
“Advanced Industrial Engineering”.

In Section 1 of this course you will cover these topics:
The Structure Of Metals
Mechanical Behavior, Testing, And Manufacturing Properties Of Materials
Physical Properties Of Materials
Metal Alloys: Structure And Strengthening By Heat Treatment
Ferrous Metals And Alloys: Production, General Properties, And Applications
Nonferrous Metals And Alloys: Production, General Properties, And Applications
Polymers: Structure, General Properties, And Applications
Ceramics, Graphite, And Diamond: Structure, General Properties, And Applications

Topic : The Structure Of Metals

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Allotropism

 Understand the Anisotropy in the Finished Products

 Material Science and Engineering

Definition/Overview:

Recrystallization: Recrystallization is a physical process that has meanings in chemistry,

metallurgy and geology.

Chemical Property: A chemical property is any of a material's properties that becomes evident

during a chemical reaction; that is, any quality that can be established only by changing a
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substance's chemical identity. Simply speaking, chemical properties cannot be determined just by

viewing or touching the substance; the substance's internal structure must be affected for its

chemical properties to be investigated.

Energy: In physics, energy is a scalar physical quantity that describes the amount of work that

can be performed by a force. Energy is an attribute of objects and systems that is subject to a

conservation law.

Metal: In chemistry, a metal is a chemical element whose atoms readily lose electrons to form

positive ions (cations), and form metallic bonds between other metal atoms and ionic bonds

between nonmetal atoms.

Key Points:

1. Allotropism

Allotropism (also called polymorphism) means that a metal can change from one crystal

structure to another. Since properties vary with crystal structures, allotropism is useful and

essential in heat treating of metals to achieve desired properties. A major application is

hardening of steel, which involves the change in iron from the fcc structure to the bcc structure.

By heating the steel to the fcc structure and quenching, it develops into martensite, which is a

very hard, hence strong, structure. Two pieces of the same metal can have different

recrystallization temperatures if the pieces have been cold worked to different amounts. The

piece that was cold worked to a greater extent (higher strains), will have more internal energy

(stored energy) to drive the recrystallization process, hence its recrystallization temperature will

be lower. Recrystallization may also occur in some regions of the part before others if it has been

unevenly strained (since varying amounts of cold work have different recrystallization

temperatures), or if the part has different thicknesses in various sections. The thinner sections
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will heat up to the recrystallization temperature faster. The anisotropy of the workpiece is likely

due to preferred orientation remaining from the recrystallization process. Copper is an example

of a metal that has a very strong preferred orientation after annealing. Also, it has been shown

that below a critical amount of plastic deformation, typically 5%, no recrystallization occurs.

Cold working a metal results in higher strength, usually a smoother surface finish, and closer

dimensional accuracy than hot working, but the ductility of the piece is lower. Hot working is

accompanied by recrystallization of the deformed metal, which preserves the ductility of the

workpiece; also, the stress required to deform the metal is lower. The workpiece, however, will

have a rougher surface finish due to oxidation at higher temperatures, and the thermal expansion

and contraction prevents achieving close dimensional control. Also, because of inherent

limitations in bulk deformation processes, the desired shape may not be attainable in hot

working. For example, hot-rolled foils are not routinely available. Warm working has advantages

intermediate to both hot and cold working; the forces required are lower than cold working, and

the dimensional accuracy and surface finish are better than for hot working.

2. Anisotropy in the Finished Products

Anisotropy is important in cold-working processes, especially sheet-metal forming where the

materials properties should preferably be uniform in the plane of the sheet and stronger in the

thickness direction. these characteristics allow for deep drawing of parts (like beverage cans)

without earing, tearing, or cracking in the forming operations involved. In a finished part,

anisotropy is important so that the strongest direction of the part can be designed to support the

largest load in service. Also, the efficiency of transformers can be improved by using a sheet

steel with anisotropy that can reduce magnetic hysteresis losses. Hysteresis is well known in

ferromagnetic materials. When an external magnetic field is applied to a ferromagnet, the

ferromagnet absorbs some of the external field. When sheet steel is highly anisotropic, it contains

small grains and a crystallographic orientation that is far more uniform than for isotropic

materials, and this orientation will reduce magnetic hysteresis losses. Strength increases as more

entanglements of dislocations occur with grain boundaries. Metals with larger grains have less

grain-boundary area per unit volume, and hence will not be as able to generate as many

entanglements at grain boundaries, thus the strength will be lower. Recrystallization around

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

3
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



room temperature prevents these metals from work hardening when cold worked. This

characteristic prevents their strengthening and hardening, thus requiring a recrystallization cycle

to restore their ductility. This behavior is also useful in experimental verification of analytical

results concerning force and energy requirements in metalworking processes.

Recall that the main effects of cold working are that grains become elongated and that the

average grain size becomes smaller (as grains break down) with strain. Strain hardening occurs

when dislocations interfere with each other and with grain boundaries. When a metal is annealed,

the grains are large, and a small strain results in grains moving relatively easily at first, but they

increasingly interfere with each other as strain increases. This explains that there is strain

hardening for annealed materials at low strain. To understand why there is less strain hardening

at higher levels of cold work, consider the extreme case of a very highly cold-worked material,

with very small grains and very many dislocations that already interfere with each other. For this

highly cold-worked material, the stress cannot be increased much more with strain, because the

dislocations have nowhere else to go - they already interfere with each other and are pinned at

grain boundaries.

3. Material Science and Engineering

Anisotropy describes the phenomena of chemical bond strengths being directionally dependent.

Most materials exhibit anisotropic behavior, where the Young's modulus depends on the

direction of the load. Anisotropy in polycrystalline materials can also be due to certain texture

patterns which are often produced during manufacturing of the material. In the case of rolling,

"stringers" of texture are produced in the direction of rolling, which can lead to vastly different

properties in the rolling and transverse directions. Some materials, such as wood and fibre-

reinforced composites are very anisotropic, being much stronger along the grain/fibre than across

it. Metals and alloys tend to be more isotropic, though they can sometimes exhibit significant

anisotropic behaviour. This is especially important in processes such as deep-drawing.
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Topic : Mechanical Behavior, Testing, And Manufacturing Properties Of Materials

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Cross-Sectional Area of the Specimen

 Understand the Hardness

 Learn about the Hardness Test

Definition/Overview:

Soft Matter: Soft matter or Soft condensed matter is a subfield of condensed matter comprising

a variety of physical states that are easily deformed by thermal stresses or thermal fluctuations.

Measurement: Measurement is the process of assigning a number to an attribute (or

phenomenon) according to a rule or set of rules. The term can also be used to refer to the result

obtained after performing the process.

Key Points:

1. Cross-Sectional Area of the Specimen

During a compression test, the cross-sectional area of the specimen increases as the load is

increased. Since true stress is defined as load divided by the instantaneous cross-sectional area of

the specimen, the true stress in compression will be lower than the engineering stress for a given

load, providing that frictional forces (between the platens and the specimen) are negligible.

Materials without endurance limits have their fatigue life defined as a certain number of cycles to

failure at a given stress level. For engineering purposes, this definition allows for an estimate of

the expected lifetime of a part. The part is then usually taken out of service before its lifetime is
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reached. An alternative approach is to use nondestructive test techniques to periodically measure

the accumulated damage in a part, and then use fracture mechanics approaches to estimate the

remaining life.

2. Hardness

Hardness is a characteristic of a solid material expressing its resistance to permanent

deformation. Hardness can be measured on the Mohs scale or various other scales. Some of the

other scales used for indentation hardness in engineering Rockwell, Vickers, and Brinell can be

compared using practical conversion tables. Hardness increases with decreasing particle size.

This is known as the Hall-Petch relationship. However, below a critical grain-size, hardness

decreases with decreasing grain size. This is known as the inverse Hall-Petch effect. It is

important to note that hardness of a material to deformation is dependent to its microdurability or

small-scale shear modulus in any direction, not to any rigidity or stiffness properties such as its

bulk modulus or Young's modulus. Scientists and journalists often confuse stiffness for hardness,

and spuriously report materials that are not actually harder than diamond because the anisotropy

of their solid cells compromise hardness in other dimensions, resulting in a material prone to

spalling and flaking in squamose or acicular habits in that dimension. E.g., osmium is stiffer than

diamond but is as hard as quartz. In other words, a claimed hard material should have similar

hardness characteristics at any location on its surface.

3. Hardness Test

A hardness test that produces small indentations would have to be used; also, since aluminum

foil is relatively soft, a very light load would be required. Two scales that satisfy these

requirements are the Knoop microhardness (HK) and the Vickers hardness (HV) at very light

loads. An area of current research is the use of atomic force microscopy and nanoindenters to

obtain the hardness of very thin materials and coatings. The shape of the indenter used is not

exactly the same, and the loads are in the micro- to milli-Newton range. The compression test

requires a higher capacity machine since the cross-sectional area of the specimen increases as the

test progresses. The increase in area requires a load higher than that for the tension test to
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achieve the same stress level. Also, there is friction between the flat dies (platens) and the

workpiece surfaces in a compression test which results in higher pressures than in tension; this

higher pressure then requires larger forces for the same cross-sectional area. In addition, there is

more redundant work in compression testing than in tension testing, so the material will work

harden more (unless the test is conducted at elevated temperatures). Brittle fracture can be

induced by high deformation rates, lower temperatures (particularly those with bcc structure), the

presence of stress concentration (notches and cracks), state of stress, radiation damage, corrosion

(including hydrogen embrittlement). In each case, the stress needed to cause yielding is raised

above the stress needed to cause failure, or the stress needed for a crack to propagate is below the

yield stress of the material (as with stress concentration). Hardness tests mainly have three

differences: (a) type of indenter, (b) applied load, and (c) method of indentation measurement,

i.e., depth or surface area of indentation, or rebound of indenter. The hardness test selected

would depend on the estimated hardness of the workpiece, its size and thickness, and if average

hardness or the hardness of individual microstructural components is desired. For instance, the

scleroscope, which is portable, is capable of measuring the hardness of large pieces that cannot

be used for measurement by other techniques.

The Brinell hardness test leaves a fairly large indentation, thus providing a good measure of

average hardness, while the Knoop test leaves a small indentation that allows for determination

of the hardness of the individual phases in a two-phase alloy. The small indentation of the Knoop

test also allows it to be useful in measuring the hardness of very thin layers or plated layers on

parts. Note that the depth of indentation should be small relative to part thickness, and that any

change in the appearance of the bottom surface the part will make the test results invalid. Since

temperature rise is due to work input, it is obvious that the temperature will be highest in the

necked region because that is where the strain is highest and, hence, the energy dissipated per

unit volume in plastic deformation is highest.

For a thin ceramic coating, it is still important that the hardness of the coating and not the

substrate be measured. Most ceramics have limited ductility, so that Knoop or Vickers tests are
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suitable, although the Mohs test can also be used to obtain a qualitative value. Because of the

increasing importance of coatings, special microhardness tests have been developed for their

hardness measurement. Two possible explanations for an elliptical impression after a Brinell test

are: (a) An obvious reason is the possible presence of asymmetric residual stresses in the surface

layers of the material before the test. (b) The material itself may be highly anisotropic, such as a

fiberreinforced composite material, or due to severe cold working. With a coating of thickness

of 5 nm, the stressed volume has to be approximately one-tenth this depth, which begins to

approach the size of individual atoms. Thus, a knoop indentor would need to have a tip radius

that was atomically sharp in order to get results. Even with highly polished diamond tips in

atomic force microscopes, this scale problem is unavoidable.

However, there are additional concerns in that the diamond indenter may not be symmetric, there

are large adhesive forces at the small scales, there are complicated elastic and viscoelastic

recovery at small length scales, there may be residual stresses at the surface, and the stressed

volume may or may not contain a dislocation (whereas with Knoop tests, there is always a

number of dislocations). The magnitude of uniform elongation is directly related to the true

strain at the onset of necking. As we see the necking strain on a true stress-true strain curve

corresponds to the beginning of the straight portion of the curve. Thus, we note that the lowest

uniform elongation is for 1112 cold-rolled steel, with a necking strain of about 0.05. The highest

is for 304 stainless steel, although 70-30 annealed brass is close to it, with a necking strain of

about 0.45.

Topic : Physical Properties Of Materials

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Thermal Expansion

 Understand the Anisotropy
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 Mechanical Pencil

Definition/Overview:

Crystal: A crystal or crystalline solid is a solid material whose constituent atoms, molecules, or

ions are arranged in an orderly repeating pattern extending in all three spatial dimensions. The

scientific study of crystals and crystal formation is crystallography.

Physical Property: A physical property is any aspect of an object or substance that can be

measured or perceived without changing its identity. Physical properties can be intensive or

extensive.

Key Points:

1. Thermal Expansion

Thermal expansion is the tendency of matter to change in volume in response to a change in

temperature. When a substance is heated, its constituent particles move around more vigorously

and by doing so generally maintain a greater average separation. Materials that contract with an

increase in temperature are very uncommon; this effect is limited in size, and only occurs within

limited temperature ranges. The degree of expansion divided by the change in temperature is

called the material's coefficient of thermal expansion and generally varies with temperature.

Common engineering solids usually have thermal expansion coefficients that do not vary

significantly over the range of temperatures where they are designed to be used, so where

extremely high accuracy is not required, calculations can be based on a constant, average, value

of the coefficient of expansion. Materials with anisotropic structures, such as crystals and

composites, will generally have different expansion coefficients in different orientations. To

more accurately calculate thermal expansion of a substance a more advanced equation of state
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must be used, which will then predict the values of the thermal expansion at all the required

temperatures and pressures, along with many other state functions. The structural fit of the

machine components will depend on the thermal expansion coefficient. For instance, if two

materials with different thermal expansion coefficients are assembled together by some means

and then heated, the structure will develop internal stresses due to uneven expansion. If these

stresses are high enough, the structure will warp, bend, or buckle in order to balance or relieve

the stresses; it will possibly retain some internal (residual) stresses as well.

If prevented from warping, the structure will develop high internal stresses which can lead to

cracks. This is not always detrimental; shrink fits are designed recognizing that materials may

have different coefficients of thermal expansion, and some machine elements such as

thermocouples and temperature probes are based on a mismatch of thermal expansion

coefficients. (a) Mechanical pencil: Requires good environmental corrosion resistance to keep

parts functioning. Also, its weight (density) should make it comfortable to write with. (b) Cookie

sheet: Requires corrosion resistance at high temperatures, the specific heat should allow for rapid

heating of the sheet, and a high thermal conductivity should allow for even distribution of heat

across the sheet.

The melting temperature should be high enough that the sheet can safely withstand baking

temperatures. (c) Ruler: Should have low thermal expansion to maintain the measurements

accurately and a low density to make it easy to carry. (d) Paper clip: Should be corrosion

resistant, with a stiffness that holds papers together without requiring excessive force. (e) Door

hinge: Should be corrosion resistant for functional as well as aesthetic purposes. (f) Beverage

can: Should have a high thermal conductivity, low density, and good corrosion resistance.

Alloying elements tend to disturb the crystal lattice of the base metal, and they do so by

distorting the lattice by occupying lattice sites (substitutional atoms), spaces between lattice sites

(interstitials), or forming a second phase (an intermetallic compound of the two elements).
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Lattice distortion will reduce properties that depend on a repeating lattice, such as thermal

conductivity and melting points. Properties such as density and specific heat generally depend on

the properties of the alloying elements, and range around the value for the alloy base metal. Also,

alloys is a generic term, and can include a very wide range of concentration and types of alloying

element, whereas pure metals have, by definition, only one chemistry.

Thermal conductivity is one of the most important material properties affecting thermal stress

(along with thermal expansion). In terms of residual stresses, it is much less important than the

processing history. However, uneven cooling of castings or welds, for example, can cause

warpage and residual stresses. Material properties required for heat shields are sufficient

strength so that they do not fail upon takeoff, reentry, and landing; they must have a high melting

point so that they do not change phase or degrade at the high temperatures developed during

reentry, and they must be exceptionally high thermal insulators so that the shuttle cabin does not

heat significantly during reentry.

2. Anisotropy

Many solid materials will expand evenly in all three directions, but this is not true for all.

Graphite for example has a pronounced layer structure and the expansion in the direction

perpendicular to the layers is quite different from that in the layers. In general the proper

description of the thermal expansion of a solid must therefore include its symmetry. For cubic

materials a single expansion coefficient suffices, but for a material with triclinic symmetry six

parameters must be distinguished, three for each of the three axes (a,b,c) and three for the change

in the angles (α,β,γ) between them. An excellent way of measuring the entire expansion tensor is

to perform powder diffraction on the material during a heating or cooling run and monitor the

position of its diffraction peaks.
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3. Mechanical Pencil

A mechanical pencil, propelling pencil or technical pencil is a pencil containing an internal

mechanism which pushes or propels the thin graphite lead through the tip. Like standard pencils,

there are also mechanical pencils that have a rubber eraser on the end. Mechanical pencils

provide lines of consistent thickness, well suited for technical applications such as drafting and

writing.

The mechanical pencil was invented in Britain in 1822 by Sampson Mordan and Gabriel Riddle.

Earliest Mordan pencils are thus hallmarked SMGR. Sampson Mordan continued manufacturing

pencils and a wide range of silver objects until World War Two, when the factory was bombed.

Between 1822 to 1874, more than 160 patents were registered pertaining to a variety of

improvements to mechanical pencils. The first spring-loaded mechanical pencil was patented in

1877 and a twist-feed mechanism was developed in 1895. The 0.9 mm lead was introduced in

1938, and later it was followed by 0.7, 0.5, 0.3. Even a 1.4 mm mechanism was available, and

0.4 and 0.2 versions are now produced. The mechanical pencil became successful in Japan with

some improvements in 1915 by Tokuji Hayakawa, a metal worker who had just finished his

apprenticeship. It was introduced as the Ever-Ready Sharp Pencil. Success was not immediate,

since the metal shaft essential for the pencil's long life was unfamiliar to users. The Ever-Sharp

began selling in huge numbers, however, after a company from Yokohama made a large order.

Later Tokuji Hayakawa's company got its name from that pencil: Sharp. At nearly the same time,

in America, Charles R. Keeran was developing a similar pencil that would be the precursor of

most of today's pencils. Keeran's design was ratchet-based, whereas Hayakawa's was screw-

based. These two development histories are often combined into one.

Topic : Metal Alloys: Structure And Strengthening By Heat Treatment

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Heat Treatment

 Understand the Heat Treatment of Metals and Alloys
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 Learn about the Annealing

 Understand the Hardening and Tempering (quenching and tempering)

 Learn about the Precipitation Hardening

Definition/Overview:

Structure: Structure is a fundamental and sometimes intangible notion covering the recognition,

observation, nature, and stability of patterns and relationships of entities. From a child's verbal

description of a snowflake, to the detailed scientific analysis of the properties of magnetic fields,

the concept of structure is an essential foundation of nearly every mode of inquiry and discovery

in science, philosophy, and art.

Energy: In physics, energy is a scalar physical quantity that describes the amount of work that

can be performed by a force. Energy is an attribute of objects and systems that is subject to a

conservation law.

Metal: In chemistry, a metal is a chemical element whose atoms readily lose electrons to form

positive ions (cations), and form metallic bonds between other metal atoms and ionic bonds

between nonmetal atoms.

Key Points:

1. Heat Treatment

Heat treatment is a method used to alter the physical, and sometimes chemical, properties of a

material. The most common application is metallurgical. Heat treatments are also used in the

manufacture of many other materials, such as glass. Heat treatment involves the use of heating or
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chilling, normally to extreme temperatures, to achieve a desired result such as hardening or

softening of a material. Heat treatment techniques include annealing, case hardening,

precipitation strengthening, tempering and quenching. It is noteworthy that while the term heat

treatment applies only to processes where the heating and cooling are done for the specific

purpose of altering properties intentionally, heating and cooling often occur incidentally during

other manufacturing processes such as hot forming or welding. Heat treating, in general, subjects

the alloys to controlled heating and cooling cycles to produce a microstructure that improves the

mechanical properties of the alloy. Manufacturers mention heat treating because it generally

implies an improvement in the properties of the parts, particularly strength, hardness, and wear

resistance, although the process is usually accompanied by an increase in cost.

2. Heat Treatment of Metals and Alloys

Metallic materials consist of a microstructure of small crystals called "grains" or crystallites. The

nature of the grains (i.e. grain size and composition) is one of the most effective factors that can

determine the overall mechanical behavior of the metal. Heat treatment provides an efficient way

to manipulate the properties of the metal by controlling rate of diffusion, and the rate of cooling

within the microstructure. Complex heat treating schedules are often devised by metallurgists to

optimize an alloy's mechanical properties. In the aerospace industry, a superalloy may undergo

five or more different heat treating operations to develop the desired properties. This can lead to

quality problems depending on the accuracy of the furnace's temperature controls and timer.

3. Annealing

Annealing is a technique used to recover cold work and relax stresses within a metal. Annealing

typically results in a soft, ductile metal. When an annealed part is allowed to cool in the furnace,

it is called a "full anneal" heat treatment. When an annealed part is removed from the furnace

and allowed to cool in air, it is called a "normalizing" heat treatment. During annealing, small

grains recrystallize to form larger grains. In precipitation hardening alloys, precipitates dissolve

into the matrix, "solutionizing" the alloy. Typical annealing processes include, "normalizing",

"stress relief" annealing to recover cold work, and full annealing.
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4. Hardening and Tempering (quenching and tempering)

To harden by quenching, a metal (usually steel or cast iron) must be heated into the austenitic

crystal phase and then quickly cooled. Depending on the alloy and other considerations (such as

concern for maximum hardness vs. cracking and distortion), cooling may be done with forced air

or other gas (such as nitrogen), oil, polymer dissolved in water, or brine. Upon being rapidly

cooled, a portion of austentite (dependent on alloy composition) will transform to martensite, a

hard brittle crystalline structure. The quenched hardness of a metal depends upon its chemical

composition and quenching method. Cooling speeds, from fastest to slowest, go from polymer

(i.e. silicon), brine, fresh water, oil, and forced air. However, quenching a certain steel too fast

can result in cracking, which is why High-tensile steels like AISI 4140 should be quenched in

oil, tool steels such as 2767 or H13 hot work tool steel should be quenched in forced air, and low

alloy or medium-tensile steels such as XK1320 or AISI 1040 should be quenched in brine or

water. However, metals such as austenitic stainless steel (304, 316), and copper, produce an

opposite effect when these are quenched; they anneal. Austenitic stainless steels must be quench-

annealed to become fully corrosion resistant, as they work-harden significantly. Untempered

martensite, while very hard and strong, is too brittle to be useful for most applications. A method

for alleviating this problem is called tempering. Most applications require that quenched parts be

tempered (heat treated at a low temperature, often three hundred degree Fahrenheit or one

hundred fifty degrees Celsius) to impart some toughness. Higher tempering temperatures (may

be up to thirteen hundred degrees Fahrenheit or seven hundred degrees Celsius, depending on

alloy and application) are sometimes used to impart further ductility, although some yield

strength is lost.

5. Precipitation Hardening

Some metals are classified as precipitation hardening metals. When a precipitation hardening

alloy is quenched, its alloying elements will be trapped in solution, resulting in a soft metal.

Aging a "solutionized" metal will allow the alloying elements to diffuse through the

microstructure and form intermetallic particles. These intermetallic particles will nucleate and

fall out of solution and act as a reinforcing phase, thereby increasing the strength of the alloy.
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Alloys may age "naturally" meaning that the precipitates form at room temperature, or they may

age "artificially" when precipitates only form at elevated temperatures. In some applications,

naturally aging alloys may be stored in a freezer to prevent hardening until after further

operations - assembly of rivets, for example, may be easier with a softer part. Examples of

precipitation hardening alloys include 2000 series, 6000 series, and 7000 series aluminium alloy,

as well as some superalloys and some stainless steels.

Topic : Ferrous Metals And Alloys: Production, General Properties, And Applications

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Alloy

 Understand the Heat Treatment

Definition/Overview:

Metal: In chemistry, a metal is a chemical element whose atoms readily lose electrons to form

positive ions (cations), and form metallic bonds between other metal atoms and ionic bonds

between nonmetal atoms.

Soft Matter: Soft matter or Soft condensed matter is a subfield of condensed matter comprising

a variety of physical states that are easily deformed by thermal stresses or thermal fluctuations.

Production: It is the act of making products (goods and services).
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Key Points:

1. Alloy

An alloy is a partial or complete solid solution of one or more elements in a metallic matrix.

Complete solid solution alloys give single solid phase microstructure, while partial solutions give

two or more phases that may be homogeneous in distribution depending on thermal (heat

treatment) history. Alloys usually have different properties from those of the component

elements. Alloying one metal with other metal(s) or non metal(s) often enhances its properties.

For instance, steel is stronger than iron, its primary element. The physical properties, such as

density, reactivity, Young's modulus, and electrical and thermal conductivity, of an alloy may

not differ greatly from those of its elements, but engineering properties, such as tensile strength

and shear strength may be substantially different from those of the constituent materials. This is

sometimes due to the sizes of the atoms in the alloy, since larger atoms exert a compressive force

on neighboring atoms, and smaller atoms exert a tensile force on their neighbors, helping the

alloy resist deformation. Alloys may exhibit marked differences in behavior even when small

amounts of one element occur. For example, impurities in semi-conducting ferromagnetic alloys

lead to different properties, as first predicted by White, Hogan, Suhl, Tian Abrie and Nakamura.

Some alloys are made by melting and mixing two or more metals. Brass is an alloy made from

copper and zinc. Bronze, used for bearings, statues, ornaments and church bells, is an alloy of tin

and copper. Unlike pure metals, most alloys do not have a single melting point. Instead, they

have a melting range in which the material is a mixture of solid and liquid phases. The

temperature at which melting begins is called the solidus and the temperature when melting is

complete is called the liquidus. However, for most alloys there is a particular proportion of

constituents which give them a single melting point or (rarely) two. This is called the alloy's

eutectic mixture.

2. Heat Treatment

Heat treatment is a method used to alter the physical, and sometimes chemical, properties of a

material. The most common application is metallurgical. Heat treatments are also used in the
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manufacture of many other materials, such as glass. Heat treatment involves the use of heating or

chilling, normally to extreme temperatures, to achieve a desired result such as hardening or

softening of a material. Heat treatment techniques include annealing, case hardening,

precipitation strengthening, tempering and quenching. It is noteworthy that while the term heat

treatment applies only to processes where the heating and cooling are done for the specific

purpose of altering properties intentionally, heating and cooling often occur incidentally during

other manufacturing processes such as hot forming or welding. Heat treating, in general, subjects

the alloys to controlled heating and cooling cycles to produce a microstructure that improves the

mechanical properties of the alloy. Manufacturers mention heat treating because it generally

implies an improvement in the properties of the parts, particularly strength, hardness, and wear

resistance, although the process is usually accompanied by an increase in cost.

Applications for stainless steel are usually centered around its corrosion resistance. The scientists

are encouraged to give several applications; a few examples include:

(a) Cutlery: the appearance of the cutlery will not be diminished by rust with time.

(b) Blender blades and other food processing and kitchen equipment: stainless steel will not react

chemically with food products, so no unpleasant taste remains on the utensils and so that the

food does not become adulterated.

(c) Chemical storage tanks: the chemicals would attack the internal surfaces and produce holes in

ordinary steels, rendering them useless.

(d) Orthopedic implants: combined with their biocompatibility, the corrosion resistance of

stainless steels is essential for materials placed inside the human body.

Professional cooks keep their knives sharp and use them more often, so that wear resistance of

the knives becomes more important. Wear resistance usually is accompanied by high strength

and hardness. High-carbon steels can be hardened by heat treatment to a higher degree than

stainless steels, thus they have better wear resistance. On the other hand, consumer users have
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the perception that stainless steel is preferable to carbon steel because it will give superior

performance, and this perception drives demand.

Also, consumers do not use their knives as often as professional cooks, so wear is not as

significant an issue. Control of the ingot structure is important because it will affect the

requirements of further processing and the amount of waste material in the ingot. For instance,

porosity accompanying semi-killed or rimmed steel should be eliminated during subsequent

working of the ingot, such as by forging and rolling. If the porosity is not eliminated, the strength

and ductility of the steel will generally be reduced. The segregation of alloying elements and

impurities in rimmed steel generally gives the steel nonuniform properties. On the other hand,

killed steels, which typically have little or no porosity, are accompanied by a large shrinkage

cavity at the top of the ingot. This pipe must be scrapped (and remelted) before the ingot is

processed further.

Continuous casting eliminates processing of individual ingots and also eliminates most of the

porosity, elemental segregation, and shrinkage associated with ingot casting. Continuously-cast

bars can be made in a variety of shapes and sizes, significantly reducing the number of

subsequent rolling operations. These major benefits make continuous casting capable of

producing higher quality steels at lower cost than individual ingot processing. By the scientist.

Applications that are not suited for carbon steels are those that mainly require high corrosion

resistance.

A few examples include drain spouts, gutters, and ornamental applications such as cabinet

hardware, coins, and faucets. Other applications where carbon steels are not well suited are those

where low density is desirable, such as portable computer or camera frames, aircraft fuselages,

and automotive pistons. Smaller thickness and section size generally require more metalworking

processing steps, such as in rolling, extrusion, or drawing. The more reduction passes, the higher

the cost of manufacturing. The relationship between cost and thickness is also not linear, since
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going beyond a certain size threshold may also mean that a given machines capabilities have

been exceeded.

This situation would require the use of additional machinery and manufacturing steps, leading to

a larger increase in cost. Also, it should be noted that as the cross-section decreases, the cost

increases but so do the mechanical properties such as yield strength and hardness. A number of

observations can be made. First, a direct comparison between steel and aluminum shows that

steel is cheaper per unit weight, and, when a calculation is made, by volume as well. Other tables

in the topic show the general trend that the stronger and more heavily alloyed steels are more

expensive than the more common carbon steels. Finally, there is an obvious trend that additional

processing is reflected in the costs of, for example, hot-rolled versus cold-rolled steels.

D2 tool steel is listed for many applications because, this material has a high resistance to wear

and cracking, thus making it ideal for tooling applications. In addition, this material can be

formed well because, as a dual-phase steel, it has a high n value. It also has a high ductility so

that fracture is less likely. There are many potential answers, and scientists should be

encouraged to think creatively to respond to this question.

The scientist may wish to further constrain this problem, such as by requiring five answers,

where the rationale is different for each answer. Alternatively, one could request that scientists

find examples in the automotive, aerospace, food processing, computer, and construction

industries. Examples are: Gym-shoe soles cannot be made of steel because the shoe needs high

coefficients of friction, and the sole material must have a high compliance for comfort.

Steel cannot be used in building foundations, because it is far too expensive compared to cement.

 Steel is not used as aircraft-fuselage material, because its strength-to-weight ratio is too low.
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 Steel is a bad material for a coffee cup, since it is thermally conductive and would burn the hands

of someone drinking coffee, and would not keep the coffee hot as long as when using an

insulator. Note that an evacuated design as with some thermos designs would be acceptable.

 Steel would not be suitable for jewelry because of aesthetic reasons.

 Steel is not suitable as a material for many childrens toys because it is hard and can be dangerous

in the hands of small children.

 Steel is not suitable as a crate or pallet material, since it is far more expensive than wood.

 Tennis racquets and golf clubs are not made of steel because they would be too heavy compared

to titanium products.

Topic : Nonferrous Metals And Alloys: Production, General Properties, And Applications

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Non-ferrous Metals

 Understand the Alloy

 Nonferrous Metals and Nonferrous Alloys

Definition/Overview:

Crystal: A crystal or crystalline solid is a solid material whose constituent atoms, molecules, or

ions are arranged in an orderly repeating pattern extending in all three spatial dimensions. The

scientific study of crystals and crystal formation is crystallography.
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Physical Property: A physical property is any aspect of an object or substance that can be

measured or perceived without changing its identity. Physical properties can be intensive or

extensive.

Structure: Structure is a fundamental and sometimes intangible notion covering the recognition,

observation, nature, and stability of patterns and relationships of entities. From a child's verbal

description of a snowflake, to the detailed scientific analysis of the properties of magnetic fields,

the concept of structure is an essential foundation of nearly every mode of inquiry and discovery

in science, philosophy, and art.

Production: It is the act of making products (goods and services).

Key Points:

1. Non-ferrous Metals

Non-ferrous metals regularly occur in smelter by-products, in the residues of industrial treatment

processes, and also in a variety of complex metal combinations. The processor must treat each of

these as quite separate materials, employing skill and technical resources to identify the

individual metals and to convert them into a usable form for consuming industries. With the

rapid development of the production base in China, India and the Far East among others, the

flow of non-ferrous scrap metals has switched increasingly from West to East. For example, an

estimated 70% of the copper scrap exported by the USA is destined for the non-ferrous metals

industry in China. The Non-Ferrous Metals Division of BIR has consistently advocated the free

and uninhibited movement of scrap material throughout the world, arguing that secondary raw

materials should flow from one country to another according to the needs of the world's

consuming industries. Erection of import barriers, for example, could effectively deny essential

raw material supply to a country's own production base. In essence, restrictions imposed by
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governments or supra-national agencies tend only to create shortages in some areas and surpluses

in others.

2. Alloy

An alloy is a partial or complete solid solution of one or more elements in a metallic matrix.

Complete solid solution alloys give single solid phase microstructure, while partial solutions give

two or more phases that may be homogeneous in distribution depending on thermal (heat

treatment) history. Alloys usually have different properties from those of the component

elements. Alloying one metal with other metal(s) or non metal(s) often enhances its properties.

For instance, steel is stronger than iron, its primary element. The physical properties, such as

density, reactivity, Young's modulus, and electrical and thermal conductivity, of an alloy may

not differ greatly from those of its elements, but engineering properties, such as tensile strength

and shear strength may be substantially different from those of the constituent materials. This is

sometimes due to the sizes of the atoms in the alloy, since larger atoms exert a compressive force

on neighboring atoms, and smaller atoms exert a tensile force on their neighbors, helping the

alloy resist deformation. Alloys may exhibit marked differences in behavior even when small

amounts of one element occur. For example, impurities in semi-conducting ferromagnetic alloys

lead to different properties, as first predicted by White, Hogan, Suhl, Tian Abrie and Nakamura.

Some alloys are made by melting and mixing two or more metals. Brass is an alloy made from

copper and zinc. Bronze, used for bearings, statues, ornaments and church bells, is an alloy of tin

and copper. Unlike pure metals, most alloys do not have a single melting point. Instead, they

have a melting range in which the material is a mixture of solid and liquid phases. The

temperature at which melting begins is called the solidus and the temperature when melting is

complete is called the liquidus. However, for most alloys there is a particular proportion of

constituents which give them a single melting point or (rarely) two. This is called the alloy's

eutectic mixture.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

23
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



3. Nonferrous Metals and Nonferrous Alloys

Nonferrous metals and nonferrous alloys are not based on iron and include alloys of aluminum,

copper, titanium, zinc, nickel, cobalt, tungsten, precious metals, and refractory metals. They are

used in a variety of applications from construction to medical devices. A nonferrous alloy

consists of two or more materials, one of which must be a nonferrous metal. Many nonferrous

metals can be used in alloys and are chosen for specific characteristics such as strength, magnetic

and electrical properties, and corrosion resistance. Some of these are transition metals, meaning

they belong to the d-block in the periodic table and are elements which form an ion with a

partially filled d-shell of electrons. Transition metals include zirconium, a silvery white metal;

hafnium, a greyish metal; osmium, a blue-black metal; and tantalum, a rare, blue-gray metal.

These nonferrous metals are used to create compounds such as aluminum zirconium, a common

ingredient in antiperspirants, and osmium tetroxide, a volatile catalyst used to hasten chemical

reactions. Other nonferrous metals and nonferrous alloys include copper beryllium, which is used

for electronic components, and beryllium oxide, which is used for its electrical insulating

properties. Nonferrous metals and nonferrous alloys are useful in many applications because of

their versatility, high density, and tensile strength. For example, tantalum sheet metal is used

frequently to create surgical instruments because it does not react with bodily fluids and is

corrosion resistant. Some nonferrous metals and nonferrous alloys are highly combustible and

volatile, including powder zirconium, which may be stored under water for safety, and beryllium

oxide, which is highly toxic if inhaled. Welding zirconium is also available. Nonferrous metals

and nonferrous alloys are useful for applications requiring nonmagnetic, lightweight, high

strength compounds. Since nonferrous metals and nonferrous alloys have high melting points,

they are also often used in electrical and electronic applications.

Topic : Polymers: Structure, General Properties, And Applications

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Polymers

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

24
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 Understand the Functionality

 Learn about the Historical Development

 Understand the Polymer Structure and Properties

Definition/Overview:

Polymerization: Polymerization is the process of combining many small molecules known as

monomers into a covalently bonded chain. During the polymerization process, some chemical

groups may be lost from each monomer. The distinct piece of each monomer that is incorporated

into the polymer is known as a repeat unit or monomer residue.

Key Points:

1. Polymer

A polymer is a large molecule (macromolecule) composed of repeating structural units typically

connected by covalent chemical bonds. While polymer in popular usage suggests plastic, the

term actually refers to a large class of natural and synthetic materials with a variety of properties

and purposes.

Well-known examples of polymers include plastics and proteins. A simple example is

polypropylene, whose repeating unit structure is shown at the right. However, polymers are not

just limited to having predominantly carbon backbones, elements such as silicon form familiar

materials such as silicones, examples being silly putty and waterproof plumbing sealant. The

backbone of DNA is in fact based on a phosphodiester bond. Natural polymer materials such as

shellac and amber have been in use for centuries. Biopolymers such as proteins and nucleic acids

play crucial roles in biological processes. A variety of other natural polymers exist, such as

cellulose, which is the main constituent of wood and paper. The list of synthetic polymers

includes Bakelite, neoprene, nylon, PVC, polystyrene, polyacrylonitrile, PVB, silicone, and
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many more. Polymers are studied in the fields of polymer chemistry, polymer physics, and

polymer science.

2. Functionality

This characteristic of a monomer helps in deciding whether a particular monomer can form a

polymer or not. It is actually defined as the number of reaction sites present around the monomer

in order to help in forming chemical covalent bonds, so that it can form a polymer. The basic

required functionality is 2.

3. Historical Development

Starting in 1811, Henri Braconnot did pioneering work in derivative cellulose compounds,

perhaps the earliest important work in polymer science. The development of vulcanization later

in the nineteenth century improved the durability of the natural polymer rubber, signifying the

first popularized semi-synthetic polymer. In 1907, Leo Baekeland created the first completely

synthetic polymer, Bakelite, by reacting phenol and formaldehyde at precisely controlled

temperature and pressure. Bakelite was then publicly introduced in 1909. Despite significant

advances in synthesis and characterization of polymers, a correct understanding of polymer

molecular structure did not emerge until the 1920s. Before that, scientists believed that polymers

were clusters of small molecules (called colloids), without definite molecular weights, held

together by an unknown force, a concept known as association theory. In 1922, Hermann

Staudinger proposed that polymers consisted of long chains of atoms held together by covalent

bonds, an idea which did not gain wide acceptance for over a decade and for which Staudinger

was ultimately awarded the Nobel Prize. Work by Wallace Carothers in the 1920s also

demonstrated that polymers could be synthesized rationally from their constituent monomers. An

important contribution to synthetic polymer science was made by the Italian chemist Giulio

Natta and the German chemist Karl Ziegler, who won the Nobel Prize in Chemistry in 1963 for

the development of the Ziegler-Natta catalyst. Further recognition of the importance of polymers

came with the award of the Nobel Prize in Chemistry in 1974 to Paul Flory, whose extensive

work on polymers included the kinetics of step-growth polymerization and of addition
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polymerization, chain transfer, excluded volume, the Flory-Huggins solution theory, and the

Flory convention.

Synthetic polymer materials such as nylon, polyethylene, Teflon, and silicone have formed the

basis for a burgeoning polymer industry. These years have also shown significant developments

in rational polymer synthesis. Most commercially important polymers today are entirely

synthetic and produced in high volume on appropriately scaled organic synthetic techniques.

Synthetic polymers today find application in nearly every industry and area of life. Polymers are

widely used as adhesives and lubricants, as well as structural components for products ranging

from children's toys to aircraft. They have been employed in a variety of biomedical applications

ranging from implantable devices to controlled drug delivery. Polymers such as poly (methyl

methacrylate) find application as photoresist materials used in semiconductor manufacturing and

low-k dielectrics for use in high-performance microprocessors. Recently, polymers have also

been employed in the development of flexible polymer-based substrates for electronic displays.

4. Polymer Structure

The structural properties of a polymer relate to the physical arrangement of monomer residues

along the backbone of the chain. Structure has a strong influence on the other properties of a

polymer. For example, a linear chain polymer may be soluble or insoluble in water depending on

whether it is composed of polar monomers (such as ethylene oxide) or nonpolar monomers (such

as styrene). On the other hand, two samples of natural rubber may exhibit different durability,

even though their molecules comprise the same monomers. Polymer scientists have developed

terminology to describe precisely both the nature of the monomers as well as their relative

arrangement.

5. Properties

Types of polymer properties can be broadly divided into several categories based upon scale. At

the nano-micro scale there are properties that directly describe the chain itself, and can be
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thought of as polymer structure. At an intermediate mesoscopic level there are properties that

describe the morphology of the polymer matrix in space. At the macroscopic level properties

describe the bulk behavior of the polymer. The bulk properties of a polymer are those most often

of end-use interest. These are the properties that dictate how the polymer actually behaves on a

macroscopic scale.

6. Chemical Properties of Polymers

The attractive forces between polymer chains play a large part in determining a polymer's

properties. Because polymer chains are so long, these interchain forces are amplified far beyond

the attractions between conventional molecules. Different side groups on the polymer can lend

the polymer to ionic bonding or hydrogen bonding between its own chains. These stronger forces

typically result in higher tensile strength and higher crystaline melting points. The intermolecular

forces in polymers can be affected by dipoles in the monomer units. Polymers containing amide

or carbonyl groups can form hydrogen bonds between adjacent chains; the partially positively

charged hydrogen atoms in N-H groups of one chain are strongly attracted to the partially

negatively charged oxygen atoms in C=O groups on another. These strong hydrogen bonds, for

example, result in the high tensile strength and melting point of polymers containing urethane or

urea linkages. Polyesters have dipole-dipole bonding between the oxygen atoms in C=O groups

and the hydrogen atoms in H-C groups. Dipole bonding is not as strong as hydrogen bonding, so

a polyester's melting point and strength are lower than Kevlar's (Twaron), but polyesters have

greater flexibility. Ethene, however, has no permanent dipole. The attractive forces between

polyethylene chains arise from weak van der Waals forces. Molecules can be thought of as being

surrounded by a cloud of negative electrons. As two polymer chains approach, their electron

clouds repel one another. This has the effect of lowering the electron density on one side of a

polymer chain, creating a slight positive dipole on this side. This charge is enough to attract the

second polymer chain. Van der Waals forces are quite weak, however, so polyethene can have a

lower melting temperature compared to other polymers.
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Topic : Ceramics, Graphite, And Diamond: Structure, General Properties, And
Applications

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Ceramics

 Understand the Graphite

 Diamond

Definition/Overview:

Carbon fiber: Carbon fiber or (alternatively called graphite fiber, graphite fibre or carbon

graphite) is a material consisting of extremely thin fibers about 0.0050.010 mm in diameter and

composed mostly of carbon atoms.

Key Points:

1. Ceramics

Ceramics are very sensitive to cracks, impurities, and porosity, and thus generally have low

toughness. In compression, however, the flaws in the material do not cause stress concentrations

or crack propagation, as they do in tension. High-temperature oxidation resistance and toughness

are the advantageous properties of cermets. They also may be useful for components in furnaces

(such as moving belts) and automotive-engine parts (such as pistons and cylinders). Pores in the

ceramic are usually filled with air, and air has much lower thermal and electrical conductivity

than ceramics. Increasing porosity will thus reduce the ceramics thermal and electrical

conductivities. Synthetic diamonds were first used exclusively in industrial applications; they

have superior properties to natural diamonds because of the absence of impurities. The hardness

of diamond makes it useful in machining and grinding hard metallic and nonmetallic materials.
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For widespread and economical use, diamonds are mass produced synthetically. Metals and

ceramics have different types of bonding, metallic and ionic, respectively. Ionic bonds are

stronger than metallic bonds, hence more force must be applied to the material to break the

bonds. The crystal structure for ceramics is generally more complex than metals, and requires

higher forces to cause slip. Also, the high-temperature properties of ceramics are very attractive

in many applications. Ceramics may be made tougher by using high-purity raw materials,

controlled processing techniques, and adding various reinforcements. The presence of tougher

second phases and microcracks (less than one μm in size) in the ceramic can also reduce the

energy of propagation of an advancing crack tip. There are numerous possible answers. Static

fatigue occurs in environments where water vapor is present and the part is under a constant

load. In applications such sewer piping, if a tensile stress is developed in the pipe by bending or

torsion, static fatigue can be a significant problem. Any situation where a tension member is

exposed to water vapor (such as mounting brackets or structural members outdoors) are also

subject to static fatique. Some MEMS devices see failure of borosilicate glass layers due to static

fatigue as well. Porosity can be considered microscopic air pockets in the ceramic. Air has no

strength or elastic modulus, thus porosity will always decrease the strength of the ceramic. The

holes in the material also act (depending on their shape) as stress concentrations, thus further

lowering the strength. Porosities also act as crack initiation sites, thus decreasing toughness.

Glasses are amorphous solids (supercooled), while ceramics are materials with a highly ordered

and usually complex crystal structures. The amorphous structure of glasses allows them to be

transparent, while ceramics are opaque. The hardness and elastic modulus are lower than those

for ceramics, while the compressive strength of glass is in the same range as that for

ceramics. The cost of each type of glass varies, and a high-quality glass (high cost) shouldnt be

used in a low-quality application. However, high quality glasses are required for fiber optics,

which need to transmit light with high efficiency. Other applications may require high strength,

low cost, chemical resistance, impact resistance, abrasion resistance or resistance to thermal

shock, which would be best exhibited by 96% silica or fused-silica type glass.

Thus, in summary, there are a large variety of glasses available because of the large variety of

applications where glass is used. Coffee cup must obviously be made of a material that is safe for
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food contact, so it should not affect or be affected by coffee. In addition, it should be

inexpensive. Furthermore, it must be thermally insulating, have a melting point higher than the

boiling point of water, and be easy to clean. Ceramics, polymers, porous polymers (foams), and

multi-layered metals (with air or a vacuum between layers) are thus suitable. Ceramic strength is

mainly compromised by the presence of flaws where cracks can initiate. In a small volume, there

is less likelihood that a large flaw or a number of flaws can exist, while the reverse is true for

larger parts, i.e., in a large volume, it is more likely that a large flaw will exist Ceramics arent

used as nails or other fasteners because they have poor impact resistance and thus would not be

able to be driven into a workpiece with impact forces as applied by a hammer. Other fasteners

such as bolts depend on a tensile proof stress (the proof strength of a bolt is a common design

specification) for a well-designed joint, and this would be a poor design application for a ceramic

which is weak and has a wide range of strengths in tension.

2. Graphite

The mineral graphite is one of the allotropes of carbon. It was named by Abraham Gottlob

Werner in 1789 from the Greek γραφειν (graphein): "to draw/write", for its use in pencils, where

it is commonly called lead, as distinguished from the actual metallic element lead. Unlike

diamond (another carbon allotrope), graphite is an electrical conductor, a semimetal, and can be

used, for instance, in the electrodes of an arc lamp. Graphite holds the distinction of being the

most stable form of carbon under standard conditions. Therefore, it is used in thermochemistry as

the standard state for defining the heat of formation of carbon compounds. Graphite may be

considered the highest grade of coal, just above anthracite and alternatively called meta-

anthracite, although it is not normally used as fuel because it is hard to ignite. There are three

principal types of natural graphite, each occurring in different types of ore deposit: (1)

Crystalline flake graphite (or flake graphite for short) occurs as isolated, flat, plate-like particles

with hexagonal edges if unbroken and when broken the edges can be irregular or angular; (2)

Amorphous graphite occurs as fine particles and is the result of thermal metamorphism of coal,

the last stage of coalification, and is sometimes called meta-anthracite. Very fine flake graphite is

sometimes called amorphous in the trade; (3) Lump graphite (also called vein graphite) occurs in

fissure veins or fractures and appears as massive platy intergrowths of fibrous or acicular
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crystalline aggregates, and is probably hydrothermal in origin. HOPG (Highly Ordered Pyrolytic

Graphite) is an artificial form used in research. The name "graphite fiber" is also sometimes used

to refer to carbon fibre or carbon fibre reinforced plastic.

3. Diamond

In mineralogy, diamond (from the ancient Greek ἀδάμας, admas) is the allotrope of carbon

where the carbon atoms are arranged in an isometric-hexoctahedral crystal lattice. After graphite,

diamond is the second most stable form of carbon. Its hardness and high dispersion of light make

it useful for industrial applications and jewelry. It is the hardest known naturally occurring

mineral. It is possible to treat regular diamonds under a combination of high pressure and high

temperature to produce diamonds that are harder than the diamonds used in hardness gauges. A

material called lonsdaleite is confirmed to be 58 percent stronger than diamond and is the hardest

material known to date. Aggregated diamond nanorods, a material created using ultrahard

fullerite (C60) is also harder than diamond, other substances such as cubic boron nitride, wurtzite

boron nitride, rhenium diboride and ultrahard fullerite itself are comparable. Diamonds are

specifically renowned as a material with superlative physical qualities; they make excellent

abrasives because they can be scratched only by other diamonds, borazon, ultrahard fullerite,

rhenium diboride, or aggregated diamond nanorods, which also means they hold a polish

extremely well and retain their lustre. Approximately 130 million carats (26,000 kg (57,000 lb))

are mined annually, with a total value of nearly USD $9 billion, and about 100,000 kg (220,000

lb) are synthesized annually.

The name diamond is derived from the ancient Greek ἀδάμας (admas), "unbreakable, untamed",

from ἀ- (a-), "un-" + δαμάω (damō), "to overpower, to tame". They have been treasured as

gemstones since their use as religious icons in ancient India. Their usage in engraving tools also

dates to early human history. Popularity of diamonds has risen since the 19th century because of

increased supply, improved cutting and polishing techniques, growth in the world economy, and

innovative and successful advertising campaigns. They are commonly judged by the four Cs:
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carat, clarity, color, and cut. Roughly 49% of diamonds originate from central and southern

Africa, although significant sources of the mineral have been discovered in Canada, India,

Russia, Brazil, and Australia. They are mined from kimberlite and lamproite volcanic pipes,

which can bring diamond crystals, originating from deep within the Earth where high pressures

and temperatures enable them to form, to the surface. The mining and distribution of natural

diamonds are subjects of frequent controversy such as with concerns over the sale of conflict

diamonds (aka blood diamonds) by African paramilitary groups.

In Section 2 of this course you will cover these topics:

Composite Materials: Structure, General Properties, And Applications

Fundamentals Of Metal Casting

Metal Casting Processes

Metal Casting: Design, Materials, And Economics

Rolling Of Metals

Forging Of Metals

Extrusion And Drawing Of Metals

Sheet-Metal Forming Processes

Topic : Composite Materials: Structure, General Properties, And Applications

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Composite Materials

 Understand the History

 Learn about the Moulding Methods and Properties
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Definition/Overview:

Vacuum bag moulding: A process using a two-sided mould set that shapes both surfaces of the

panel. On the lower side is a rigid mould and on the upper side is a flexible membrane or vacuum

bag. The flexible membrane can be a reusable silicone material or an extruded polymer film.

Then, vacuum is applied to the mould cavity. This process can be performed at either ambient or

elevated temperature with ambient atmospheric pressure acting upon the vacuum bag. Most

economical way is using a venturi vacuum and air compressor or a vacuum pump.

Pressure bag moulding: This process is related to vacuum bag moulding in exactly the same

way as it sounds. A solid female mould is used along with a flexible male mould. The

reinforcement is place inside the female mould with just enough resin to allow the fabric to stick

in place. A measured amount of resin is then liberally brushed indiscriminately into the mould

and the mould is then clamped to a machine that contains the male flexible mould. The flexible

male membrane is then inflated with heated compressed air or possibly steam. The female mould

can also be heated. Excess resin is forced out along with trapped air. This process is extensively

used in the production of composite helmets due to the lower cost of unskilled labor. Cycle times

for a helmet bag moulding machine vary from 20 to 45 minutes, but the finished shells require no

further curing if the moulds are heated.

Key Points:

1. Composite Materials

Composite materials (or composites for short) are engineered materials made from two or more

constituent materials with significantly different physical or chemical properties which remain

separate and distinct on a macroscopic level within the finished structure.
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2. History

The most primitive composite materials were straw and mud combined to form bricks for

building construction; the Biblical book of Exodus speaks of the Israelites being oppressed by

Pharaoh, by being forced to make bricks without straw being provided. The ancient brick-

making process can still be seen on Egyptian tomb paintings in the Metropolitan Museum of Art.

The most advanced examples perform routinely on spacecraft in demanding environments. The

most visible applications pave our roadways in the form of either steel and aggregate reinforced

portland cement or asphalt concrete. Those composites closest to our personal hygiene form our

shower stalls and bath tubs made of fiberglass. Solid surface, imitation granite and cultured

marble sinks and counter tops are widely used to enhance our living experiences. Composites are

made up of individual materials referred to as constituent materials. There are two categories of

constituent materials: matrix and reinforcement. At least one portion of each type is required.

The matrix material surrounds and supports the reinforcement materials by maintaining their

relative positions. The reinforcements impart their special mechanical and physical properties to

enhance the matrix properties. A synergism produces material properties unavailable from the

individual constituent materials, while the wide variety of matrix and strengthening materials

allows the designer of the product or structure to choose an optimum combination. Engineered

composite materials must be formed to shape. The matrix material can be introduced to the

reinforcement before or after the reinforcement material is placed into the mold cavity or onto

the mold surface. The matrix material experiences a melding event, after which the part shape is

essentially set. Depending upon the nature of the matrix material, this melding event can occur in

various ways such as chemical polymerization or solidification from the melted state.

A variety of molding methods can be used according to the end-item design requirements. The

principal factors impacting the methodology are the natures of the chosen matrix and

reinforcement materials. Another important factor is the gross quantity of material to be

produced. Large quantities can be used to justify high capital expenditures for rapid and

automated manufacturing technology. Small production quantities are accommodated with lower

capital expenditures but higher labor and tooling costs at a correspondingly slower rate. Most
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commercially produced composites use a polymer matrix material often called a resin solution.

There are many different polymers available depending upon the starting raw ingredients. There

are several broad categories, each with numerous variations. The most common are known as

polyester, vinyl ester, epoxy, phenolic, polyimide, polyamide, polypropylene, PEEK, and others.

The reinforcement materials are often fibers but also commonly ground minerals. The various

methods described below have been developed to reduce the resin content of the final product, or

the fibre content is increased. As a rule of thumb hand lay up results in a product containing 60%

resin and 40% fibre, whereas vacuum infusion gives a final product with 40% resin and 60%

fibre content. The strength of the product is greatly dependent on this ratio.

3. Moulding Methods

In general, the reinforcing and matrix materials are combined, compacted and processed to

undergo a melding event. After the melding event, the part shape is essentially set, although it

can deform under certain process conditions. For a thermoset polymeric matrix material, the

melding event is a curing reaction that is initiated by the application of additional heat or

chemical reactivity such as an organic peroxide. For a thermoplastic polymeric matrix material,

the melding event is a solidification from the melted state. For a metal matrix material such as

titanium foil, the melding event is a fusing at high pressure and a temperature near the melt

point. For many molding methods, it is convenient to refer to one mold piece as a "lower" mold

and another mold piece as an "upper" mold. Lower and upper refer to the different faces of the

molded panel, not the mold's configuration in space. In this convention, there is always a lower

mold, and sometimes an upper mold. Part construction begins by applying materials to the lower

mold. Lower mold and upper mold are more generalized descriptors than more common and

specific terms such as male side, female side, a-side, b-side, tool side, bowl, hat, mandrel, etc.

Continuous manufacturing processes use a different nomenclature. The molded product is often

referred to as a panel. For certain geometries and material combinations, it can be referred to as a

casting. For certain continuous processes, it can be referred to as a profile. Applied with a

pressure roller, a spray device or manually. This process is generally done at ambient

temperature and atmospheric pressure. Two variations of open moulding are Hand Layup and

Spray-up.
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4. Properties

The physical properties of composite materials are generally not isotropic (independent of

direction of applied force) in nature, but rather are typically orthotropic (different depending on

the direction of the applied force or load). For instance, the stiffness of a composite panel will

often depend upon the orientation of the applied forces and/or moments. Panel stiffness is also

dependent on the design of the panel. For instance, the fiber reinforcement and matrix used, the

method of panel build, thermoset versus thermoplastic, type of weave, and orientation of fiber

axis to the primary force. In contrast, isotropic materials (for example, aluminium or steel), in

standard wrought forms, typically have the same stiffness regardless of the directional

orientation of the applied forces and/or moments. The relationship between forces/moments and

strains/curvatures for an isotropic material can be described with the following material

properties: Young's Modulus, the Shear Modulus and the Poisson's ratio, in relatively simple

mathematical relationships. For the anisotropic material, it requires the mathematics of a second

order tensor and up to 21 material property constants. For the special case of orthogonal isotropy,

there are three different material property constants for each of Young's Modulus, Shear

Modulus and Poisson's ratio--a total of 9 constants to describe the relationship between

forces/moments and strains/curvatures.

Topic : Fundamentals Of Metal Casting

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Metal Casting

 Understand the Theory

 Understand the Plaster, concrete, or plastic resin
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Definition/Overview:

This topic provides a general overview of the fundamentals of Metal Casting. The topic also

provides brief overview of the process of casting.

Key Points:

1. Metal Casting

Metal casting is the most common casting process. Casting is a manufacturing process by which

a liquid material is usually poured into a mold, which contains a hollow cavity of the desired

shape, and then allowed to solidify. The solidified part is also known as a casting, which is

ejected or broken out of the mold to complete the process. Casting materials are usually metals

or various cold setting materials that cure after mixing two or more components together;

examples are epoxy, concrete, plaster and clay. Casting is most often used for making complex

shapes that would be otherwise difficult or uneconomical to make by other methods. Casting is a

6000 year old process. The oldest surviving casting is a copper frog from 3200 BC.

In metalworking, casting involves pouring a liquid metal into a mold, which contains a hollow

cavity of the desired shape, and then is allowed to solidify. The solidified part is also known as a

casting, which is ejected or broken out of the mold to complete the process. Casting is most often

used for making complex shapes that would be otherwise difficult or uneconomical to make by

other methods. The casting process is subdivided into two main categories: expendable and non-

expendable casting. It is further broken down by the mold material, such as sand or metal, and

pouring method, such as gravity, vacuum, or low pressure.

2. Theory

Casting is a solidification process, which means the solidification phenomenon controls most of

the properties of the casting. Moreover, most of the casting defects occur during solidification,
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such as gas porosity and solidification shrinkage. Solidification occurs in two steps: nucleation

and crystal growth. In the nucleation stage solid particles form within the liquid. When these

particles form their internal energy is lower than the surrounded liquid, which creates an energy

interface between the two. The formation of the surface at this interface requires energy, so as

nucleation occurs the material actually undercools, that is it cools below its freezing temperature,

because of the extra energy required to form the interface surfaces. It then recalescences, or heats

back up to its freezing temperature, for the crystal growth stage. Note that nucleation occurs on a

pre-existing solid surface, because not as much energy is required for a partial interface surface,

as is for a complete spherical interface surface. This can be advantageous because fine-grained

castings possess better properties than coarse-grained castings. A fine grain structure can be

induced by grain refinement or inoculation, which is the process of adding impurities to induce

nucleation.

All of the nucleations represent a crystal, which grows as the heat of fusion is extracted from the

liquid until there is no liquid left. The direction, rate, and type of growth can be controlled to

maximize the properties of the casting. Directional solidification is when the material solidifies

at one end and proceeds to solidify to the other end; this is the most ideal type of grain growth

because it allows liquid material to compensate for shrinkage.

3. Plaster, concrete, or plastic resin

Plaster itself may be cast, as can other chemical setting materials such as concrete or plastic resin

- either using single-use waste molds as noted above or multiple-use piece molds, or molds made

of small ridged pieces or of flexible material such as latex rubber (which is in turn supported by

an exterior mold). When casting plaster or concrete, the finished product is, unlike marble,

relatively unattractive, lacking in transparency, and so it is usually painted, often in ways that

give the appearance of metal or stone. Alternatively, the first layers cast may contain colored

sand so as to give an appearance of stone. By casting concrete, rather than plaster, it is possible

to create sculptures, fountains, or seating for outdoor use. A simulation of high-quality marble

may be made using certain chemically-set plastic resins (for example epoxy or polyester) with
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powdered stone added for coloration, often with multiple colors worked in. The latter is a

common means of making attractive washstands, washstand tops and shower stalls, with the

skilled working of multiple colors resulting in simulated staining patterns as is often found in

natural marble or travertine.

Topic : Metal Casting Processes

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Preheating

 Understand the Investment casting

 Learn about the Unbonded sand processes

 Understand the Non-expendable mold casting

 Learn about the Permanent Mold Casting

Definition/Overview:

Die Casting Process: The die casting process forces molten metal under high pressure into mold

cavities (which are machined into dies). Most die castings are made from nonferrous metals,

specifically zinc, copper, and aluminum based alloys, but ferrous metal die castings are possible.

The die casting method is especially suited for applications where many small to medium sized

parts are needed with good detail, a fine surface quality and dimensional consistency.
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Key Points:

1. Preheating

Preheating the molds in permanent-mold casting is advisable in order to reduce the chilling effect

of the metal mold, which could lead to low metal fluidity. Also, the molds are heated to reduce

thermal damage (fatigue, shock) which may result from repeated contact with the molten metal.

Considering casting removal, the casting should be allowed to cool in the mold until there is no

danger of distortion or developing defects during shakeout. While this may be a very short period

of time for small castings, large castings may require an hour or more. Due to the force exerted

on the cope portion of the mold by the molten metal, it is necessary to weigh down or clamp the

two halves of the mold. Furthermore, a metal with higher density will exert a higher pressure on

the cope; thus, the clamping force depends on the metal cast. The squeeze-casting process

involves a combination of casting and forging. The pressure applied to the molten metal by the

punch or the upper die keeps the entrapped gases in solution, and thus porosity generally is not

found in these products. Also, the rapid heat transfer results in a fine microstructure with good

mechanical properties. Due to the applied pressure and the type of die material used, good

dimensional accuracy and surface finish are typically obtained for squeeze-cast parts. Hollow

parts and cavities are generally made using unit dies and its definition, although cores also can be

used. Core setting occurs mechanically, e.g., for an aluminum tube, as the die closes. A rod,

which extends the length of the cavity, is pushed into the mold and the molten metal is then

injected. This core must be coated with an appropriate parting agent or lubricant to ensure easy

ejection of the part without damaging it.

2. Investment casting

Investment casting (known as lost-wax casting in art) is a process that has been practised for

thousands of years, with the lost-wax process being one of the oldest known metal forming

techniques. From 5000 years ago, when bees wax formed the pattern, to todays high technology

waxes, refractory materials and specialist alloys, the castings ensure high-quality components are

produced with the key benefits of accuracy, repeatability, versatility and integrity. Investment

casting derives its name from the fact that the pattern is invested, or surrounded, with a refractory

material. The wax patterns require extreme care for they are not strong enough to withstand
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forces encountered during the mold making. One advantage of investment casting is that the wax

can be reused. The process is suitable for repeatable production of net shape components from a

variety of different metals and high performance alloys. Although generally used for small

castings, this process has been used to produce complete aircraft door frames, with steel castings

of up to 300 kg and aluminium castings of up to 30 kg. Compared to other casting processes such

as die casting or sand casting, it can be an expensive process, however the components that can

be produced using investment casting can incorporate intricate contours, and in most cases the

components are cast near net shape, so requiring little or no rework once cast.

3. Unbonded sand processes

Unlike the sand casting processes that use various binders to hold the sand grains together, two

unique processes use unbonded sand as the molding media. These include the lost foam process

and the less common V-process. Lost Foam Casting: In this process, the pattern is made of

expendable polystyrene (EPS) beads. For high-production runs, the patterns can be made by

injecting EPS beads into a die and bonding them together using a heat source usually steam. For

shorter runs, pattern shapes are cut from sheets of EPS using conventional woodworking

equipment and then assembled with glue. In either case, internal passageways in the casting, if

needed, are not formed by conventional sand cores but is part of the mold itself. The polystyrene

pattern is coated with a refractory coating, which covers both the external and internal surfaces.

With the gating and risering system attached to the pattern, the assembly is suspended in a one-

piece flask, which then is placed onto a compaction or vibrating table. As the dry, unbonded sand

is poured into the flask and pattern, the compaction and vibratory forces cause the sand to flow

and densify. The sand flows around the pattern and into the internal passageways of the pattern.

As the molten metal is poured into the mold, it replaces the EPS pattern, which vaporizes. After

the casting solidifies, the unbonded sand is dumped out of the flask, leaving the casting with an

attached gating system. With larger castings, the coated pattern is covered with a facing of

chemically bonded sand. The facing sand is then backed up with more chemically bonded sand.

V-process: In the V-process, the cope and drag halves of the mold are formed separately by
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heating a thin plastic film to its deformation point. It then is vacuum-formed over a pattern on a

hollow carrier plate. The process uses dry, free-flowing, unbonded sand to fill the special flask

set over the film-coated pattern. Slight vibration compacts the fine grain sand to its maximum

bulk density. The flask is then covered with a second sheet of plastic film. The vacuum is drawn

on the flask, and the sand between the two plastic sheets becomes rigid. The cope and drag then

are assembled to form a plastic-lined mold cavity. Sand hardness is maintained by holding the

vacuum within the mold halves at 300-600 mm/Hg. As molten metal is poured into the mold, the

plastic film melts and is replaced immediately by the metal. After the metal solidifies and cools,

the vacuum is released and the sand falls away.

4. Non-expendable mold casting

Non-expendable mold casting differs from expendable processes in that the mold need not be

reformed after each production cycle. This technique includes at least four different methods:

permanent, die, centrifugal, and continuous casting.

5. Permanent Mold Casting

Permanent mold casting (typically for non-ferrous metals) requires a set-up time on the order of

weeks to prepare a steel tool, after which production rates of 5-50 pieces/hr-mold are achieved

with an upper mass limit of 9 kg per iron alloy item (cf., up to 135 kg for many nonferrous metal

parts) and a lower limit of about 0.1 kg. Steel cavities are coated with a refractory wash of

acetylene soot before processing to allow easy removal of the workpiece and promote longer tool

life. Permanent molds have a limited life before wearing out. Worn molds require either

refinishing or replacement. Cast parts from a permanent mold generally show 20% increase in

tensile strength and 30% increase in elongation as compared to the products of sand casting. The

only necessary input is the coating applied regularly. Typically, permanent mold casting is used

in forming iron, aluminum, magnesium, and copper based alloys. The process is highly

automated.
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Topic : Metal Casting: Design, Materials, And Economics

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Metal Casting

 Understand the Overview

Definition/Overview:

Structure: Structure is a fundamental and sometimes intangible notion covering the recognition,

observation, nature, and stability of patterns and relationships of entities. From a child's verbal

description of a snowflake, to the detailed scientific analysis of the properties of magnetic fields,

the concept of structure is an essential foundation of nearly every mode of inquiry and discovery

in science, philosophy, and art.

Production: It is the act of making products (goods and services).

Key Points:

1. Metal Casting

Metal casting is the most common casting process. Casting is a manufacturing process by which

a liquid material is usually poured into a mold, which contains a hollow cavity of the desired

shape, and then allowed to solidify. The solidified part is also known as a casting, which is

ejected or broken out of the mold to complete the process. Casting materials are usually metals

or various cold setting materials that cure after mixing two or more components together;

examples are epoxy, concrete, plaster and clay. Casting is most often used for making complex
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shapes that would be otherwise difficult or uneconomical to make by other methods. Casting is a

6000 year old process. The oldest surviving casting is a copper frog from 3200 BC.

In metalworking, casting involves pouring a liquid metal into a mold, which contains a hollow

cavity of the desired shape, and then is allowed to solidify. The solidified part is also known as a

casting, which is ejected or broken out of the mold to complete the process. Casting is most often

used for making complex shapes that would be otherwise difficult or uneconomical to make by

other methods. The casting process is subdivided into two main categories: expendable and non-

expendable casting. It is further broken down by the mold material, such as sand or metal, and

pouring method, such as gravity, vacuum, or low pressure.

2. Overview

Evidence of which type of porosity is present (gas or shrinkage) can be gained by studying the

location and shape of the cavity. If the porosity is near the mold surface, core surface, or chaplet

surface, it is most likely to be gas porosity because the air bubbles rise to the surface due to

buoyancy, whereas large shrinkage pores are more likely in the castings bulk. However, if the

porosity occurs in an area considered to be a hot spot in the casting, it is most likely shrinkage

porosity. Furthermore, gas porosity generally has smooth surfaces and is often, though not

always, spherical in shape (inspect, for example, the holes in Swiss cheese and observe how

shiny they are). Shrinkage porosity has a more textured and jagged surface and is generally

irregular in shape. Hot tearing can be avoided by two methods: (a) change the mold design to

decrease the tensile stress that arises upon contraction during solidification, and/or (b) change the

mold composition, such that the mold and cores are collapsible under the resulting pressure on

them during shrinkage. Die casting, shell-mold casting, and centrifugal casting would be the

three most expensive processes per piece because these processes involve high equipment costs

and a high degree of automation. Both of these factors require large production runs to justify

their high cost. The high tooling cost can be mitigated somewhat by rapid tooling technologies.

As an interesting comparison regarding the most cost-effective means of producing only a few

cast parts, wide variety of potential examples can be presented. The main consideration is
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maintaining a uniform section thickness and eliminating corners in order to avoid hot spots.

Scientists should be encouraged to sketch designs that involve varying cross-sections, but also to

place chills as an alternative to modifying the shape of the casting. Some examples of these rules

and some additional designs that attempt to maintain section thickness are shown below:

Due to large temperature gradients which may develop along flat surfaces during cooling,

warping may be a problem. The design of a mold with ribs and serrations can reduce this effect

and result in a more sound (unwarped) casting because these increase the stiffness of the casting

and reduce the strain associated with a residual stress. Ribs may be used, for example, on steel

flanges at the recessed portion in order to avoid warping of both surfaces with which it is in

contact. Several observations can be made creatively in analyzing these design features. Some of

the observations that can be made are:

 In (a), the poor design would result in a very thin wall next to the counterbore (which may lead

to potential failure), whereas the good design eliminates this thin wall.

 In (b), a large flat area may not be acceptable because of casting defects or warpage. The surface

can be made much more aesthetically pleasing by incorporating features such as serrations and

stripling.

 In (c), a radius makes the part much easier to cast; the likelihood of a large pore near the corner

is reduced and the mold integrity is improved. Furthermore, a sharp inner corner may create

difficulties during assembly with components that may be inserted into the cavity.

 In (d), the poor design is difficult to machine (hence costly) into a die; the good design is much

easier to produce.

 In (e), the poor design requires a sharp, knife edge in the die, which could reduce die life. The

good design eliminates the need for a knife edge in the die.

 In (f), when casting threaded inserts in place, it is good practice to have a length of shank

exposed before the threaded section so that the cast metal does not compormise the threads and

interfere with their function.
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Draft is provided in a mold to allow the removal of the pattern from the mold without damaging

the mold. If the mold material is sand and the pattern has no draft (taper), the mold cavity can be

damaged upon pattern removal due to the low strength of the sand mold. However, a die made of

high-strength steel, which is typical for permanent-mold casting, is not likely to be damaged

during the removal of the part; thus smaller draft angles can be employed. Sharp corners and

fillets should be avoided in casting design because of their tendency to cause cracking and

tearing of the casting during solidification. Fillet radii should be large enough to avoid stress

concentrations and yet small enough to avoid a low rate of cooling and hot spots that can cause

shrinkage cavities in the casting. The main reasons are the size of typical cast parts and the

solidification times involved. Die cast parts generally have smaller sections than sand cast parts;

a riser used in die casting will not provide molten metal to the casting because the thin sections

solidify and block the flow of molten metal to the remainder of the mold.

The solidification rates are important as well; to provide molten metal to the cast shape, the flow

rates have to be very high because the casting solidifies so rapidly. Thus, even if a riser is

provided in a die casting, the pressure is insufficient to get molten metal to flow where it is

needed. Risers are used as reservoirs for a casting in regions where shrinkage is expected to

occur, i.e., areas which are the last to solidify. Thus, risers must be made large enough to ensure

that they are the last to solidify. If a riser solidifies before the part (it is to feed) does, it is

useless. Consequently, an open riser (which is in contact with air) must be larger to ensure it will

not solidify first. A blind riser is less prone to this phenomenon, as it is in contact with the mold

on all surfaces. Thus, it is slower to cool since the mold increases in temperature and the riser

can be located in an area that will cool more slowly; thus, a blind riser may be made smaller.
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Topic : Rolling Of Metals

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Rolling of Metals

 Understand the Flattening

Definition/Overview:

Flattening: Flattening is elastic deformation of the roll and results in a larger contact length in

the roll gap; therefore, the elastic modulus of the roll should be increased, for example, by

making it from materials with high modulus of elasticity, such as carbides.

Metal: In chemistry, a metal is a chemical element whose atoms readily lose electrons to form

positive ions (cations), and form metallic bonds between other metal atoms and ionic bonds

between nonmetal atoms.

Soft Matter: Soft matter or Soft condensed matter is a subfield of condensed matter comprising

a variety of physical states that are easily deformed by thermal stresses or thermal fluctuations.

Measurement: Measurement is the process of assigning a number to an attribute (or

phenomenon) according to a rule or set of rules. The term can also be used to refer to the result

obtained after performing the process.
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Key Points:

1. Rolling of Metals

Machinery, structures, bridges, boilers, pressure vessels, etc. typically require metal plates or

sheets. Consequently, there was urgent need for developing the rolling process which could

economically deliver large amounts of the necessary plate. Although stretching reduces the

thickness of materials, there are several limitations associated with it as compared to rolling.

Stretching process is a batch process and it cannot be continuous as it is in rolling. The reduction

in thickness is limited by necking of the sheet, depending on its strain-hardening exponent, n.

Furthermore, as the sheet is stretched, the surface finish becomes dull due to the orangepeel

effect. Stretching the sheet requires some means of clamping the material at its ends which, in

turn, will leave marks on the sheet. It is doubtful that the roller-leveling process can be applied

to plates. In this process, the strip is flattened by repeatedly flexing it in opposite directions. To

do the same with a plate would require much higher forces in order to develop stresses that are of

the same magnitude at the plate surface as they are in sheet. Also, unless it is sufficiently ductile,

the plate may develop cracks if bent to small radii. As can be deduced by observing the

equations, the roll force, F, is influenced by the roll radius, strip width, draft (hence the roll-strip

contact area), coefficient of friction, and the strength of the material at the rolling temperature. If

the material is strain-rate sensitive (i.e., high m value), the rolling speed would also influence the

roll force; this is particularly important in hot rolling. Front tensions are applied and controlled

by the take-up reel of a rolling mill. The greater the torque to this reel the greater the front

tension. Back tension is applied by the pay-off reel of the rolling mill, whereby increasing the

brake force on the pay-off reel increases the back tension.

2. Flattening

Flattening is elastic deformation of the roll and results in a larger contact length in the roll gap;

therefore, the elastic modulus of the roll should be increased, for example, by making it from

materials with high modulus of elasticity, such as carbides. Roll flattening also can be reduced

by (a) decreasing the reduction per pass and (b) reducing friction at the roll-sheet interface. If

the width-to-thickness ratio is small, the material in the roll bite is less restrained by the frictional

force in the width direction and, as a result, spreading increases. (b) The lower the friction, the
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lower the resistance to relative motion between the rolls and the workpiece and, hence, the

greater the spreading. (c) If the roll radius is large as compared to the strip thickness, there will

be lower frictional resistance in the rolling direction than across it, and thus the material will

flow more in the longitudinal direction, hence spreading will decrease.

The energy for work of deformation in Steckel rolling is supplied by the front tension required to

pull the strip through the roll gap between the idling rolls. The product of tension and exiting

strip velocity is power supplied in rolling. This power is provided by the coil winder or draw

bench. We can model the residual stresses in the strip by three horizontal and parallel springs:

compression spring (top), tension spring (middle), and compression spring (bottom). Note that

the top layer is in compression, and when we remove the top spring, the balance of internal

moment and internal horizontal forces will be disturbed.

The strip will thus distort, in a manner that it will hold water, i.e., like cupping scientistsr hand.

The remaining residual stresses in the strip will rearrange themselves to ensure balancing of the

internal moment and internal horizontal forces.

 There are advantages and disadvantages to each. Rolling at high speed is advantageous in that

production rate is increased, but it has disadvantages as well, including:

 The lubricant film thickness entrained will be larger, which can reduce friction and lead to a slick

mill condition where the rolls slip against the workpiece. This can lead to a damaged surface

finish on the workpiece.

 The thicker lubricant film associated with higher speeds can result in significant oil peel, or

surface roughening.

 Because of the higher speed, chatter may occur, compromising the surface quality or process

viability.
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 There is a limit to speed associated with the motor and power source that drive the rolls. Rolling

at low speed is advantageous because the surface roughness in the workpiece can match that of

the rolls (which can be polished). However, rolling at too low a speed has consequences such as:

 Production rate will be low, and thus the cost per unit weight will be higher.

 Because a thick lubricant film cannot be developed and maintained, there is a danger of

transferring material from the workpiece to the roll (pickup), thus compromising surface finish.

 The workpiece may cool excessively before contacting the rolls. This is because a long billet that

is rolled slowly loses some of its heat to the environment and also through conduction through

the roller conveyor.

Topic : Forging Of Metals

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Process

 Understand the Forging

Definition/Overview:

This topic provides a brief overview of the Forging that occurs in metals. The process of forging

is also explained in the topic.
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Key Points:

1. Process

Forging is a metal forming process used to produce large quantities of identical parts, as in the

manufacture of automobiles, and to improve the mechanical properties of the metal being forged,

as in aerospace parts or military equipment. The design of forged parts is limited when undercuts

or cored sections are required. All cavities must be comparatively straight and largest at the

mouth, so that the forging die may be withdrawn. The products of forging may be tiny or

massive and can be made of steel (automobile axles), brass (water valves), tungsten (rocket

nozzles), aluminum (aircraft structural members), or any other metal. More than two thirds of

forging in the United States is concentrated in four general areas: 30 percent in the aerospace

industry, 20 percent in automotive and truck manufacture, 10 percent in off-highway vehicles,

and 10 percent in military equipment. This process is also used for coining, but with slow

continuous pushes. The forging metal forming process has been practiced since the Bronze Age.

Hammering metal by hand can be dated back over 4000 years ago. The purpose, as it still is

today, was to change the shape and/or properties of metal into useful tools. Steel was hammered

into shape and used mostly for carpentry and farming tools. An ax made easy work of cutting

down trees and metal knives were much more efficient than stone cutting tools. Hunters used

metal-pointed spears and arrows to catch prey. Blacksmiths used a forge and anvil to create

many useful instruments such as horseshoes, nails, wagon tires, and chains. Militaries used

forged weapons to equip their armies, resulting in many territories being won and lost with the

use and strength of these weapons. Today, forging is used to create various and sundry things.

The operation requires no cutting or shearing, and is merely a reshaping operation that does not

change the volume of the material.

2. Forging

Forging changes the size and shape, but not the volume, of a part. The change is made by force

applied to the material so that it stretches beyond the yield point. The force must be strong

enough to make the material deform. It must not be so strong, however, that it destroys the

material. The yield point is reached when the material will reform into a new shape. The point at

which the material would be destroyed is called the fracture point. In forging, a block of metal is
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deformed under impact or pressure to form the desired shape. Cold forging, in which the metal is

not heated, is generally limited to relatively soft metals. Most metals are hot forged; for example,

steel is forged at temperatures between 2,100oF and 2,300oF (1,150oC to 1,260oC). These

temperatures cause deformation, in which the grains of the metal elongate and assume a fibrous

structure of increased strength along the direction of flow. Normally this results in metallurgical

soundness and improved mechanical properties. Strength, toughness, and general durability

depend upon the way the grain is placed. Forgings are somewhat stronger and more ductile along

the grain structure than across it. The feature of greatest importance is that along the grain

structure there is a greater ability to resist shock, wear, and impact than across the grain. Material

properties also depend on the heat-treating process after forging. Slow cooling in air may

normalize workpieces, or they can be quenched in oil and then tempered or reheated to achieve

the desired mechanical properties and to relieve any internal stresses. Good forging practice

makes it possible to control the flow pattern resulting in maximum strength of the material and

the least chances of fatigue failure. These characteristics of forging, as well as fewer flaws and

hidden defects, make it more desirable than some other operations (i.e. casting) for products that

will undergo high stresses.

In forging, the dimensional tolerances that can be held vary based on the size of the workpiece.

The process is capable of producing shapes of 0.5 to >50.0 cm in thickness and 10 to <100 cm in

diameter. The tolerances vary from 1/32 in. for small parts to in. for large forgings. Tolerances of

0.010 in. have been held in some precision forgings, but the cost associated with such precision

is only justified in exceptional cases, such as some aircraft work. Forging is divided into three

main methods: hammer, press, and rolled types.

Topic : Extrusion And Drawing Of Metals

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Extrusion
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 Understand the Process

 Learn about the Hot Extrusion

 Understand the Cold extrusion

 Understand the Warm extrusion

 Learn about the Deep Drawing

Definition/Overview:

Direct extrusion: Direct extrusion, also known as forward extrusion, is the most common

extrusion process. It works by placing the billet in a heavy walled container.

Indirect Extrusion: In indirect extrusion, also known as backwards extrusion, the billet and

container move together while the die is stationary.

Key Points:

1. Extrusion

Extrusion is a process used to create objects of a fixed cross-sectional profile. A material is

pushed or drawn through a die of the desired cross-section. The two main advantages of this

process over other manufacturing processes is its ability to create very complex cross-sections

and work materials that are brittle, because the material only encounters compressive and shear

stresses. It also forms finished parts with an excellent surface finish. Extrusion may be

continuous (theoretically producing indefinitely long material) or semi-continuous (producing

many pieces). The extrusion process can be done with the material hot or cold. Commonly

extruded materials include metals, polymers, ceramics, and foodstuffs. In 1797, Joseph Bramah

patented the first extrusion process for making lead pipe. It involved preheating the metal and

then forcing it through a die via a hand driven plunger. The process wasn't developed until 1820
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when Thomas Burr constructed the first hydraulic powered press. At this time the process was

called squirting. In 1894, Alexander Dick expanded the extrusion process to copper and brass

alloys.

2. Process

The process begins by heating the stock material. It is then loaded into the container in the press.

A dummy block is placed behind it where the ram then presses on the material to push it out of

the die. Afterwards the extrusion is stretched in order to straighten it. If better properties are

required then it may be heat treated or cold worked.

3. Hot Extrusion

Hot extrusion is done at an elevated temperature to keep the material from work hardening and to

make it easier to push the material through the die. Most hot extrusions are done on horizontal

hydraulic presses that range from 250 to 12,000 tons. Pressures range from 30-700 MPa (5,000

to 100,000 psi), therefore lubrication is required, which can be oil or graphite for lower

temperature extrusions, or glass powder for higher temperature extrusions. The biggest

disadvantage of this process is its cost for machinery and its upkeep. While hot extrusion may be

costly in the machinery, the tooling cost is kept low. \you can reuse the same "dies" for as many

operations as needed. Tolerances are easily achievable. Many tolerances for extrusions are in the

range of +-8% to +-10%. An advantage to extrusion molding is that in the end, there is very little

finishing work required. Hot extrusions work best when the material needs to stay soft or

maleable to make it through the die without breaking. Some examples would be glass, candy and

certain types of rubber.

The extrusion process is generally economical when producing between several kilograms

(pounds) and many tons, depending on the material being extruded. There is a crossover point

where rolling becomes more economical. For instance, some steels become more economical to

roll if producing more than 20,000 kg (50,000 lb).
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4. Cold extrusion

Cold extrusion is done at room temperature or near room temperature. The advantages of this

over hot extrusion are the lack of oxidation, higher strength due to cold working, closer

tolerances, good surface finish, and fast extrusion speeds if the material is subject to hot

shortness. Materials that are commonly cold extruded include: lead, tin, aluminum, copper,

zirconium, titanium, molybdenum, beryllium, vanadium, niobium, and steel. Extrusion is a

continuous high volume process thats allows you to accurately control material thickness. Some

advantages to this type of process is a low tooling cost and materials can be cut to any desired

length. Cold extrusion also allows the manufacturer to produce intricate profiles. This process of

extrusion forces the material through a die. Dies can be made from many different types of

material such as brass, copper, and also steel. The type of material often depends on the type of

applications involved in the extrusion process and the amount of production it will experience.

Examples of products produced by this process are: collapsible tubes, fire extinguisher cases,

shock absorber cylinders, automotive pistons, and gear blanks.

5. Warm extrusion

Warm extrusion is done above room temperature, but below the recrystallization temperature of

the material the temperatures ranges from 800 to 1800 F (precisely from 426 to 982C). It is

usually used to achieve the proper balance of required forces, ductility and final extrusion

properties. Warm Extrusion has a number of cost-effective advantages. Compared to cold

extrusion warm extrusion has an higher advantage in reducing the pressure which must be

applied to the material and increases steel ductility.

6. Deep Drawing

Deep drawing is a type of drawing process where the depth of the part being made is more than

half its diameter. Deep drawing is used for making automotive fuel tanks, kitchen sinks, 2 piece

aluminum cans, etc. Deep drawing is generally done in multiple steps called draw reductions.

The greater the depth, the increased reductions required. Deep drawing may also be
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accomplished with fewer reductions by heating the workpiece, used in sink manufacture for

example. In many cases, special material that has been rolled at the steel mill in both directions

can aid in the deep drawing process. Material that has been rolled in both directions has a more

uniform grain structure and is referred to as "draw quality" material. Draw quality material will

often improve deep drawing (limiting tearing).

Topic : Sheet-Metal Forming Processes

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Sheet Metal

 Understand the Gauge

 Learn about the Cutting

 Understand the Press Brake Forming

Definition/Overview:

Spinning: Spinning is used to make axis-symmetric parts by applying a work piece to a rotating

mandrel with the help of rollers or rigid tools. Spinning is used to make rocket motor casings,

missile nose cones, and satellite dishes, for example.

Key Points:

1. Sheet Metal

Sheet metal is simply metal formed into thin and flat pieces. It is one of the fundamental forms

used in metalworking, and can be cut and bent into a variety of different shapes. Countless

everyday objects are constructed of the material. Thicknesses can vary significantly, although
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extremely thin thicknesses are considered foil or leaf, and pieces thicker than 6 mm (0.25 in) are

considered plate. Sheet metal is available as flat pieces or as a coiled strip. The coils are formed

by running a continuous sheet of metal through a roll slitter. The thickness of the sheet metal is

called its gauge. The gauge of sheet metal ranges from 30 gauge to about 8 gauge. The higher the

gauge, the thinner the metal is. There are many different metals that can be made into sheet

metal, such as: Aluminum, brass, copper, steel, tin, nickel and titanium. For decorative uses,

important sheet metals include silver, gold, and platinum. Sheet metal has applications in car

bodies, airplane wings, medical tables, roofs for building and many other things. Historically, an

important use of sheet metal was in plate armor worn by cavalry, and sheet metal continues to

have many decorative uses, including in horse tack.

2. Gauge

The sheet metal gauge (sometimes spelled "gage") indicates the standard thickness of sheet metal

for a specific material. As the gauge number increases, the material thickness decreases. Sheet

metal thickness gauges for steel are based on the weight of steel, allowing more efficient

calculation of the cost of material used. The weight of steel is 41.82 pounds per square foot per

inch of thickness; this is known as the Manufacturers' Standard Gage for Sheet Steel. For other

materials, such as aluminum and brass, the thicknesses will be different.

3. Cutting

Cutting sheet metal can be done in various ways from hand tools called tin snips up to very large

powered shears. With the advances in technology, sheet metal cutting has turned to computers

for precise cutting. Most modern sheet metal cutting operations are now based either on CNC

(Computer numerical control) Lasers cutting or multi-tool CNC punch press. CNC laser involves

moving a lens assembly carrying a beam of laser light over the surface of the metal. Oxygen or

nitrogen or air is fed through the same nozzle from which the laser beam exits. The metal is

heated and then burnt by the laser beam, cutting the metal sheet. The quality of the edge can be

mirror smooth, and a precision of around 0.1mm can be obtained. Cutting speeds on thin

(1.2mm) sheet can be as high as 25m a minute. Most of the laser cutting systems use a CO2

based laser source with a wavelength of around 10um; some more recent systems use a YAG

based laser with a wavelength of around 1um. Punching is performed by moving the sheet of
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metal between the top and bottom tools of a punch. The top tool (punch) mates with the bottom

tool (die), cutting a simple shape (e.g. a square, circle, or hexagon) from the sheet. An area can

be cut out by making several hundred small square cuts around the perimeter. A punch is less

flexible than a laser for cutting compound shapes, but faster for repetitive shapes (for example,

the grille of an air-conditioning unit). A typical CNC punch has a choice of up to 60 tools in a

"turret" that can be rotated to bring any tool to the active punching position. A modern CNC

punch can take 600 blows per minute. A typical component (such as the side of a computer case)

can be cut to high precision from a blank sheet in less than 15 seconds by either a punch or a

laser CNC machine.

4. Press Brake Forming

This is a form of bending, used for long and thin sheet metal parts. The machine that bends the

metal is called a press brake. The lower part of the press contains a V shaped groove. This is

called the die. The upper part of the press contains a punch that will press the sheet metal down

into the v shaped die, causing it to bend. There are several techniques used here, but the most

common modern method is "air bending". Here, the die has a sharper angle than the required

bend (typically 85 degrees for a 90 degree bend) and the upper tool is precisely controlled in its

stroke to push the metal down the required amount to bend it through 90 degrees. Typically, a

general purpose machine has a bending force available of around 25 tonnes per metre of length.

The opening width of the lower die is typically 8 to 10 times the thickness of the metal to be bent

(for example, 5mm material could be bent in a 40mm die) the inner radius of the bend formed in

the metal is determined not by the radius of the upper tool, but by the lower die width. Typically,

the inner radius is equal to 1/6th of the V width used in the forming process. The press usually

has some sort of back gauge to position depth of the bend along the workpiece. The backgauge

can be computer controlled to allow the operator to make a series of bends in a component to a

high degree of accuracy. Simple machines control only the backstop, more advanced machines

control the position and angle of the stop, its height and the position of the two reference pegs

used to locate the material. The machine can also record the exact position and pressure required

for each bending operation to allow the operator to achieve a perfect 90 degree bend across a

variety of operations on the part.
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In Section 3 of this course you will cover these topics:

Processing Of Metal Powders

Processing Of Ceramics, Glass, And Superconductors

Forming And Shaping Plastics And Composite Materials

Rapid-Prototyping Operations

Fundamentals Of Machining

Cutting-Tool Materials And Cutting Fluids

Machining Processes Used To Produce Round Shapes: Turning And Hole Making

Machining Processes Used To Produce Various Shapes: Milling, Broaching, Sawing,

And Filing; Gear Manufacturing

Topic : Processing Of Metal Powders

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Cold Isostatic Pressing

 Understand the Sintering

 Learn about the Hot Isostatic Pressing

Definition/Overview:

Injection moulding: Injection moulding is very widely used to produce precisely shaped plastic

components in complex dies. As injection pressures are low it is possible to manufacture

complex components, even some with internal screw threads, by the use of side cores and split

tools.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

60
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Key Points:

1. Cold Isostatic Pressing

Metal powders are contained in an enclosure e.g. a rubber membrane or a metallic can that is

subjected to isostatic, that is uniform in all directions, external pressure. As the pressure is

isostatic the as-pressed component is of uniform density. Irregularly shaped powder particles

must be used to provide adequate green strength in the as-pressed component. This will then be

sintered in a suitable atmosphere to yield the required product. Normally this technique is only

used for semi-fabricated products such as bars, billets, sheet, and roughly shaped components, all

of which require considerable secondary operations to produce the final, accurately dimensioned

component. Again, at economical working pressures, products are not fully dense and usually

need additional working such as hot extrusion, hot rolling or forging to fully density the material.

2. Sintering

Sintering is the process whereby powder compacts are heated so that adjacent particles fuse

together, thus resulting in a solid article with improved mechanical strength compared to the

powder compact. This fusing of particles results in an increase in the density of the part and

hence the process is sometimes called densification. There are some processes such as hot

isostatic pressing which combine the compaction and sintering processes into a single step. After

compaction the components pass through a sintering furnace. This typically has two heating

zones, the first removes the lubricant, and the second higher temperature zone allows diffusion

and bonding between powder particles. A range of atmospheres, including vacuum, are used to

sinter different materials depending on their chemical compositions. As an example, precise

atmosphere control allows iron/carbon materials to be produced with specific carbon

compositions and mechanical properties. The density of the component can also change during

sintering, depending on the materials and the sintering temperature. These dimensional changes

can be controlled by an understanding and control of the pressing and sintering parameters, and

components can be produced with dimensions that need little or no rectification to meet the
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dimensional tolerances. Note that in many cases all of the powder used is present in the finished

product, scrap losses will only occur when secondary machining operations are necessary.

3. Hot Isostatic Pressing

Powders are usually encapsulated in a metallic container but sometimes in glass. The container is

evacuated, the powder out-gassed to avoid contamination of the materials by any residual gas

during the consolidation stage and sealed-off. It is then heated and subjected to isostatic pressure

sufficient to plastically deform both the container and the powder. The rate of densification of

the powder depends upon the yield strength of the powder at the temperatures and pressures

chosen. At moderate temperature the yield strength of the powder can still be high and require

high pressure to produce densification in an economic time. Typical values might be 1120C and

100 MPa for ferrous alloys. By pressing at very much higher temperatures lower pressures are

required as the yield strength of the material is lower. Using a glass enclosure atmospheric

pressure (15 psi) is used to consolidate bars and larger billets. The technique requires

considerable financial investment as the pressure vessel has to withstand the internal gas pressure

and allow the powder to be heated to high temperatures. As with cold isostatic pressing only

semifinished products are produced, either for subsequent working to smaller sizes, or for

machining to finished dimensions.

Topic : Processing Of Ceramics, Glass, And Superconductors

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Ceramics Processing

 Understand the Chemical Processing
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Definition/Overview:

Self-assembly: "Self-assembly" is the most common term in use in the modern scientific

community to describe the spontaneous aggregation of particles (atoms, molecules, colloids,

micelles, etc.) without the influence of any external forces. Large groups of such particles are

known to assemble themselves into thermodynamically stable, structurally well-defined arrays,

quite reminiscent of one of the 7 crystal systems found in metallurgy and mineralogy (e.g. face-

centered cubic, body-centered cubic, etc.). The fundamental difference in equilibrium structure is

in the spatial scale of the unit cell (or lattice parameter) in each particular case.

Key Points:

Ceramics Processing

Techniques of ceramics processing and materials science engineering include the science of

creating high performance ceramic components from inorganic, non-metallic materials typically

in the form of fine powders. The most common methods utilized are based on the application of

high temperatures. But more recently, wet chemical methodologies have been developed for

obtaining similar microstructures and properties at much lower temperatures. The method

includes the purification and/or chemical symthesis of raw materials, the study and production of

the chemical compounds concerned, their formation into technologically valuable components

and the study of their structural features (on various spatial scales), chemical composition and

physical properties. Traditional ceramic raw materials include the most common chemical

compounds found in the earth's outer crust. These include silica (SiO2), alumina (Al2O3),

magnesia (Mg0), calcia (CaO), and iron oxide (Fe2O3, or rust). Clay minerals composed of

several common oxides which are combined in specific whole number ratios include kaolinite,

boehmite or mullite (silica-alumina composite). Other materials used in the development of

advanced ceramics include silicon carbide (SiC) and silicon nitride (Si3N4), boron carbide

(B4C) and titanium carbide (TiC).
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Ceramic materials typically have a polycrystalline structure, formed by:

 A molten mass that solidifies and crystallizes on cooling.

 A powder compact that sinters and densifies upon the application of heat.

 A colloid, sol or gel which dries and densifies at low temperatures before optional sintering

and pressing at high temperatures.

Alternative methods not based on powders include Chemical Vapor Deposition (CVD), Physical

Vapor Deposition (PVD) and polymer pyrolysis. These techniques are used largely for the

formation and/or application of surface coatings and thin films for altering the surface properties

of bulk ceramic, glass-ceramic, or cermet (ceramic-metal) components and composites.

Chemical Processing

In the processing of fine ceramics, the irregular particle sizes and shapes in a typical powder

often lead to non-uniform packing morphologies that result in packing density variations in the

powder compact. Uncontrolled agglomeration of powders due to attractive van der Waals forces

can also give rise to in microstructural inhomogeneities. (1-2) Differential stresses that develop

as a result of non-uniform drying shrinkage are directly related to the rate at which the solvent

can be removed, and thus highly dependent upon the distribution of porosity. Such stresses have

been associated with a plastic-to-brittle transition in consolidated bodies, (3) and can yield to

crack propagation in the unfired body if not relieved. In addition, any fluctuations in packing

density in the compact as it is prepared for the kiln are often amplified during the sintering

process, yielding inhomogeneous densification. (4) Some pores and other structural defects

associated with density variations have been shown to play a detrimental role in the sintering

process by growing and thus limiting end-point densities. (5) Differential stresses arising from

inhomogeneous densification have also been shown to result in the propagation of internal

cracks, thus becoming the strength-controlling flaws. (6) It would therefore appear desirable to

process a material in such a way that it is physically uniform with regard to the distribution of

components and porosity, rather than using particle size distributions which will maximize the

green density. The containment of a uniformly dispersed assembly of strongly interacting
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particles in suspension requires total control over particle-particle interactions. Monodisperse

colloids provide this potential. (7-8)

Monodisperse powders of colloidal silica, for example, may therefore be stabilized sufficiently to

ensure a high degree of order in the colloidal crystal or polycrystalline colloidal solid which

results from aggregation. The degree of order appears to be limited by the time and space

allowed for longer-range correlations to be established. (9-10) Such defective polycrystalline

colloidal structures would appear to be the basic elements of submicrometre colloidal materials

science, and, therefore, provide the first step in developing a more rigorous understanding of the

mechanisms involved in microstructural evolution in inorganic systems such as polycrystalline

ceramics.

Topic : Forming And Shaping Plastics And Composite Materials

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Extrusion

 Understand the Injection molding

 Learn about the Process

Definition/Overview:

This topic provides a brief overview of the process of forming and shaping the Plastic and

composite materials. Injection molding is also explained in the topic.
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Key Points:

1. Extrusion

Extrusion is a process used to create objects of a fixed cross-sectional profile. A material is

pushed or drawn through a die of the desired cross-section. The two main advantages of this

process over other manufacturing processes is its ability to create very complex cross-sections

and work materials that are brittle, because the material only encounters compressive and shear

stresses. It also forms finished parts with an excellent surface finish. Extrusion may be

continuous (theoretically producing indefinitely long material) or semi-continuous (producing

many pieces). The extrusion process can be done with the material hot or cold. Commonly

extruded materials include metals, polymers, ceramics, and foodstuffs. The process begins by

heating the stock material. It is then loaded into the container in the press. A dummy block is

placed behind it where the ram then presses on the material to push it out of the die. Afterwards

the extrusion is stretched in order to straighten it. If better properties are required then it may be

heat treated or cold worked.

2. Injection molding

Injection molding (British English: moulding) is a manufacturing process for producing parts

from both thermoplastic and thermosetting plastic materials. Material is fed into a heated barrel,

mixed, and forced into a mold cavity where it cools and hardens to the configuration of the mold

cavity. After a product is designed, usually by an industrial designer or an engineer, molds are

made by a moldmaker (or toolmaker) from metal, usually either steel or aluminium, and

precision-machined to form the features of the desired part. Injection molding is widely used for

manufacturing a variety of parts, from the smallest component to entire body panels of cars.

Injection molding is used to create many things such as milk cartons, containers, bottle caps,

automotive dashboards, pocket combs, and most other plastic products available today. Injection

molding is the most common method of part manufacturing. It is ideal for producing high

volumes of the same object. Some advantages of injection molding are high production rates,

high tolerances are repeatable, wide range of materials can be used, low labour cost, minimal

scrap losses, and little need to finish parts after molding. Some disadvantages of this process are
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expensive equipment investment, running costs may be high, and parts must be designed with

molding consideration.

3. Process

With Injection Molding, granular plastic is fed by gravity from a hopper into a heated barrel. As

the granules are slowly moved forward by a screw-type plunger, the plastic is forced into a

heated chamber, where it is melted. As the plunger advances, the melted plastic is forced through

a nozzle that rests against the mold, allowing it to enter the mold cavity through a gate and

runner system. The mold remains cold so the plastic solidifies almost as soon as the mold is

filled.

Topic : Rapid-Prototyping Operations

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Rapid Prototyping

 Understand the Overview

Definition/Overview:

Manufacturing: Manufacturing is the use of machines, tools and labor to make things for use or

sale. The term may refer to a range of human activity, from handicraft to high tech, but is most

commonly applied to industrial production, in which raw materials are transformed into finished

goods on a large scale. Such finished goods may be used for manufacturing other, more complex

products, such as household appliances or automobiles, or sold to wholesalers, who in turn sell

them to retailers, who then sell them to end users - the "consumers".
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Key Points:

1. Rapid Prototyping

Rapid prototyping is the automatic construction of physical objects using solid freeform

fabrication. The first techniques for rapid prototyping became available in the late 1980s and

were used to produce models and prototype parts. Today, they are used for a much wider range

of applications and are even used to manufacture production quality parts in relatively small

numbers. Some sculptors use the technology to produce complex shapes for fine arts exhibitions.

Rapid prototyping takes virtual designs from computer aided design (CAD) or animation

modeling software, transforms them into thin, virtual, horizontal cross-sections and then creates

each cross-section in physical space, one after the next until the model is finished. It is a

WYSIWYG process where the virtual model and the physical model correspond almost

identically. With additive fabrication, the machine reads in data from a CAD drawing and lays

down successive layers of liquid, powder, or sheet material, and in this way builds up the model

from a series of cross sections. These layers, which correspond to the virtual cross section from

the CAD model, are joined together or fused automatically to create the final shape. The primary

advantage to additive fabrication is its ability to create almost any shape or geometric feature.

The standard data interface between CAD software and the machines is the STL file format. An

STL file approximates the shape of a part or assembly using triangular facets. Smaller facets

produce a higher quality surface. The word "rapid" is relative: construction of a model with

contemporary methods can take from several hours to several days, depending on the method

used and the size and complexity of the model. Additive systems for rapid prototyping can

typically produce models in a few hours, although it can vary widely depending on the type of

machine being used and the size and number of models being produced simultaneously. Some

solid freeform fabrication techniques use two materials in the course of constructing parts. The

first material is the part material and the second is the support material (to support overhanging

features during construction). The support material is later removed by heat or dissolved away

with a solvent or water. Traditional injection molding can be less expensive for manufacturing

polymer products in high quantities, but additive fabrication can be faster and less expensive
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when producing relatively small quantities of parts. Rapid prototyping is now entering the field

of rapid manufacturing and it is believed by many experts that this is a "next level" technology.

2. Overview

In fused-deposition modeling the coffee cup would be prototyped in the same orientation as

when it holds coffee; this orientation is selected to minimize the volume of support material and

structures needed. In laminated-object manufacturing the coffee cup would be placed on its side

to minimize the numbers of layers since a support material is always produced. Note, however,

that parts are often fit into a workspace containing many parts, so these options may not always

be followed. There are a number of options. Depending on the polymer to be injection molded,

the tooling could be made by (a) producing a polymer tool in a rapid-prototyping operation,

suitable for injection molding. (Note that injection molding can take place in polymer molds, but

the cool time is longer and the mold life is lower than if aluminum or copper alloys are used for

the mold.) (b) A pattern is produced from a soft polymer or wax. The pattern is placed on a tree

and investment casting from a castable alloy (such as high-silicon aluminum or cast brasses). (c)

A polymer model of a pattern plate is produced, from which one can make a sand mold for sand

casting (d) machining a block of copper or aluminum in a CNC milling machine

For direct production of ceramic parts, three-dimensional printing is likely the best option. With

the proper binder, this can also be accomplished by fused-deposition modeling, and is also

possible by selective laser sintering. However, the ceramic particles will abrade the tooling in

FDM and require much heat to fuse in SLS. The 3D printing approach, where a binder is sprayed

onto the ceramic particles, is the best approach for making green parts, which are then fired in a

furnace to fuse the powder. The two main reasons why so few parts are produced by rapid-

prototyping operations are production cost and production time. Note that the materials used in

rapid prototyping are very expensive; also, although they can be produced quickly as compared

to conventional forming operations (and machining unless very expensive CNC equipment is

used) mass production is not realistic. There is a quip that the production of a first forging takes
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six months and a million dollars, but the second forging is then almost free and takes only

seconds for manufacture.

With rapid prototyping, the first part takes a few hours. The second part takes a few hours, and

so on, with no economies of scale. These processes are ideally suited for making single examples

of products, but are not intended for mass production. The methods that can be used to produce

metal parts are:

 Selective laser sintering can be used to produce metal parts, as described. The powder metal part

may then be infiltrated by a lower-melting-point metal to enhance its properties.

 Three-dimensional printing can be another method, using metal powders, followed by furnace

sintering and infiltration if desired.

 Fused-deposition modeling and stereolithography also can be used to produce polymer blanks or

patterns for casting operations such as sand or investment casting. In this case, the parts are not

produced directly from the rapid prototyping operation, but the patterns or blanks are, which

allows much smaller lead times than conventional investment or sand casting.

 Similarly, three-dimensional printing can be performed with sand particles to produce a sand

mold for sand or investment casting.

 All of the polymer-based processes in this topic can be used to also produce polymer molds for

metal injection molding to make complex powder-metal parts.

Most rapid-prototyping processes do not produce good surface finish and quality, hence

additional finishing is sometimes desired. Also, in stereolithography, for example, polymer

liquid residue is left on the parts, and in FDM whiskers and burrs may be developed on surfaces.

Furthermore, it may be desirable to paint or decorate the parts. The filament outline suggests that

the material was produced in fused-deposition modeling. This process requires adjacent layers to

fuse after being extruded. Extrusion and bonding is obviously possible with thermoplastics but

very difficult for a thermoset. Additive manufacturing is a subset of rapid prototyping and refers

to parts that are produced through the addition of material, as opposed to subtraction of material.

It includes such processes as stereolithography, fused-deposition modeling, solid ground curing
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and three-dimensional printing. There are rapid-prototyping operations that do not involve

additive manufacturing, such as CNC machining and virtual prototyping.

Topic : Fundamentals Of Machining

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Machining

 Understand the Operations

 Learn about the Machining Technology

Definition/Overview:

Drilling: The process of drilling is used to create a round hole. It is accomplished by a rotating

tool that is typically has two cutting edges. The tool is fed in a direction parallel to its axis of

rotation into the workpart to form the round hole.

Key Points:

1. Machining

Conventional machining, one of the most important material removal methods, is a collection of

material-working processes in which power-driven machine tools, such as lathes, milling

machines, and drill presses are used with a sharp cutting tool to mechanically cut the material to

achieve the desired geometry. Machining is a part of the manufacture of almost all metal

products. It is not uncommon for other materials to be machined. A person who specializes in
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machining is called a machinist. Machining is also a hobby. A room, building, or company

where machining is done is called a machine shop.

2. Operations

The three principal machining processes are classified as turning, drilling and milling. Other

operations falling into miscellaneous categories include shaping, planing, boring, broaching and

sawing. Turning operations are operations that rotate the workpiece as the primary method of

moving metal against the cutting tool. Lathes are the principal machine tool used in turning.

Milling operations are operations in which the cutting tool rotates to bring cutting edges to bear

against the workpiece. Milling machines are the principal machine tool used in milling. Drilling

operations are operations in which holes are produced or refined by bringing a rotating cutter

with cutting edges at the lower extremity into contact with the workpiece. Drilling operations are

done primarily in drill presses but not uncommonly on lathes or mills. Miscellaneous operations

are operations that strictly speaking may not be machining operations in that they may not be

chip producing operations but these operations are performed at a typical machine tool.

Burnishing is an example of a miscellaneous operation. Burnishing produces no chips but can be

performed at a lathe, mill, or drill press.

An unfinished workpiece requiring machining will need to have some material cut away to create

a finished product. A finished product would be a workpiece that meets the specifications set out

for that workpiece by engineering drawings or blueprints. For example, a workpiece may be

required to have a specific outside diameter. A lathe is a machine tool that can be used to create

that diameter by rotating a metal workpiece, so that a cutting tool can cut metal away, creating a

smooth, round surface matching the required diameter and surface finish. A drill can be used to

remove metal in the shape of a cylindrical hole. Other tools that may be used for various types of

metal removal are milling machines, saws, and grinding tools. Many of these same techniques

are used in woodworking. More recent, advanced machining techniques include electrical

discharge machining (EDM), electro-chemical erosion, laser, or water jet cutting to shape metal

workpieces. As a commercial venture, machining is generally performed in a machine shop,
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which consists of one or more workrooms containing major machine tools. Although a machine

shop can be a stand alone operation, many businesses maintain internal machine shops which

support specialized needs of the business. Machining requires attention to many details for a

workpiece to meet the specifications set out in the engineering drawings or blueprints. Beside the

obvious problems related to correct dimensions, there is the problem of achieving the correct

finish or surface smoothness on the workpiece. The inferior finish found on the machined surface

of a workpiece may be caused by incorrect clamping, dull tool, or inappropriate presentation of a

tool. Frequently, this poor surface finish, known as chatter, is evident by an undulating or

irregular finish, and the appearance of waves on the machined surfaces of the workpiece.

3. Machining Technology

Machining is not just one process; it is a group of processes. The common feature is the use of a

cutting tool to form a chip that is removed from the workpart, called swarf. To perform the

operation, relative motion is required between the tool and work. This relative motion is

achieved in most machining operation by means of a primary motion, called cutting speed and a

secondary motion called feed. The shape of the tool and its penetration into the work surface,

combined with these motions, produce the desired shape of the resulting work surface.

Topic : Cutting-Tool Materials And Cutting Fluids

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Cutting Tool

 Understand the Cutting Conditions
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Definition/Overview:

Cutting Fluid: A cutting fluid is often applied to the machining operation to cool and lubricate

the cutting tool. Determining whether a cutting fluid should be used, and if so, choosing the

proper cutting fluid, is usually included within the scope of cutting condition.

Key Points:

1. Cutting Tool

A cutting tool has one or more sharp cutting edges and is made of a material that is harder than

the work material. The cutting edge serves to separate chip from the parent work material.

Connected to the cutting edge are the two surfaces of the tool, the rake face and the flank. The

rake face which directs the flow of newly formed chip, is oriented at a certain angle is called the

rake angle "α". It is measured relative to the plane perpendicular to the work surface. The rake

angle can be positive or negative. The flank of the tool provides a clearance between the tool and

the newly formed work surface, thus protecting the surface from abrasion, which would degrade

the finish. This angle between the work surface and the flank surface is called the relief angle.

There are two basic types of cutting tools

 Single point tool; and

 Multiple-cutting-edge tool.

A single point tool has one cutting edge and is used for turning. During machining, the point

penetrates below the original work surface of the workpart. The point is usually rounded to a

certain radius, called the nose radius. Multiple-cutting-edge tools have more than one cutting

edge and usually achieve their motion relative to the workpart by rotating. Drilling and milling

uses rotating multiple-cutting-edge tools. Although the shapes of these tools are different from a

single-point tool, many elements of tool geometry are similar.
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2.Cutting Conditions

Relative motion is required between the tool and work to perform a machining operation. The

primary motion is accomplished at a certain cutting speed. In addition, the tool must be moved

laterally across the work. This is a much slower motion, called the feed. The remaining

dimension of the cut is the penetration of the cutting tool below the original work surface, called

the depth of cut. Collectively, speed, feed, and depth of cut are called the cutting conditions.

They form the three dimensions of the machining process, and for certain operations, their

product can be used to obtain the material removal rate for the process

Machining operations usually divide into two categories, distinguished by purpose and cutting

conditions. One is called Roughing cuts, and other is finishing cuts. Roughing cuts are used to

remove large amount of material from the starting workpart as rapidly as possible, in order to

produce a shape close to the desired form, but leaving some material on the piece for a

subsequent finishing operation. Finishing cuts are used to complete the part and achieve the final

dimension, tolerances, and surface finish. In production machining jobs, one or more roughing

cuts are usually performed on the work, followed by one or two finishing cuts.

2. Cutting Fluids

Cutting fluids are various fluids that are used in machining to cool and lubricate the cutting tool.

There are various kinds of cutting fluids, which include oils, oil-water emulsions, pastes, gels,

and mists. They may be made from petroleum distillates, animal fats, plant oils, or other raw

ingredients. Depending on context and on which type of cutting fluid is being considered, it may

be referred to as cutting fluid, cutting oil, cutting compound, coolant, or lubricant. Every kind of

machining (e.g., turning, boring, drilling, milling, broaching, grinding, sawing, shaping, planing,

reaming, tapping) can potentially benefit from one kind of cutting fluid or another, depending on

workpiece material. (Cast iron and brass are usually machined dry. Interrupted cuts such as

milling with carbide cutters are usually recommended to be used dry due to damage to the cutters

caused by thermoshock.)
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Topic : Machining Processes Used To Produce Round Shapes: Turning And Hole Making

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Machining

 Understand the Machining Processes Used to Produce Round Shapes

 Learn about the Drilling

 Understand the Hole Making

Definition/Overview:

Center drilling: The purpose of center drilling is to drill a hole smaller than the desired hole that

will act as a guide for drilling the final hole.

Trepanning: Trepanning is commonly used for creating larger diameter holes (up to 915 mm or

36 in) where a standard drill bit is not feasible or economical.

Key Points:

1. Machining

All machining processes remove material to form shapes. As metals are still the most widely

used materials in manufacturing, machining processes are usually used for metals. However,

machining can also be used to shape plastics and other materials which are becoming more

widespread. Basically all the different forms of machining involve removing material from a

component using a rotating cutter. The differences between the various types arise from the

relative motion between cutting tool and workpiece and the type of cutting tool used. Typically

machining will be done using a machine tool. This tool holds the workpiece and the rotating

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

76
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



cutting tool and allows relative movement between the two. Usually machine tools are dedicated

to one type of machining operation, although some more flexible tools allow more than one type

of machining to be performed. The machine tool can either be under manual or automatic

(Computer Numeric Control - CNC) control. Automatic control is more expensive because of the

need to invest in the necessary control mechanisms however it becomes more desirable as the

number of components produced increases and labour costs can be reduced. The speed at which

a machine tool can process individual components is a function of the cutting speed of the tool

and the downtime involved in changing the workpiece and maintaining the tool (this will usually

involve changing the cutting edges of the tool). Some very flexible tools allow automatic

changing of components and cutting tools, however they greatly add to initial purchase price of

the machine tool. The cutting speed of the tool is usually dictated by the type of material being

machined, in general the harder the material, the slower the machining time. Machining speed

can be increased by increasing the rotational speed of the cutter; however this will be at the

expense of the tool life. Hence for machining processes there is an optimum cutting speed that

balances tooling costs with cutting speed. In order to dissipate the heat generated between the

workpiece and the cutting tool, cutting fluids are sprayed onto the tool. The cutting fluid also acts

to remove cut material away from the cutting region and lubricates the tool - workpiece interface

but may require that the component is cleaned afterwards.

2. Machining Processes Used to Produce Round Shapes

The three principal machining processes are classified as turning, drilling and milling. Other

operations falling into miscellaneous categories include shaping, planing, boring, broaching and

sawing. Turning operations are operations that rotate the workpiece as the primary method of

moving metal against the cutting tool. Lathes are the principal machine tool used in turning.

Milling operations are operations in which the cutting tool rotates to bring cutting edges to bear

against the workpiece. Milling machines are the principal machine tool used in milling. Drilling

operations are operations in which holes are produced or refined by bringing a rotating cutter

with cutting edges at the lower extremity into contact with the workpiece. Drilling operations are

done primarily in drill presses but not uncommonly on lathes or mills. Miscellaneous operations

are operations that strictly speaking may not be machining operations in that they may not be
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chip producing operations but these operations are performed at a typical machine tool.

Burnishing is an example of a miscellaneous operation. Burnishing produces no chips but can be

performed at a lathe, mill, or drill press. An unfinished workpiece requiring machining will need

to have some material cut away to create a finished product. A finished product would be a

workpiece that meets the specifications set out for that workpiece by engineering drawings or

blueprints. For example, a workpiece may be required to have a specific outside diameter. A

lathe is a machine tool that can be used to create that diameter by rotating a metal workpiece, so

that a cutting tool can cut metal away, creating a smooth, round surface matching the required

diameter and surface finish. A drill can be used to remove metal in the shape of a cylindrical

hole. Other tools that may be used for various types of metal removal are milling machines,

saws, and grinding tools. Many of these same techniques are used in woodworking.

More recent, advanced machining techniques include electrical discharge machining (EDM),

electro-chemical erosion, laser, or water jet cutting to shape metal workpieces. As a commercial

venture, machining is generally performed in a machine shop, which consists of one or more

workrooms containing major machine tools. Although a machine shop can be a stand alone

operation, many businesses maintain internal machine shops which support specialized needs of

the business. Machining requires attention to many details for a workpiece to meet the

specifications set out in the engineering drawings or blueprints. Beside the obvious problems

related to correct dimensions, there is the problem of achieving the correct finish or surface

smoothness on the workpiece. The inferior finish found on the machined surface of a workpiece

may be caused by incorrect clamping, dull tool, or inappropriate presentation of a tool.

Frequently, this poor surface finish, known as chatter, is evident by an undulating or irregular

finish, and the appearance of waves on the machined surfaces of the workpiece.

3. Drilling

Drilling is used to create a round hole. It is accomplished by a rotating tool that is typically has

two cutting edges. The tool is fed in a direction parallel to its axis of rotation into the workpart to

form the round hole. Drilling is the cutting process of using a drill bit in a drill to cut or enlarge
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holes in solid materials, such as wood or metal. Different tools and methods are used for drilling

depending on the type of material, the size of the hole, the number of holes, and the time to

complete the operation. Drilling is a cutting process in which a hole is originated or enlarged by

means of a multipoint, fluted, end cutting tool. As the drill is rotated and advanced into the

workpiece, material is removed in the form of chips that move along the fluted shank of the drill.

One study showed that drilling accounts for nearly 90% of all chips produced. Drilling involves

relative axial and rotations between the drill and the workpiece. Usually, the drill rotates and

proceeds into the workpiece, but sometimes the opposite is true. Chips are removed by following

along grooves of flutes in the drill. Although long spiral chips usually result from drilling,

adjustment of the feed rate can result in chips with a range of many different shapes and sizes.

Material of workpiece can also change the range of different chip shapes and sizes.

4. Hole Making

Hole making is one of the most important machining operations in the manufacturing process.

Drilling is a multi-point cutting process. Holes serve a variety of functions including but not

limited to: fasteners for assembly, weight reduction, ventilation, access to other parts, or simply

for aesthetics. Reducing the weight of the object results in chips and burrs (at the entrance and

exit of the hole). The process of drilling requires either the drill piece or the object being drilled

to be rotated. Drilling can either create a new hole or enlarge an existing one. Hole making or

drilling is used in the production of almost any part conceivable and those that aren't drilled are

made with machines that have been drilled. On most workpieces it is vitally important that the

hole be drilled precisely in reference to the x, y, z-axes. When possible, drilled holes should be

located perpendicular to the workpiece surface. This is due to the large length-to-diameter ratio

which causes the drill bit to be easily deflected which can cause the hole to be misplaced, or the

drill bit to break or fatigue. Because there are so many types of production operations that

involve making a variety of holes in countless different materials, there are many methods for

hole making.
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Topic : Machining Processes Used To Produce Various Shapes: Milling, Broaching,
Sawing, And Filing; Gear Manufacturing

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Milling Machine

 Learn about the Understand the Broaching

 Learn about the Sawing

 Understand the Filing

 Understand the Gear Manufacturing

Definition/Overview:

The topic provides a general overview of the milling machine. The topic explains how the

milling machine works. The topic also explains the Broaching, Sawing and Filing process.

Key Points:

1. Milling Machine

A milling machine is a machine tool used for the shaping of metal and other solid materials. Its

basic form is that of a rotating cutter which rotates about the spindle axis (similar to a drill), and

a table to which the workpiece is affixed. In contrast to drilling, where the drill is moved

exclusively along its axis, the milling operation involves movement of the rotating cutter

sideways as well as 'in and out'. The cutter and workpiece move relative to each other, generating

a toolpath along which material is removed. The movement is precisely controlled, usually with

slides and leadscrews or analogous technology. Often the movement is achieved by moving the

table while the cutter rotates in one place, but regardless of how the parts of the machine slide;

the result that matters is the relative motion between cutter and workpiece. Milling machines
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may be manually operated, mechanically automated, or digitally automated via computer

numerical control (CNC). Milling machines can perform a vast number of operations, some of

them with quite complex toolpaths, such as slot cutting, planing, drilling, diesinking, rebating,

routing, etc. Cutting fluid is often pumped to the cutting site to cool and lubricate the cut, and to

sluice away the resulting swarf.

2. Broaching

Broaching is a machining operation which uses a toothed tool called a broach to remove

material. A broach is designed so that each successive tooth cuts deeper and deeper allowing a

rough and finished cut to be made in a single pass. Broaching can remove material from either

the inside or outside of the workpiece depending on the position of the machine. Broaching

machines usually push or pull the broaches and are either horizontal or vertical. Broaching can

produce parts with both a good surface finish and dimensional accuracy. Even though broaches

can be expensive, broaching is usually favorable to other processes when used for high-quantity

production runs.

3. Sawing

A saw is a tool that uses a hard blade or wire with an abrasive edge to cut through softer

materials. The cutting edge of a saw is either a serrated blade or an abrasive. A saw may be

worked by hand, or powered by steam, water, electric or other power. In a modern serrated saw,

each tooth is bent to a precise angle called its "set". The set of the teeth is determined by the kind

of cut the saw is intended to make. For example, a "rip saw" has a tooth set that is similar to the

angle used on a chisel. The idea is to have the teeth rip or tear the material apart. Some teeth are

usually splayed slightly to each side the blade, so that the cut width (kerf) is wider than the blade

itself and the blade does not bind in the cut. The kerf of the blade is adjusted with a tool called a

saw tooth setter. An abrasive saw uses an abrasive disc or band for cutting, rather than a serrated

blade.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

81
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Broaching has certain advantages such as capability to remove material at high volume rates in

one setup and with good surface finish of the product. Turn broaching is the term used for

broaching the bearing surfaces of crankshafts and similar parts and is an efficient process

because multiple broaches can be used and thus production rate is high. Typical design

guidelines have been discussed in this topic for a number of machines. For example, it is

suggested that standard milling cutters be used and costly special cutters be avoided; this is

reasonable because many CNC milling machines have automatic tool changers and can rapidly

exchange tools. The guidelines that workpieces be rigid to resist deflection from clamping forces

and cutting forces are intended to maximize the accuracy of the milling operation. For planing, it

is suggested that the operation be designed so that all sides of the workpiece can be machined

without having to reposition and reclamp the workpiece. This is important to minimize downtime

while parts are being repositioned. Other guidelines have similar practical

explanations. Hacksaws and band saws both have teeth oriented to remove chips when the saw

moves across a workpiece; however, a band saw has continuous motion, whereas a hacksaw

reciprocates. About half of the time, the hacksaw is not producing any chips, and thus it is not as

productive. The milling machine utilizes a rotating cutter with multiple teeth to perform the

slitting operation, cutting the material across a small width. Because the cutters are rigid and the

process is well controlled, good dimensional accuracy is obtained. The blades in sawing are

thinner, hence thin cuts are possible. However, the blade has more flexibility (not only because it

is thin but it is also long) and hence control of dimensions can be difficult. It should be noted that

are several types of saws and that circular saws have been developed which produce good

dimensional accuracy and thickness control. Machined gears may be subjected to finishing

operations for a number of reasons. Since gears are expected to have long lives and, therefore,

operate in the high-cycle fatigue range, surface finish is very important. Better surface finish can

be obtained by various finishing operations, including inducing surface compressive residual

stresses to improve fatigue life. Also, errors in gear-tooth form are corrected, resulting in smaller

clearances and tighter fits, and therefore less play and noise in a gear train. Broaching is very

attractive for producing various external and internal geometric features; it is a high-rate

production process and can be highly automated. Although the broach width is generally limited,

typically a number of passes are taken to remove material, such as on the top surface of engine
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blocks. Producing notches, slots, or keyways are common applications where broaching is very

useful.

4. Filing

Filing is also a hobby. It is a technique to fill the gap with certain material.

5. Gear Manufacturing

Gear manufacturing refers to the making of gears. The majority of gears are composed of carbon

and low-alloy steels, including carburised steels. Among the carburised steels used in gears are

1018, 1524, 4026, 4118, 4320, 4620, 4820, 8620 and 9310. The intended gear use will dictate the

material used in its creation. For example gears to be used in food processing are made of

stainless steels or nickel-base alloys because of their corrosion resistance.

In Section 4 of this course you will cover these topics:

Machining Centers, Advanced Machining Concepts And Structures, And Machining

Economic

Abrasive Machining And Finishing Operations

Advanced Machining Processes

Fabrication Of Microelectronic Devices

Fabrication Of Microelectromechanical Devices And Systems (Mems)

Fusion-Welding Processes

Solid-State Welding Processes

Brazing, Soldering, Adhesive Bonding, And Mechanical-Fastening Processes

Topic : Machining Centers, Advanced Machining Concepts And Structures, And
Machining Economic
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Topic Objective:

At the end of this topic student would be able to:

 Learn about the Machining Centers

 Understand the Advanced Machining Concepts and Structures, and Machining Economic

Definition/Overview:

The topic provides an overview about the concept of machining centers. The topic also explains

the advance machining concept and machining economics.

Key Points:

1. Machining Centers

Machining centers, as a manufacturing concept, serve two purposes: (a) save time by rapid tool

changes and eliminating part handling and mounting in between processes, and (b) rapid

changeover for new production runs. The text gives the example of automobile engine blocks

which require drilling, boring, tapping, etc., to be performed. Normally, much time would be

spent transferring and handling the workpiece between different machine tools. Machining

centers eliminate or reduce the need for part handling and, consequently, reduce manufacturing

time and costs. Also, a variety of parts can be produced in small lots. Spindle speeds vary over

a wide range for a number of reasons; the most obvious is the optimization of cutting time. A

small drill, for example, is operated at higher spindle speeds than for larger drills to obtain the

same surface cutting speed. Since the speed of the cutting operation is important (because

different workpiece materials require different cutting speeds for optimum tool life and surface

finish) spindles must therefore be capable of operating in a wide range of rotational speeds. High

stiffness in machine tools results in lowering the dynamic force/excitation ratios, thus it is

important in reducing, or at least controlling, chatter. Also, stiffness is important to minimize

tool deflections during machining. By minimizing deflections, one can improve dimensional

accuracy and reduce dimensional tolerances. Stiffness typically can be improved by using

materials with high elastic modulus, optimizing the section moduli of components, and by
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improving the type of joints and sliding machine elements. Machining centers can easily perform

operations which involve a rotating tool (milling, drilling, tapping, and honing) and not the

workpiece (other than during indexing or positioning). Consequently, it would be difficult to

perform operations such as turning, broaching, sawing, or grinding on a machining center. The

scientists are encouraged to investigate further the machining processes in the two topics for their

suitability for machining centers. Touch probes can have different levels of sophistication. The

simplest probes are basically limit switches that detect the presence or absence of an object;

these can be used to make sure, for example, that a cutting tool is in place, that is, that it hasnt

broken. The same simple limit switch concept can be used with a properly positioned probe or

probes to also check dimensions or the presence or absence of a workpiece. More elaborate

probes measure dimensions. These probes are typically resistance or capacitance-based; the

farther the probe is depressed, the larger the changes in resistance or capacitance. This signal is

then used by the controlling hardware and software to make appropriate compensations. The

scientists may further investigate such probes as a project. The control of cutting-fluid

temperature is very important in operations where high dimensional accuracy is essential.

2. Advanced Machining Concepts and Structures, and Machining Economic

Advanced Machining is not just one process; it is a group of processes. As expected, the fluid

heats up during its service throughout the day (due to the energy dissipated during machining),

its temperature begins to rise. This, in turn, raises the temperature of the workpiece and fixtures,

and adversely affects dimensional accuracy. Temperature-control units are available for

maintaining a constant temperature in cutting-fluid systems. The adverse effects of chatter and

are summarized briefly below:

 Poor surface finish

 Loss of dimensional accuracy of the workpiece

 Premature tool wear, chipping, and failure, a critical consideration with brittle tool materials,

such as ceramics, some carbides, and diamond

 Possible damage to the machine-tool components from excessive vibration and chatter
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Objectionable noise, particularly if it is of high frequency, such as the squeal heard when turning

brass on a lathe with a less rigid setup. There are few workpieces that cannot be produced on

machining centers, as by their nature they are very flexible. Some of the acceptable answers

would be:

 Workpieces that are required in much higher quantities than can be performed economically on

machining centers

 Parts that are too large for the machining-center workspace, such as large forging or castings

 Parts that need specialized machines, such as rifling of gun barrels.

The advantages of cast machine-tool frames are that it is easy and relatively inexpensive to

produce complex and large structures. Gray irons have high internal damping capacity. Because

of lower elastic modulus, these structures have relatively low stiffness compared to welded-steel

frames; however, using larger cross-sections will greatly improve this situation (as is the

common practice). Also, the very limited ductility and toughness of cast irons may make them

unsuitable for high impact situations.

Topic : Abrasive Machining And Finishing Operations

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Abrasive Machining

 Understand the
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Definition/Overview:

Product: In marketing, a product is anything that can be offered to a market that might satisfy a

want or need. In retailing, products are called merchandise. In manufacturing, products are

purchased as raw materials and sold as finished goods.

Concept: A concept is typically associated with a corresponding representation in a language or

symbology such as a word.

Structure: An architectural structure is a free-standing, immobile outdoor construction. The

structure may be permanent. Typical examples include buildings and nonbuilding structures such

as bridges, dams, electricity pylons, and radio masts.

Key Points:

1. Abrasive Machining

Abrasive Machining is a manufacturing process where material is removed from a workpiece

using a multitude of small abrasive particles. Common examples include grinding, honing, and

polishing. Abrasive processes are usually expensive, but capable of tighter tolerances and better

surface finish than other manufacturing processes. Abrasive machining works by forcing the

abrasive particles, or grains, into the surface of the workpiece so that each particle cuts away a

small bit of material. Abrasive machining is similar to conventional machining, such as milling

or turning, because each of the abrasive particles acts like a miniature cutting tool. However,

unlike conventional machining the grains are much smaller than a cutting tool, and the geometry

and orientation of individual grains are not well defined. As a result, abrasive machining is less

power efficient and generates more heat. Abrasive machining processes can be divided into two

categories based on how the grains are applied to the workpiece. In bonded abrasive processes,

the particles are held together within a matrix, and their combined shape determines the
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geometry of the finished workpiece. For example, in grinding the particles are bonded together in

a wheel. As the grinding wheel is fed into the part, its shape is transferred onto the workpiece. In

loose abrasive processes, there is no structure connecting the grains. They may be applied

without lubrication as dry powder, or they may be mixed with a lubricant to form a slurry. Since

the grains can move independently, they must be forced into the workpiece with another object

like a polishing cloth or a lapping plate.

2. Finishing

Finishing is the procedure that some single malt Scotch whisky undergoes whereby the spirit is

matured in a cask of a particular origin and then spends time in a cask of different origin.

Typically, the first cask is an American oak cask formerly used to mature bourbon. The second

cask is usually one that has been used to mature some sort of fortified wine, often sherry, though

sometimes port, Madeira, or even standard wines such as burgundy or chardonnay. Finishing is

the process of creating a smooth and shiny surface by rubbing it or using a chemical action,

leaving a surface with significant specular reflection and minimal diffuse reflection. When the

surface is magnified thousands of times, it usually looks like mountains and valleys. By repeated

abrasion, those "mountains" are worn down until they are flat or just small "hills." The process of

finishing and polishing starts with rough abrasives gradually moving to fine ones.

Topic : Advanced Machining Processes

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Hybrid Machining Process

 Understand the Technological Improvement
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Definition/Overview:

Machining: Machining is not just one process; it is a group of processes.

Key Points:

1. Hybrid Machining Process

Todays manufacturing industry is facing challenges from advanced difficult-to-machine

materials (tough super alloys, ceramics, and composites), stringent design requirements (high

precision, complex shapes, and high surface quality), and machining costs. Advanced materials

play an increasingly important role in modern manufacturing industries, especially, in aircraft,

automobile, tool, die and mold making industries. The greatly-improved thermal, chemical, and

mechanical properties of the material (such as improved strength, heat resistance, wear

resistance, and corrosion resistance), while having yielded enormous economic benefits to

manufacturing industries through improved product performance and product design, are making

traditional machining processes unable to machine them or unable to machine them

economically. This is because traditional machining is most often based on removing material

using tools harder than the workpieces. For example, polycrystalline diamond (PCD), which is

almost as hard as natural diamond, cannot be effectively machined by traditional machining

process. One of the most commonly used conventional techniques is diamond grinding. In order

to remove the material from a PCD blank, the diamond layer of the grinding wheel must be

renewed by truing or dressing operations resulting in rapid wear of the wheel, because the G-

ratio (ratio of workpiece volume removal rate to grinding wheel volume wear rate) is 0.005 to

0.02. Thus, the grinding wheel wear rate is 50 to 200 times higher than the workpiece removal

rate. Hence, classical grinding is suitable only to a limited extent for production of PCD profile

tools. The high costs associated with machining ceramics and composites, and damage generated

during machining are major impediments to the implementation of these materials. For example,

the costs of machining structural ceramics (such as silicon nitride) often exceed 50% of the total

production costs in the engine industry. In some cases, current machining methods cannot be

used and innovative techniques or modifications of existing methods are needed. In addition to
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the advanced materials, stringent design requirements also pose major problems in

manufacturing industry. More and more complex shapes (such as an aerofoil section of a turbine

blade, complex cavities in dies and molds, non-circular, small, and curved holes), low rigidity

structure, and micromechanical components with tight tolerances and fine surface quality are

often needed. Traditional machining is often ineffective in machining these parts. To meet these

challenges, new processes need to be developed.

2. Technological Improvement

The technological improvement of machining processes can be achieved by combining different

physicochemical action on the material being treated. In particular a mechanical action, which is

used in conventional material removal processes can be combined with respective interactions

applied in unconventional manufacturing processes such as electrical discharge machining

(EDM), electrochemical machining (ECM), and laser beam machining (LBM). The reasons for

developing a hybrid machining process (HMP) are to make use of the combined or mutually

enhanced advantages, and to avoid or reduce some adverse effects the constituent processes

produce when they are individually applied. Although a few of them have shown to be very

effective in machining new and advanced materials and manufacturing of machine parts and

tools, the research effort in HMPs has been inadequate. More importantly, adequate theory and

methodology to guide the research and development in the hybrid processes are needed.

With increasing strength and toughness and various other properties of advanced engineering

materials, there was a need to develop processes that were not sensitive to these properties.

Because EDM basically involves electrical properties and is capable of removing material in a

variety of configurations, it was one of the most important developments and continues to do so.

As in all other processes, it has its advantages as well as limitations, regarding particularly the

material-removal rate and possible surface damage which could significantly reduce fatigue life.

Mechanical properties such as hardness, yield strength, ultimate strength, ductility, and

toughness are not important because the principles of these operations do not done involve

mechanical means, unlike traditional machining processes. For example, hardness (which is an
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important factor in conventional machining processes) is unimportant in chemical machining

because it does not adversely affect the ability of the chemical to react with the workpiece and

remove material. The scientists should give several other examples of properties and their

relevance to specific advanced processes. The wire EDM process is most suitable for flat parts,

with or without constant thickness. The machines most commonly have two-degree or three-

degree freedom, with the latter capable of producing tapered walls and complex die contours.

The major competing process is blanking, provided the workpiece is sufficiently thin. Fatigue is

a complex phenomenon which accounts for the vast majority of component failures, including

dies and tooling. Fatigue failures are known to initiate and propagate as cracks through the part.

Because these cracks usually (but not necessarily) start at the workpiece surface and grow with

repeated cyclic loadings, the surfaces should be as smooth as possible. As described throughout

the topic, various chemical, electrical, and thermal mechanisms are involved in each process

(with some mechanical interactions as in electrical-discharge grinding and abrasive water-jet

machining). Thus, as expected, each process will produce a surface with its own texture and

characteristics, and hence the fatigue life of a component will depend on the particular process

employed. The advanced machining processes which cause thermal damage are obviously those

that involve high levels of heat, that is, EDM, and laser-beam and electron-beam machining. The

thermal effect is to cause the material to develop a heat-affected zone, thus adversely affecting

hardness and ductility. For the effects of temperature in machining and grinding the abrasive

water-jet machining process which also indicates the location where the abrasive powder is

introduced. Further information can be obtained by surveying manufacturers on the Internet. A

very good site is www.waterjets.org; the figure below is from this site.

It is appropriate to assume here that such gears would be in high demand (hence large production

quantities) and that they should have good dimensional accuracy and surface finish. Very small

spur gears, such as those in wrist watches and clocks, can be suitable for production using the

processes described in this topic (such as by photochemical blanking, electrochemical
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machining, and EDM). However, stamping such gears (at much higher rates than achievable in

these processes) is a far more economical process. Larger spur gears cannot be produced

economically through advanced machining processes, with the possible exception of wire EDM,

the surface finish developed may not be acceptable for such gears, control of dimensional

tolerances would be difficult, and material-removal rate is low.

Topic : Fabrication Of Microelectronic Devices

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Fabrication

 Understand the Electronics

 Learn about the Microelectronics Devices

Definition/Overview:

Fabricator: The fabricator may employ or contract out steel detailers to prepare shop drawings,

if not provided by the customer, which the fabricating shop will use for manufacturing.

Production: It is the act of making products (goods and services).
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Key Points:

1. Fabrication

Fabrication, when used as an industrial term, applies to the building of machines, structures and

other equipment, by cutting, shaping and assembling components made from raw materials.

Small businesses that specialize in metal are called fab shops. Steel fabrication shops and

machine shops have overlapping capabilities, but fabrication shops generally concentrate on the

metal preparation, welding and assembly aspect while the machine shop is more concerned with

the machining of parts. Metal fabrication is a value added process that involves the construction

of machines and structures from various raw materials. A fab shop will bid on a job, usually

based on the engineering drawings, and if awarded the contract will build the product.

Fabrication shops are employed by contractors, OEM's and VAR's. Typical projects include;

loose parts, structural frames for buildings and heavy equipment, and hand railings and stairs for

buildings.

2. Electronics

Electronics refers to the flow of charge (moving electrons) through nonmetal conductors (mainly

semiconductors), whereas electrical refers to the flow of charge through metal conductors. For

example, flow of charge through silicon, which is not a metal, would come under electronics;

whereas flow of charge through copper, which is a metal, would come under electrical. This

distinction started around 1906 with the invention by Lee De Forest of the triode. Until 1950 this

field was called "Radio techniques" because its principal application was the design and theory

of radio transmitters, receivers and vacuum tubes. The study of semiconductor devices and

related technology is considered a branch of physics whereas the design and construction of

electronic circuits to solve practical problems comes under electronics engineering. This article

focuses on engineering aspects of electronics.

3. Microelectronics Devices

An electronic component is any physical entity in an electronic system whose intention is to

affect the electrons or their associated fields in a desired manner consistent with the intended
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function of the electronic system. Components are generally intended to be in mutual

electromechanical contact, usually by being soldered to a printed circuit board (PCB), to create

an electronic circuit with a particular function (for example an amplifier, radio receiver, or

oscillator). Components may be packaged singly or in more complex groups as integrated

circuits. Some common electronic components are capacitors, resistors, diodes, transistors, etc.

Topic : Fabrication Of Microelectromechanical Devices And Systems (Mems)

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Microelectromechanical Systems (MEMS)

 Understand the Silicon

 Learn about the Polymers

 Understand the Metals

Definition/Overview:

Production: It is the act of making products (goods and services).

Key Points:

1. Microelectromechanical Systems (MEMS)

Microelectromechanical systems (MEMS) (also written as micro-electro-mechanical, or

MicroElectroMechanical) is the technology of the very small, and merges at the nano-scale into

nanoelectromechanical systems (NEMS) and nanotechnology. MEMS are also referred to as

micromachines (in Japan), or Micro Systems Technology - MST (in Europe). MEMS are

separate and distinct from the hypothetical vision of Molecular nanotechnology or Molecular

Electronics. MEMS are made up of components between 1 to 100 micrometers in size (i.e. 0.001

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

94
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



to 0.1 mm) and MEMS devices generally range in size from 20 micrometers (20 millionths of a

meter) to a millimeter. They usually consist of a central unit that processes data, the

microprocessor and several components that interact with the outside such as microsensors. At

these size scales, the standard constructs of classical physics do not always hold true. Due to

MEMS' large surface area to volume ratio, surface effects such as electrostatics and wetting

dominate volume effects such as inertia or thermal mass. The potential of very small machines

was appreciated long before the technology existed that could make them see, for example,

Richard Feynman's famous 1959 lecture There's Plenty of Room at the Bottom. MEMS became

practical once they could be fabricated using modified semiconductor fabrication technologies,

normally used to make electronics. These include molding and plating, wet etching (KOH,

TMAH) and dry etching (RIE and DRIE), electro discharge machining (EDM), and other

technologies capable of manufacturing very small devices. MEMS technology can be

implemented using a number of different materials and manufacturing techniques; the choice of

which will depend on the device being created and the market sector in which it has to operate.

2. Silicon

Silicon is the material used to create most integrated circuits used in consumer electronics in the

modern world. The economies of scale, ready availability of cheap high-quality materials and

ability to incorporate electronic functionality make silicon attractive for a wide variety of MEMS

applications. Silicon also has significant advantages engendered through its material properties.

In single crystal form, silicon is an almost perfect Hookean material, meaning that when it is

flexed there is virtually no hysteresis and hence almost no energy dissipation. As well as making

for highly repeatable motion, this also makes silicon very reliable as it suffers very little fatigue

and can have service lifetimes in the range of billions to trillions of cycles without breaking. The

basic techniques for producing all silicon based MEMS devices are deposition of material layers,

patterning of these layers by photolithography and then etching to produce the required shapes.
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3. Polymers

Even though the electronics industry provides an economy of scale for the silicon industry,

crystalline silicon is still a complex and relatively expensive material to produce. Polymers on

the other hand can be produced in huge volumes, with a great variety of material characteristics.

MEMS devices can be made from polymers by processes such as injection moulding, embossing

or stereolithography and are especially well suited to microfluidic applications such as

disposable blood testing cartridges.

4. Metals

Metals can also be used to create MEMS elements. While metals do not have some of the

advantages displayed by silicon in terms of mechanical properties, when used within their

limitations, metals can exhibit very high degrees of reliability. Metals can be deposited by

electroplating, evaporation, and sputtering processes. Commonly used metals include gold,

nickel, aluminum, chromium, titanium, tungsten, platinum, and silver.

Topic : Fusion-Welding Processes

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Fusion Welding

 Understand the Processes

Definition/Overview:

Welding: Welding is a fabrication or sculptural process that joins materials, usually metals or

thermoplastics, by causing coalescence. This is often done by melting the workpieces and adding
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a filler material to form a pool of molten material (the weld pool) that cools to become a strong

joint, with pressure sometimes used in conjunction with heat, or by itself, to produce the weld.

This is in contrast with soldering and brazing, which involve melting a lower-melting-point

material between the workpieces to form a bond between them, without melting the workpieces.

Key Points:

1. Fusion Welding

Fusion welding involves a heat source and may involve the use of a filler material such as a

consumable electrode or a wire fed into the weld pool. These processes also use a protective

layer between the atmosphere and the molten metal, either in the form of gas shielding or a flux

which melts to give a viscous slag on the weld metal that eventually solidifies and can be

removed. There are several different types of fusion welding processes that can be used.

2. Processes

A wide variety of welding processes have been developed for several reasons. Among these are:

(a) There are many types of metals and alloys with a wide range of mechanical, physical, and

metallurgical properties and characteristics. (b) There are numerous applications involving a

wide variety of part shapes and thicknesses. For example, small or thin parts which cannot be arc

welded can be resistance welded, and for aerospace applications, where strength-to-weight ratio

is a major consideration, laser-beam welding or diffusion bonding are attractive processes. (c)

The workpiece is often not suitable for in-plant welding, and the welding process and equipment

must be brought to the site, such as in large construction. When the workpiece is available for in-

plant welding, less mobile welding processes are necessary. In oxyfuel-gas cutting, it is desirable

to melt as small a width (kerf) as possible. If the workpiece has high thermal conductivity, the

heat will be dissipated throughout the workpiece more rapidly, resulting in a wider kerf. Low

thermal conductivity results in a more localized heating and, hence, a smaller kerf. For this
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reason, processes that involve a highly localized application of heat, such as laser-beam or

electron-beam welding, can be used with much smaller kerfs than other processes.

In oxyfuel-gas cutting of ferrous alloys, the cutting process takes place mainly by oxidation and

burning of the ferrous metal, with some melting also taking place. In nonferrous alloys, on the

other hand, the cutting action is mainly by melting; oxidation and burning are usually less

important factors; in fact, iron fluxes are often introduced in the flame to localize the melting

zone. This method is not effective with ferrous alloys because iron fluxes consume some of the

available oxygen and actually hinder the cutting process. The temperature at which welding takes

place varies significantly among ferrous and nonferrous alloys, and is it usually higher for

ferrous alloys. This phenomenon affects the selection of process parameters such as fuel and

oxygen flow rates and welding speed. A major problem in cutting a stack of sheet metal is that if

the cutting is predominantly through melting, the sheets may be welded together. To minimize

this effect, the cutting speed should be as high as possible and at as high a heat-input rate as

possible. To further limit the welding of the individual sheets, oxyfuel-gas cutting should be

limited to ferrous alloys where the welding is predominantly through oxidation and burning, and

not melting. Another problem with stack cutting is that the cut size of the top and bottom sheets

can be different (depending on how many layers there are and their thickness, as well as how

well the process parameters are controlled) because the heat source is maintained after the top

sheets have been cut. The main advantages of these processes are associated with the very small

weld kerf, and the localized energy input and small heat-affected zone. Weld failures, especially

by fatigue, occur in the heat-affected zone; thus, minimizing this volume reduces the likelihood

of large flaws and rapid crack growth. Also, the low energy input means that thermal distortions

and warping associated with these processes will be much lower than with arc welding.

Fixtures are important to ensure that parts maintain their proper location and orientation prior to

and after joining. If the pieces are joined incorrectly through welding, they must be separated (or

even scrapped), unlike bolted connections which can easily be disassembled. Fixture design is

thus an important consideration to ensure maximum dimensional accuracy and repeatability in
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welded parts. The effect of stiffness on weld defects is primarily through the thermal stresses

that develop during heating and cooling of the weld joint. For example, not allowing contraction

(such as due to a very stiff system) may cause cracks in the joint due to thermal stresses. Plasma

arc cutting can be applied to nonmetallic materials. The heating mechanism is pure

conduction/convection, with no chemical reactivity because heat transfer takes place in an inert-

gas atmosphere. However, few nonmetallic materials require a welding process of this

complexity. Plastics could conceivably be welded with this process. Obviously, such applications

would require different process parameters than for welding metals, due to the difference in the

melting points of plastics and their relatively low thermal conductivity.

While some welding processes are very portable, and this is extremely valuable for field repairs,

other processes are not portable. Examples are plasma arc welding, submerged arc welding,

electrogas welding, and laser-beam and electron-beam welding. These processes are difficult to

make into portable versions, mostly because of the bulkiness of the power supplies required.

However, since there are so many portable processes, there is little need to adapt these

approaches to make them portable. There are many possible answers to this question, depending

on the interpretation and experiences of the scientist. This problem and others like it have been

found to be useful aides in lectures; it can be modified by asking the scientists to list additional

advantages, or the possibility of extending operation from manual to automatic for some

processes. Scientists should be encouraged to develop an answer to this problem that

demonstrates they read and studied the information.

Topic : Solid-State Welding Processes

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Solid State Welding

 Understand the Cold Welding (CW)
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 Learn about the Diffusion Welding (DFW)

 Learn about the Explosion Welding (EXW)

 Learn about the Forge Welding (FOW)

 Learn about the Friction Welding (FRW)

Definition/Overview:

Hot Pressure Welding: Hot pressure welding is a solid state welding process which produces

coalescence of materials with heat and the application of pressure sufficient to produce macro-

deformation of the base metal.

Key Points:

1. Solid State Welding

Solid state welding is a group of welding processes which produces coalescence at temperatures

essentially below the melting point of the base materials being joined, without the addition of

brazing filler metal. Pressure may or may not be used. These processes are sometimes

erroneously called solid state bonding processes: this group of welding processes includes cold

welding, diffusion welding, explosion welding, forge welding, friction welding, hot pressure

welding, roll welding, and ultrasonic welding. In all of these processes time, temperature, and

pressure individually or in combination produce coalescence of the base metal without

significant melting of the base metals. Solid state welding includes some of the very oldest of the

welding processes and some of the very newest. Some of the processes offer certain advantages

since the base metal does not melt and form a nugget. The metals being joined retain their

original properties without the heat-affected zone problems involved when there is base metal

melting. When dissimilar metals are joined their thermal expansion and conductivity is of much

less importance with solid state welding than with the arc welding processes. Time, temperature,

and pressure are involved; however, in some processes the time element is extremely short, in
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the microsecond range or up to a few seconds. In other cases, the time is extended to several

hours. As temperature increases time is usually reduced. Since each of these processes is

different each will be described.

2. Cold Welding (CW)

Cold welding is a solid state welding process which uses pressure at room temperature to

produce coalescence of metals with substantial deformation at the weld. Welding is

accomplished by using extremely high pressures on extremely clean interfacing materials.

Sufficiently high pressure can be obtained with simple hand tools when extremely thin materials

are being joined. When cold welding heavier sections a press is usually required to exert

sufficient pressure to make a successful weld. Indentations are usually made in the parts being

cold welded. The process is readily adaptable to joining ductile metals. Aluminum and copper

are readily cold welded. Aluminum and copper can be joined together by cold welding.

3. Diffusion Welding (DFW)

Diffusion welding is a solid state welding process which produces coalescence of the faying

surfaces by the application of pressure and elevated temperatures. The process does not involve

microscopic deformation melting or relative motion of the parts. Filler metal may or may not be

used. This may be in the form of electroplated surfaces. The process is used for joining refractory

metals at temperatures that do not affect their metallurgical properties. Heating is usually

accomplished by induction, resistance, or furnace. Atmosphere and vacuum furnaces are used

and for most refractory metals a protective inert atmosphere is desirable. Successful welds have

been made on refractory metals at temperatures slightly over half the normal melting temperature

of the metal. To accomplish this type of joining extremely close tolerance joint preparation is

required and a vacuum or inert atmosphere is used. The process is used quite extensively for

joining dissimilar metals. The process is considered diffusion brazing when a layer of filler

material is placed between the faying surfaces of the parts being joined. These processes are used

primarily by the aircraft and aerospace industries.
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4. Explosion Welding (EXW)

Explosion welding is a solid state welding process in which coalescence is effected by high-

velocity movement together of the parts to be joined produced by a controlled detonation. Even

though heat is not applied in making an explosion weld it appears that the metal at the interface

is molten during welding. This heat comes from several sources, from the shock wave associated

with impact and from the energy expended in collision. Heat is also released by plastic

deformation associated with jetting and ripple formation at the interface between the parts being

welded. Plastic interaction between the metal surfaces is especially pronounced when surface

jetting occurs. It is found necessary to allow the metal to flow plastically in order to provide a

quality weld. Explosion welding creates a strong weld between almost all metals. It has been

used to weld dissimilar metals that were not weldable by the arc processes. The weld apparently

does not disturb the effects of cold work or other forms of mechanical or thermal treatment. The

process is self-contained, it is portable, and welding can be achieved quickly over large areas.

The strength of the weld joint is equal to or greater than the strength of the weaker of the two

metals joined. Explosion welding has not become too widely used except in a few limited fields.

One of the most widely used applications of explosion welding has been in the cladding of base

metals with thinner alloys. Another application for explosion welding is in the joining of tube-to-

tube sheets for the manufacture of heat exchangers. The process is also used as a repair tool for

repairing leaking tube-to-tube sheet joints. Another and new application has been the joining of

pipes in a socket joint. This application will be of increasing importance in the future.

5. Forge Welding (FOW)

Forge welding is a solid state welding process which produces coalescence of metals by heating

them in a forge and by applying pressure or blows sufficient to cause permanent deformation at

the interface. This is one of the older welding processes and at one time was called hammer

welding. Forge welds made by blacksmiths were made by heating the parts to be joined to a red

heat considerably below the molten temperature. Normal practice was to apply flux to the

interface. The blacksmith by skillful use of a hammer and an anvil was able to create pressure at

the faying surfaces sufficient to cause coalescence. This process is of minor industrial

significance today.
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6. Friction Welding (FRW)

Friction welding is a solid state welding process which produces coalescence of materials by the

heat obtained from mechanically-induced sliding motion between rubbing surfaces. The work

parts are held together under pressure. This process usually involves the rotating of one part

against another to generate frictional heat at the junction. When a suitable high temperature has

been reached, rotational motion ceases and additional pressure is applied and coalescence occurs.

There are two variations of the friction welding process. In the original process one part is held

stationary and the other part is rotated by a motor which maintains an essentially constant

rotational speed. The two parts are brought in contact under pressure for a specified period of

time with a specific pressure. Rotating power is disengaged from the rotating piece and the

pressure is increased. When the rotating piece stops the weld is completed. This process can be

accurately controlled when speed, pressure, and time are closely regulated. The other variation is

called inertia welding. Here a flywheel is revolved by a motor until a preset speed is reached. It,

in turn, rotates one of the pieces to be welded. The motor is disengaged from the flywheel and

the other part to be welded is brought in contact under pressure with the rotating piece. During

the predetermined time during which the rotational speed of the part is reduced the flywheel is

brought to an immediate stop and additional pressure is provided to complete the weld. Both

methods utilize frictional heat and produce welds of similar quality. Slightly better control is

claimed with the original process. Among the advantages of friction welding is the ability to

produce high quality welds in a short cycle time. No filler metal is required and flux is not used.

The process is capable of welding most of the common metals. It can also be used to join many

combinations of dissimilar metals.
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Topic : Brazing, Soldering, Adhesive Bonding, And Mechanical-Fastening Processes

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Brazing

 Understand the Soldering

 Understand the Adhesive Bonding

 Understand the Mechanical-Fastening Processes

Definition/Overview:

Solder: A solder is a fusible metal alloy with a melting point or melting range of 90 to 450 C

(200 to 840 F), used in a process called soldering where it is melted to join metallic surfaces. It is

especially useful in electronics and plumbing. Alloys that melt between 180 and 190 C are the

most commonly used.

Key Points:

1. Brazing

Brazing is a joining process whereby a filler metal or alloy is heated to melting temperature

above 450 C (840 F) or, by the traditional definition in the United States, above 800 F (427 C)

and distributed between two or more close-fitting parts by capillary action. At its liquid

temperature, the molten filler metal and flux interacts with a thin layer of the base metal, cooling

to form a strong, sealed joint. By definition the melting temperature of the braze alloy is lower

(sometimes substantially) than the melting temperature of the materials being joined. The brazed

joint becomes a sandwich of different layers, each metallurgically linked to the adjacent layers.

Common brazements are about 1⁄3 as strong as the parent materials due either to the inherent

lower yield strength of the braze alloy or to the low fracture toughness of intermetallic
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components. To create high-strength brazes, a brazement can be annealed to homogenize the

grain structure and composition (by diffusion) with that of the parent material. On the other

hand, brazed joints in automotive sheet metal are considerably stronger than the surrounding

native sheet steel.

2. Soldering

Soldering is a process in which two or more metal items are joined together by melting and

flowing a filler metal into the joint, the filler metal having a relatively low melting point. Soft

soldering is characterized by the melting point of the filler metal, which is below 400 C (752 F).

The filler metal used in the process is called solder. Soldering is distinguished from brazing by

use of a lower melting-temperature filler metal; it is distinguished from welding by the base

metals not being melted during the joining process. In a soldering process, heat is applied to the

parts to be joined, causing the solder to melt and be drawn into the joint by capillary action and

to bond to the materials to be joined by wetting action. After the metal cools, the resulting joints

are not as strong as the base metal, but have adequate strength, electrical conductivity, and water-

tightness for many uses.

3. Adhesive Bonding

Adhesive Bonding is a modern joining process in which a liquid or semi liquid substance is

applied to adjoining work pieces to provide a long lasting bond. This process is highly useful in

bonding dis-similar materials that can not be welded. Materials that have the ability to be bonded

together are virtually unlimited. Adhesives used in bonding can exist in many forms and be made

from various natural and/or artificial compounds. A hindrance to this process is that adhesive

bonds are not instantaneous such as welding or nailing. Adhesive bonds take more time to

process, in order to allow the adhesives to cure.
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4. Mechanical-Fastening Processes

Mechanical fastening is a widely used, cost-effective means of joining, which is particularly

suitable for thin sheet sections. Fastening encompasses a range of processes that utilise a variety

of fasteners including nuts & bolts, screws & rivets, or mechanical interlocks to assemble

materials without heating. The high production rate techniques that have been studied at TWI

include:

 Clinching - which uses a special punch and die to form a mechanical interlock between the sheet

metals being joined

 Self-piercing riveting - in which a semi-tubular rivet is set using a punch and die to flare the rivet

within the lower sheet so that no pre-existing hole is required.

In Section 5 of this course you will cover these topics:

Surface Roughness And Measurement; Friction, Wear And Lubrication

Surface Treatments, Coatings And Cleaning

Engineering Metrology And Instrumentation

Quality Assurance, Testing And Inspection

Automation Of Manufacturing Processes

Computer-Aided Manufacturing

Computer-Integrated Manufacturing Systems

Product Design And Process Selection In A Competitive Environment

Topic : Surface Roughness And Measurement; Friction, Wear And Lubrication

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Roughness

 Understand the Measurement
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Definition/Overview:

Lay Pattern: A lay pattern is a repetitive impression created on the surface of a part. It is often

representative of a specific manufacturing operation.

Key Points:

1. Roughness

Roughness is a measure of the texture of a surface. It is quantified by the vertical deviations of a

real surface from its ideal form. If these deviations are large, the surface is rough; if they are

small the surface is smooth. Roughness is typically considered to be the high frequency, short

wavelength component of a measured surface. Roughness plays an important role in determining

how a real object will interact with its environment. Rough surfaces usually wear more quickly

and have higher friction coefficients than smooth surfaces. Roughness is often a good predictor

of the performance of a mechanical component, since irregularities in the surface may form

nucleation sites for cracks or corrosion. Although roughness is usually undesirable, it is difficult

and expensive to control in manufacturing. Decreasing the roughness of a surface will usually

increase exponentially its manufacturing costs. This often results in a trade-off between the

manufacturing cost of a component and its performance in application.

As can be seen in the figure 1 below, there are numerous different surface profiles (as produced

by different manufacturing and finishing processes) that could give the same arithmetic mean

value, Ra, or the root-mean-square roughness. The equations for surface roughness represent

averages; since the surfaces shown below have a wide range of values for the ordinates a, b, c,

etc., it is quite possible that, when they are substituted into the two equations, the averages will

be the same.
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As in most applications, wear of tools and dies is detrimental. Wear is a progressive loss of

material, and hence the more wear, the more the die or tool profile will deviate from its original

profile. Thus, the parts produced will become larger and perhaps eventually out of specification.

Sometimes this is less influence than others. For example, the use of a wear land in wire drawing

or blocking stages in a forging operation can lead to longer tool and die life.

2. Measurement

Roughness may be measured using contact or non-contact methods. Contact methods involve

dragging a measurement stylus across the surface; these instruments include profilometers. Non-

contact methods include interferometry, confocal microscopy, electrical capacitance and electron

microscopy. For 2D measurements, the probe usually traces along a straight line on a flat surface

or in a circular arc around a cylindrical surface. The length of the path that it traces is called the

measurement length. The wavelength of the lowest frequency filter that will be used to analyze

the data is usually defined as the sampling length. Most standards recommend that the

measurement length should be at least seven times longer than the sampling length, and

according to the NyquistShannon sampling theorem it should be at least ten times longer than the

wavelength of interesting features. The assessment length or evaluation length is the length of

data that will be used for analysis. Commonly one sampling length is discarded from each end of

the measurement length. For 3D measurements, the probe is commanded to scan over a 2D area

on the surface. The spacing between data points may not be the same in both directions. In some

cases, the physics of the measuring instrument may have a large effect on the data. This is

especially true when measuring very smooth surfaces. For contact measurements, most obvious

problem is that the stylus may scratch the measured surface. Another problem is that the stylus

may be too blunt to reach the bottom of deep valleys and it may round the tips of sharp peaks. In

this case the probe is a physical filter that limits the accuracy of the instrument.

There are also limitations for non-contact instruments. For example instruments that rely on

optical interference cannot resolve features that are less than some fraction of the frequency of
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their operating wavelength. This limitation can make it difficult to accurately measure roughness

even on common objects, since the interesting features may be well below the wavelength of

light. The wavelength of red light is about 650 nm, while the Ra of a ground shaft might be 2000

nm.

Topic : Surface Treatments, Coatings And Cleaning

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Surface Treatments

 Understand the Thermal-Mechanical Surface Hardening

 Learn about the Shot-Peening

 Understand the Surface Rolling

Definition/Overview:

Fusion coatings: Fusion coatings can be applied with any of the fusion welding processes used

to repair and join Ductile Iron castings and also by flame, arc and plasma spraying processes.

Key Points:

1. Surface Treatments

Surface treatments are applied to castings for engineering, aesthetic and economic reasons. The

surfaces of industrial castings may be treated to provide improved surface-related properties such

as wear, fatigue and corrosion resistance. In castings used in consumer products, improved

appearance is also an important objective of surface treatments. In many cases, surface treatment

permits a casting to meet mutually exclusive design objectives. For example, the application of
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an abrasion-resistant coating will enable a Ductile Iron casting to be both wear resistant, a

surface property, and impact resistant, a bulk property. However, regardless of the engineering

and aesthetic objectives, the main reason for using surface-treated Ductile Iron castings is that

they offer the most cost-effective means of meeting these objectives. Surface treatments

commonly applied to Ductile Iron castings include: thermal and mechanical hardening

treatments: the application of fused coatings to reduce friction and improve wear and corrosion

resistance; the use of hot dipped metal coatings to improve appearance and corrosion resistance:

the electrodeposition of metal coatings to increase corrosion and wear resistance and improve

appearance and the application of diffusion coatings to increase resistance to wear, oxidation,

and corrosion.

2. Thermal-Mechanical Surface Hardening

Thermal surface hardening is a common and highly cost-effective method of improving the wear

and fatigue resistance of Ductile Iron castings. Thermal hardening involves the rapid heating of

the surface layer of a casting to produce a high carbon austenite which, upon removal of the heat

source, is cooled sufficiently rapidly, either by self-quenching or the application of a quenching

medium, to produce a martensitic structure. In addition to significantly increasing hardness, the

formation of martensite creates compressive stresses in the surface layer, impeding the formation

and propagation of cracks. Although slightly softer than hardened steel, the combination of a

martensitic matrix and graphite nodules in surface hardened Ductile Iron can produce superior

resistance to sliding wear. Flame, induction, and laser hardening are the most common methods

used to thermally surface harden Ductile Iron castings.

3. Shot-Peening

Shot-peening hardens the surface of a Ductile Iron casting by the controlled impingement of

spherical particles of hardened steel, ceramic or glass. This impingement produces a deformed,

compressively stressed surface layer having a depth and degree of stress that are controlled by

peening parameters such as shot size and hardness, speed and angle of impingement and

exposure time. For consistency of depth and hardness, shot peening should be mechanized and
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"Almen Strips" used to measure peening intensity. Shot-peening can significantly increase

fatigue strength in both conventional and austempered Ductile Irons (ADI). Shot-peening is

especially effective in improving the performance of ADI because the resultant deformation

transforms the stabilized austenite into martensite, producing both hardening and compressive

stresses. In addition to increasing wear resistance and fatigue strength, shot-peening is also used

to retard stress-corrosion cracking, relieve internal stresses, correct distortion and prepare

surfaces for coating.

4. Surface Rolling

Surface rolling, like shot-peening, hardens the casting surface by the introduction of controlled

deformation such as that exemplified by the fillet rolling of crankshafts. Like shot-peening,

surface rolling can produce significant increases in the fatigue strength of conventional Ductile

Iron and ADI components, especially those having unavoidable stress concentrations Roller

burnishing, like peening operations, subjects the workpiece surface to localized plastic

deformation. As a result, residual compressive stresses develop on the surface due to the fact that

the surface layer tends to expand laterally during this deformation but the bulk prevents these

layers from expanding freely. Consequently, compressive residual stresses are developed on the

surface. There are several reasons for coating parts with ceramics. Ceramics are very hard and

chemically inert, so it is natural that ceramic coatings be used for improving the wear resistance

of parts, as is also done in coating cutting tools. Their high-temperature resistance also makes

them attractive for coating gas-turbine components. Ceramics also can be made porous and

hence thermally insulating. The chemistry and structure of ceramics also can be beneficial (as for

orthopedic implants). Finally, there is an advantage to ceramic surfaces for their aesthetic

appearance.

Any part that will be coated or painted has to be cleaned first to allow proper coating adhesion to

surfaces. All containers with food-contacting surfaces must be cleaned, including the interiors of

food and beverage cans, before they are filled. Other examples: close-tolerance hydraulic

pistons, cylinders, and pumps, low electrical-resistance connectors, and medical implants. The
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scientists are encouraged to give various other examples. Observations have indicated that a

thick chrome-plated layer on a bumper has a greater tendency to develop a few large cracks that

penetrate to the substrate, thus causing corrosion of the substrate. Conversely, thin chrome

plating has been found to develop many but much shallower cracks. This explanation is similar

to the observation that a thick oxide layer is more brittle (hence it develops large cracks) than a

thin oxide layer (which has a higher compliance with the substrate body when subjected to

strains). The strength of a coating is determined to a large extent by the quality of the bond

between the coating material and the substrate. The strength depends on many factors, one of the

most important of which is substrate-surface preparation to remove residual lubricants, oxides,

and contaminants. In addition, a common difficulty with coatings is the presence of surface

residual stresses, many being attributed to the thermal strains developed during the coating

process. Coating thickness has a large effect as well. Since the maximum shear stress in Hertzian

contact is at a depth between one-third and one-half its contact length, there is a critical coating

thickness which leads to large-scale delamination and failure because of contact fatigue and the

initiation and propagation of cracks.

Most of the processes that require a vacuum are used on small parts only; these include the PVD

operations. It is very expensive to create a large evacuated space. The cost of the vacuum pumps

makes the treatment of large parts uneconomical. Note also that the main purpose of surface-

treating operations is to increase hardness and resistance to wear, temperature, and corrosion.

Consequently, applications typically are confined to small parts, such as cutting tools and turbine

blades. Hot-dip galvanizing is performed on most steel sheet for automotive bodies. The zinc

serves as the anode in a galvanic cell, so that in the presence of ions (such as salt sprayed on

roads in winter or in climates near oceans), all of the zinc must corrode before any of the steel

begins to rust. This greatly prolongs the life of the automotive body.
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Topic : Engineering Metrology And Instrumentation

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Metrology

 Understand the Engineering Metrology

Definition/Overview:

This topic provides a brief introduction to the concept of Metrology, what does engineering

metrology means is briefly defined in the topic.

Key Points:

1. Metrology

Metrology (from Ancient Greek metron (measure) and logos (study of)) is the science of

measurement. Metrology includes all theoretical and practical aspects of measurement. A core

concept in metrology is (metrological) traceability, defined as "the property of the result of a

measurement or the value of a standard whereby it can be related to stated references, usually

national or international standards, through an unbroken chain of comparisons, all having stated

uncertainties." The level of traceability establishes the level of comparability of the

measurement: whether the result of a measurement can be compared to the previous one, a

measurement result a year ago, or to the result of a measurement performed anywhere else in the

world. Traceability is most often obtained by calibration, establishing the relation between the

indication of a measuring instrument and the value of a measurement standard. These standards

are usually coordinated by national laboratories: National Institute of Standards and Technology

(USA), National Physical Laboratory, UK, etc. Tracebility, accuracy, precision, systematic bias,

evaluation of measurement uncertainty are critical parts of a quality management system.
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2. Engineering Metrology

Metrology laboratories are places where both metrology and calibration work are performed.

Calibration laboratories generally specialize in calibration work only. Both Metrology and

Calibration laboratories must isolate the work performed from influences that might affect the

work. Temperature, humidity, vibration, electrical power supply, radiated energy and other

influences are often controlled. Generally, it is the rate of change or instability that is more

detrimental than whatever value prevails. Metrology technicians perform investigation work in

addition to calibrations. They also apply proven principles to known situations and evaluate

unexpected or contradictory results. Specific education in metrology was formerly limited to

sub-professional work. Most of the branches of the US Military train enlisted-grade technicians

to meet their specific needs. Large industrial organizations also develop people who demonstrate

aptitude in testing functions. When this is combined with an engineering degree, it qualifies the

person as a Metrology Engineer. Over the last 15 years, Universities such as the University of

North Carolina at Charlotte created a specific curriculum in Metrology Engineering. In England,

Metrology was part of the fifth year of some undergraduate engineering programmes.

Metrologists are people who perform metrology work at and above the technician levels,

generally without the benefit or acknowledgement of a college degree. The metrology and

calibration work described above is always accompanied by documentation. The documentation

can be divided into two types; one related to the task and the other related the administrative

program. Task documentation includes Calibration Procedures and the data collected.

Administrative program documentation includes equipment identification data, 'calibration

certificates, and calibration time interval information and 'as-found' or 'out-of-tolerance'

notifications.

Administrative programs provide standardization of the metrology and calibration work and

make it possible to independently verify that the work was performed. Generally, the

administrative program is specific to the organization performing the work and addresses

customer requirements. General administrative program specifications created by industry

groups, such as the ANS (ANSI) Z540 series may also be covered in the administrative program.
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Other specifications created by the US Food and Drug Administration, US Federal Aviation

Administration or other agencies would supplement or replace ANS Z540 for work performed in

their domains. Often administrative programs can be as complicated and detailed as the

measurement work itself. Sufficiently correct measurements are essential to commerce. About

nine out of every ten people working in metrology specialize in commercial measurement, most

at the technician level. Correct measurements are beneficial to manufacturing, but other methods

are available and sometimes are more appropriate. Metrology has thrived at the interface

between science and manufacturing. Aerospace, commercial nuclear power, medicine, medical

devices and semiconductors rely on metrology to translate theoretical science into mass produced

reality. The basic concepts of metrology are deceptively simple. Metrology is seldom recognized

for its significance and is rarely taught in a systematic manner above the technician level. Within

most businesses, metrology core beliefs such as recording all setups and observations for

possible future reference are opposed to the general business practice of minimizing

recordkeeping to limit litigation effects. The nature of engineering and engineering education in

general is changing. Judgment development will replace skills conclusively yielded to computers

between 1960 and 2000. Hopefully, metrology will take its rightful place in judgment

development in the future.

Topic : Quality Assurance, Testing And Inspection

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Quality Assurance

 Understand the Testing and Inspection
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Definition/Overview:

Widespread awareness: Widespread awareness of quality issues throughout the organization

increases the probability that product quality will be taken into account at every stage of the

production process.

Key Points:

1. Quality Assurance

Quality assurance, or QA for short, refers to planned and systematic production processes that

provide confidence in a product's suitability for its intended purpose. It is a set of activities

intended to ensure that products (goods and/or services) satisfy customer requirements in a

systematic, reliable fashion. QA cannot absolutely guarantee the production of quality products,

unfortunately, but makes this more likely. Two key principles characterise QA: "fit for purpose"

(the product should be suitable for the intended purpose) and "right first time" (mistakes should

be eliminated). QA includes regulation of the quality of raw materials, assemblies, products and

components; services related to production; and management, production and inspection

processes. It is important to realize also that quality is determined by the intended users, clients

or customers, not by society in general: it is not the same as 'expensive' or 'high quality'. Even

goods with low prices can be considered quality items if they meet a market need.

In SPC, setting the control limits closer to the center of the distribution will cause more of the

sample points to fall outside the limits, as can be seen. This will make the spread of the

distribution worse because the process will be adjusted even though it is still in control, and thus

causing unnecessary adjustment time and expense. For mass-produced common items such as

gears, valves, light switches, pencils, or paper clips, 100% sampling would not be feasible

because the number of tests to be performed would place undue economic burden, and such

testing would not be necessary. Statistical sampling techniques are commonly used for such

products. However, in critical applications such as in aircraft engines and medical
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instrumentation, 100% testing is imperative. Automated inspection is advantageous because it

can often be performed between stages of manufacturing operations without stopping production,

thus allowing in-line and continuous monitoring of part quality. This method has obvious and

important quality implications, especially with regards to just-in-time production. The intended

reliability of a product affects manufacturing engineering through design, processing, and cost

that reliability goals require. For example: (a) An engine connecting rod or a shaft may be shot-

blasted for improved fatigue life, depending on the desired reliability (b) A gasket joint can be

held by many or few fasteners, depending on the desired reliability. (c) The level of inspection

and functional testing during manufacturing will vary, depending on the desired reliability.

2. Testing and Inspection

Whereas quality control emphasizes testing and blocking the release of defective products,

quality assurance is about improving and stabilizing production and associated processes to

avoid or at least minimize issues that led to the defects in the first place. However, QA does not

necessarily eliminate the need for QC: some product parameters are so critical that testing is still

necessary just in case QA fails. A valuable process to perform on a whole consumer product is

failure testing (also known as stress testing), the operation of a product until it fails, often under

stresses such as increasing vibration, temperature and humidity. This exposes many

unanticipated weaknesses in a product, and the data is used to drive engineering and

manufacturing process improvements. Often quite simple changes can dramatically improve

product service, such as changing to mold-resistant paint or adding lock-washer placement to the

training for new assembly personnel.

Topic : Automation Of Manufacturing Processes

Topic Objective:

At the end of this topic student would be able to:
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 Learn about the Automation

 Understand the Manufacturing

Definition/Overview:

Machine: A machine is any device that uses energy to perform some activity. In common usage,

the meaning is that of a device having parts that perform or assist in performing any type of

work. A simple machine is a device that transforms the direction or magnitude of a force without

consuming any energy.

Key Points:

1. Automation

Automation (ancient Greek: = self dictated), roboticization or industrial automation or numerical

control is the use of control systems such as computers to control industrial machinery and

processes, reducing the need for human intervention. In the scope of industrialization,

automation is a step beyond mechanization. Whereas mechanization provided human operators

with machinery to assist them with the physical requirements of work, automation greatly

reduces the need for human sensory and mental requirements as well. Processes and systems can

also be automated. Automation plays an increasingly important role in the global economy and

in daily experience. Engineers strive to combine automated devices with mathematical and

organizational tools to create complex systems for a rapidly expanding range of applications and

human activities. Many roles for humans in industrial processes presently lie beyond the scope of

automation. Human-level pattern recognition, language recognition, and language production

ability are well beyond the capabilities of modern mechanical and computer systems. Tasks

requiring subjective assessment or synthesis of complex sensory data, such as scents and sounds,

as well as high-level tasks such as strategic planning, currently require human expertise. In many

cases, the use of humans is more cost-effective than mechanical approaches even where
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automation of industrial tasks is possible. Specialised hardened computers, referred to as

programmable logic controllers (PLCs), are frequently used to synchronize the flow of inputs

from (physical) sensors and events with the flow of outputs to actuators and events. This leads to

precisely controlled actions that permit a tight control of almost any industrial process. Human-

machine interfaces (HMI) or computer human interfaces (CHI), formerly known as man-machine

interfaces, are usually employed to communicate with PLCs and other computers, such as

entering and monitoring temperatures or pressures for further automated control or emergency

response. Service personnel who monitor and control these interfaces are often referred to as

stationary engineers.

2. Manufacturing

Currently, for manufacturing companies, the purpose of automation has shifted from increasing

productivity and reducing costs, to broader issues, such as increasing quality and flexibility in the

manufacturing process. The old focus on using automation simply to increase productivity and

reduce costs was seen to be short-sighted, because it is also necessary to provide a skilled

workforce who can make repairs and manage the machinery. Moreover, the initial costs of

automation were high and often could not be recovered by the time entirely new manufacturing

processes replaced the old. (Japan's "robot junkyards" were once world famous in the

manufacturing industry.) Automation is now often applied primarily to increase quality in the

manufacturing process, where automation can increase quality substantially. For example,

automobile and truck pistons used to be installed into engines manually. This is rapidly being

transitioned to automated machine installation, because the error rate for manual installment was

around 1-1.5%, but has been reduced to 0.00001% with automation. Hazardous operations, such

as oil refining, the manufacturing of industrial chemicals, and all forms of metal working, were

always early contenders for automation. Another major shift in automation is the increased

emphasis on flexibility and convertibility in the manufacturing process. Manufacturers are

increasingly demanding the ability to easily switch from manufacturing Product A to

manufacturing Product B without having to completely rebuild the production lines. Flexibility

and distributed processes have led to the introduction of Automated Guided Vehicles with

Natural Features Navigation.
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As expected, conventional job shops have low productivity but are capable of making a wide

variety of parts, including prototypes. Conversely, transfer lines are designed and arranged for a

specific line of products, and flexibility is not a priority. Other systems on the figure can be

assessed accordingly. The choice of a system obviously depends on the type of products to be

manufactured. One of the advantages of the circular pattern in transfer mechanisms is that the

process starts and ends at the same location; this is very convenient because the pallets are in a

closed circuit (thus easier to implement). On the other hand, having the part return to the same

location is not always desirable if the part has to be moved further to another machine for

subsequent processing. For this case, the linear pattern is more convenient because the

movement of the part takes place along with the manufacturing sequence. Also, with the linear

pattern, modifications are easier to implement, whereas with the circular pattern it is very

difficult to add one or several more powerheads. Furthermore, the linear transfer line can

accommodate larger workpieces and a larger number of operations can be included in the line

The point-to-point system is also used in operations such as turning operations (grooving, cutting

off) and in shearing and punching applications. With appropriate tooling, punching systems can

be very flexible. Also, there is a wide variety of machines that can use the point-to-point system,

such as stereolithography and fused deposition modeling systems, computer controlled sewing

machines, laser-beam cutting machines, and water-jet cutting machines.

The number of robots in an automated assembly line is determined mainly by the number of

operations to be performed. The robot could be used for material handling, assembly, and

inspection. The total operation must be decomposed into individual operations, and for each, the

best method of implementation should be chosen (which may not necessarily require a robot). If

a robot is appropriate, it can be arranged in (a) a robotcentered manufacturing cell, where the

robot serves one or more workstations, (b) an line-robot cell where one or more robot cells are

located along a line conveyer, or (c) in a mobile-robot cell where the robot can be transported to

perform various tasks in different locations. Machine vision cannot be applied properly in

situations where the lack of light or visibility would prevent the camera from viewing the

particular event. This situation would happen, for instance, in processes where smoke, fumes, or
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metalworking fluids are present (as in machining using cutting fluids). The machine-vision

system must be set on a stable support and cannot be used effectively in the vicinity of vibrating

machinery or equipment. If the environment is subject to changes (lighting, for instance),

processing of the image can take too long and thus it is not suitable for high production-rate

control. Also, complex parts make the control very difficult.

Topic : Computer-Aided Manufacturing

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Computer-aided manufacturing

 Understand the Historical Overview

Definition/Overview:

Semi-finishing: This process begins with a roughed part that unevenly approximates the model

and cuts to within a fixed offset distance from the model. The semi-finishing pass must leave a

small amount of material so the tool can cut accurately while finishing, but not so little that the

tool and material deflect instead of shearing.

Key Points:

1. Computer-aided manufacturing (CAM)

Computer-aided manufacturing (CAM) is the use of computer-based software tools that assist

engineers and machinists in manufacturing or prototyping product components. CAM is a
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programming tool that makes it possible to manufacture physical models using computer-aided

design (CAD) programs. CAM creates real life versions of components designed within a

software package. CAM was first used in 1971 for car body design and tooling.

Traditionally, CAM has been considered as a numerical control (NC) programming tool wherein

three-dimensional (3D) models of components generated in CAD software are used to generate

CNC code to drive numerically controlled machine tools. Although this remains the most

common CAM function, CAM functions have expanded to integrate CAM more fully with

CAD/CAM/CAE PLM solutions. As with other Computer-Aided technologies, CAM does not

eliminate the need for skilled professionals such as Manufacturing Engineers and NC

Programmers. CAM, in fact, both leverages the value of the most skilled manufacturing

professionals through advanced productivity tools, while building the skills of new professionals

through visualization, simulation and optimization tools.

The integration of computer control and network communication systems with machinery and

equipment in a computer-integrated manufacturing system. It shows a hierarchical structure,

where higher levels of control are exercised over the computers controlling the machines. The

nature of the network (not shown) can be Ethernet or wireless without introducing any

inaccuracy into the system. Cylinders and rectangles are primitives that are simple and common.

Triangular- and prismatic-based pyramids, spheres, cones, dodecahedrons, gears, etc., are all

examples of primitives, although not as common. The octree representation shows a volume (or

area for quad tree representation) in terms of voxels (or pixels) that are filled by the object. This

type of representation is not an unusual concept, as computer terminals and television images

operate on the same principal. Octree representations are, for example, useful in biomedical

applications where the geometries are very complex and where geometry data is obtained from

scanning instruments.

2. Historical Overview

Historically, CAM software was seen to have several shortcomings that necessitated an overly

high level of involvement by skilled CNC machinists. CAM software would output code for the
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least capable machine, as each machine tool interpreter added on to the standard g-code set for

increased flexibility. In some cases, such as improperly set up CAM software or specific tools,

the CNC machine required manual editing before the program will run properly. None of these

issues were so insurmountable that a thoughtful engineer could not overcome for prototyping or

small production runs; G-Code is a simple language. In high production or high precision shops,

a different set of problems were encountered where an experienced CNC machinist must both

hand-code programs and run CAM software. Integration of CAD with other components of

CAD/CAM/CAE PLM environment requires an effective CAD data exchange. Usually it had

been necessary to force the CAD operator to export the data in one of the common data formats,

such as IGES or STL, that are supported by a wide variety of software. The output from the

CAM software is usually a simple text file of G-code, sometimes many thousands of commands

long, that is then transferred to a machine tool using a direct numerical control (DNC) program.

CAM packages could not, and still cannot, reason as a machinist can. They could not optimize

toolpaths to the extent required of mass production. Users would select the type of tool,

machining process and paths to be used. While an engineer may have a working knowledge of g-

code programming, small optimization and wear issues compound over time. Mass-produced

items that require machining are often initially created through casting or some other non-

machine method. This enables hand-written, short, and highly optimized g-code that could not be

produced in a CAM package.

At least in the United States, there is a shortage of young, skilled machinists entering the

workforce able to perform at the extremes of manufacturing; high precision and mass production.

As CAM software and machines become more complicated, the skills required of a machinist

advance to approach that of a computer programmer and engineer rather than eliminating the

CNC machinist from the workforce.
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Topic : Computer-Integrated Manufacturing Systems

Topic Objective:

At the end of this topic student would be able to:

 Learn about the Computer-Integrated Manufacturing

 Understand the Key Challenges

Definition/Overview:

Structure: Structure is a fundamental and sometimes intangible notion covering the recognition,

observation, nature, and stability of patterns and relationships of entities. From a child's verbal

description of a snowflake, to the detailed scientific analysis of the properties of magnetic fields,

the concept of structure is an essential foundation of nearly every mode of inquiry and discovery

in science, philosophy, and art.

Manufacturing: Manufacturing is the use of machines, tools and labor to make things for use or

sale. The term may refer to a range of human activity, from handicraft to high tech, but is most

commonly applied to industrial production, in which raw materials are transformed into finished

goods on a large scale. Such finished goods may be used for manufacturing other, more complex

products, such as household appliances or automobiles, or sold to wholesalers, who in turn sell

them to retailers, who then sell them to end users the "consumers".

Key Points:

1. Computer-Integrated Manufacturing

Computer-Integrated Manufacturing (CIM) in engineering is a method of manufacturing in

which the entire production process is controlled by computer. Typically, it relies on closed-loop
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control processes, based on real-time input from sensors. It is also known as flexible design and

manufacturing.

The term "Computer Integrated Manufacturing" is both a method of manufacturing and the name

of a computer-automated system in which individual engineering, production, marketing, and

support functions of a manufacturing enterprise are organized. In a CIM system functional areas

such as design, analysis, planning, purchasing, cost accounting, inventory control, and

distribution are linked through the computer with factory floor functions such as materials

handling and management, providing direct control and monitoring of all process operations.

2. Key Challenges

There are three major challenges to development of a smoothly operating Computer Integrated

Manufacturing system:

 Integration of components from different suppliers: When different machines, such as CNC,

conveyors and robots, are using different communications protocols. In the case of AGVs, even

differing lengths of time for charging the batteries may cause problems.

 Data integrity: The higher the degree of automation, the more critical is the integrity of the data

used to control the machines. While the CIM system saves on labor of operating the machines, it

requires extra human labor in ensuring that there are proper safeguards for the data signals that

are used to control the machines.

 Process control: Computers may be used to assist the human operators of the manufacturing

facility, but there must always be a competent engineer on hand to handle circumstances which

could not be foreseen by the designers of the control software.

Topic : Product Design And Process Selection In A Competitive Environment

Topic Objective:

At the end of this topic student would be able to:
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 Learn about the Product Design

 Understand the Skills Needed

 Process and Selection of Materials

 Competitive Environment

Definition/Overview:

Technology: Technology is a broad concept that deals with an animal species' usage and

knowledge of tools and crafts, and how it affects an animal species' ability to control and adapt

to its environment.

Key Points:

1. Product Design

Product design can be defined as the idea generation, concept development, testing and

manufacturing or implementation of a physical object or service. Product Designers

conceptualize and evaluate ideas, making them tangible through products in a more systematic

approach. The role of a product designer encompasses many characteristics of the marketing

manager, product manager, industrial designer and design engineer. The term is sometimes

confused with industrial design, which defines the field of a broader spectrum of design

activities, such as service design, systems design, interaction design as well as product design.

The role of the product designer combines art, science and technology to create tangible three-

dimensional goods. This evolving role has been facilitated by digital tools that allow designers to

communicate, visualize and analyze ideas in a way that would have taken greater manpower in

the past.
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2. Skills Needed

Product designers are equipped with the skills needed to bring products from conception to

market. They should have the ability to manage design projects, and subcontract areas to other

sectors of the design industry. Aesthetics is considered important in Product Design but

designers also deal with important aspects including technology, ergonomics, usability, stress

analysis and materials engineering. As with most of the design fields the idea for the design of a

product arises from a need and has a use. It follows a certain method and can sometimes be

attributed to more complex factors such as association and telesis. Also used to describe a

technically competent product designer or industrial designer is the term Industrial Design

Engineer. The Cyclone vacuum cleaner inventor James Dyson for example could be considered

to be in this category.

3. Process and Selection of Materials

Materials have different raw-material market values, which can fluctuate with supply and

demand. A major consideration is the processing required to make the scrap material usable. The

purity of the material is also important as various other materials that may have been mixed with

it. The cleanliness of the material is also a factor; for example, metal chips from dry machining

have more value than those in which cutting fluids have been used, which can contribute to

pollution during recycling. Machining, being a material-removal process may produce the

highest percentage of scrap, depending, for example, on the initial and final dimensions of the

workpiece machined from a blank. Note also that processes such as forging, cold or hot

extrusion, and permanentmold casting produce a rather consistent amount of scrap (by way of

flash, runners, etc). The rolling process is well controlled and, as a result, scrap is very low

(generally by way of trimming the material). However, it should be recalled that sheet metals

typically are subsequently subjected to various secondary forming processes, thus the scrap can

increase significantly.

Cost justification may be summarized as follows: (a) Although a particular machine may first

appear to be expensive, its cost must be put into proper perspective, particularly in view of return
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on investment. As we have seen throughout this book, machines may be used in mass production

(for very large quantities) as well as in a shop setting (individual jobs; dedicated machines)

typically over the course of many years. The products from these activities are always in

demand. (b) High-quality machines will be more expensive but their various characteristics (such

as stiffness, reliability, high precision, and productivity) will easily pay off, by avoiding product

quality problems. (c) Machines for transfer lines may be one-of-a-kind units with only a few in

existences; consequently, though essential, such machines are likely to be more expensive.

Various factors are involved in the shape of the curve. Overall, it indicates that as the

dimensional tolerance required falls below about 0.25 mm (0.010 in.), the relative cost begins to

rapidly increase. Tighter tolerances require extra care, possibly reducing production efficiency

and increasing labor costs (which already may be high as more skilled labor is required for

precision work). Tighter tolerances usually require additional processing and finishing

operations. Also, tighter tolerances may result in higher reject rates and better equipment may

also be required, as well as better tool and die materials.

As expected, it is often very beneficial to purchase stock that is close to the final desired

dimensions; this choice minimizes the additional machining, forming, finishing, etc., that have to

be performed, thus reducing the production time and cost. The quality of the stock also is an

important consideration; for example, hot-extruded, hot-forged, or hot-rolled blanks may not

have the desired dimensional tolerances, surface integrity, and surface finish. Thus, operations

such as machining or grinding may be necessary in order to remove sufficient material for the

desired surface characteristics; this extra amount of material must be accounted for in selecting

the stock size. For economic reasons, it is often desirable to reduce the quantity of material in

products; this reduction can be accomplished by using and optimizing cross-sections or by using

materials with higher strength-to-weight or strength-to-stiffness ratios. Numerous examples of

creative solutions can be given, such as the use of a copper layer to achieve a smooth surface

finish in electroplating applications in electronics, followed by a much thinner layer of gold for

improved corrosion resistance and electrical conductivity. It should be apparent that to reduce the

variety of materials in a product, as well as the number of fasteners in it, a systematic review of

the processes and materials must be done. It should be recalled that this topic is discussed in
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some detail and several examples have been given. Design involves only 5% of the total cost

because the design cost is distributed over a large production run. However, it should be noted

that design has the largest impact on costs. For example, a poorly designed part may require

expensive manufacturing processes, but if manufacturing is considered simultaneously by the

designers, this contribution to cost can be significantly reduced.

4. Competitive Environment

Competition is a rivalry between individuals, groups, nations, or animals, for territory, a niche, or

allocation of resources. It arises whenever two or more parties strive for a goal which cannot be

shared. Competition occurs naturally between living organisms which co-exist in the same

environment. For example, animals compete over water supplies, food, and mates, etc. Humans

compete for water, food, and mates as well, though when these needs are met deep rivalries often

arise over the pursuit of wealth, prestige, and fame. Business is often associated with competition

as most companies are in competition with at least one other firm over the same group of

customers. Competition may give incentives for self-improvement. For example, if two

watchmakers are competing for business, they will hopefully lower their prices and improve their

products to increase sales. If birds compete for a limited water supply during a drought, the more

suited birds will survive to reproduce and improve the population. Rivals will often refer to their

competitors as "the competition". The term can also be used to refer to the contest or tournament

itself. Competition may also exist at different sizes; some competitions may be between two

members of a species, while other competitions can involve entire species. In an example in

economics, a competition between two small stores would be considered small compared to

competition between several mega-giants. As a result, the consequences of the competition

would also vary- the larger the competition, the larger the effect. In addition, the level of

competition can also vary. At some levels, competition can be informal; more for pride and/or

fun. However, other competitions can be extremely serious; for example, some human wars have

erupted because of the intense competition between two nations or nationalities.
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