air blower is turned off and the cupola's bottom door is 
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opened. Whatever remains unburned coke, etc., is permitted to fall to the earth under the cupola 

door. This is required because otherwise the leftover coke, slag, metal, and so on would clump 

together and become exceedingly difficult to remove. The inside diameter of a cupola indicates 

its size. 

Defects in Casting 

The following are some of the most prevalent casting defects: 

1. Blow-holes: These are little holes that emerge in the casting. They might be open to the 

surface or below the surface of the casting. They are caused by imprisoned gas bubbles. They 

could 

Excessively hard ramming, incorrect venting, excessive moisture, or a lack of permeability in 

the sand may all cause this. 

2. Shrinkage cavity: A shrinkage cavity may be formed at the junction of two very thick and 

thin sections of a casting due to faulty design. The shrinkage cavity is entirely internal. 

It is induced by molten metal shrinkage. The solution is to employ either a chill or relocation 

of 

3. Misrun: Incomplete filling of the mould cavity. It might be caused by bleeding of the molten 

metal at the splitting of cope and drag, insufficient metal supply or incorrect design of gating. 

4. Cold shut: A cold shut is generated inside a casting when molten metal from two distinct 

streams comes into contact but does not completely fuse. The fundamental source of this 

problem might be a low pouring temperature. 

5. Mismatch: This problem occurs when the mould impressions in the cope and drag are 

slightly moved from one another. This is caused by a mismatch in the split pattern (a dowel 

pin may have fallen loose) or by faulty clamping of the cope and drag boxes. 

6. Drop: This occurs when a piece of mould sand falls into the molten metal. This flaw might be 

caused by loose sand that was not properly pushed or a lack of binder. 

7. Scab: This flaw develops when a part of the face of a casting lifts or breaks down, allowing 

molten metal to fill the recess. 

8. Hot tear: These fractures form in thin long portions of the casting when the part of the casting 

cannot shrink freely on cooling owing to too densely packed intervening sand, and provides 

resistance to such shrinking. The rip or fracture generally takes place while the component is 

red hot and has not achieved full strength, so the fault is termed "hot tear". The cause might 

be extremely tight sand ramming. 

9. Other flaws include scars, blisters, sponginess (owing to a cluster of pin holes in one spot), 

and slag inclusions, among others. 

Casting Dies 

A sand mould can only be used to make one casting. It cannot be used more than once. A die is 

simply a metal mould that can be reused. A die is often formed in two halves. One part is fixed, 

while the other is mobile. They encompass the mould cavity in all of its complexities. Molten 

metal is fed into the dies after clamping or sealing the two parts of the dies together. The 
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procedure is known as gravity die casting if the molten metal is fed into the dies by gravity. If, 

on the other hand, 

The procedure is known as "pressure die casting" because the metal is pushed into the dies under 

pressure (for example, a piston in a cylinder forces the material through a cylinder nozzle).The 

material used to make the dies should have a substantially higher melting point than the casting 

material. Many die castings are constructed of zinc, tin, and lead alloys, as well as aluminium, 

magnesium, and copper alloys. As a result, dies are built of medium carbon low alloy steels. The 

dies are typically cooled by water or air blast.Because most materials shrink as they cool, 

removing castings from dies is critical; otherwise, they will get entangled in the die as they cool. 

As a result, some provision for casting extraction is included in the design of dies. 

Die Casting Steps 

1. After covering the mould cavity surfaces with a mould wash, close and lock the two sides 

of a die: 

2. Inject the molten metal into the die under pressure. 

3. Continue to apply pressure until the metal solidifies. 

4. Separate the die halves. 

5. Eject the casting, as well as the runner, riser, and so on. 

6. The preceding cycle is repeated. 

There are two pressure die casting processes used: 

1. Hot chamber process: For zinc, tin, lead, and their alloys, pressures of up to 35 MPa are 

employed. The chamber in which molten metal is held before being pressure injected into the 

die is maintained warm throughout this procedure. 

2. Cold chamber procedure: High pressures of up to 150 MPa are employed in this process. The 

storage compartment is unheated. This procedure is mostly utilised for metals and alloys with 

comparatively higher melting points, such as aluminium, magnesium, and their alloys. 

Die casting benefits and disadvantages: 

1. It is employed in the mass manufacturing of small and medium-sized castings. For 

example, pistons from motorcycle and scooter engines, valve bodies, carburettor 

housings, and so on. 

2. The initial cost of producing a die is quite expensive. It is a drawback. 

3. This method yields high-quality, defect-free castings. 

4. This procedure produces castings with high surface polish and dimensional control that 

may not need considerable machining. Every casting that is made is the same. 

5. This method is incapable of producing large-scale castings. It is a drawback. 

6. Die casting is difficult to manufacture castings with particularly complicated forms or 

multiple cores. 

7. Castings may be made inexpensively in the event of mass manufacturing. 

8. The procedure does not need the use of sand and takes up considerably less room than a 

traditional foundry utilising sand mound 

Fundamentals of Metal Casting 

Casting is a technique in which molten metal flows into a mould by gravity or other force and 

hardens in the form of the mould cavity. The component produced by this procedure is 
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sometimes referred to as casting. It dates back 6000 years and is one of the earliest shaping 

processes. The casting concept seems simple: melt the metal, pour it into a mould, and let it to 

cool and solidify; yet, several aspects and variables must be addressed in order to complete a 

successful casting process. 

Casting encompasses both ingot casting and form casting. The word ingot is often connected 

with the primary metallurgy industries; it refers to a big casting with a basic form that is 

designed for further reshaping by operations such as rolling or forging. In Chapter 6, we spoke 

about ingot casting. Form casting entails creating more complicated geometries that are 

considerably closer to the ultimate intended shape of the component or product. This and the 

next chapters are focused with the casting of forms rather than ingots.There are several form 

casting techniques available, making it one of the most adaptable production processes. The 

following are some of its capabilities and advantages: 

Casting may produce complicated component geometries with both exterior and interior forms. 

Some casting methods may produce pieces that have net form. There are no additional 

manufacturing activities needed to attain the appropriate geometry and dimensions for the 

components. Other casting procedures are near net form, which need some further shape 

processing (typically machining) to get correct dimensions and features. 

Casting may be used to make very big pieces. More than 100 tonnes of castings have been 

produced.Any metal that can be heated to a liquid condition may be used in the casting process. 

Some casting technologies lend themselves well to mass manufacturing. 

There are additional drawbacks to casting, with various drawbacks for different casting 

processes. These include mechanical property restrictions, porosity, poor dimensional accuracy 

and surface polish for various casting techniques, human safety dangers when working with hot 

molten metals, and environmental issues.Casting parts varies in size from little components 

weighing a few ounces to extremely big items weighing tonnes. Dental crowns, jewellery, 

statuary, wood-burning stoves, engine blocks and heads for motor vehicles, machine frames, 

railway wheels, frying pans, pipes, and pump housings are among the items available. Metals of 

all types, ferrous and nonferrous, may be cast. 

Casting may also be employed on other materials such as polymers and ceramics; however, the 

specifics are sufficiently different that we will explore these materials' casting procedures in 

subsequent chapters. This and the next chapters are entirely dedicated to metal casting. In this 

section, we will go over the principles that apply to almost all casting processes. 

Processes of Casting 

The mould is the appropriate starting point for any discussion of casting. The form of the cast 

component is determined by the geometry of the cavity in the mould. The actual size and form of 

the cavity must be somewhat bigger to account for metal shrinkage during solidification and 

cooling. Because various metals shrink at different rates, the mould cavity must be built for the 

specific metal to just be cast if dimensional accuracy is required. Molds are created from many 

materials such as sand, plaster, ceramic, and metal. The numerous casting techniques are often 

grouped based on the different kinds of moulds. 

To begin a casting procedure, the metal is heated to a high enough temperature to totally turn it 

into a liquid condition. It is then poured or otherwise guided into the mold's cavity. The liquid 

metal is simply poured into an open mould, until it fills the open cavityshows a closed mould 
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with a tunnel called the gating system that allows molten metal to flow from outside the mould 

into the cavity. In production casting processes, the closed mould is by far the most significant 

type. 

The molten metal starts to cool as soon as it enters the mould. Solidification starts when the 

temperature decreases enough (for example, to the freezing point of a pure metal). The metal's 

phase changes during solidification. It takes time to accomplish the phase shift, and a lot of heat 

is lost in the process. During this stage of the process, the metal adopts the solid form of the 

mould cavity and many of the casting's qualities and characteristics are defined.When the casting 

has sufficiently cooled, it is taken from the mould. Additional processing may be necessary 

depending on the casting technique and metal utilised. Trimming surplus metal from the actual 

cast item, polishing the surface, checking the result, and heat treating to improve qualities are all 

possible. Furthermore, machining may be necessary to attain tighter tolerances on certain 

component features and to remove the cast surface. 

Casting procedures are classified into two types based on the kind of mould used: expendable-

mold casting and permanent-mold casting. To remove the casting from an expendable mould, the 

mould in which the molten metal solidifies must be destroyed. These moulds are composed of 

sand, plaster, or similar materials, and their shape is kept by applying different binders. The most 

visible example of an expendable-mold method is sand casting. Sand casting involves pouring 

liquid metal into a sand mould. To retrieve the casting when the metal solidifies, the mould must 

be sacrificed. 

A permanent mould is one that may be used again to make multiple castings. It is constructed of 

metal (or, less typically, a ceramic refractory material) that can resist the high temperatures of 

the casting process. The mould in permanent-mold casting is made up of two (or more) portions 

that may be opened to allow the final object to be removed. Die casting is the most well-known 

method in this category. 

Casting geometries with more complicated casting geometries are typically attainable using 

expendable-mold methods. The necessity to open the mould limits part forms in permanent-mold 

techniques. On the other hand, certain permanent mould methods provide some cost benefits in 

high-volume operations. 

Solidification of Metals 

Metals that are pure a pure metal solidifies at a temperature constant equal to its freezing point, 

which is also its melting point. The melting points of pure metals, known as a cooling curve, are 

widely known and recorded. It takes time for the metal's latent heat of fusion to be released into 

the surrounding mould, which is referred to as the local solidification time in casting. 

The total crystalline lattice time is the amount of time that elapses between pouring and final 

solidification. 

Metals that are pure a pure metal solidifies at a temperature constant equal to its freezing point, 

which is also its melting point. The melting points of pure metals, known as a cooling curve, are 

widely known and recorded. It takes time for the metal's latent heat of fusion to be released into 

the surrounding mould, which is referred to as the local solidification time in casting. 

The time elapsed between pouring and full solidification is referred to as the total solidification 

time.The cooling curve's slope is downward. A thin layer of solid metal is first formed due to the 

cooling action of the mould wall. Developed at the contact shortly after pouring. As 
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solidification moves inward toward the core of the skin, its thickness rises to create a shell 

around the molten metal. The pace of freezing is determined by heat transmission into the mould 

as well as the metal's thermal characteristics. 

The production and development of metallic grains during the solidification process is of 

interest. The metal used to make the first skin has been quickly cooled due to heat extraction via 

the mould wall. Because of the chilling effect, the granules in the skin become fine and randomly 

aligned. As cooling proceeds, more grain formation and development occurs in the opposite 

direction of heat transmission. Because heat is transferred through the skin and mould wall, the 

grains develop inward as solid metal needles or spines. Lateral branches arise as these spines 

expand, and as these branches grow, further branches emerge at right angles to the initial 

branches. Dendritic development is a sort of grain growth that happens not only in the freezing 

of pure metals but also in alloys.  

During freezing, new metal is constantly deposited onto the dendrites, progressively filling in the 

treelike formations until full solidification occurs. The grains formed as a consequence of this 

dendritic development have a favoured direction, with coarse, columnar grains oriented toward 

the centre of the casting. Figure 10.6 depicts the phase diagram for a specific alloy system and 

the cooling curve for a certain composition, which may be used to explain alloy solidification. 

As the temperature decreases, freezing starts at the liquidus temperature and continues until the 

solidus temperature is achieved.  

The freezing process is comparable to that of pure metal. Because of the significant temperature 

difference at this area, a thin skin forms on the mould wall. The freezing process then continues 

as previously, with the production of dendrites that expand away from the walls. However, due 

to the temperature difference between the liquidus and solidus, the nature of the dendritic 

development results in the formation of an advance zone in which both liquid and solid metal 

coexist. The dendritic structures that have grown enough to capture tiny islands of liquid metal in 

the matrix are the solid sections. The mushy zone derives its name from the squishy quality of 

this solid-liquid area. Depending on the freezing conditions, the murky zone might be relatively 

limited or present for the majority of the casting. Factors such as delayed heat transport out of the 

heated metal and a large temperature differential between liquidus and solidus encourage the 

latter situation. As the temperature of the casting decreases to the solidus for the particular alloy 

composition, the liquid islands in the dendritic matrix harden gradually. 

Another aspect that complicates alloy solidification is that the composition of dendrites as they 

develop favours the metal with the higher melting point. As the freezing process proceeds and 

the dendrites grow, an imbalance in composition arises between the frozen metal and the 

remaining liquid metal. This composition imbalance is eventually represented in the finished 

casting as element segregation. There are two forms of segregation: microscopic and 

macroscopic. The chemical makeup of each individual grain differs at the microscopic level. 

This is because the initial spine of each dendrite has a larger amount of one of the alloy's 

constituents. 

As the dendrite develops in its immediate surroundings, it must use the remaining liquid metal, 

which has been somewhat drained of the initial component.Finally, the last metal to freeze in 

each grain is that caught by the dendrite's branches, and its composition is much more out of 

balance. As a result, the chemical makeup of the casting varies within single grains.The chemical 

composition fluctuates at the macroscopic level during the casting. Because the parts of the 
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casting that freeze first (at the exterior near the mould walls) are richer in one component than 

the other, the remaining molten alloy is deprived of that component by the time the interior 

freezes. 

Solidification Time 

Solidification takes time regardless of whether the casting is pure metal or an alloy. The total 

solidification time is the time it takes for the casting to harden after it has been poured. This time 

is determined by an empirical relationship known as Chvorinov's rule, which states: TTS14 total 

solidification time, min; V 14 volume of the casting, cm3 (in3); A 14 surface area of the casting, 

cm2 (in2 ); n is an exponent usually taken to have a value of 14 2; and Cm is the mould constant. 

Given that n 14 2, the units of Cm are min/cm2 (min/in2), and its value depends on the casting 

operation's specific conditions, such as mould material (e.g., specific heat, thermal conductivity), 

thermal properties of the cast metal (e.g., heat of fusion, specific heat, thermal conductivity), and 

pouring temperature relative to the metal's melting point. Even though the geometry of the item 

is substantially different, the value of Cm for a specific casting operation may be based on 

experimental data from past operations carried out using the same mould material, metal, and 

pouring temperature. 

According to Chvorinov's rule, a casting with a larger volume-to-surface area ratio cools and 

solidifies more slowly than one with a lower ratio. This approach is used in the design of the 

riser in a mould. The metal in the riser must stay in the liquid phase longer than the casting in 

order to accomplish its duty of supplying molten metal to the main cavity. To put it another way, 

the TTS for the riser must be greater than the TTS for the main casting. Because the mould 

conditions are the identical for both the riser and the casting, their mould constants will be the 

same. Using  

216 By constructing the riser to have a greater volume-to-area ratio, we can be pretty certain that 

the main casting solidifies first and that the consequences of shrinkage are minimal. Before we 

get into how the riser may be constructed utilising Chvorinov's formula, let's talk about 

shrinkage, which is why risers are required. 

Shrinkage 

The significance of shrinkage during cooling and freezing has been overlooked in our 

consideration of solidification. Shrinkage happens in three stages: (1) liquid contraction before to 

solidification; (2) contraction during the phase shift from liquid to solid, known as solidification 

shrinkage; and (3) thermal contraction of the solidified casting during room temperature cooling. 

The three procedures may be shown using a cylindrical casting prepared in an open mould. Part 

(0) of the series depicts the molten metal shortly after pouring.  

The height of the liquid is lowered from its beginning level due to contraction of the liquid metal 

while cooling from pouring temperature to freezing temperature, as shown in (1) of the figure. 

This liquid shrinkage is typically approximately 0.5%. Part (2) shows that solidification 

shrinkage has two impacts.  

First, contraction reduces the height of the casting even more. Second, the quantity of liquid 

metal available to feed the casting's top centre piece is reduced. This is generally the last section 

to freeze, and the lack of metal causes a void in the casting. Foundrymen refer to this shrinkage 

cavity as a pipe. 
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When a casting is formed, it contracts in height and diameter as it cools, as seen in (3). This 

shrinkage is defined by the coefficient of thermal expansion of the solid metal, which in this 

instance is used in reverse to determine contraction. 

Because the solid phase has a larger density than the liquid phase, practically all metals 

experience solidification shrinkage. The phase shift that occurs with solidification reduces the 

volume per unit weight of metal. The exception is high-carbon cast iron, whose solidification 

during the last stages of freezing is exacerbated by a period of graphitization, which results in 

expansion that tends to offset the volumetric drop associated with the phase transition. 

Depending on the casting technique, compensation for solidification shrinkage is accomplished 

in a variety of methods. 

Risers are used in sand casting to provide liquid metal to the cavity under pressure, molten metal 

is applied in die casting  Patternmakers adjust for temperature shrinkage by enlarging mould 

cavities. The pattern shrinkage allowance is the amount by which the mould must be made 

bigger in relation to the final casting size. Although shrinkage is volumetric, casting dimensions 

are presented linearly, therefore allowances must be adjusted correspondingly. Special "shrink 

rules" with slightly enlarged scales are employed to create the patterns and moulds somewhat 

bigger than the required casting. Table typical linear shrinkage values for several cast alloys; 

these values may be used to calculate shrink rule scales. 

Directional Solidification 

To reduce the negative impacts of shrinkage, it is preferable for the sections of the casting most 

away from the liquid metal supply to freeze first, followed by solidification progressing from 

these remote parts toward the riser (s). As a result, molten metal will be accessible from the 

risers at all times, preventing shrinkage voids during freezing. This element of the freezing 

process and the technologies employed to manage it are referred to as directed solidification. The 

necessary directional solidification is accomplished by following Chvorinov's rule in the design 

of the casting itself, its orientation inside the mould, and the riser system that feeds it. For 

example, by situating areas of the casting with lower V/A ratios away from the riser, freezing 

will occur first in these regions, leaving the supply of liquid metal for the remainder of the 

casting open until these bulkier sections freeze. 

Chills—internal or exterior heat sinks that generate fast freezing in certain sections of the 

casting—are another approach to enhance directed solidification. Internal chills are tiny metal 

bits that are inserted within the cavity before to pouring so that the molten metal solidifies 

around these objects first. The internal chill should have a chemical makeup comparable to the 

metal being poured, which is most easily accomplished by casting the chill from the same metal 

as the casting itself. 

External chills are metal inserts in the mould cavity walls that may evacuate heat from the 

molten metal faster than the surrounding sand, promoting solidification. They are often utilised 

efficiently in casting areas that are difficult to feed with liquid metal, promoting quick freezing in 

these parts while the link to liquid metal remains open a hypothetical application of external 

chills as well as the anticipated outcome of the casting if the chill was not applied. 

As vital as it is to commence freezing in the proper parts of the cavity, it is equally critical to 

prevent premature solidification in mould portions closest to the riser. The tunnel between the 

riser and the main cavity is of special relevance. This connection must be built such that it does 
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not freeze before the casting, isolating it from the molten metal in the riser. Although it is 

normally preferable to lower the volume of the connection (to prevent wasted metal), the cross-

sectional area must be large enough to postpone the beginning of freezing. Making the route 

short in length helps to achieve this aim by absorbing heat from the liquid steel in the riser and 

the casting.  

Lathe Machine 

To reduce the detrimental consequences of shrinkage, it is preferable for the sections of the 

casting most away from the liquid metal supply to freeze first and for solidification to advance 

from these remote regions toward the riser (s). Molten metal will be continuously accessible 

from the risers in this manner, preventing shrinkage voids during freezing. The term directed 

solidification is used to describe this feature of the freezing process and the strategies employed 

to manage it. The necessary directional solidification is accomplished by following Chvorinov's 

rule in the design of the casting itself, its orientation inside the mould, and the design of the riser 

system that feeds it. For example, by situating areas of the casting with lower V/A ratios away 

from the riser, freezing will occur first in these regions and the supply of liquid metal for the 

remainder of the casting will stay open until these bulkier sections freeze. 

Chills—internal or exterior heat sinks that generate fast freezing in certain sections of the 

castingare another method for encouraging directed solidification. Internal chills are tiny metal 

objects inserted within the cavity prior to pouring such that the molten metal solidifies first 

around these bits. The internal chill should have a chemical composition comparable to the metal 

being poured, which is most easily done by producing the chill out of the same metal as the 

casting itself. 

External chills are metal inserts in the mould cavity walls that may transfer heat from the molten 

metal faster than the surrounding sand in order to facilitate solidification. They are often utilised 

efficiently in casting parts that are difficult to feed with liquid metal, facilitating quick freezing 

in these sections while the connection to liquid metal is still open a hypothetical use of external 

chills and the anticipated outcome in the casting if the chill was not employed.As vital as it is to 

commence freezing in the right portions of the cavity, it is equally critical to prevent early 

solidification in sections of the mould closest to the riser. The route between the riser and the 

main hollow is very dangerous. This connection must be built such that it does not freeze before 

the casting, which would isolate the casting from the molten metal in the riser. Although it is 

normally preferable to lower the volume of the connection (to prevent wasted metal), the cross-

sectional area must be adequate to postpone the beginning of freezing. This purpose is frequently 

facilitated by having the route short in length so that it absorbs heat from the molten metal in the 

riser and the casting. 

Headstock: It is attached to the extreme left side of the bed and includes lubricated shafts and 

gears. An electric motor powers the driving shaft within. The driven shaft, which is in the shape 

of a hollow spindle and may be driven at different speeds by changing gears, protrudes from the 

headstock. This spindle is screwed with a chuck (three or four jaw). The work piece may be held 

in the chuck's jaws. When the spindle spins, the chuck and the work item it is holding likewise 

revolve around the spindle's longitudinal axis. 

Tailstock: At the right end of the bed, there is a tailstock. It may be moved closer to the 

headstock by sliding along the guide ways supplied on the bed. In such position, it may be 

clamped or secured to the bed. 
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The top component of the tailstock has a spindle whose axis aligns with the axis of the headstock 

spindle, both of which are at the same height above the bed. By spinning a hand wheel, this 

spindle may be moved forward or backward. The front of the tailstock spindle has a 'dead' or 

'live' centre. When a long work piece is held in the chuck at the headstock end, the tailstock 

spindle is moved forward to support it at the tailstock end. Naturally, there must be a little 

conical hole in the centre of the work piece into which the tailstock centre may be put for 

support. A live centre is one that rotates with the work piece while being carried in its own 

bearings. However, if the tailstock centre stays stationary while the work piece spins alone, the 

centre is referred to as a 'dead centre,' and the conical tip of the centre must be greased with 

grease to decrease friction between the tailstock centre and the work piece. 

The carriage is equipped with a cross slide that may travel independently in a transverse manner 

at right angles to the bed. The cross slide may also be operated manually or automatically by 

using a smaller hand wheel. A tiny slide called the compound rest (or tool post slide) is mounted 

on the cross slide and may be turned in a horizontal plane. At 0° rotation, its usual posture is 

parallel to the bed. The angle of rotation may be calculated with a protractor. This combination 

rest is used to place the tool for angular cuts during taper turning. The compound rest can only be 

moved manually. The cutting tool is held in place by the tool post, which is attached to the 

compound rest. 

The gears, clutches, and other equipment necessary to move the carriage and cross slide, among 

other things, are concealed from view by an apron (thin steel plate) affixed to the carriage's front 

face. Half concealed in the front are two long shafts going from the headstock to the tailstock end 

(the screwed one is called the lead screw shaft/rod and the plain one is called the feed shaft/rod). 

These two shafts may be engaged one at a time to offer the carriage longitudinal movement. 

Only during the screw cutting process is a lead screw employed. Other processes, like as turning, 

make use of the feed shaft. 

The distance between the headstock chuck and the tailstock centre determines the size of a lathe. 

This is the longest work that can be accommodated or manufactured on the lathe. Furthermore, 

the swing of the lathe is given (i.e., the vertical distance between the chuck centre and the lathe 

bed), since this is the radius of the greatest work item that may be turned on the machine. 

Tools for Cutting On The Lathe 

A chuck holds and secures the work piece in a centre lathe. If a component is made of round bar, 

the bar is fed through the hollow spindle of the headstock, and the needed length is drawn out 

and clamped in the jaws of the chuck, with the free end of the bar protruding towards the 

tailstock end. The tool is mostly moved from right to left. This is referred to as right hand 

functioning. It is sometimes required to work while moving tools from left to right, i.e., left hand 

working. The tools used for right hand lathe operations vary significantly from those used for left 

hand labour. They are, in reality, mirror reflections of one other. 

Lathes are used for a variety of activities, including  

1. Turning  

2. Facing 

3. Taper turning  

4. Form turning or profile turning 

5. Parting  
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6. Boring threading  

7. Knurling. 

Centering and Holding the Work Piece in the Chuck 

Before any of the above-mentioned processes can be conducted on a lathe, all tasks must be 

properly fastened in the chuck and centred. A 3-jaws chuck is a self-centering device used for 

gripping round bars, among other things. A four-jaw chuck is used to clamp unevenly shaped 

tasks. In a four-jaw chuck, each jaw moves independently of the others. The centre line of the 

work material should roughly correspond with the centre line of the machine spindle. It is not 

enough to hold the job in the chuck centrally; the section of the work piece protruding from the 

chuck should also be centrally located. Other work piece holding devices include collet chucks, 

face plates, and so on. 

Turning: The work piece is turned at an appropriate r.p.m. in this operation so that metal cutting 

may take place at the necessary cutting speed. If 'd' is the diameter of the work piece and N is the 

revolutions per minute, the cutting speed may be computed as.d.N. A cutting tool is secured in 

the tool post with the tip at the same height as the centre of the work. The job rotates during the 

turning operation, and the cutting tool is introduced into the surface of the work piece by moving 

the cross slide, beginning at the right end of the work piece. The tool is steadily moved from 

right to left by moving the carriage on the machine bed, with a depth of cut of 1-1.5 mm. 

The tool is fed. Feed is measured in mm/rev of work piece. Because the r.p.m. of the work piece 

is N, the feed per minute will equal N feed/revolution (mm). 

Obviously, it may not be able to accomplish the necessary diameter reduction in one pass of the 

tool; the tool will have to be brought back to the right side, advanced by 1-1.5 mm by moving the 

cross slide, and then traversed from right to left. This technique will have to be performed 

multiple times until the required diameter is obtained. 

The combined movement of the work piece and the tool produces a cylindrical form during the 

turning process. 

In this procedure, the work piece is rotated as previously, but the tool is moved across by a cross 

slide. The carriage stays fixed in one location. As a consequence, a flat circular segment is 

produced at one end of the cylinder. During further machining processes, all lengths may be 

measured using this surface as a reference. 

Taper Turning 

Taper turning is the process of producing a conical surface by gradually decreasing the diameter 

as we go down the length of the cylinder. If the cutting tool travels along a path that is inclined to 

the longitudinal direction of the work piece rather than parallel to it, a conical surface will be 

generated. Swivelling compound rest for taper turning. The compound rest is swivelled, or 

turned in a horizontal plane by half cone angle, in this approach. The work piece is turned as 

normal, but instead of utilising the carriage to drive the tool ahead, the compound rest slide 

handwheel is used. Because the compound rest has been swivelled to an inclined position with 

regard to the lathe's longitudinal axis, the tool travels at an angle to the lathe's longitudinal axis, 

correctly producing a conical surface.Set above the tailstock centre: 
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The tailstock centre is relocated in this approach in a direction perpendicular to the machine's 

longitudinal axis. The tailstock base guide ways have some clearance and may be adjusted 

laterally on the machine bed to a limited extent. 

Swivelling compound rest for taper turning 

The compound rest is swivelled, or turned in a horizontal plane by half cone angle (), in this 

approach. The work piece is turned as normal, but instead of utilising the carriage to drive the 

tool ahead, the compound rest slide handwheel is used. Because the compound rest has been 

swivelled to an inclined position with regard to the lathe's longitudinal axis, the tool travels at an 

angle to the lathe's longitudinal axis, correctly producing a conical surface. 

Set above the tailstock centre: 

The tailstock centre is relocated in this approach in a direction perpendicular to the machine's 

longitudinal axis. The tailstock base guide ways have some clearance and may be adjusted 

laterally on the machine bed to a limited extent. 

Form Turning or Profile Turning 

The underlying idea of this lathe operation may be seen in the example of taper turning with a 

form tool. Other shapes, such as a given radius, semicircular shape, and so on, may be created in 

a similar fashion by using a properly shaped form tool and making a plunge cut (i.e., only cross 

slide will be used while carriage will remain locked in position).Form tools should have a low 

profile, otherwise the work piece and tool may shake and clatter. 

Parting off: This process is carried out with the use of a parting tool. This also need a plunge cut? 

As the tool is fed in, the diameter of the work piece at the tool contact surface gradually 

decreases and becomes smaller and smaller. As the tip of the tool approaches the centre line of 

the work, the job will be divided into two parts, with the left hand portion remaining clamped in 

the chuck and the right hand piece of the required length separating off. 

Boring: Boring is the process of expanding an existing hole. To begin drilling a hole on the lathe 

machine, remove the tailstock centre and put a drill into the tailstock spindle. The tailstock is 

moved closer to the work piece, which is rotated in the chuck. The drill is now progressed by 

turning the tailstock handwheel. 

The advancing drill makes contact with the work piece's end face and drills a hole through it. 

The drill is removed when the hole has been dug to the necessary depth. A boring tool may then 

be used to extend the diameter of this hole. 

 

-------------------------- 
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Foundry sands are composed of silica (SiO2) or silica combined with other minerals. The sand 

should have strong refractory qualities, or the ability to withstand high temperatures without 

melting or otherwise deteriorating. Other critical characteristics of sand include particle size, 

grain size distribution in the combination, and grain shape. Smaller crystallite size gives the cast 

item a superior surface polish, whereas big grain size is more porous (to allow escape of gases 

during pouring). Molds created from irregularly shaped grains are stronger than moulds formed 

from round grains due to interlocking, although interlocking restricts permeability. 

The sand grains are kept together in the mould by a combination of water and bonding clay. A 

common combination is 90% sand, 3% water, and 7% clay (by volume). Other bonding agents, 

such as organic resins (e.g., phenolic resins) and inorganic binders, may be employed in lieu of 

clay (e.g., sodium silicate and phosphate). Aside from sand and glue, additives are occasionally 

added to the mixture to improve qualities such as mould strength and/or permeability.The typical 

technique for forming the mould chamber is to compress the moulding sand around the pattern 

for both cope and drag in a container known as a flask. Various techniques are used in the 

packing process. The most basic method is hand ramming, which is done manually by a foundry 

worker. Furthermore, several equipment have been designed to automate the packaging process. 

These machines work through one of three mechanisms: (1) pneumatic pressure squeezing the 

sand around the pattern; (2) a jolting action in which the sand contained in the flask with the 

pattern is dropped repeatedly to pack it into place; and (3) a slinging action in which the sand 

grains are impacted against the pattern at high speed. 

Flaskless moulding, which refers to the use of one master flask in a robotic mould manufacturing 

system, is an alternative to typical flasks for each sand mould. The same master flask is used to 

make each sand mould. This more automated process claims mould production rates of up to 600 

per hour. 

Several factors are used to assess sand mould quality: (1)strength the ability of the mould to 

maintain its shape and resist erosion caused by the flow of molten metal; it is affected by grain 

shape, adhesive qualities of the binder, and other factors; (2)permeability the ability of the mould 

to allow hot air and gases from the casting operation to pass through the voids in the sand; 

(3)thermal stability the ability of the sand at the surface of the mould cavity to resist cracking 

and buckling when in contact with the molten These criteria are often conflicting; for example, a 

stronger mould is less collapsible.Green-sand, dry-sand, and skin-dried moulds are the most 

common types of sand moulds. Greensand moulds are comprised of sand, clay, and water, with 

the term "green" alluding to the fact that the mould holds moisture throughout the pouring 

process. Green-sand moulds are the least costly of the moulds and have appropriate strength for 

most applications, excellent collapsibility, permeability, and reusability. They are the most 
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common mould type, however they are not without flaws. Depending on the metal and shape of 

the item, moisture in the sand might create problems in certain castings. Dry-sand moulds are 

constructed with organic binders rather than clay and cooked in a big oven at temperatures 

ranging from 200C to 320C (392F to 608F). Oven baking hardens the cavity surface and 

strengthens the mould. When opposed to green-sand moulding, a drysand mould gives superior 

dimensional control in the cast product. Dry-sand moulding, on the other hand, is more costly, 

and the manufacturing rate is lowered due to drying time. In general, applications are confined to 

medium and large castings at low to medium production rates. The benefits of a dry-sand mould 

are partly realised in a skin-dried mould by drying the surface of a green-sand mould to a depth 

of 10 to 25 mm (0.4-1 in) at the mould cavity surface using torches, heating lamps, or other 

methods. To reinforce the cavity surface, special bonding agents must be added to the sand 

mixture. 

The mould classes that follow apply to the usage of traditional binders that are either clay-and-

water or need heating to cure. In addition to these categories, chemically bonded moulds that are 

not based on either of these typical binder materials have been produced. Furan resins (composed 

of furfural alcohol, urea, and formaldehyde), phenolics, and alkyd oils are some of the binder 

components employed in these "no-bake" systems. Because of its excellent dimensional control 

in high-volume applications, no-bake moulds are becoming more popular. 

The Essential Permanent-Molding Process 

Permanent-mold casting employs a metal mould with two pieces engineered for simple, accurate 

opening and closure. Steel or cast iron is typically used to make these moulds. 

The cavity, complete with gating mechanism, is machined into the two halves to ensure exact 

dimensions and an excellent surface polish. Aluminum, magnesium, copper-base alloys, and cast 

iron are among metals that are regularly cast in permanent moulds. However, cast iron demands 

a high pouring temperature, 1250C to 1500C (2282F-2732F), which reduces mould life 

significantly. Steel's very high pouring temperatures make permanent moulds impractical, unless 

the mould is built of refractory material. 

In permanent moulds, cores may be employed to generate internal surfaces in the cast 

product.Metal cores may be used, but their form must allow for removal from the casting or they 

must be mechanically collapsible to allow for removal. If removing a metal core would be 

difficult or impossible, sand cores may be utilised, and the casting method is known as 

semipermanent-mold casting. 

Before casting, the mould is warmed and one or more coatings are sprayed over the cavity. 

Preheating allows metal to flow more easily through the gating system and into the cavity. The 

coatings help in heat dissipation and lubricate the mould surfaces, allowing for quicker cast 

product separation. After pouring, the mould is opened and the casting is removed as soon as the 

metal hardens. Permanent moulds, unlike disposable moulds, do not collapse, hence the mould 

must be opened before significant cooling shrinkage occurs to avoid fractures from forming in 

the casting. 

As previously stated, the benefits of permanent-mold casting include superior surface polish and 

precise dimensional control. Furthermore, the metal mold's faster solidification leads in a finer 

grain structure, resulting in stronger castings. In general, the procedure is confined to metals with 

lower melting points. Other restrictions include simple component shapes relative to sand casting 
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(due to the requirement to open the mould) and mould cost. Because moulds are expensive, the 

method is best suited to high-volume manufacturing and may be automated as such. Automotive 

pistons, pump bodies, and various castings for aeroplanes and missiles are examples of typical 

components.  

Casting Dies 

Die casting is a permanent-mold casting method in which molten metal is shot under high 

pressure into the mould cavity. Pressures range from 7 to 350 MPa (1015-50,763 lb/in2). After 

solidification, the mould is opened and the portion is removed, with the pressure maintained. Die 

casting refers to the use of moulds in this casting process. The most noteworthy aspect that 

separates this method from others in the permanent-mold category is the employment of high 

pressure to drive the metal into the die cavity. T Die casting operations are performed in specific 

die casting machines, which are intended to hold and precisely seal the two parts of the mould, 

and to maintain them closed while the liquid metal is driven into the cavity. Die casting 

machines are classified into two types: (1) hot-chamber and (2) cold-chamber, based on how the 

molten metal is poured into the cavity. 

Metal is melted in a container connected to the machine in hot-chamber machines, and a piston is 

used to inject the liquid metal under high pressure into the die. Injection pressures range from 7 

to 35 MPa (1015-5076 lb/in2depicts the casting cycle. It is not unusual to see production speeds 

of up to 500 components per hour. Because most of the injection system is immersed in molten 

metal during hot-chamber die casting, it faces additional challenges. As a result, the method is 

confined to low-melting-point metals that do not chemically harm the plunger and other 

mechanical components. Zinc, tin, lead, and magnesium are among the metals. 

Molten metal is poured into an unheated chamber from an external melting container in cold-

chamber die casting equipment, and a piston is used to inject the metal under high pressure into 

the die cavity. In these machines, injection pressures range from 14 to 140 MPa (2031-20,305 

lb/in2). Cycle rates are often slower in cold-chamber machines due to the necessity to ladle 

liquid metal into the chamber from an external source. Regardless, this casting process is a high-

volume activity. Cold-chamber machines are often used for casting aluminium alloys, brass 

alloys, and magnesium alloys. Low-melting-point alloys (zinc, tin, lead) may also be cast using 

cold-chamber machines, although the benefits of the hot-chamber method typically outweigh the 

disadvantages. 

Die casting moulds are often constructed of tool steel, mould steel, or maraging steel. Tungsten 

and molybdenum, which have high refractory properties, are frequently utilised, particularly in 

efforts to die cast steel and cast iron. Dies may have a single or several cavities. When the die 

opens, ejector pins are necessary to extract the component from the die. These pins lift the item 

away from the mould surface, allowing it to be removed. To avoid sticking, lubricants must be 

sprayed into the cavities. 

Because the die materials have no inherent porosity and the molten metal flows quickly into the 

die during injection, venting holes and passages at the parting line must be constructed into the 

dies to remove the air and gases in the cavity. Despite their modest size, the vents fill with metal 

during injection. This metal must be removed from the component subsequently. Flash is also 

prevalent in die casting, where the liquid metal squeezes into the narrow space between the die 

halves at the parting line or into the clearances surrounding the cores and ejector pins under high 

pressure. This flash, as well as the sprue and gating system, must be removed from the casting.  
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Semisolid Metal Casting and Squeeze Casting 

These are two procedures that are often linked to die casting. Squeeze casting is a mixture of 

casting and forging in which molten metal is injected into a warmed lower die, and the higher die 

is closed after solidification to produce the mould chamber. This contrasts from the traditional 

permanent-mold casting technique, in which the die halves are closed before to pouring Because 

of its hybrid character, the method is also known as liquid-metal forging. In squeeze casting, the 

pressure generated by the top die allows the metal to fully fill the cavity, resulting in an excellent 

surface quality and little shrinkage. The needed pressures are substantially lower than in forging 

a solid metal billet, and the die may provide much finer surface detail than in forging. Squeeze 

casting may be used for both ferrous and non-ferrous alloys, however because to their lower 

melting temperatures, aluminium and magnesium alloys are the most frequent. A typical use is 

automotive parts. 

Semi-solid metal casting refers to a group of net-shape and near-net-shape methods used on 

metal alloys at temperatures between the liquidus and solidus (Section 10.3.1). Thus, during 

casting, the alloy is a slurry of solid and molten metals; it is in the mushy stage. To flow 

effectively, the combination must be composed of solid metal globules in a liquid rather than the 

more common dendritic solid structures that develop after the freezing of a molten metal. This is 

accomplished by vigorously swirling the slurry in order to inhibit dendrite development and 

instead favour spherical forms, which decreases the viscosity of the work metal. The following 

are some of the benefits of semisolid metal casting: (1) complicated component geometries, (2) 

thin walled parts, (3) tight tolerances, and (4) zero or low porosity, resulting in high casting 

strength. 

Semisolid metal casting comes in a variety of shapes. The phrases thixocasting and rheocasting 

are used in the context of aluminium. The term thixocasting comes from the word thixotropy, 

which refers to the reduction in viscosity of several fluid-like materials when they are stirred. 

The prefix rheocasting is derived from rheology, the discipline that studies material deformation 

and flow. The beginning work material in thixocasting is a precast billet with a nondendritic 

microstructure, which is heated to semisolid temperature and injected into a mould cavity using 

die casting equipment. Rheocasting is similar to traditional die casting in that a semisolid slurry 

is pumped into the mould cavity by a die casting machine. The starting metal in rheocasting is at 

a temperature between the solidus and the liquidus rather than above the liquidus. In order to 

avoid dendrite development, the mushy mixture is stirred. 

Thixomolding is a name used to describe the process of moulding magnesium using equipment 

comparable to an injection moulding machine. As magnesium alloy granules are heated into the 

semisolid temperature range, they are fed into a barrel and driven forward by a spinning screw. 

The revolving screw's mixing action achieves the requisite globular shape of the solid phase. The 

slurry is then injected into the mould cavity by moving the screw forward in a straight line. 

Furnaces 

Cupolas, direct fuel-fired furnaces, crucible furnaces, electric-arc furnaces, and induction 

furnaces are the most popular kinds of furnaces used in foundries.The most suitable furnace type 

is determined by parameters such as the casting alloy, melting and pouring temperatures, furnace 

capacity requirements, investment, operating, and maintenance expenses, and environmental 

pollution concerns. 
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Cupolas a cupola is a vertical cylindrical furnace with a tap spout towards the bottom. Cupolas 

are solely used for melting cast irons, and although other furnaces are sometimes utilised, 

cupolas melt the most cast iron. The cupola of steel plate coated with refractory has a general 

construction and operational properties. The "charge," which consists of iron, coke, flux, and 

sometimes alloying ingredients, is loaded via a charging door positioned about midway up the 

cupola's height. The iron is often a combination of pig iron and scrap (such as risers, runners, and 

sprues from prior castings). The fuel needed to heat the furnace is coke. For combustion of the 

coke, forced air is delivered via apertures towards the bottom of the shell. Slag is formed when a 

basic material, such as limestone, combines with coke ash and other impurities to generate flux. 

The slag protects the melt from reacting with the atmosphere within the cupola and reduces heat 

loss. The furnace is frequently tapped to produce liquid metal for the pour as the mixture is 

heated and the iron melts. 

Furnaces that run on direct fuel a direct fuel-fired furnace has a tiny open-hearth in which the 

metal charge is heated by fuel burners on the furnace's side. The ceiling of the furnace helps to 

heat the charge by bouncing the flame down upon it. Natural gas is the most used fuel, and the 

combustion products escape the furnace via a stack. A tap hole at the bottom of the hearth allows 

the molten metal to escape. In casting, direct fuel-fired furnaces are often used to melt 

nonferrous metals such as copperbase alloys and aluminium. 

Furnaces for crucibles these furnaces melt metal without exposing it to a burning fuel 

combination. As a result, they are sometimes referred to as indirect fuel-fired furnaces. In 

foundries, three kinds of crucible furnaces are used: (a) lift-out, (b) stationary, and (c) tilting. To 

store the charge, they all need a container (the crucible) constructed of a suitable refractory 

material (e.g., a clay-graphite combination) or high-temperature steel alloy. The crucible is put in 

a furnace and heated enough to melt the metal charge in the lift-out crucible furnace. These 

furnaces often use oil, gas, or powdered coal as fuel. When the metal has melted, the crucible is 

removed from the furnace and used as a ladle. The other two varieties, known as pot furnaces, 

combine the heating furnace and container into a single device. The furnace is stationary in the 

stationary pot furnace, and the molten metal is ladled out of the container. The whole assembly 

in the tilting of furnace may be tilted for pouring. Crucible furnaces are used to melt nonferrous 

metals such as bronze, brass, and zinc and aluminium alloys. Generally, furnace capacity are 

restricted to several hundred pounds. 

Arc-Fuel Electric Furnaces The charge is melted in this furnace type by heat produced by an 

electric arc. There are many designs available, using two or three electrodes. Although power 

consumption is significant, electric-arc furnaces may be configured for high melting capacity 

(23,000-45,000 kg/hr or 25-50 tons/hr) and are generally used for steel casting.Furnaces for 

Induction An induction furnace creates a magnetic field in the metal by feeding alternating 

current via a coil, and the resultant induced current produces fast heating and melting. ations. A 

mixing is caused by the electromagnetic force field 

Heat Treatment, Cleaning, and Pouring 

Crucibles are occasionally used to transport molten metal from the melting furnace to the mould. 

Ladles of different types are often used for the transfer. These ladles receive the metal from the 

furnace and enable easy pouring into the moulds.Two standard ladles, one for handling huge 

quantities of molten metal using an overhead crane and the other for manually manipulating and 

pouring smaller amounts. 
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One of the issues with pouring is that oxidised molten metal might enter the mould. Metal oxides 

degrade product quality, potentially leaving the casting faulty, hence precautions are required to 

prevent these oxides from entering the mould during pouring. Filters are sometimes used to 

collect oxides and other impurities as the metal is poured from the spout, and fluxes are used to 

coat the molten metal to slow oxidation. Furthermore, ladles have been developed to pour the 

liquid metal from the bottom, since the oxides collect on the top surface. 

A number of extra procedures are normally necessary once the casting has set and been taken 

from the mould. These activities are as follows: (1) trimming, (2) core removal, (3) surface 

cleaning, (4) inspection, (5) repair (if necessary), and (6) heat treatment. In foundry work, steps 1 

through 5 are referred to as "cleaning." The amount to which these extra activities are necessary 

varies depending on the casting technique and metal. When they are essential, they are frequently 

time consuming and expensive. 

Trimming the cast component entails removing sprues, runners, risers, parting-line flash, fins, 

chaplets, and any other extra metal. These appendages on the casting may be broken off in the 

event of brittle casting alloys and when the cross sections are very tiny. Other types of cutting 

include pounding, shearing, hack-sawing, band-sawing, abrasive wheel cutting, and different 

torch cutting processes. 

Cores must be removed if they were utilised to cast the component. The majority of cores are 

chemically or oil-bonded sand, and they often slip out of the casting when the binder 

deteriorates. They are sometimes eliminated by shaking the casting, either manually or 

automatically. Cores are sometimes removed by chemically dissolving the bonding agent 

employed in the sand core. Hammering or pressing out solid cores is required. 

Casting Quality 

In a casting procedure, there are several potential for things to go wrong, resulting in quality 

faults in the cast product. In this part, we provide a list of the most frequent casting flaws and 

describe the inspection processes for detecting them. 

Defects in the Casting some flaws are common to all casting methods. These flaws are and are 

briefly discussed below: 

(a) Misruns are castings that harden before filling the mould chamber fully. 

Typical reasons include (1) inadequate molten metal fluidity, (2) pouring temperature being too 

low, (3) pouring being done too slowly, and/or (4) the cross-section of the mould cavity being 

too narrow. 

(b) Cold Shuts, which occur as two parts of the metal flow together but fail to fuse owing to 

premature freezing. Its causes are comparable to those of a misrun. 

Cold shots are caused by splattering during pouring and result in the creation of solid globules of 

metal that get caught in the casting. Pouring processes and gating system designs that minimise 

splattering may help to avoid this flaw. 

d) A shrinkage cavity is a dip on the casting's surface or an interior void generated by 

solidification shrinkage, which limits the quantity of molten metal accessible in the final area to 

freeze. It is most often seen towards the top of a casting, where it is referred to as a "pipe." 

Figure 10.8 depicts this (3). Proper riser design may often remedy the issue. 
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(e) Microporosity is a network of tiny spaces scattered throughout the casting induced by the 

dendritic structure's localised solidification shrinkage of the final liquid metal. Because of the 

prolonged nature of freezing in these metals, the fault is generally connected with alloys. 

(f) Hot tearing, also known as hot cracking, occurs when a rigid mould prevents the casting from 

contracting during the latter stages of solidification or the early stages of cooling following 

solidification. Because of the metal's inability to shrink normally, the defect manifests as a 

separation of the metal (thus the words ripping and cracking) at a site of high tensile stress. It is 

avoided in sand casting and other expendable-mold procedures by making the mould foldable. 

Hot tearing is decreased in permanent-mold procedures by removing the item from the mould 

soon after solidification. 

Some flaws are caused by the usage of sand moulds and so occur exclusively in sand castings. 

Other expendable-mold methods are also subject to same issues, although to a lesser extent.  and 

describes defects encountered predominantly in sand castings: 

(a) Sand blow is a fault characterised by a balloon-shaped gas chamber induced by mould gas 

leakage during pouring. It happens towards the top of the casting, at or below the casting surface. 

The typical culprits include low permeability, insufficient venting, and a high moisture content 

of the sand mould. 

(b) Pinholes are created at or slightly below the surface of the mold and are generated by the 

discharge of gases during pouring. 

(c) Sand wash, an irregularity on the surface of the casting caused by sand mould erosion during 

pouring, and the contour of the erosion is produced in the surface of the final cast part. 

Scabs are rough regions on the surface of a casting caused by sand and metal encrustations. It is 

caused by flaking off sections of the mould surface during solidification and getting embedded in 

the casting surface. 

(e) Penetration is a surface fault that arises when the liquid metal's fluidity is high and it enters 

the sand mould or sand core. The casting surface becomes a combination of sand grains with 

metal after freezing. This issue is alleviated by harder packing of the sand mould. 

(f) Mold shift is a flaw induced by a sideways movement of the mould cope relative to the drag, 

resulting in a step in the cast product near the parting line. 

(g) Core shift is similar to mould shift, except that the core is moved instead of the mould, and 

the displacement is generally vertical. The buoyancy of the molten metal causes core movement 

and mould shift. 

(h) Mold crack occurs when mould strength is inadequate, resulting in the formation of a fracture 

through which liquid metal may leak and create a "fin" on the final casting. 

Methods of Inspection Foundry inspection procedures include (1) visual inspection to detect 

obvious defects like misruns, cold shuts, and severe surface flaws; (2) dimensional 

measurements to ensure tolerances are met; and (3) metallurgical, chemical, physical, and other 
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tests concerned with the inherent quality of the cast metal. Pressure testing (a) is used to locate 

leaks in the casting; radiographic methods, magnetic particle tests, the use of fluorescent 

penetrants, and supersonic testing (b) is used to detect either surface or internal defects in the 

casting; and mechanical testing (c) is used to determine properties such as tensile strength and 

hardness. If minor flaws are identified, it is generally feasible to preserve the casting by welding, 

grinding, or other salvage processes agreed upon by the buyer. 

 

 

-------------------------- 
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Alloys, rather than pure metals, are used in the majority of commercial castings. Alloys are often 

simpler to cast, and the finished product has superior qualities. Casting alloys are either ferrous 

or nonferrous. Cast iron and cast steel are subcategories of the ferrous category.Alloys for 

Ferrous Casting: Iron Casting The most significant of all casting alloys is cast iron. Cast iron 

castings have a tonnage many times that of all other metals combined. Cast iron is classified into 

five types: (1) grey cast iron, (2) nodular iron, (3) white cast iron, (4) malleable iron, and (5) 

alloy cast irons (Section 6.2.4). Depending on the composition, typical pouring temperatures for 

cast iron are approximately 1400C (2552F). 

Steel is a ferrous casting alloy. Steel's mechanical qualities make it an appealing engineering 

material , and its ability to construct complicated shapes makes casting a desirable method. The 

foundry specialised in steel, on the other hand, has significant challenges. For starters, steel has a 

far greater melting point than most other widely cast metals. The solidification temperature range 

for low carbon steels starts slightly below 1540C (2804F). This implies that the pouring 

temperature for steel is quite high around 1650C (3002F). Steel is chemically extremely reactive 

at this high temperatures. Because it oxidises easily, specific processes must be utilised to 

separate the molten metal from air during melting and pouring. Furthermore, molten steel has a 

low fluidity, which restricts the design of thin sections in steel components.  

Several properties of steel castings make it worthwhile to make the effort to tackle these 

challenges.Tensile strength is greater than that of most other casting metals, reaching about 410 

MPa (59,465 lb/in2 ). Steel castings are more durable than most other casting alloys. 

Steel castings have isotropic characteristics, which means that their strength is about the same in 

all directions. Mechanically made pieces, on the other hand (e.g., rolling, forging), demonstrate 

directionality in their attributes. Isotropic behaviour of the material may be advantageous 

depending on the needs of the product. Another benefit of steel castings is their ease of welding. 

They can be easily welded without substantial loss of strength, allowing them to be repaired or 

used to construct buildings with other steel components. 

Alloys for Nonferrous Casting Alloys of aluminium, magnesium, copper, tin, zinc, nickel, and 

titanium are examples of nonferrous casting metals. Aluminum alloys are often regarded as being 

particularly castable. Because pure aluminium has a melting point of 660C (1112F), pouring 

temperatures for aluminium casting alloys are lower than for cast iron and steel. Light weight, a 

broad variety of strength qualities accessible by heat treatment, and simplicity of machining 

make them appealing for castings. Magnesium alloys are the lightest metals for casting. 

Corrosion resistance, as well as high strength-to-weight and stiffness-to-weight ratios, are among 

the other qualities. 
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Bronze, brass, and aluminium bronze are examples of copper alloys. They are appealing because 

to their corrosion resistance, beautiful look, and outstanding bearing properties. The high cost of 

copper restricts the utilisation of its alloys. Pipe fittings, maritime propeller blades, motor 

components, and beautiful jewellery are all examples of applications.Tin is the casting metal 

with the lowest melting point. Tin-based alloys are often simple to cast. They are corrosion 

resistant but have little mechanical strength, limiting their applicability to pewter cups and 

related objects that do not need significant strength.  

Die casting often employs zinc alloys. Zinc has a low melting point and excellent fluidity, 

making it ideal for casting. Because of its poor creep strength, its castings cannot withstand 

sustained high strains.Because of their great hot strength and corrosion resistance, nickel alloys 

are well suited for high-temperature applications such as jet engine and rocket components, heat 

shields, and related components. Nickel alloys are also difficult to cast because to their high 

melting point. Titanium alloys for casting are resistant to corrosion and have good strength-to-

weight ratios. Titanium, on the other hand, has a high melting point, limited fluidity, and a 

propensity to oxidise at high temperatures. Because of these characteristics, it and its alloys are 

difficult to cast. 

Product Design Considerations 

If the product designer chooses casting as the principal manufacturing technique for a certain 

component, certain rules should be followed to ease production and eliminate many of the 

problems Some of the most significant casting principles and considerations are covered here. 

Geometric elegance. Although casting may be utilised to create complicated component 

geometries, reducing the part design improves castability. 

Avoiding superfluous complications simplifies mould construction, decreases the need for cores, 

and enhances casting strength. 

The corners. Sharp edges and angles should really be avoided since they are stress concentration 

points that may produce hot ripping and fractures in the casting. Inside corners should have 

generous fillets, and sharp edges should be softened. 

The thickness of a section. To eliminate shrinkage voids, section thicknesses should be 

consistent. Because higher volume necessitates longer time for solidification and cooling, thicker 

portions induce hot spots in the casting.  

These are most likely shrinkage cavities. Draft. Part parts that protrude into the mould should be 

drafted or tapered, as the goal of this draught in expendable-mold casting is to make it easier to 

remove the pattern from the mould. Its function in permanent-mold casting is to facilitate in the 

removal of the component from the mould. If solid cores are utilised in the casting process, 

similar tapers should be permitted. The needed draught for sand casting is only approximately 1 

and 2 to 3 for permanent-mold techniques. 

Utilization of cores. Minor adjustments in component design, may lessen the necessity for 

coring. Dimensional tolerances. The dimensional accuracies that may be attained in castings vary 

significantly depending on the procedure utilised compiles typical component tolerances for 

several casting methods and metals.The finish on the surface. Surface roughness in casting 

process is typically approximately 6 mm (250 m-in). Shell moulding also yields poor results, as 

does plaster moulding. 
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Centrifugal Casting Process 

High material soundness components are produced via centrifugal casting. As a result, it is the 

technique of choice for high-reliability applications such as jet engine compressor casings, hydro 

wear rings, and many military goods. In comparison to forgings and fabrications, it has been 

shown to be a more affordable way to provide complicated forms with lower production costs 

and less machining needs.  

The first stage in the centrifugal casting is the pouring of molten metal into a heated, rotating die. 

Depending on how the intended component is set up, it die may be orientated either on a 

horizontal or a vertical axis.Centrifugal force is used to evenly distribute molten metal inside a 

rotating mould as the metal is pumped into it at pressures that are close to 100 times greater than 

the force of gravity. Superior-quality components are produced by combining this applied 

pressure with the mechanics of controlled crystallization and subsequent refining. 

Types of Centrifugal Casting 

There are vertical and horizontal centrifugal casting procedures. A further option provided by 

certain manufacturers is near-net shaping, which combines the advantages of centrifugal castings 

with O.D. shaping and, perhaps, with the completed detail of the investment casting. 

Vertical Centrifugal Casting 

Castings with a greater length to diameter are typically used for cylindrical designs when the use 

the length or elevation of the casting. Steel mill rollers are an exception to this, since they utilize 

a roller guiding system to allow the fabrication of solid castings. It may also be used to cast 

complicated objects like control valves and propellers. A parabolic effect occurs in the bore due 

to gravity attraction while pouring the material; this may be changed by varying the casting 

speed.The denser portions of the molten iron were pushed towards to the outer diameter as the 

mould and die rotate. The mould functions as a cooling surface, consolidating the iron from the 

outside diameter as it advances towards the bore in a process called as directed solidification. 

Horizontal Centrifugal Casting 

Horizontal Centrifugal Molding is ideally suited to castings with a length larger than the 

diameter and a cylindrical bore. This is why tubes ranging in length from 300mm to 6000mm are 

so prevalent. A shaped mold or sand inlays can be used to generate shaped castings horizontally. 

Vacuum Centrifugal Casting 

Some alloys, especially nickel-cobalt hyper alloys, are reactive to oxygen, centrifugal casting in 

a vacuum is utilized when component detail and control of the environmental impact are crucial. 

In addition to the benefits of vacuum casting, the inherent increased metal integrity provided by 

injection molding is achieved, including directed solidification, lack of porosity, and total. 

Vacuum centrifugal casting produces extremely reliable products, which are frequently utilised 

in aerospace and weapons system. 

Working Principle of Centrifugal casting 

The centrifugal casting process begins with molten phase being filled with a rotating high-

temperature die. Depending on the design criteria, the die might be mounted on a vertically or 

flat pivot.During the action, centrifugal force operates to disperse the liquid metal in the form at 

pressures approaching multiples of gravity's strength. This applied pressure prevents fractures 
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and other micro and macro defects. This is quite similar to the traditional die casting technique in 

which applied pressure lowers overall faults in the result. The thicker molten material is drawn to 

the bulk of the spinning die as the die fills.  

Furthermore, sound metal directional cementing progresses from the external diameter it toward 

the drag, whereas less thick material with imperfections floats to the external diameter.  When 

the solidification process is finished, the entire component is withdrawn first from die and the 

residual debasements in the part's borders are removed by the machining process. 

1. The process begins similarly to any other casting process, with the metal being heated 

above its melting point. 

2. The mould is then rotated to prepare that for filling in the second stage. In general, the 

rotational speed ranges from 300 to engine Speed. The precise figure, however, is 

determined by the project's specifications. 

3. The next step is to start pouring. This is a straightforward procedure that requires no extra 

preparation. But, must exercise caution since the process will occur while the mould is 

rotating. 

4. When the pouring is finished, the following phase begins automatically. The rotation 

speeds up the cooling process while also creating enough pressure within in the mould to 

eliminate the possibility of casting errors. 

5. After cooling, is comparable to any other casting process. Simply take the mould off the 

roller and retrieve its material from the castings. 

6. Finally, fine-tune the finished result. The centrifugal spin forces imperfections in the 

metal to the edges, where they may be machined off to achieve the desired quality. 

Three Types of Centrifugal Casting 

Aside from machine differentiation, the process also includes several casting procedures that 

have direct impact on the total outcome. Here are the three primary types of casting procedures 

used in the business. 

True Centrifugal Casting 

True casting is precisely what the preceding section explained. The procedure might be either 

horizontal or vertical. However, horizontal axis spinning creates high-intensity applications such 

as cylinder liners. In general, the rotation speed influences the physical attributes of the product, 

such as density and strength.  

However, the location of the mound and other elements combine to produce the finest overall 

outcomes with this centrifugal casting process. 

Semi-Centrifugal Casting 

The semi-centrifugal casting technique is quite close to the actual process. However, there are 

several significant disparities between the two procedures and their overall outcomes. To begin 

with, instead of using a tubular cast, this procedure produces a solid result. Similarly, because the 

outside regions of the things created with this procedure have a larger density, this casting 

method produces products with varied densities. 

The spinning speed, overall diameter, temperature, and other elements all have an impact on the 

overall integrity of the castings you manufacture. This indicates that there is a higher chance of 

anything going wrong, which might inevitably impair the quality. 
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Centrifugal Casting 

Centrifuging, also known as centrifuge casting, is a common technique for producing 

complicated objects with various surface details. This approach is most commonly used for 

jewellery, little shrubs, sleeves, and other such items. Centrifuging involves placing a mould 

cavity of a specific form at a separation from rotating axis and continuing the procedure as usual. 

Rotational forces press the molten into the cavity, forming it into the desired shape. 

Element of Mold  

Mold development is a complicated process with many moving parts that necessitates a high 

level of technical skill. To ensure exact dimensions and design characteristics, the process of 

molding a finished product necessitates specialized technical expertise. The first stage in the 

precise process is to understand the fundamental components of molding. They perform vital 

functions in the injection mound manufacturing process. The following are the major mound 

components necessary to make high-quality parts.Mold components are the systems that allow 

the mould to function and create a high-quality final result. Mold base, pins, hydraulic actuators, 

lifters, bushings, guides, and alignment devices are all important components. Mold components 

are classified into three types: frame plates, frame elements, and cavity tooling 

Cavity and Core Components 

Molding components are made up of such a cores and a cavity. The interior surface of the 

product is formed by the core, while the exterior surface is formed by the hollow. Concave die 

refers to the moulding components that make up a product's external shape which is also called 

female mould . Core or terrace dies are those that make up a product's interior form (such as a 

hole, groove, etc) which is also called male mold . When creating molding components, the 

general structure of the cavity should be determined first based on the qualities of the plastic, the 

geometric shape of the product, dimensional tolerance, and operational requirements 

Mold Lock Unit 

This is a clamp mechanism that uses numerous plate motions to secure the mould. The device's 

capabilities include 

1. In cold chamber machines, a fixed fixing plates holds the fixed (casting) mould half or 

the shot component 

2. The moveable (ejector) mould half is held in place by a movable fixing plate. 

3. The moveable fixing plate is guided by guide columns, which contain the die locking 

force generated by the locking device. 

Side-Action Mechanism 

Undercuts or side holes are seen on several plastic goods. They require side separating before 

demolded to extract the exterior core first. There are two types of side-action systems: 

1. Perfect fit action (backup) that covers all actions that aim to maintain the core position by 

ensuring that components fit perfectly. 
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2. Compression fit operation (zero movement), which encompasses all operations that 

compress the core into place before, throughout, and after injection by delivering and 

keeping a high set force. 

 In the chemical processing business, injection moulding machines must run constantly for 

lengthy periods of time to ensure consistency. Venting: During the melting process, every 

moulding step eject gas. Vents provide as escape routes. They are moulded gas vents with 

grooves. The finished products will exhibit porosity, plate markings, and short shots if there is no 

venting. 

Gating 

Gating is utilised for a number of reasons, including managing material flow velocity and 

preventing backflow during injecting. Gate sections are often rectangular or circular in design. 

However, the form, height, and placement of the gate are determined by plastic qualities, 

structures, design to achieve, and sizes. 

Ejector Pins 

They are employed to remove mould pieces. Straight and shoulder ejector pins are the two types. 

The structural location of a product determines the specific pin needs.The "bouncers" of the 

plastic injection world are ejector pins. They use force to remove a part from mould and may 

leave markings in some circumstances. 

Cooling System 

Mold temperature management is critical for uniform molding. Cooling channels that enable 

conduction are used to cool molded hot plastic. Water is commonly utilised as the working fluid, 

while petroleum can be employed in elevated applications. The heat generated by the molding 

process is swiftly and uniformly dissipated through injection mound cooling. Fast cooling is 

essential for cost-effective production, and consistent cooling is needed for product quality. 

Because cooling generally accounts for 2 different of the injection molding cycle time, the 

configuration of the cooling cycle requires considerable consideration. 

Hot Runner Systems 

Mold temp management is essential for uniform moulding. To cool formed hot plastic, 

conduction-enabled cooling tubes are employed. Water is generally utilized as the coolants, 

however petroleum can be used in high-altitude applications. Through injection mould cooling, 

heat created during the moulding process is quickly and uniformly removed. Consistent cooling 

is required for product quality and fast cooling is required for cost-effective production. Because 

cooling typically accounts for two-thirds of the injected moulding cycle duration, the cooling 

cycle layout must be carefully considered. 

Guide Bushings: 

The injection mold's guide device's duty is to direct the upper and lower moulds into the right 

position.Guide bushings are maybe the most misunderstood router accessory. Their applications 
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include jig-cutting dovetails, writing, inlay work, and even replicating furniture pieces.The 

injection molded parts cycle refers to the sequence of events that occur during the injection 

molding of a plastic item. When the mould shuts, the cycle begins, and the polymer is injected 

into the mould. 

Casting  

Casting is a production method that involves pouring a liquid material into a mould that has a 

hollow hole of the desired shape and then allowing it to harden. To finish the process, the 

solidified portion, also referred as a casting, is expelled or broke out of the mould. 

Types of Casting and the Casting Process 

Although casting is among the oldest known production procedures, developments in casting 

technologies have resulted in a diverse range of specialized casting methods. Die-casting, 

casting, plaster trying to cast, and sand casting are all hot forming methods with distinct 

industrial advantages. Comparing the benefits and drawbacks of the various casting methods 

might aid in picking the method particularly fits for a certain production run. 

Sand Casting 

Sand casting is often done with silica-based materials such as manufactured or naturally bonded 

sand. Casting sand is often made up of finely chopped, spherical grains that may be closely 

packed together to provide a smooth molding surface. By permitting a reasonable amount of 

elasticity and shrinkage throughout the cooling portion of the process, the casting is meant to 

limit the possibility of ripping, cracking, or other faults. Sand may also be reinforced by adding 

clay, which makes the particles connect more tightly. Sand casting is used to make automotive 

parts such as engine block 

Patternmaking, moulding, melting and pour, etc cleansing are all phases in the sand casting 

process. The patter is the shape which the material is packed, which is generally divided into two 

pieces, the coped and the drag. The cope is withdrawn anis d the pattern retrieved once the sand 

has been compressed sufficiently to reproduce the design. The cope is then replaced, together 

with any extra inserts known as core boxes. That after metal has indeed been poured and 

hardened, the casting is withdrawn, the risers and valves used during the pouring operation are 

trimmed, and the casting is cleaned of any attached sand and scale. 

Investment Casting 

Investment casting, also known as lost-wax casting, employs a disposable wax template for each 

cast item. The wax is incorporated intravenously into a mould, removed, and then covered with 

passivation layer and just a binding agent in stages to form a thick shell. Several patterns are 

combined onto a single sprue. The designs are inverted and baked in furnaces to remove the wax 

once the seashells have solidified. The leftover shells are then filled with molten metal, which 

solidifies into the form of the thermoplastic materials  

Parts for the automobile, power generating, and aerospace sectors, like as turbine blades, are 

frequently manufactured using investment casting. Among the primary benefits and drawbacks 

of investment casting are:  

1. A high level of precision and precision in dimensional findings. 

2. Capability to manufacture thin-walled items with complicated shapes. 
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3. The ability to cast ferrous and nonferrous materials. 

4. Surface polish and precision in final pieces are of rather good grade. 

Plaster Casting 

Plaster casting is identical to sand casting, except instead of sand, a combination of gypsum, 

reinforcing compound, and water is used. The plaster design is usually covered with an anti-

adhesive substance to keep it from sticking to the mould, and the plaster can fill in any gaps 

surrounding the mould. When the plaster material used to cast the item fractures or develops 

faults, it must be replaced with new material. 

Plaster casting has the following advantages: 

1. The surface is really smooth. 

2. The capacity to cast intricate forms with thin walls. 

3. The ability to manufacture huge pieces at a lower cost than other methods, like as 

investment casting. 

4. Dimensional precision is greater than in sand casting. 

Permanent Mold Casting 

Permanent mould casting is similar to die cast and centrifugal casting in that it uses reusable 

moulds. These can be composed of steel, graphite, or other materials and are commonly used to 

cast lead, zinc, aluminum, and magnesium alloys, some bronze medals, and cast iron. Pouring is 

often done by hand utilising many moulds on a turntable in a low-pressure technique. The 

moulds are sequentially covered, sealed, filled, cleaned, and emptied as they rotate through the 

different phases. Slush casting is one such process, in which the mould is filled but then drained 

before the metal solidifies completely. 

Advantages of casting process: 

1. In the molten cavity, molten steel flows into a tiny ant segment. As a result, any 

complicated form may be simply made. 

2. Casting may be done with almost any material. 

3. The best way is to produce modest amounts. 

4. The qualities of the casting are the same from all directions due to the low melting point 

from all directions. 

5. Up to 200 tonnes of casting may be made in any size. 

6. Casting is frequently the cheapest and also most direct method of manufacturing a form 

with certain mechanical qualities. 

7. Certain metals and alloys, such as extremely creep resistance steel alloys for gas turbines, 

can only be cast and cannot be manipulated mechanically. 

8. Heavy equipment, such as machine leads and ship propellers, may be simply thrown in 

the desired size rather than fabricated by combining multiple small parts. 

9. Casting is ideal for composite components that require varied characteristics in different  

directions. These are created by adding desired inserts into a casting. Aluminum 

conductors in slots in iron framework for electric engines, for example, or wear resistant 

coverings on shock resistant components. 

Limitations of casting process 

The dimensional accuracy and surface quality of a standard sand casting method are lower. 
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1. Defects cannot be avoided. 

2. Sand casting is a time-consuming process. 

3. the original source 

Casting Solidification 

Casting is a popular metal solidification technique that involves melting and re-solidifying a 

metal or combination within a mould to obtain the desired final result. Casting is frequently used 

to make intricate forms that would be difficult or expensive to produce using other methods. The 

amount of heat removal between molten metal to mould is known as solidification. An essential 

procedure is the removal of heat to get a product from casting. The product obtained during the 

casting process is determined by the solidification time, manner of solidification, and so forth.  

Solidification is vigorous to consider when making a product utilizing a casting technique. 

Solidification is vital in the casting process because it removes heat from molten material, 

resulting in a desired product with a superior surface polish. 

Directional solidification 

Directional solidification is just a faster solidification process that unidirectional solidification; in 

this system, cooling begins at the bottom of the mould and progresses to the top. Because of the 

rapid rate of cooling, the item formed has a rough surface. This method is used to make turbine 

blades. Directional solidification happens when solidification begins at the far end of the casting 

and progresses towards the sprue. Longitudinal solidification, also referred to as parallel 

solidification, is the process of solidification that begins at the casting's walls and advances 

perpendicularly from that surface 

Unidirectional solidification 

Unidirectional solidification is a slower solidification process than directional solidification; the 

cooling of molten metal in the mold begins from top to bottom, and the item produced has a 

smooth surface. This method is used to make turbine vanes. 

Simple casting 

Casting is a mechanical technique through which a molten metal or its mixture is put in a mould 

and allowed to harden. The thing will then take on the contours of the mold. Castings are made 

in a single movement from liquid metal, with no intermediary mechanical working procedures 

like as roll or forging. 

Shrinkage in sand casting 

Most metals, particularly aluminium, copper, zinc, and magnesium, shrink. The degree of 

contraction is determined by the material's freezing range. As an example, metal shrinks by 

almost 6% during solidification whereas copper shrinks by about 5%. Solidification happens in 

sand casting as the molten steel is poured into the steel mold. To limit shrinkage and remove 

faults, it is critical that this stage of the sand casting process be carried out in a carefully 

regulated way. 

Solidification shrinkage 

Solidification shrinkage because metals become less dense as liquids than solids. Risers and 

chills are employed to alleviate this problem. 
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Risers keep molten metal flowing into the foundry as it hardens. They serve a crucial function in 

facilitating directional crystallisation where the metal freezes at the distant point first before 

migrating towards the riser. Using this method, the hollow originates in the riser rather than the 

casting. 

Pattern maker’s shrinkage 

When the castings is chilled to room temperature after solidification, pattern maker's shrinkage 

occurs. Thermal contraction causes this effect. A shrinkage tolerance must thus be included in 

the design at the outset of the procedure. To account for this form of shrinkage, the design is 

produced bigger than the target casting size. The shrinkage tolerance varies depending on the 

metal, however the design may need to be 2.5% bigger than the original item. Additionally, 

various portions of the cast may need different tolerances. So, assessing these allowances needs 

talent and experience to assure a high-quality completed result. 

Shrinkage cavity 

A shrinking cavity is a depression that forms in a casting during in the solidification process. 

When compared to the spherical surfaces of gas porosity, shrinkage porosity has angular edges. 

Cavities may also be accompanied with branching fractures or cracks.Shrinkage porosity is 

caused by the lack of metal in the mould. Small holes are left left throughout the casting when 

the material is cooled and shrinks. These holes are frequently jagged, in opposed to the smooth 

hovering holes and cracks created by gas. Cavities that shrink will reduce the casting's strength. 

Sponge shrinkage  

Sponge shrinkage often occurs in the thicker middle of the castings product and results in the 

formation of a thin lattice structure akin to filament or dendrites. Filamentary shrinkage creates a 

network interconnected continuous fractures of different diameter s and densities, typically 

beneath a thick portion of material. 

Filamentary Shrinkage  

Filamentary shrinkage develops in a web of continuous fractures of varied diameters and 

densities, commonly under a thick part of the material. It can be challenging to recognize as the 

fracture threads tend to be linked. 

Dendritic shrinkage 

Dendrites diminish with age, their branches grow less complicated, and they lose pyramidal 

neurons, which are small brow ridges that receive chemical messages. The term "responsibility" 

refers to the act of determining whether or not a person is responsible for his or her own actions. 

Shrinkage porosity 

Shrinkage porosity flaws are voids inside elements which could also cause material degradation 

and, if located on surface, can decrease cosmetic quality and corrosion protection. Identifying the 

size, form, and surface of cavities is critical for determining which defect is occuring and 

determining its origin. 

However, shrinkage porosity must be distinguished from oxygen entrapment: holes created by 

air entrapment possess rounded forms, whereas holes caused by shrinkage porous have angular 

faces. 
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Casting Defect  

Casting Defect appear on the cast company's face as dips (caved areas) or holes (pipes). The air 

is sucked within the mould when the metals alloy shrinks evenly will generate an open 

shrinkage. Defects in Closed Shrinkage. These show as holes inside of the castings where the 

molten metal is heated unevenly 

Pinholes 

Pinholes, sometimes also described to as micropores, seem to be very tiny defects (about 2 mm) 

commonly found in the cope (upper) region of the mould, in poorly ventilated pockets. flaws in 

the castingThey frequently appear in great numbers collectively, either at the level or slightly 

below the of the casting. The term "naked" refers to the act of looking at o neself in the 

mirror[2]. 

Subsurface blowhole 

A subsurface blowhole emerges on the interior of a cast and is typically not apparent until after it 

has been machined. Subsurface tracheae can just be difficult to spot before grinding, requiring 

frequency, ultrasonic, electromagnetic or x-ray investigation. 

Open holes 

Open holes appear on the surface of the object as a form of blowhole. These flaws are generated 

by trapped air as metal is injected into the mould. There is also shallow form of open spaces 

called a scar.These blowholes show on the cast's surface and are simpler to spot than 

subterranean blowholes. Gas porosity causes and prevention and Cavity faults can be caused by a 

variety of factors. 

1. Poor ventilation of mould and cores 

2. Insufficient drying of mould and cores 

Open Shrinkage Defects 

If the material cools or shrinks with insufficient fluid available to fill any gaps, pipes may 

develop in the surface and descend into the interior of the castings. Similarly, surface faults that 

extend over the face are frequently referred to as cave defects or sinks. In both cases, the faults 

are exposed to the environment, and air replaces molten metal.Racks and hot tears are typically 

formed during the latter phases of crystallization and can be confined around rapid changes in 

stress concentration, such as a thin web linking two heavy areas. They can also arise in parts with 

insufficient ventilation and in heavier areas where heat pools. 

Closed Shrinkage Defects 

Porosity is a common casting fault induced by trapped air inside the molten metal as well as the 

casting shrinking during cooling. Shrinkage porosity is far and away the most frequent form, and 

it is generally apparent on the surface of either a cast object as tiny holes or fissures. These holes 

appear circular, but they are really angular in shape, with branching interior cracks. Thick multi-

angled pieces are especially vulnerable to shrinkage, which happens as the iron cools and 

hardens in an uneven manner. 
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Porosity can happen in the inside of casting too, without necessarily displaying on the outside of 

a component. This happens when molten metal is encircled by hardened metal and cannot fill in 

between the liquid since it cooled down or shrinks.The casting sprue, as the route by which 

molten metal flows into a mould, is the most prevalent source of shrinkage. In some regions, 

such as the heavier parts of the mould, the metal takes much longer to compress and solidify, 

which lowers feed material flow and increases the chance of shrinkage, notably if the issue is too 

narrow for the quantity of flow. A suitably sized sprue linked directly towards the heavy portion 

could fill the shrinkage void and supply the feed material required to compensate for shrinkage 

as it cools. 

Moreover, employing a rounded, as opposed to a rectangular or square, turnstiles on the sprue 

also can limit the chance of producing flaws. When using a thin or tapered sprue, the molten 

metal may be sprayed rather than spilled into the aperture. When this occurs, specific areas of the 

workpiece begins to harden before the entire mould is filled. The flow of molten material into the 

cavity needs to be as uniform as possible and a bigger central sprue or multiple-sprue 

arrangement can aid in this goal. 

Temperature Affects Casting Shrinkage 

Working within a defined temperature range can assist to decrease the possibility of metal 

casting shrinkage. Metal should be melted to obtain adequate molten properties, usually to 100°F 

well above flow point. Any overheating should really be avoided. A typical rule of thumb is to 

keep mould temperatures between 800-1000°F below the boiling point of the metal. Another 

essential factor to remember is the cast cooling rate, which may be as high as 100°D e per minute 

after the pouring process is complete. 

Cuts and washes 

Cuts and washing are regions of surplus metal. These occur as the molten metal dwindles the 

moulding sand. A cut shows as a low protrusion along the area of the drag face, reducing in 

altitude as it stretches from one corner of the molding to the other. Cuts and washes: causes and 

prevention Cuts and wash can be generated by liquid steel flowing at a fast velocity, enabling too 

much iron to flow through gate. 

Fusion 

When sand granules come into contact with molten metal, they fuse. It shows as just a thin crust 

with a hard, glassy look firmly adhering to the casting.The capacity of the moulding substance to 

withstand the the liquid's temperature so that it does not fuse with both the metal is referred to as 

refractoriness. Foundry sand has the greatest refractoriness. Improving the barrier properties of 

the moulding material and/or decreasing the pouring heat of the liquid steel will assist avoid 

fusion 

Slag inclusions 

Slag inclusions are nonmetallic particles trapped in the weld metal or at the weld interface. Slag 

inclusions result from faulty welding technique, improper access to the joint, or both. Sharp 

notches in joint boundaries or between weld passes promote slag entrapment. 

To prevent producing pockets that trap the slag, use welding procedures that create smooth 

welding beads and enough inter-run fusion. 
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Use the proper current and traveling speed to prevent undercutting the sidewall, which will make 

removing the slag harder. 

Forging 

Forging, a metal reshaping method that uses compressive, localized forces, has been used since 

the times of the ancient Olmec’s. Forging has evolved significantly since its inception in the 

Fertile Crescent, leading to more efficient, quicker, and more durable technique. This is because 

most forging nowadays is done with forged presses or striking tools that also are powered by 

hydraulics, or compressed air. 

Purpose of forging 

The goal of hammering is to make metal pieces. Metal forging creates some of the most durable 

produced components available when compared to other production processes. Minor fractures 

and empty spots in the metal are filled as heated and pressed. This drastically minimizes the 

number of flaws in the forged component. Inclusions are compound elements inserted into steel 

throughout manufacture that produce stress areas in the final forged pieces. 

Forging also strengthens metal by alternating its structure, which corresponds to the grain flow 

of the metal substance as it deforms. A desirable grain structure may be generated by forging, 

giving the forged metal stronger.  

The forging method is very versatile and may be utilised on small pieces just a few feet in size to 

huge elements that weigh upwards to 700,000 lbs. It is utilised to manufacture vital aviation parts 

as well as transportation equipment. Forging can also be used to strengthen hand tools like 

chisels, rivets, nails, and bolts. 

Different types of forging 

Forging's hammering action deforms and mounds the metal, resulting in uninterrupted grain 

flow. As a result, the metal retains its strength. The removal of flaws, inclusions, and 

permeability in the product is one of the ancillary impacts of this particular grain flow. Another 

advantages of forging is the comparatively cheap costs involved with moderate and large 

production runs. Products may be made at reasonably high rates with little downtime after the 

forging tools are established. Forging is classified into two types: hot and cold. 

Hot Forging 

This can require searing metals out to 900 degrees Fahrenheit. The fundamental advantage of hot 

pressing is the reduction in energy it takes to correctly shape the metal. This is because extreme 

heat reduces yield strength while increasing ductility. Chemical irregularities are also eliminated 

in hot forged items. 

Cold Forging 

Cold forging normally refers to forming a metal at room temperature, however any temperature 

below crystallisation is conceivable. Many metals, such as carbon-rich steel, are just too robust 

for cold forging. Despite this disadvantage, cold forging outperforms its warmer counterpart in 

terms of dimensional precision, product homogeneity, surface polish, and contamination. Cold 

forging comprises several forging processes, including bending, pressing, cold drafting, cashing, 

and cold heading. However, this enhanced adaptability comes at a cost, because cold forging 

needs more highest scientific and it may call for the use of intermediary anneals. 
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Different forging processes 

Many specialized procedures exist in addition to basic both hot and cold forging. This diverse set 

of processes may be divided into three major categories: Draw shaping reduces the breadth of the 

product while increasing the length. Upset hammering increases the breadth of the goods and 

lowers length. Compression forming allows forging flow to be directed in many or customized 

directions. These three categories comprise numerous distinct specialized sorts of metal forging 

procedures. 

Drop Forging Process 

Drop forging is named from the technique of dropping a sledgehammer into the metal to form it 

in the shape of a die. The surface that gets into touch with the metal is termed as the die. Drop 

forging is classified into two types: open-die forging and closed-die forging. Die surfaces are 

normally flat, with some having uniquely shaped surfaces for specific processes. 

Open Die Forging Process 

When flat dies with no precut features engage in forging, the process is known as open die 

forging (or smith forging). The open structure enables the metal to flow throughout except for 

when it comes into contact with the die. To attain the best results, the item must be moved 

correctly. It should weigh over 200,000 pounds and be 80 feet long. It's helpful for brief art 

smiting or shaping ingots before secondary shaping. Open die forging produces products with 

greater fatigue strength and resistance while reducing the possibility of errors or holes. It can also 

produce finer grain sizes than conventional methods. 

Closed Die Forging Process 

Molds are used in closed die forging, also known as impression die forging. These moulds are 

linked to an anvil while a sledgehammer drives molten metal to stream into the slots of the die. 

Multiple blows and/or die voids are typically employed when forging complicated designs. High 

initial tooling costs and make closed die forging pricey for brief operations, but the tooling 

becomes cost-effective as components produced rises. Open die forging also delivers excellent 

strength over competing processes. Common uses of enclosed die forging have included the 

manufacturing of vehicle components and metal tools. 

Press Forging Process 

Compression is the primary forming force in press forging. The metal lies on a fixed die whereas 

a compression die provides constant pressure, creating the required form. The metal's contact 

time with the dies is significantly longer than in other forms of forged, but the forging process 

benefits from the ability to concurrently deform the whole product, rather than just a 

localizedpart? Another feature of press forged is the capacity of the maker to monitor and adjust 

the particular compression rate. Because there are few limitations on the size of item that may be 

made, press forging has a wide range of uses. Press forging could be either hot or cold formed. 

Roll Forging Process 

Roll forging is the technique of lengthening rods or wires. To shape the metal, the maker puts hot 

metal bars between cylinder wheels with grooves that revolve and provide progressive pressure. 

The finely designed pattern of these grooves tries to build a metal item to the appropriate form. 

The advantages of this forging procedure include the removal of flash and a good grain structure. 

While roll forging employs rollers to make components and components, it is nevertheless 
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regarded a metals forging process and not a roller process. Roll forging is widely used to 

manufacture automobile components. It is also utilized to forge objects such as knives and 

screwdrivers. 

Upset Forging Process 

Upset forging is a forged procedure that uses compression to expand the width of the metal. In 

upset forging procedures, crank presses, a type of high-speed equipment, are employed. Crank 

presses are often situated on a horizontal position to optimize efficiency and the rapid 

interchange of metal from one unit to the next. Hydraulic presses and vertical crank presses are 

also employed. The benefits of this technique include a high output rate of up to 4500 

components per hr and full automation. It also generates very little to no trash. 

Isothermal Forging Process 

Isothermal forged is a method of forging in which the ingredients and the die are both warmed to 

a similar temperature. The term is derived from the Greek word "iso," which ans "equal." This 

type of forging is widely employed for striking aluminium, due to its lower forging temperatures 

than other metals like steel.  

Forging temperatures for aluminium are about 430 °C, whereas steels and super alloys may reach 

temperatures ranging from 930 to 1,260 °C. The benefits include the near net forms lead to 

decreased machining needs and, consequently, lower garbage rates, and the workpiece is highly 

repeatable. Another advantages is that smaller machinery may be utilised to manufacture the 

forging because to the lesser heat loss. 

Equipment Used For Forging 

The hammer and anvil is the most common form of forging equipment. The principle underlying 

the hammer and table is still utilised today with drop hammered forging equipment. The hammer 

is lifted before being dropped or pushed into the anvil, which is supported by the anvil. The 

fundamental distinction between drop hammers is how the hammer is propelled, with air and 

steam hammers being the most popular. Drop hammers are usually used in a vertical posture. 

This is due to the fact that any surplus energy that is not emitted as heat or noise, i.e. energy that 

is not utilised to form the workpiece, must be transferred to the foundation. To absorb the effects, 

a vast machine core is also necessary. 

To solve various disadvantages of the hammer, the counterblow device or reaction force is 

utilised. In a counterblow tool, the hammering and anvil both move with the work held between 

them. Here, extra energy generates rebound, allowing the equipment to function laterally and 

have a lower population. This reduces the amount of noise, warmth, and vibration. The term 

"electronic commerce" refers to the sale of electronic goods. These devices are used for exposed 

die or closed die forging.For press forging, a press is utilised. Mechanical and hydraulic crushers 

are the two primary kinds.  

Mechanical presses use cams, crank, and toggles to produce repeatable hammer strokes. Because 

of the properties of this sort of mechanism, various forces are accessible at different stroke 

points. As a result, the presses are 50 strokes per minute quicker than their hydraulic equivalents. 

Their capacities range between three and 160 MN. Hydraulic presses employ fluid and a piston 

to create force. The flexibility and better capacity of a hydraulic over a mechanically are its 

advantages. The drawbacks include the fact that it is slower, bulkier, and more expensive 

equipment to run. 
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Upsetting forging  

Upsetting is a basic deformation process which can be varied in many ways. Upsetting of metals 

is a deformation process in which a (usually round) billet is compressed between two dies in a 

press or a hammer. This operation reduces the height of a part while increasing its 

diameter.Upset Forging or Upsetting is described as 'free form', by which a billet or a section of a 

workpiece is decreased in height between normally plane, perpendicular. Upsetting is a 

fundamental deformation process that may be altered in a variety of ways. Metal upsetting is a 

compressive stress in which a billet (typically round) is squeezed with two dies in some kind of a 

press or hammer. This technique decreases a part's height while expanding its diameter. The 

procedure is typically employed as an intermediate stage in multiple element forging processes. 

The billet can be forged cold, heated, or hot. 

Piston 

Pistons are essential parts of internal combustion engines, rotary pumps, gas compressors, and 

pneumatic cylinders, among other things. It is the translational component which travels inside 

the cylinder and turns the reciprocating action into rotary movement or vice versa. 

Forged Piston Vs Casted Piston 

Gravity die casting' is the technical term. To keep things simple, a cast piston is made by pouring 

molten aluminum/silicon alloy into a mould. Forged pistons differ significantly in terms of 

production and intrinsic nature. , and so forth.In a nutshell, it's a win-win situation. Gravity die 

casting is the technical term.  

However, for the sake of simplicity, a cast piston is made by pouring molten aluminum/silicon 

alloy into a mould. Forged pistons differ significantly in terms of production and intrinsic nature. 

, as a result of the aforementioned. 

Casting and forging produce two types of pistons. A die for formed piston must be built so it 

may readily be withdrawn and, as both a result, the hammered blank (or unfinished engine) has a 

fairly basic shape. Casting can provide a more complicated blank, allowing for lighter 

fabrication. Furthermore, due to differences in production techniques, forged pistons are often 

more costly than cast goods. A cast pistons is more likely to splinter and harm the engine, in 

general more than a forging piston where as a key advantage with forged pistons that they 

normally result with a more elastic deformation, with the effect being the engine can sustain a 

higher amount of detonation before collapsing. 

Manufacturing Forged Piston 

During the piston manufacturing process, a billet of aluminium is obtained and a hot forging 

process is performed on it. The billet is warmed to 427 C before being placed on the lower die 

and completing the forging process over it. This results in the upsetting operation in the billet. 

The change in micro tends to improve the stiffness of piston. 

Alloy Wheel 

During the piston manufacturing process, a billet containing aluminum alloy is obtained and a 

hot forging process is performed on it. The billet is warmed to 427 C before being placed on the 

depressed mood and completing the forging process over it. This results in the upsetting 

operation in the billet. The change in structure tends to improve the force of piston. 
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High Pressure Die Casting 

To clamps the die closed, a die is positioned in a huge machine with a strong closing force. The 

warm magnesium is pumped into a shot sleeve, which is a filler tube. The metal is pushed into 

the die at high speed and pressure by a piston, the magnesium hardens, and the die is opened, 

allowing the wheel to be freed. Wheels manufactured by this technology can offer savings in 

price and increases in corrosion protection but they are less bendable and of lesser strength 

because of the characteristics of HPDC. 

The rolling process is a ductile material in which metal(s) in semi-finished or final form are 

moved between two opposed rollers, which compresses the metal and decreases its thickness. 

The rollers circle the material as it tries to squeeze between them.Where basic forms are to be 

created in big quantities, rolling is the most affordable procedure. Sheets, structural forms, and 

rails, as well as intermediary shapes enabling wire drawing or forging, are examples of rolled 

goods. Circular forms, 'I' beams and railroad rails are made using grooved rollers 

Working Principle of Rolling 

Rolling provides the most cost-effective method when making basic shapes in big quantities. 

Sheets, rails, and intermediate forms for electrical applications or forging are examples of rolled 

goods, as well as structural shapes and rails. Rolls with grooves are used to create circular forms, 

"I" beams, and railroad tracks.In comparison to any other rolling procedure, this one is heavily 

utilised. The metal is warmed well above temperature of recrystallization during this procedure. 

Because of the heat used during the hot production line, the metal's grain structure changes, 

resulting in a new set more strain-free grains. Because less force is used during this process, the 

metal's surface finish quality suffers as a result. 

There is currently a cold rolling procedure, which is another type of rolling. Depending on the 

metal, ambient temperature may also be below the temperature at which recrystallization takes 

place during this rolling process. 

 Two High Reversing Mill 

The rollers in this kind of mill are both movable. The two rollers of these mills rotate in two 

distinct directions. In this process, the metal is moved through two rollers that revolve in 

opposite directions but at the same speed.In addition to numerous other applications, it is utilised 

in plumbing, rail, slabbing, and plate roughing. As a reversing drive is required, this mill is less 

expensive than the others [3]. 

Two High Non-Reversing Mills 

Smaller and less expensive motive power may be employed in two-high non-reversing mills 

since there are two rollers that continually rotate in the same direction. However, material must 

always be re-transported over the mill's top to enter the rollers again. In open train panel mills 

and mills where the bar only passes once, this configuration is employed. 

Three-High Rolling Mills 

The three rolls of this mill are arranged parallel to one another. The rolls are turning 

counterclockwise. The material in this mill travels in between the primary and second rolls. The 

bottom roll revolves in a different direction if the middle roll turns in a certain way. The material 

is produced in three high crankshafts both forward and backward. 
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It initially moves across the last and third roller before turning around and moving through the 

initial and second roller. In the mill, the material's thickness is decreased and becomes uniform 

with each pass. Here, a less powerful motor and transition mechanism are required. 

Four High Rolling Mills 

There are four parallel rollers stacked one on top of the other in this kind of mill. The first and 

fourth rolls in this procedure rotate inside the opposite direction from the second and third rolls. 

When stiffness is required, the third and fourth rolls are shorter to give it. These are referred to as 

back up sheets. It is employed in both the cold and hot rolling of sheets, strips, or plates as well 

as the hot rolling of armor. 

Tandem Rolling Mills 

It includes two or three roll stands aligned parallelly. Such that each one may be continuously 

passed through while changing the material's direction. 

Cluster Rolling Mills 

It consists of two or three rolls arranged in parallel alignment. in order to shift the material's 

orientation while making a continuous pass through each one consecutively. 

Rolling (metalworking) 

Rolling is a metal forming technique used in the metalworking industry. It involves passing a 

metal stock between one or more pairs of rollers to decrease thickness, make thickness uniform, 

and/or imparting a desired mechanical feature. The idea is comparable to how dough is rolled 

out. The heat of the metal being rolled determines the kind of rolling. Hot rolling is the term for a 

procedure when the metal is heated above its recrystallization temperature. Cold rolling is the 

method used when the metal is at a temperature below its recrystallization temperature. Hot 

rolling is the most widely used manufacturing process in terms of tonnage, while cold rolling is 

the most often used cold working technique. 

Hot rolling 

A metalworking technique known as hot rolling takes place above the material's recrystallization 

temperature. The granules recrystallize after deforming during processing, maintaining an 

equated morphology and preventing work hardening of the metal. Large chunks of metal, such as 

semi-finished casting products like ingots, slabs, flowers, and billets, are frequently used as 

beginning materials.In general, the mechanical characteristics or residual stresses brought on by 

deformation in hot-rolled metals are not very directed. Workpieces that are less than 20 mm 

(0.79 in) thick frequently have some directional characteristics, and non-metallic impurities can 

also sometimes impart some directionality. Many residual stresses will be created by uneven 

cooling, which typically happens in forms like I-beams that have an uneven cross-section. 

Although the completed product is of great quality, mill scale, an oxide that develops at high 

temperatures, has coated the surface. It is often eliminated by pickling or the SCS process, which 

displays a smooth finish. The typical range of dimensional tolerances is 2 to 5% of the total 

dimension. 

Shape rolling design 

Roughing, intermediate, and completing rolling cages are often used divisions in rolling mills. A 

round or square beginning billet with an edge diameter generally around 100 and 140 mm is 
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constantly bent during shape rolling to create a specific end product with a lower cross section 

size and geometry. A variety of sequences can be used to make a certain end product from a 

given billet. To minimise the frequency of rolling passes is a usual request due to the high cost of 

each rolling mill (up to 3.5 million euros). Numerous methods, including the use of numerical 

models, artificial intelligence tools, and empirical knowledge, have proved successful. 

Sheet Metal Forming 

Metal is made into sheet metal by being shaped into thin, flat pieces. One of the most practical 

methods for working with metal is sheet metal, which can be repaired and cut into a variety of 

forms and sizes.  

Sheet metal is used in the production of a broad variety of items, making it a crucial component 

of the contemporary world. The thickness of sheet metal varies. Its gauge, a measurement, is 

used to determine how thick it is. If the gauge number is higher, the metal will be thinner.  

Sheet Metal Material Used in the Process 

Aluminum and stainless steel are the most often utilised materials in the production of sheet 

metal. The most popular stainless steel grades are 304, 316, and 410. One of the more popular 

grades is 304. It is not, however, offered in sheet form. The other wide range of students are far 

more strong and resistant than 304. There are four recognized grades of aluminum: 1100-H14, 

3003-H14, 5052-H32, and 6061-T6. Each grade is more powerful than the others and is utilised 

in a variety of tools, tools, and weapons. 

Sheet Metal Forming Processes 

This is a frequently employed manufacturing procedure that aids in producing parts for a huge 

variety of known and unidentified functions. The pieces are created between two dies during the 

sheet metal forming process, which is carried out on a press. Punches refer to the die there at top. 

Metal sheet is cold formed. 

Bending 

For the purpose of producing the metal components, this procedure involves bending sheet 

metal. The procedure involves using dies to bend little lengths of metal. Longer metal lengths are 

pressed using press brakes.  

For complicated forms, repeated twisting is also employed. Additionally, sets of rollers are used 

for this. 

Roll Forming 

The sheet metal is bent repeatedly in preparation for roll formation. The sheet metal is supplied 

into a sheet metal forming line by a number of roll stations. Both on sides of the sheet, a roller 

die is provided at each station.  

These rollers may be positioned on the sheet at various angles. The sheet flexes and deforms 

when it is pushed through the roller dies.  

Spinning 

High-speed rotation and pressure against an earlier mounted headstock spindle are applied to the 

sheet metal. The metal is supported while spinning by a tailstock. To get the metal into the 

desired shape, pressure must be applied to it using a specific tool. 
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Deep Drawing 

The metal is placed in the die rather of being clamped. Cupping refers to the initial step in a deep 

drawing. While the punch goes downward and inserts the negative into the cavity, a pressure pad 

keeps the blank in place on the die. The metal is pulled over the edge and bent plastically until 

the cup is created. In the meantime, the pressure pad smoothest out all the creases. Repeated 

deep drawing allows for the formation of many deeper products. 

Stretch Forming 

Stretch forming is a compression molding technique used to create massive, curved pieces by 

simultaneously stretching and bending a piece of sheet metal over a die. On a stretching press, 

where a sheet of metal is tightly grasped along its borders by gripping jaws, stretch forming is 

carried out. 

Hot Working 

Hot working is the term used to describe a metalworking operation that is performed above the 

metal's re-crystallization temperature. The temperature at which any flaw in the metal generated 

by the working process may be fixed is known as the re-crystallization temperature. The material 

is heated until it reaches a plastic state in this process, and then pressure is used to produce a 

variety of sizes and forms. The pressure causes the metal particle size to change, which enhances 

the metal's mechanical capabilities. 

Forging is referred to as hand and smith forging if pressure is exerted with a hand hammer. 

Hammer forging is the process that results when power hammers are used instead of hand 

hammers.  Hot forging is the term used to describe this kind of hot metalworking. Forging, 

extrusion, drawing, and other processes may all be done in the heat.  When metals are treated 

above the temperature at which they re-crystallize, they turn plastic and start to sprout grains. 

Advantages of Hot Working 

1. It may be used for work involving mass manufacturing. 

2. It is simple to alter the metal's size and shape. 

3. Because metalworking is performed at high temperatures, more deformation is possible. 

4. The grain structure of metal will be improved. 

5. It is possible to reduce stresses and other flaws. 

6. Hot working produces uniform metal structures free of flaws and blowholes. 

7. Metals can have good mechanical, physiological, and chemical characteristics. 

8. All forms of flaws brought on by gas pores and compositional variations are eliminated 

during hot working. 

9. The anisotropic behavior of metal is reached. 

10. After the treatment, metal regains its softness and ductility. 

11. Hot working is a quick, dependable, and affordable procedure. 

Cold Working 

A metalworking procedure is referred to as a cold working process if it is carried out below the 

re-crystallization temperature. Comparatively speaking, this procedure requires more power than 

hot working.Cold working makes it simple to deal with pliable, soft metals. However, this 

technique results in deformed grain structure and hardness. Rolling, bending, spinning, etc. all 

require the cold working technique. 
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The following mechanical characteristics of metals are also greatly impacted by the cold working 

procedure. 

1. Difficulty. 

2. Yield Power. 

3. Dexterity 

4. Strength in Tension. 

Shearing 

Shearing, commonly referred to as die cutting, is a method of cutting stock that doesn't result in 

chips or need the use of scorching or melting. Shearing is the correct term when the slicing 

blades are straight; shearing-type procedures are used when the chopping blades are curved. 

Stainless steel or plates are the materials that are sheared the most frequently. Rods can, 

however, also be sheared. Blanking, piercing, roll cutting, and trimming are examples of 

shearing-type processes. Metal, cloth, paper, and plastics are all utilised with it. 

A workpiece is pushed against by the die (or static blade), which is fixed, using a punching (or 

moving blade). Depending on the material, the clearance between two is typically between 5 and 

40 percent of the depth of the material. Clearance is the distance between the blades, calculated 

orthogonal to the direction the blade movement there at point where the cut action occurs. It 

influences the machine's power usage and cut quality (burr). Due to this, the material between 

both the die and the punch experiences very concentrated shear pressures. 

Simple tool Shear machining differs significantly from standard machining. A one or several 

point instrument can be utilized in standard tool machining to remove a piece of metal from of 

the metal plate and/or blocking. The metal has to be pounded repeatedly in order to acquire the 

desired proportions. The cutting edge of the tool separates the metal from of the plate during 

shear machining. Maximum pressure is exerted while this is happening. But the tool only makes 

one contact with the metal. 

Punching 

Scrap is the substance forced through the die. The punch will be precisely the same size as the 

hole that has to be punched. To get the clearance, a small expansion of the die aperture is 

required. Through the stripper, the sheet metal is inserted between both the punch and die. As it 

descends, the punch punches a hole in the metal. The metal that has been punctured falls through 

the die aperture. The punch rises after penetrating. The punch surface may become adhered to by 

the metal sheet on the die. The steel plate from punch is removed by the stripper. 

Blanking 

Cutting a flat sheet into the desired form is the process of blanking. The needed product is the 

metal that was blanked through the die. Scrap metal has been left on the die. The blank has been 

further treated by being bent or drawn on. The width of the die affects the blank's dimensions. As 

a result, the blank size is the same as the die opening size. The punch is given the all-clear. 

Cutting off is the process of removing a section from a metal sheet. Either a perfect line or 

perhaps a curve is used to make the cut. The machine frame is attached to the bottom blade. The 

ram is attached to the top blade. The movement is vertical. Between both the two blades is the 

workpiece. The sheet metal is severed when the higher blade descends. The blades' cutting edges 
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are separated by a little gap. The thickness of the material affects the clearance. Cutting off 

leaves no scrap behind. 

Parting 

Cutting the sheet metal separate two pieces is the process of parting. The machine frame is 

attached to the two bottom blades. The bottom blades' cutting edges are separated by a gap. The 

thickness of steel plate affects this gap. One can change the gap. The ram is attached to the top 

blade. Between the top and lower blades is where the workpiece is positioned. The higher blade 

descends and slashes through the sheet metal. This surgery involves some scarp removal. 

Notching 

The process of notching by rating agencies involves assigning several credit ratings to specific 

obligations and debts of a specific issuing company or of companies that are intimately 

connected to it. Rating distinctions are created between commitments based on variations in their 

stability or claim priority. Obligations may be raised or lowered wivaried degrees of damages in 

the case of default. Therefore, although having an overall creditworthiness of "AA," business A 

may only have a "A" rating for its junior debt. 

Working of Notching 

Credit rating companies assess a company's creditworthiness and capacity to fulfil its financial 

obligations and other commitments. However, a business may also issue other debts (such as 

secured vs. unsecured obligations) or related debts (. Due to certain risks or limitations 

associated with those commitments, the credit rating for those specific debts or obligations may 

differ slightly from the producing company's overall credit rating. 

The senior unsecured debt of an obligor (base = 0), or perhaps the corporate family rating, serves 

as the baseline upon which an instrument is graded in either direction (CFR). The structural 

dependency of bond raised by operational subsidiaries or holding businesses is also subject to 

notching, according to S&P. For instance, a holding company's debt can be observed to be lower 

than the indebtedness of its subsidiaries, which are the legal entities that actually own the 

company's assets and cash flow. 

Machining 

By carefully controlling the removal of material, a material (typically metal) is cut into the 

appropriate final form and size during the machining process. The procedures that share this 

characteristic are collectively referred to as subtractive manufacturing, which makes use of 

machine tools, as opposed to additive manufacturing (such as 3D printing), which adds material 

gradually. 

Many metal goods are manufactured with machining, but it may also be used on materials 

including wood, plastics, ceramic, and composites. A machinist is a person who focuses in 

machining. The term "machine shop" refers to a space, edifice, or business where machining is 

carried out. The majority of current machining is done using computer numerical control (CNC), 

Machining operations 

In turning, material is removed from a spinning workpiece using a cutting tool with the a 

continuous cutting edge to create a cylindrical form. The workpiece's rotation provides the 
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primary motion, and the feed movement is produced by gently rotating the cutting tool in a 

direction perpendicular to the workpiece's axis of rotation. 

Making a circular hole requires drilling. A spinning tool with generally two or four helical 

milling cutters is used to do it. To create the circular hole, the toolis inserted into the workpiece 

in a perpendicular direction to its axis of rotation. 

One of the sizing procedures called reaming takes a little bit of metal out of a hole that has 

previously been bored. A rotating tool with many cutting blades is slowly moved in relation to 

the material during milling to produce a level or straight surface. The feed movement is in a 

direction that is anticlockwise around the rotational axis of the tool. The spinning milling cutter 

provides the speed action.  

Cutting tool 

A cutting tool is formed of a material that is tougher than the work material and contains one or 

much more sharp cutting edges. Chip is separated from the parental work piece material by the 

cutting edge. The two tool surfaces are attached to the cutting edge: 

Rake face, and the side 

The rake angle refers to the angle at which the rake face guides the flow of freshly created chips. 

In relation to the plane orthogonal to the work surface, it is measured. Both positive and negative 

rake angles are possible.  

In order to prevent abrasion, which would damage the finish, the tool's flank creates a space 

between it and the freshly produced work surface.The relief angle refers to the angle formed by 

the work surface and also the flank surface. Two fundamental categories of cutting instruments 

exist: 

Tools with a single point and many cutting edges 

A single point tool is utilized for turning, boring, and planning and has only one cutting edge. 

The tool's tip penetrates beyond the workpart's initial work surface during machining. Sometimes 

the point is rounded to a radius known as the nose radius. 

Tools with multiple cutting edges often use rotation to move in relation to the workpiece and 

have more than one cutting edge. Rotating tools with several cutting edges are used in milling 

and drilling. Although these tools don't have the same forms as single-point tools, they have 

many geometrical characteristics. 

Stages in metal cutting 

According to the intended use and the cutting circumstances, machining processes are often 

divided into two categories:  

1. Rough cutting 

2. Final touches 

In order to produce a shape that is close to the desired form while still leaving some material on 

the portion for a subsequent finishing operation, roughing cuts are used to remove a massive 

amount of information from the starting workpart as quickly as possible i.e. with a large Tool 

Wear Rate (MRR). To complete the product and obtain the desired final size, tolerances, and 

surface polish, finishing cuts are employed. Jobs involving production machining. 
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Single Point vs Multi-point Tools 

Single point and multi-point tools are the two fundamental categories of cutting tools. For 

turning, drilling, and planning, use single point tools. For milling and drilling, use cross tools. 

For purposes of quality, it is essential to operate and preserve the cutting equipment 

appropriately. Unfortunately, maintaining equipment and tools properly may be expensive. 

A range of materials are available for tooling. High-speed steel and carbide are the most widely 

used. High-speed steel (HSS) is a possible material to employ for general milling. To 

manufacture stronger and harder tool steels, however, use carbide. 

Cutting Speed, Feed Rate, Depth 

When machining, it's important to take spindle speed, scanning speed, and cut depth into 

account. These characteristics will be influenced by the material of the workpiece, the tools, and 

the dimensions. Cutting speed is the rate at which the workpiece material is sliced by the cutting 

tool. Surface feet per hour are used to measure it. Cutting feed describes the rate at which the 

workpiece travels in the direction of the cutting tool. Inches per minute are used to measure it. 

Machine Turning 

While turning, the work item rotates while a cutting tool advances linearly. As a result, the form 

is cylindrical. The preferred tool for all turning activities is a lathe. Turning is either carried out 

manually or mechanically, like the majority of machining processes. The drawback of manual 

turning is that it needs constant observation. Turning on autopilot does not. Programme all the 

motions, speeds, and equipment changes into a computer using numerical control control, or 

CNC. The lathe will then be given these instructions to complete. High production run 

uniformity and efficiency are made possible by CNC. Turning single point cutting tools come in 

a variety of forms. They are positioned at various angles to provide a range of results. 

Machine Drilling 

A workpiece gets a circular hole thanks to drilling. Drilling is done with a drilling machine or 

tapping machine, however milling machines can also be used for this task. Chips are the little 

metal fragments left over after machining a workpiece. The drill bit's design encourages chips to 

disappear altogether from the surface, keeping it free of contaminants. 

Drifting or leading-off are reduced when the drill bit is positioned parallel to the workpiece. 

Before drilling, a centre drill operation is frequently added for even greater accuracy. Angular 

drilling is required for several drilling procedures. Special work-holding tooling is needed for 

angular drilling. Other alternatives include using a CNC machine's numerous axes or rotating the 

blade on a mechanical machine. 

Machining Innovation 

It takes a lot of labour to machine a workpiece that is flawlessly smooth, accurate, and useful. It 

calls for a great deal of experience and attention to detail. The most popular machining 

techniques include turning, drilling, and milling. They have been around for a very long time. 

Fortunately, machining has greatly improved with the advent of CNC. While traditional 

machining still serves a function in the industrial industry, CNC machining is more prevalent. 

Large production runs may be made more effectively and consistently. American Machinist is an 

excellent resource if you're interested in staying current with the most recent developments and 

news.Numerous metal products are produced by machining, but other materials including wood, 
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plastic, earthenware, and composites can also be produced in this way. A person who focuses on 

machining is known as a machinist. Any space where machining is carried out is referred to as a 

machine shop. Modern machining makes extensive use of computer numerical control (CNC), it 

employs computers to direct the motion and usage of mills, lathes, and other cutting tools. By 

enabling the Cnc router to work unattended, this increases efficiency and lowers labour costs for 

machine shops.By gradually removing excess material from the blank solution in the form of 

chips with a cutting tool or tools that are driven through the work surface, jobs are generated to 

the proper dimensions and surface polished throughout the process of machining (s). A machine 

tool is a piece of powered machinery used to precisely size, cut, and process a production by 

removing superfluous materials in the form of chips. Lathe, drilling, shaping, and planer 

machines are some examples of machines. 

-------------------------- 
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Questions 

1. What do you mean by manufacturing? 

2. What are composite material? 

3. Elaborate manufacturing process/ 

4. What is rolling? 

5. What is Hardness? 

6. Define Ductility And Malleability 

7. Define Strength And Resilience 

8.  Define Brittleness 

9. Define Toughness And Impact Power 

10.  Define Fracture of Material 

11.  Define Manufacturing Products 

12.  Define Forging 
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References for further study 

1. Manufacturing Science" by Ghosh A and Mallick A K 

2. Manufacturing Technology: Foundry, Forming and Welding" by Rao P N 

3. Introduction to Manufacturing Processes" by Schey J 

4. Materials and Processes in Manufacturing" by DeGarmo E P and Black J T and Kohser R 

A 

5. "Injection Mold Design" by David O Kazmer 

6. "Manufacturing Processes" by Kaushish J P 

7. Manufacturing Process for Engineering Materials" by KALPAKJAIN 

8. "Manufacturing Processes" by S K Sharma and Savita Sharma 

9. "Manufacturing Process" by Dhar 

10. "Manufacturing Engineering" by SINGH K HIRANIYA 
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