Preface

Namaskara (THYPR) / I20T9,0 (Namaskara) / Greetings,

In the world of today, characterized by rapid technological advancements, the field of
Manufacturing Technology stands as a cornerstone of innovation and progress. It is a field that
transcends linguistic and geographic boundaries, uniting diverse communities in their pursuit
of knowledge and expertise.

We are proud to present this multilingual textbook on Manufacturing Technology, which
seamlessly combines the richness of three distinct languages - Kannada, Marathi, and English.
This trilingual approach aims to make the subject of Manufacturing Technology accessible to
a wider audience, transcending language barriers and fostering a spirit of inclusivity and
collaboration.

VTR NS S0z / fafmafor denfiet / Manufacturing Technology

This textbook is a testament to the multicultural and multilingual landscape of our educational
institutions and workplaces. It is designed to cater to students and professionals from various
linguistic backgrounds, facilitating their understanding of core concepts in Manufacturing
Technology.

Key Features of the Textbook:

Multilingual Approach: Each chapter is presented in three languages — Kannada, Marathi, and
English, making it easier for learners to comprehend the subject matter in their preferred
language.

Comprehensive Content: The textbook covers a wide range of topics in Manufacturing
Technology, from traditional methods to cutting-edge techniques, ensuring that readers gain a
holistic understanding of the subject.

Practical Insights: Real-world examples, case studies, and practical applications are
incorporated to bridge the gap between theory and practice, making the content relevant to
industry needs.

Visual Aids: Richly illustrated diagrams, charts, and photographs enhance the learning
experience, aiding in the visualization of complex concepts.

As you embark on your journey through the pages of this textbook, we encourage you to
embrace the linguistic diversity it offers. Whether you are fluent in Kannada, Marathi, or
English, this textbook is a bridge to the world of Manufacturing Technology, a field that knows
no boundaries.

We extend our gratitude to all the contributors, educators, and learners who have made this
endeavor possible. We hope that this trilingual textbook will empower you to excel in the
fascinating world of Manufacturing Technology, and we wish you a fruitful and rewarding
learning experience.

a1 fGemet / aen dwe Bertert / To all learners,
2023 Bed) =0 LOr! / ][H SIN! / Happy Learning!

Pooja. Angolkar

Head of the department & Assistant Professor,
Department of Robotics & Artificial Intelligence,
Maratha Mandal Engineering College,

Belagavi



President’s Desk

Dear Members of the Academic Community,

I'am delighted to introduce and celebrate the release of the
multilingual book on "Manufacturing Technology,"
skilfully compiled by our dedicated colleague, Pooja
Angolkar. This endeavor is a testament to the value we
place on linguistic diversity and knowledge sharing
within our academic institution.

The significance of manufacturing technology in our
rapidly evolving world cannot be overstated. This
trilingual book, presented in Kannada, Marathi, and ¥
English, embodies our commitment to making this vital &
subject accessible to a broader audience. It bridges the language gap, enabling a more inclusive
learning experience for students, professionals, and enthusiasts alike.

Pooja Angolkar's dedication and expertise have culminated in a comprehensive resource that
showcases the richness of our linguistic and cultural tapestry. I extend my heartfelt gratitude to
her for her tireless efforts in bringing this vision to fruition.

As we embark on this educational journey, I encourage each of you to explore the depths of
"Manufacturing Technology" through this multilingual lens. May this book be a source of
inspiration and empowerment, fostering collaboration and innovation within our academic
community and beyond.

Thank you for your unwavering support, and I look forward to witnessing the positive impact
of this remarkable contribution to our educational landscape.

Warm regards,

Dr. Rajashree Nagaraju
President
MMEC, Belagavi



Principal’s Message

Dear Students, Faculty, and Staff,

I am thrilled to introduce a significant addition to our academic
library, the multilingual book on "Manufacturing Technology,"
thoughtfully compiled by our esteemed colleague, Pooja
Angolkar. This achievement reflects our commitment to
fostering a diverse and inclusive learning environment.

"Manufacturing Technology" is a field that transcends borders
and languages, and this trilingual book, presented in Kannada,
Marathi, and English, embodies our institution's dedication to
providing equitable access to knowledge. Pooja Angolkar's
dedication to this project showcases the passion and expertise that define our academic
community.

This book is a valuable resource for students and professionals alike, offering a comprehensive
understanding of manufacturing processes and techniques. It not only celebrates linguistic
diversity but also empowers our learners to excel in their chosen fields.

I extend my sincere congratulations to Pooja Angolkar for her remarkable work on this project
and her commitment to enriching our educational resources.

I invite each of you to explore this multilingual treasure trove of knowledge and embrace the
opportunities it presents. Let us continue to champion diversity, innovation, and excellence in
our academic endeavours.

Warm regards,
Dr. D. G. Kulkarni,
Maratha Mandal Engineering College,

Belagavi.
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Chapter 1: Introduction

1.1 What is Manufacturing?

The word manufacture is derived from two Latin words, manus (hand) and factus
(make); the combination means made by hand. The English word manufacture is
several Centuries old, and ‘‘made by hand’’ accurately described the manual methods.
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1.2 Manufacturing definition:

As a field of study in the modern context, manufacturing can be defined two ways, one
technologic and the other economic. Technologically, manufacturing is the application
of physical and chemical processes to alter the geometry, properties, and/or appearance
of a given starting material to make parts or products; manufacturing also includes
assembly of multiple parts to make products. The processes to accomplish
manufacturing involve a combination of machinery, tools, power, and labor, as depicted
in Figure 1.1.
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FIGURE 1.1 Two ways to define manufacturing: (a) as a technical process, and (b) as an economic process.
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Manufacturing is almost always carried out as a sequence of operations. Each operation
brings the material closer to the desired final state.

Economically, manufacturing is the transformation of materials into items of greater
value by means of one or more processing and/or assembly operations. The key point is
that manufacturing adds value to the material by changing its Shape or properties, or
by combining it with other materials that have been similarly altered. The material has
been made more valuable through the manufacturing operations performed onit. When
iron ore is converted into steel, value is added. When sand is transformed into glass,
value is added. When petroleum is refined into plastic, value is added. And when plastic
is molded into the complex geometry of a patio chair, it is made even more valuable.
The words manufacturing and production are often used interchangeably. The author’s
view is that production has a broader meaning than manufacturing. To illustrate, one
might speak of ‘‘crude oil production,”” but the phrase ‘‘crude oil manufacturing’’
seems out of place. Yet when used in the context of products such as metal parts
or automobiles,either word seems okay.
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1.3 Importance of manufacturing processes

Manufacturing may produce discrete products, meaning individual parts or pieces of
parts or it may produce continuous products. Nails, gears, steel balls, beverage cans and
engine blocks are example of discrete products. Metal or plastic sheet, wire, hose and
pipe are continuous products that may be cut into individual pieces and thereby become
discrete products. Because a manufactured item has undergone a number of changes
during which raw material has become a usefulproduct, it has added value, defined as
monetary worth in terms of price. For example, clay has a certain value when
mined. When the clay isused to make a ceramic dinner plate, cutting tool, or electrical

insulator, value is added to the clay; similarly, a wire coat hanger or a nail has added
value over and above the cost of a piece of wire.
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1.4 Classifications of manufacturing processes

Most of the metals used in industry are obtained as ores. These ores are subjected to a
suitable reducing process which gives the metal in a molten form. This molten metal is
poured into moulds to give commercial casting, called ingots. These ingots are further
subjected to one or more processes to obtain usable metal products of different shapes
and sizes. All the further processes used for changing the ingots into usable products
can be classified as follows:
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1.5 Primary Shaping Processes

These processes are of two types. Some of these finish product to its usable form
whereas others do not, and require further working to finish the component to the
desired shape and size. Casting needs remeltingof ingots in cupola or some other
foundry furnace and then pouring ofthis molten metal into metal or sand moulds to
obtain the castings. The products obtained through this process may or may not be
required to undergo further operation; depending upon the function they have to
perform. Same in the case with forging than casting. Many operations like cold rolling
die casting, metal spinning and wire drawing etc., lead to the production of directly
useful articles. The common operations are:

(1) Casting (2) Forging

(3) Rolling (4) Bending (5) Drawing

(6) Shearing (7) Spinning

(8) Electroforming
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1.6 Machining Processes

A fairly large number of components are not finished to their usable shapes and sizes
through the primary processes. These components are further subjected to one or more
of the machining operation called SECONDARY PROCESSES, to obtain the desired
shape and dimensional accuracy. Thus, the components undergoing these secondary
operations are basically the roughly finished products through primary operation. The
secondary operation are mainly necessary when a very close dimensional accuracy is
required or some such shape is desired to be produced which is not possible through
primary operations. These operations require the use of one or more machine tools,
various types of cutting tools and cutters, marking and measuring instruments, testing
devices and gauges etc. of which a combined application leads to the desired
dimensional control. The common machining performed for this purpose are the
following:

(1) Turning (2) Threading
(3) Drilling (4) Shaping
(5) Sawing (6) Grinding
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1.7 Joining Processes

These processes are used for joining metal parts and in general fabrication work. Such
requirement usually occurs when larger lengths ofstandard section are required. In such
cases, smaller lengths are joined together to give the desired length. These processes
also enable temporary or permanent type of fastening. Most of the processes are require
heat for joining of metal pieces. The common processes falling inthis category are:

(1) Welding (2) Soldering
(3) Brazing (4) Riveting
(5) Screwing (6) Pressing
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1.8 Surface Finishing Processes

These processes should not be misunderstood as metal removing processes, in any case
as they are primarily intended to provide a good surface finish to the metal surface,
although a very negligible amount of metal removal or addition does take place.
Thus, these processes will not affect any appreciable variation in dimensions. The
common processes are as following:

(1) Buffing (2) Polishing
(3) Sanding (4) Electroplating
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1.9 Selecting Manufacturing Processes:
As example for processing methods for materials:
Casting
Forming and shaping
Machining
Joining
Micromanufacturing and nanomanufacturing
Finishing
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Shapes and Some Common Methods of Production

Shape or feature Production method”
Flat surfaces Rolling, planing, broaching, milling, shaping, grinding
Parts with cavities End milling, electrical-discharge machining, electrochemical

Parts with sharp features
Thin hollow shapes
Tubular shapes

Tubular parts

Curvature on thin sheets
Openings in thin sheets

Cross sections

Square edges
Small holes

Surface textures

Detailed surface features
Threaded pars

Very large parts
Very small parts

machining, ultrasonic machining, blanking, casting, forging,
extrusion, injection molding, metal injection molding
Permanent-mold casting, machining, grinding, fabricating,”
powder metallurgy, coining

Slush casting, electroforming, fabricating, filament winding,
blow molding, sheet forming, spinning

Extrusion, drawing, filament winding, roll forming, spinning,
centrifugal casting

Rubber forming, tube hydroforming, explosive forming,
spinning, blow molding, sand casting, filament winding
Stretch forming, peen forming, fabricating, thermoforming
Blanking, chemical blanking, photochemical blanking, laser
machining

Drawing, extrusion, shaving, turning, centerless grinding,
swaging, roll forming

Fine blanking, machining, shaving, belt grinding

Laser or electron-beam machining, electrical-discharge
machining, electrochemical machining, chemical blanking
Knurling, wire brushing, grinding, belt grinding, shot
blasting, etching, laser texturing, injection molding,
compression molding

Coining, investment casting, permanent-mold casting,
machining, injection molding, compression molding
Thread cutting, thread rolling, thread grinding, injection
molding

Casting, forging, fabricating, assembly

Investment casting, etching, powder metallurgy,
nanofabrication, LIGA, micromachining
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1.10 Part Size and Dimensional Accuracy

Size, thickness and shape complexity of a part have a major bearing on the process
selected

The size and shape of manufactured products also vary widely
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Classlfication  Examples Manufacluring Applications
In nafure process examples
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1.11 Manufacturing and Operational Costs

Lead time required to begin production and the tool and die life are of major
importance.

Quantity of parts and production rates determine the processesthat are used and the
economics of production.
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Net-Shape Manufacturing

Additional finishing operations might be needed for finished partsor products to
desired specifications.
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The main responsibilities of the manufacturing engineers:

Plane the manufacturing of the product and the processes to be utilized, this function
requires a through knowledge of product, its expected performance and specification.

Identify machines, requirement, and tools to carry out the plan.

Interact with design and materials engineers to optimize productivity and minimize
product costs.

Cooperate with industrial engineers for machine arrangements, material-handling, new
technologies. ...etc
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1.12 Classification of Engineering Materials, and Their Properties:
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Material classification:
There are different ways of classifying materials. One way is to describefive groups or

families (Table 1-1):
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TABLE 1-1 W Representative examples, applications, and properéies for each category of materials

Examples of Applications

Properties

Metals and Alloys
Copper

Gray cast iron

Alloy steels

Ceramics and Glasses

SI0a—MNagO-Cal

Alz03, Mg0, 5102

Barium fitanate
Silica

Polymers
Polyethylens

Epoxy

Phenolics

Semiconductors
Silkcon
Gahs

Composites
Graphite-apoxy

Tungstan carbide-cobalt

WC-Cal
Titznium-clad stoel

Electrical conductor wire
Automobille engine blocks

Wrenches, automobile chassls

Window glass

Refractores {Le., heat-resistant lning
of furnaces) for contalning maolten

matal
Capacttors for microelectronics
Optical fibars for information

technolozy

Food packaging

Encapsulation of Integrated circulis

Adhesives for joining plies in phywood

Transistors and Integrated circuis

Optoelectronic systems

Alrcraft componants

Carbida cutting tools for madhining

Beactor vessals

High electrical conductivity,
good formabiltty

Casiable, machinable,
vibration-damping

Signiicantly sirengthened by
heat treatment

Optically transparent, thermally
Insulating

Thermally Insulating, withstand
high temperatures, relatively
Imart to maltten metal

High abiltty to store chargs

Refractive Index, low opfical
lossas

Easlly formed into thin, flexible,
alrtight film

Electrically insulating and
moisture-resisiant

Sirong, molsture resistant

Unigue electrical behavior
Comnverts electrical signals to
light, kasers, laser diodes, ef:.

High stremgth-to-weight ratio

High hardness, yat good
shock rasistance

Loww cost and high strangth of
steel with the comosion
resistance of titanium
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1.13 Metals and Alloys:

Metals and alloys include steels, aluminum, magnesium, zinc, cast iron, titanium, copper,
and nickel. An alloy is a metal that contains additions of one or more metals or non-metals.
In general, metals have good electrical and thermal conductivity. Metals and alloys have
relatively high strength, high stiffness, ductility or formability, and shock resistance. They
are particularly useful for structural or load-bearing applications. Although pure metals are
occasionally used, alloys provide improvement in a particular desirable property or permit
better combinations of properties.
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Ceramics:

Ceramics can be defined as inorganic crystalline materials. Beach sand and rocks are
examples of naturally occurring ceramics. Advanced ceramics are materials made by
refining naturally occurring ceramics and other special processes. Advanced ceramics are
used in substrates that house computer chips, sensors and capacitors, wireless
communications, inductors, and electrical insulation. Some ceramics are used as
barrier coatings to protect metallic substrates in turbine engines. Ceramics arealso
used in such consumer products as paints, and tires, and for industrial applications such as
the tiles for the space shulttle.

Traditional ceramics are used to make bricks, tableware, toilets, bathroom sinks,
refractories (heat-resistant material), and abrasives. In general, due to the presence of
porosity (small holes), ceramics do not conduct heatwell; they must be heated to very high
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temperatures before melting. Ceramics are strong and hard, but also very brittle. We
normally prepare fine powders of ceramics and convert these into different shapes. New
processing techniques make ceramics sufficiently resistant to fracture that they can be used
in load-bearing applications, such as impellers in turbine engines. Ceramics have
exceptional strength under compression.

Can you believe that an entire fire truck can be supported using fourceramic coffee cups?
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1.14 Glasses and Glass-Ceramics:

Glass is an amorphous material, often, but not always, derived from a molten liquid. The
term “amorphous” refers to materials that do not have a regular, periodic arrangement of
atoms. The fiber optics industry is founded on optical fibers based on high purity silica
glass. Glasses are also used in houses, cars, computer and television screens, and hundreds
of otherapplications. Glasses can be thermally treated (tempered) to make them stronger.
Forming glasses and nucleating (forming) small crystals within them by a special thermal
process creates materials that are known as glass-ceramics. Zerodur™ is an example of a
glass-ceramic material that is used to make the mirror substrates for large telescopes (e.g.,
the Chandra and Hubble telescopes). Glasses and glass-ceramics are usually processed by
melting and casting.
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Polymers:

Polymers are typically organic materials. They are produced using a process known as
polymerization. Polymeric materials include rubber (elastomers) and many types of
adhesives. Polymers typically are good electrical and thermal insulators although there are
exceptions such as the semiconducting polymers. Although they have lower strength,
polymershave a very good strength-to-weight ratio. They are typically not suitable for use
at high temperatures. Many polymers have very good resistance to corrosive chemicals.
Polymers have thousands of applications ranging from bulletproof vests, compact disks
(CDs), ropes, and liquid crystal displays (LCDs) to clothes and coffee cups.
Thermoplastic polymers, in which the long molecular chains are not rigidly connected,
have good ductility and formability; thermosetting polymers are stronger but more brittle
because the molecular chains are tightly linked (Figure 2-1). Polymers are used in many
applications, including electronic devices. Thermoplastics are made by shaping their
molten form. Thermosets are typically cast into molds. Plastics contain additives that
enhance the properties of polymers.
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0000

Thermoplastic Thermoset

Figure 1 Polymerization occurs when small molecules, represented by the circles, combine
to produce larger molecules, or polymers. The polymer molecules can have a structure that
consists of many chains that are entangled but not connected (thermoplastics) or can form
three-dimensional networks in which chains are cross-linked (thermosets
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1.15 Semiconductors:

Silicon, germanium, and gallium arsenide-based semiconductors such as those used in
computers and electronics are part of a broader class of materials known as electronic
materials. The electrical conductivity of semiconducting materials is between that of
ceramic insulators and metallic conductors. In some semiconductors, the level of
conductivity can be controlled to enable electronic devices such as transistors, diodes,
etc., that are used to build integrated circuits. In many applications, we need large single
crystals of semiconductors. These are grown from molten materials. Often, thin films of
semiconducting materials are also madeusing specialized processes.
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1.16 Composite Materials:

The main idea in developing composites is to blend the properties of different materials.
These are formed from two or more materials, producing properties not found in any
single material. Concrete, plywood, and fiberglass are examples of composite materials.
Fiberglass is made by dispersing glass fibers in a polymer matrix. The glass fibers
make thepolymer stiffer, without significantly increasing its density. With composites, we
can produce lightweight, strong, ductile, temperature-resistant materialsor we can produce
hard, yet shock-resistant, cutting tools that would otherwise shatter. Advanced aircraft and
aerospace vehicles rely heavily oncomposites such as carbon fiber-reinforced polymers
(Figure 1.2). Sports equipment such as bicycles, golf clubs, tennis rackets, and the like also
make use of different kinds of composite materials that are light and stiff.

Figure 1.2 The X-wing for advanced helicopters relies on a material composed of a carbon
fiber reinforced polymer. (Courtesy of Sikorsky Aircraft Division — United Technologies
Corporation.)
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1.17 Material properties:

So what are these properties? Some, like density (mass per unit volume) and price (the cost
per unit volume or weight) are familiar enough, but others are not, and getting them
straight is essential. Think first of thosethat have to do with carrying load safely—the
mechanical properties.
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Mechanical properties

A steel ruler is easy to bend elastically—*elastic’ means that it springs back when released.
Its elastic stiffness (here, resistance to bending) is setpartly by its shape—thin strips are
easy to bend—and partly by a property of the steel itself: their elastic moduli, E.
Materials with high E, like steel,are intrinsically stiff; those with low E, like

polyethylene, are not. The steel ruler bends elastically, but if it is a good one, it is hard to
give it a permanent bend. Permanent deformation has to do with strength, not stiffness. The
ease with which a ruler can be permanently bent depends, again, on its shape and on a
different property of the steel—its yield strength, oy. Materials with large oy, like titanium
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alloys, are hard to deform permanently even though theirstiffness, coming from E, may not
be high; those with low oy, like lead, can be deformed with ease. When metals
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Figure 1.3

deform, they generally get stronger (this is called ‘work hardening’), but there is an
ultimate limit, called the tensile strength, ots, beyond which the material fails (the amount
it stretches before it breaks is called the ductility). So farso good. One more. If the ruler
were made not of steel but of glass or of PMMA (Plexiglas, Perspex), as transparent rulers
are, it is not possible to bend it permanently at all. The ruler will fracture suddenly, without
warning, before it acquires a permanent bend. We think of materials that break inthis
way as brittle, and materials that do not as tough. There is no permanent deformation here,
so oy is not the right property. The resistance of materials to cracking and fracture is
measured instead by the fracture toughness, K1c. Steels are tough—well, most are (steels
can be madebrittle)—they have a high Klc. Glass epitomizes brittleness; it has a very
low Klc. Figure 1.4(d) suggests consequences of inadequate fracture and toughness. We
started with the material property density, mass per unit volume, symbol p. Density, in a
ruler, is irrelevant. But for almost anything that moves, weight carries a fuel penalty,
modest for automobiles, greater for trucks and trains, greater still for aircraft, and
enormous X0y

O
(a) @ - @ All as it should be

Not stiff enough
(E too low)

Not strong enough
(oy too low)

: @ Not tough enough
// (K¢ too low)
[\

SARARTINED SR RS Ew
i.:\w%qiw > i Too dense

(p too high)
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Figure 1.4
in space vehicles. Minimizing weight has much to do with clever design is equally to choice of
material. Aluminum has a low density, lead a high one. If our little aircraft were made of lead, it
would never get off the ground at all (Figure 1.4(e)). These is not the only mechanical properties,
but they are the most important ones.
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Thermal properties

The properties of a material change with temperature, usually for the worse. Its strength
falls, it starts to ‘creep’ (to sag slowly over time), and it may oxidize, degrade or
decompose (Figure 1.3). This means that there isa limiting temperature called the
maximum service temperature, Tmax, above which its use is impractical. Stainless steel has
a high Tmax—it can be used up to 800°C; most polymers have a low Tmax and are
seldomused above 150°C. Most materials expand when they are heated, but by differing
amounts depending on their thermal expansion coefficient, a. The expansion is small,
but its consequences can be large. If, for instance, a rod isconstrained, as in Figure 1.3
(b), and then heated, expansion forces the rod against the constraints, causing it to buckle.
Railroad track buckles in this way if provision is not made to cope with it. Some
materials—metals, for instance—feel cold; others—Ilike woods—feel warm. This feel
has to do with two thermal properties of the material: thermal conductivity and heat
capacity. The first, thermal conductivity, 1, measures the rate at which heat flows through
the material when one side is hot and the other cold. Materials with high 4 are what
you want if you wish to conduct heat fromone place to another, as in cooking pans,
radiators and heat exchangers;

B | |

C

(a) High service temperature Tmay  Low service temperature Tmax

=YL

(b) High exphnsion coefficient « Low expansion coefficient «

i )

(c) High conductivity A Low conductivity 2
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Figure 1.5

Figure 1.5 (c) suggests consequences of high and low A for the cooking vessel. But low
A is useful too—low A materials insulate homes, reduce the energy consumption of
refrigerators and freezers, and enable space vehicles to re-enter the earth’s atmosphere.
These applications have to do with long-time, steady, heat flow. When time is limited,
that other property—heat capacity, Cp—matters. It measures the Amount of heat thatit
takes to make the temperature of material rise by a given amount. Highheat capacity
materials—copper, for instance—require a lot of heat to change their temperature; low
heat capacity materials, like polymer foams, take much less.
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Electrical, magnetic and optical properties

We start with electrical conduction and insulation (Figure 1.3(a)). Without electrical
conduction we would lack the easy access to light, heat, power, control and
communication that—today—we take for granted. Metals conduct well—copper and
aluminum are the best of those that are affordable. But conduction is not always a good
thing. Fuse boxes, switch casings, all require insulators. Here the property we want is
resistivity, pe,the inverse of electrical conductivity xe. Most plastics and glass have high
resistivity (Figure 1.3(a))—they are used as insulators—though, by special treatment,
they can be made to conduct a little. Electricity and magnetism are closely linked.
Electric currents induce magnetic fields; a moving magnet induces, in any nearby
conductor, an electric current. The response of most materials to magnetic fields is too
small to be of practical value. But a few—called ferromagnets have the capacity to trap a
magnetic field permanently. These are called ‘hard’ magnetic materials because, once
magnetized, they are hard to demagnetize. They are used as permanent magnets
in headphones, motors and dynamos. Here the key property is the remanence, a measure of
the intensity of the retained magnetism.
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Figure 1.6- Properties
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A few others— ‘soft Magnet materials—are easy to” magnetize and demagnetize. They are
the materials of transformer cores. They have the capacity to conduct a magnetic field, but
not retain it permanently (Figure 1.6(b)). For these a key property is the saturation
magnetization, which measures how large a field the material can conduct. Materials
respond to light as well as to electricity and magnetism—hardly surprising, since light
itself is an electromagnetic wave. Materials that are opaque reflect light; those that are
transparent refract it, and some have the ability to absorb some wavelengths (colors) while
allowing others to pass freely (Figurel.6(c)).
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Chemical properties

Products often have to function in hostile environments, exposed to corrosive fluids, to hot
gases or to radiation. Damp air is corrosive, so is water; the sweat of your hand is
particularly corrosive, and of course there are far more aggressive environments than these.
If the product is to survive for its design life it must be made of materials—or at least
coated with materials—that can tolerate the surroundings in which they operate. Figure 1.7
illustrates some of the commonest of these: fresh and salt water,acids and alkalis, organic
solvents, oxidizing flames and ultraviolet radiation. We regard the intrinsic resistance of
a material to each of theseas material properties, measured on a scale of 1 (very poor) to 5
(very good).
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(c) Acids and alkalis (d) Organic solvents

(e) Oxidation (f) UV radiation

Figure 1.7 Chemical Properties
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1.18 Metal Casting processes, ebe3e o833 &,3,00hRw
_Aed B ufsear

Introduction of casting process:

Casting process is one of the earliest metal shaping techniques. A metal casting may be
defined as a metal object produced by pouring molten metal into mold containing a
cavity which has the desired shape of casting, allowing the moltenmetal to solidify in
the cavity, and then removing the casting. The solidified object is called casting and the
process is called founding or casting process. (Figl.5) Simplified flow diagram of the
basic operations for producing a steel casting.
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Figure. 1.8 Casting Process
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The important factors in casting process are:

The flow of molten metal into mold cavity.

Solidification of metal from its molten state

Heat transfer during solidification and cooling of the metal in the mold
Influence of type of the mold
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Advantages of casting processes

1. Casting can produce complex shapes and can incorporate internal cavities or hollow
sections.
Very large parts can be produced in one piece.

2. Casting can utilize materials that are difficult or uneconomical to process by other
means.

3. The casting process can be economically competitive with othermanufacturing processes.
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Good or sound casting producing
Producing a good or sound casting requires a design effort to:

Create a gating system (which consist from: pouring basin , sprue, and runner)to bring
molten metal into the mold cavity

Provide a riser (feeder) which is a reservoir to feed molten metal to the castingas it
solidifies to prevent internal and external shrinkage in the casting. The riser may have to
provide up to 5-7% by volume for the casting as it solidifies. The risers should be
designed keeping the following in mind (1- the metal in the riser should solidify in the
end of the process .2- the riser volume should be sufficient for compensating the
shrinkage in the casting. Control heat flow , in order to make the last liquid to solidify is
in the riser. Control the rate of heat flow so as to control the nature of the solidified
product(microstructure , mechanical properties)
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Significance of fluidity

Fluidity of molten metal helps in producing sound casting with fewer defects. It fills not
only the mold cavity completely and rapidly but does not allow also any casting defect
like “misrun” to occur in the cast object. Pouring of molten metal properly at correct
temperature plays a significant role in producing sound castings. The gating system
performs the function to introduce clean metal into mold cavity in a manner as free of
turbulence as possible. To produce sound casting gate must also be designed to
completely fill the mold cavity for preventing casting defect such as misruns and to
promote feeding for establishing proper temperature gradients.

Prevent casting defect such as misruns without use of excessively high pouring
temperatures is still largely a matter of experience. To fill the complicated castings
sections completely, flow rates must be high but not so high as to cause turbulence.lIt is
noted that metal temperature may affect the ability of molten alloy to fill the mold, this
effect is metal fluidity. Often, it is desirable to check metal fluidity before pouring using
fluidity test. Fig. 1.6 illustrates a standard fluidity spiral test widely used for cast steel.
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Figure.1.9 Fluidity test

“Fluidity” of an alloy is rated as a distance, in inches, that the metal runs in the spiral
channel. Fluidity tests, in which metal from the furnace is poured by controlled vacuum
into a flow channel of suitable size, are very useful, since temperature (super-heat) is
the most Significant single variable influencing the ability of molten metal to fill mold.
This test is an accurate indicator of temperature. The use of simple, spiral test, made in
green sand on a core poured by ladle from electric furnace steel melting where
temperature measurement is costly and inconvenient. The fluidity test is same times less
needed except as a research tool, for the lower melting point metals. In small casting
work, pouring is done by means of ladles andcrucibles.
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1.19 Classification of casting processes:

Foundry processes can be classified based on whether the molds are permanent or
expendable. Similarly, Sub-classifications can be developed from patterns, that is,
whether or not the patterns are expendable. A second Sub-classification can be based
on the type of bond used to make the mold. For permanent molding, processes can be
classified by the type of mechanism used to fill the mold. Below one possible
classification system for the molding and casting processes.

Permanent pattern, expendable pattern, and permanent mold processes, aresummarized
below:
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Sand casting molds:

Sand casting is by far the most important casting process. A sand-casting mold will be
used to describe the basic features of a mold. Many of these features and terms are
common to the molds used in other casting processes. Figure 1.8 shows the cross-
sectional view of a typical sand-casting mold, indicating some of the terminology. The
mold consists of two halves: cope and drag. The cope is the upper half of the mold,
and the drag is the bottom half. These two mold parts are contained in a box, called a
flask, which is also divided into two halves, one for the cope and the other for the
drag. The two halves of the mold separate at the parting line. In sand casting (and
other expendable-mold processes) the mold cavity is formed by means of a pattern,
which is made of wood, metal, plastic, or other material and has the shape of the part
to be cast. The cavity is formed by packing sand around the pattern, about half each in
the cope and drag, so that when the pattern is removed, the remaining void has the
desired shape of the cast part. The pattern is usually made oversized to allow for
shrinkage of the metal as it solidifies and cools. The sand for the mold is moist and
contains a binder to maintain its shape. The cavity in the mold provides the external
surfaces of the cast part. In addition, a casting may have internal surfaces. These
surfaces are determined by means of a core; a form placed inside the mold cavity to
define the interior geometry of the part. In sand casting, cores are generally made of
sand, although othermaterials can be used, such as metals, plaster, and ceramics.

The gating system in a casting mold is the channel, or network of channels, by which
molten metal flows into the cavity from outside the mold. As shown in the figure, the
gating systemtypically consists of a down sprue (also called simply the sprue), through
which the metal enters a runner that leads into the main cavity. At the top of the down
sprue,a pouring cup (pouring basin) is often used to minimize splash and turbulence as
the metal flows into the down sprue. It is shown in our diagram as a simple cone-
shaped funnel. Some pouring cups are designed in the shape of a bowl, with an open
channel leading to the down sprue. In addition to the gating system, anycasting
in which shrinkage is significant requires a riser connected to the main cavity. The riser
is a reservoir in the mold that serves as a source of liquid metal for the casting to
compensate for shrinkage during solidification. The riser must be designed to freeze
after the main casting in order to satisfy its function. As the metal flows into the mold,
the air that previously occupied the cavity, as well as hot gases formed by reactions of
the molten metal, must be evacuated so that the metal will completely fill the empty
space. In sand casting, for example, the natural porosity of the sand mold permits the air
and gases to escape through the walls of the cavity. In permanent metal molds, small

vent holes are drilled into the mold or machined into the parting line to permit removal
of air ar Open riser Vent  Pouring basin (cup)

Y

i Flask
Sprue f
A Sand
Parting
- :

I line

Cope 4>

Ny

Choke - Sand
Runner Gate |/

Drag
Mold
cavity

Schematic illustration of a sand mold, showing various features.
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Figure 1.10

Elask: A metal or wood frame, without fixed top or bottom, in which the mold is
formed. Depending upon the position of the flask in the molding structure, itis referred
to by various names such as drag - lower molding flask, cope - upper molding flask,
cheek - intermediate molding flask used in three piece molding.

Pattern: It is the replica of the final object to be made. The mold cavity is madewith the
help of pattern.

Parting line: This is the dividing line between the two molding flasks thatmakes up the
mold.

Core: A separate part of the mold, made of sand and generally baked, which isused to
create openings and various shaped cavities in the castings.

Pouring basin: A small funnel shaped cavity at the top of the mold into which the
molten metal is poured.

Sprue: The passage through which the molten metal, from the pouring basin,reaches the
mold cavity. In many cases it controls the flow of metal into the mold.

Runner: The channel through which the molten metal is carried from the sprueto the
gate.

Gate: A channel through which the molten metal enters the mold cavity.

Chaplets: Chaplets are used to support the cores inside the mold cavity totake care of its
own weight.

Riser: A column of molten metal placed in the mold to feed the castings as itshrinks and
solidifies. Also known as feed head.

Vent: Small opening in the mold to facilitate escape of air and gases.
Chill: in casting, a metallic chills are used in order to provide progressivesolidification
or to avoid the shrinkage cavities fig 1.10.

%\ M

Shrinkage
cavity 44




Figure.1.11
DO 080 92 e

DD oTZBeY) 303 [BWWDW T3E B ohaireNd. wedI
Swewded VBENYRY, JSOTeD BT OTBT WY I WISUHST. 8 BOJ) déw&%ﬁw
D) AR 23T T3 FZobriv) WHFDS YAV Tesdro@eNd. 233 1.8
ABFTW  DOD-0TBE I3 wG-nd  JeesS), S0P, wd 3o
36@3&@@( TRBDITT. ed), T z,nrﬁrwmd WIMROBT: T DB dFAO.
Bees® 33 e T, DR @y, I BPINT FFDNG. B T @), Q3NN 00w
SeIriabe w¥ripoBdH3S, AR, T 2ot FTTHZE, A, VWD erinweN
QonBRNG, ol Fees DR @ﬁ@( o a@?smnﬁ. 3R QTR Pnnwd JJIod
O30 BB eBTNDHIS. DO OTBBY (D) @30 ade  FeBVBTT-e),
3)3)00nw) e9ed) LA 2,08 B0 Fwed TPRNPW,BT, W) DT, eed, DT
gD 230 SIYNPT BV LB DR OTSBRW) Wend BZTIY, BROODIT.
Son0h DB TR BB et Swewd BV TUEIWHST, &S BFETR,
Beex DR m_}én‘ﬁeg, 853003 B30, Srich®dedwen, HVPB FeFY) FTBBRY
PG ©TBeI3 B8BTS BRoODLBT. sy FASODT DB) Sgrordd Swewd
dpedd BHABohRY, ODDDETW BdR, TeredeeN MR Srerwerh3w
PN DO BeTHNDHTBE DB) BT 8BTS SoweBBRYn F;0B80° o
BRODDBT. PIODS BDPAD OTZBEAY Pond Wodk d)&&i%ﬁvaig( WBNDI3.
Bed) SO, avsBReD) 80303 d)&d%rieé@( BRODTVBTD. Bk éoed%rieédg( Iolded
SWVB ABFOTBINDHBT, onB 80308 TeNesBTY WYY wed) BBTTRYT
VOJE  word TeD. DOW OTBBY, Beertd, Toe@en  SHTPod
BodredRUHBT, Bweriy; eeEnW, HIVO' DA doneenivod3® VST SNV,
WTTVBWD. OTBT IO rieedon’ dédagai» I BT IISUNY VNG,
030 Jwewd 30N deedy @33 BRTNNOE BBCRRY B0NST. B33
ZpeddDBoZ, riecdor’ S@Jaw IBF DN B Ty R, wHHROBDLIT (VB¥aeN
<R, w0t 83 BTwHBT), B0 Bwwd tetsy) Bway BBTERYT Beerda Ik
o) BBBWIT. T R, whewyndY, deedsd) GO Jnyrt BOTN T, F DI
BRI, 38D Fedew DO B (DOWWST BUISDI) O JWYN
VIBINDBT. VB, D, FeareeddBY IV Beex’ 85908 BpdSohod SpedTeNd.
308 DO BFYR P 85908 VYRR VBTN, STB e B Jeyr

45



5906133, rieedont @It BedBOadyeN, BYIB MeHRIBE DT Wrayte dTEHO L
B8y BBTS, VoI TOoNT T;T0° NS IDST.

3, 30° 923 SODE 2,00 2e7930heeNd), &e8TET IHobBO BrIBabY SOTRNTL
QTR B fpedd SweweeN H20he ATEHDBT. B;[0° ¥BT Fo0beS), @pT,;0e
S8y 0BT I0BT ees’ TR IVYIRITWeD. doeddld ddpdrt dOvmeT,
&0t BBTIRY, 83, 1IBR0T MeP, Teriade 3VNT eead &330bnRvod CeFrieod
rARY) eﬁc(')e)rwc?ig( é@%oé@éde& QBO0T deedm) 598 mrﬁd&d TopermeN S0wW33.
DB OTBBY, GVDeBTERT, DTVYS W3S $;BNES IToPFBadn M D) WALNY
B0 teedny Qwewd TPTWTW DY) JBBARDBT. 70338 Seedd R,
0PI R3S I;®BNB TToF By MeP DR) BAUNRW DIBTT rteedny Iwewd
DRV P BBDST. 2038 dpedd RYNYY, DTN S ;NS
JC0PBD M DA ©AUNRWD DBCB reedny [wesd BV &Y
DBZRDTT. T93,3 1pedT Y NFY, MoP D) VAVNYRY, SHHTBLY ST
T BTAII Tognvs) SO ZeTabuedzd egme JIRI Jeafodd abod
SBUHSTH.

FT] dREBT P TV OB, ATITW ey N BT SNV, RBTO eed)

B3R aderdBd. SeeQornt SBEIahY F,S TISBIY VBV, a@én‘ - edeezof

SeeQort HTF,, Beex - DedT SeeQornt FTF, 3@( - dodzsoéd SeeQort HTF,

B00TB NG BIDMLT Jwed 0w BeeQorFIY WYRBUIMHST.

TLEVE. VW) BjBIeTT W03 SAIN B)3TpBHNG. d) DYDY, Srerdab

S plontaldaRelonpleLudrligiting
eI TV, AW @2%5.3( CRIDT 0D IpeQort FahNY SBIT IS
BealadroNa.

QY. OB BB PN, DTVPA0T @BV 3T DI TeadreSmeN wedBIerd3T,
VTR, OTBBRRYBO ST D) AT B8TTT BPRYRY, TeITeD WFITMHIT.
Do Beevaby. ONE detEsY DHOWWS i wHeeanadd Jg Bpvsod
35900 DY.

&g, 30N3 heedm) HOWMNE RISDHIDT ©u) VBT, SRS weriewNd.
©3e8 FoTINYY R I FWr deedd HODTIY Aoo)DST.

4657120 5ONT deedBY, [y Aod rieed TN oSS,
rees’, sONG edpe®dsy) eed) DBTBP LT B)ed WoSeF.

eI EIY: ) BDBTTBR YN BReNEYRY VBT &,08 SRETIY FPeBZRT L TEIT)
WYRIMDHIT.

46



J,00° 30N3 4pe®3 2,00 5903 XY, OU3TR) 8H05,N SO *0[UrHIT,
D BNBT D) Ned ArerhBW. et BT doBe STdnSIT.

Foer® R Hd) 8IVNY B3 ABAY L BRVZVTIDT0E 63 g STaAE.

2% o0 JoBRIFTY, IJnddew a’yéeﬁdmd@( WBNT FTe BB
DINTIY BT elpedeod deadnva, w¥TUrh3d ©oed 1.8.

qreg HIET & Tard HETE! PIRCT Tfshal e, Hies w1 qavgd GRS ERCIUE]
HRUGMNS] AB-HIRCT Hics dTRAT Ssd. JUDBT 3 IR 0T A SR
IR URpATE TR SO SrearaTa) T . 3Tl 1.8 BRAfdeh dI3-
HIRET Hicsd hig-YaRHd €= GRifdd, S BTo! Xealdal Giad. HiesHe I U
ST DY ST 7. DY BT AT a1 4T YT 3Tg M1 S 7T Wreran fef
YN 3R, § & HITS I UehT ST SRIATd, STl Ueiids TgUrdTd, SaTal &
YRS fAUTTA STd, Teh HIUTAT TIO1 GORT SI™Ta!. Hiegd Gl YT faydd Y8aR
T BIAd. Y8 HIRTHS (3T IR T HRUGARG-HITS UichaiAed) Areardt
Qiehcd! AHS, T, WIRe fdhal SaR AMFENURA s-aaedl Ue-igR daR gid ST
T YT SR TIHAl Sl AT HETET STHR S&dl. YeHiad aig Udh Hed
Jida! daR 8r>c1°| ST, U®! 3l W AT STHE, SUdEA U dlgH
CTh IR, \smcul [T PIRE HRTF gfesd SR ﬁl@)—cr ﬁ??f?ﬂﬂmﬁ i)
BRI AT STdl SATHes YT 9 gid AUl 4 Bid. ArATdd bt HRe
WWWWWWW qrAfaied, HIRCTHE Sfid GEHTT 3RY
[T, %qg‘l-nﬂ Or>I<r24I e FuiiRd Fal SITdTd, HFTT Sfavia Y o
OMUQI{-IIOI chs i et &mmwuﬁﬁ mmﬁﬂmﬁ DR FHH:
CICEREENN ST, SR} SR WIfgd aToRd ST, Wehd, ST ﬁ U1, WX &rrfﬁT
Rt ohllv&cu chsuzﬁa AfeT ﬁREI[ 1%131@[ Td fdhal daed edd, WgR
fadaad U1q dicea dieed Uldbadld dlgd. SMepdae TR, AT
Rcoqs) IId: S8 B (STl Bhad 8 ¢lid Wed SiTd) 31d, SgR 4T
T GidhedId U1 YTaugHe Ua=T . SI3- S [T, Th SauRT &9
(3NTuaTa SR SgAdbal T SHTIOT SRl HH HIUARITS! ATURe ST HRUT &7
Tl WEE 184, § AT Hhdiae] AT UG HHRME Hd BUH GRIId
3G, Hlel Sduar P U1 ST SNSRI TR &l SIdId, SATd T I°ST
4 Qe Bdbs SiTdl. AT Rty safaied, ﬁwﬁm@mﬁﬁmﬁﬁw
e G@WH@WWW TARG 3T, ISR g ArATdd Teh
ST 38 SN u-lddﬂ Jat Hd?ld-lltll WRUTS mma"r Eb‘rm ECRIIGE]
Wd ®BUH & $Hdl. ASoRd B YUl HRUGMST &I HIETHAR Wi
PRUNTS! FSE dheldl S0 IS TR, YT, ATeATd argd degl, Jal o]
el gd1, a9 fadadedn urgan Ufafbaige TR gIuR TR 91 §leR $led
S0l Saad 3T S 4T quiaul R S WRd. Iarerund, aia
qreATd, e AreATd! "4 fiies Awsadl gal 0T aRiAT Uidbes e fcdiaeT aTex
Qe AT SRR Ug dd. S1aH UTdedl YreaiAed, areged] Tt "9fie
Gfesgar gaT 3101 a1 Uit fUdiaYH dler Ug ad. SIH YTl JrAiae,
gl AT0T 1Y PTG UG e % C gl HicsHe Tt dbet SiTeild febar TrfcT
ATSTHL HRAH el ST,

47



FKIRF T Uq fhar digps %y, @R fdhar desr=il fRR A9ddl, SHe 9= daR
B!, M TWRRT FiReT RUFTIR, ITe 17 - AR WS Wb, HIU
- SR FISTT TRARD, T - SeIHITSTT HIfET elReh IREAT fafaes i dalered
ST o oft 0 Aifed el aroRe S,

F7F 8 3ifqd o SHara! ufddpdl g, ==l Had diee Uldbod! daR Pl
EiGH

341577 Sfje5: B G WS T darebHee fauTiora 9T 3118 St At &+dd.

PN Hiesdl Udh dIBT YT, dresal sl SO HId: deb dheiall, Sl YN
DRI ITSU 10T fAfde SThRTAT Mo TIR HRUITST el SiT.

97 Hlqu} Freared R Teh A5 Bridl BRI Ulbos! SUmHed fadeselan
YT 3TYcTa ST,

7 o= sRFmYA fdqeddn U1 a1 arTiqd dics Uieaigdd Uikl sard
araeﬂa?rﬂrwmsﬁ ura;nuaraﬁtrﬁawﬁ
/99 1 dIfg-igR [adesaa 4T SORET Teuid T ST,
71 U aifgil SrgR fadesaien 41 Hice Uldhos I YA &,
Fcie: IRICHT dIIR Hice Wb 3Td DRI YR GUIMTS! Wd: <l doira]
DB YU el Sal.
Regrv [adesdedn UIgdT T WY Hicede dadl Siid! SaTHes bl APpad gldrd
3101 T BIdTd. TS 88 BULTe! fiesdd Sild.
e TaT 3T IR IR USUARITS! HicsHed g SUSU,
[FF ST, Wi g9dl UM HRuardl fdhdr sfida- Midbo! 36k 4

CTBUITAT YT Y-Sl aTiR &l ST,

48



The properties that required in molding materials are:

Refractoriness: it is the ability of molding material to withstand the high
temperature of molten metal.
Green strength: it is refers to the stress required to rupture the sandspecimen under
compressive loading
2. Permeability: is the property of molding sand which enable air or gas toescape
through the sand.

&oeddor’ SIS &3 I U

. 533083 @) 3VNT eedd FYS SoBTSTY, STBRDBRNT SWIS
oD F N,

. BID 33! A FoBRIZ deedon’ BHY TP B0, OTePTLW
NS08 WIBBIY, FRBDIT

. @dezﬁmdﬁ: DTS OB BRTJ[PRENLY MY IBD9 ea&')oddg(
TP YRS DHTE JR.

TS TeRRgeTaed sawad JoresH e

. 3Ugdedl: [ddsded UIqET S dUHEHT die qUard! JifceT Jru
& 31TG.

. UNF Ky § SR AfET Sidild dT@=an Tg-aTal BIevaRel SaRad
Qe aToTTeT T T

. URIAT: WS aregdl UreH 3T S gaT fhal arg i He dTeR Ug
RlhdId.

1.20 ENGINEERING ANALYSIS OF POURING

There are several relationships that govern the flow of liquid metal through the
gating system and into the mold. An important relationship is Bernoulli’s theorem,
which states that the sum of the energies (head, pressure, kinetic, and friction) at
any two points in a flowing liquid are equal. This can be written in the following form:

_ 2 2 2
m+B s L=+ B 24 (3.1)

p 28 p 2
where h:head, cm (in), p:pressure on the liquid, N/cm? (Ib/ in?); p : density; g/cm?
(Ibm/in%); v = flow velocity; cm/s &(in/sec); g = gravitational acceleration constant,

981 cm/s/s (32.2x12= 386 in/sec/sec); and F= head losses due to friction, cm (in).
Subscripts 1 and 2 indicate any two locations in the liquid flow. Bernoulli’s equation
can be simplified in several ways. If we ignore friction losses (to be sure, friction will
affect the liquid flow through a sand mold), and assume that the system remains at
atmospheric pressure throughout, then the equation can be reduced to
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)
68 V2 3.2
f?1+2g—hg+2g (3.2)

This can be used to determine the velocity of the molten metal at the base of the sprue.
Let us define point 1 at the top of the sprue and point 2 at its base. If point 2is used as
the reference plane, then the head at that point is zero (h2 = 0) and hl is the height
(length) of the sprue. When the metal is poured into the pouring cup and overflows
down the sprue, its initial velocity at the top is zero (v1 = 0). Hence, Eq. (3.2) further
simplifies to

v

[ U]

/I] =

28
which can be solved for the flow velocity:
v =+/2gh (3.3

Where v=the velocity of the liquid metal at the base of the sprue, cm/s (in/sec); g=981
cm/s/s (386 in/sec/sec); and h = the height of the sprue, cm (in). Another relationship of
importance during pouring is the continuity law, which states that the volume rate of
flow remains constant throughout the liquid. The volume flow rate is equal to the
velocity multiplied by the cross-sectional area of the flowing liquid. Thecontinuity law
can be expressed:

O =vi A =1nA; (3.4)

Where Q = volumetric flow rate, cm®s (in®sec); v = velocity as before; A = cross
sectional area of the liquid, cm2 (in2); and the subscripts refer to any two points in the
flow system. Thus, an increase in area results in a decrease in velocity, and viceversa.
Assuming that the runner from the sprue base to the mold cavity is horizontal (and
therefore the head h is the same as at the sprue base), then the volume rate of flow
through the gate and into the mold cavity remains equal to VA at the base.

Accordingly, we can estimate the time required to fill a mold cavity of volume V as

T=VIQ or VI Av (3.5
Where T=mold filling time, s (sec); V=volume of mold cavity, cm® (in®); and

Q= volume flow rate, A= cross- sectional area of gate (area of sprue base or choke
area), v= velocity of liquid metal at the gate, as before. The mold filling time computed
by Eqg. (3.5) must be considered a minimum time. This is because the analysis ignores
friction losses and possible constriction of flow in the gating system;thus, the mold
filling time will be longer than what is given by Eq. (3.5). calculate the area from:

A = W/Cpt2gh (3.6)

Where W = casting weight, C= flow efficiency factor (0.4-0.9) for various systems,p=
density of the metal, t= pouring time

Abava @odddabOort JZeaEs
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which can be solved for the flow velocity:

v=/2¢h (3.3)
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which can be solved for the flow velocity:

v =/2gh (3.3)
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Examplel:

A mold sprue is 20 cm long. and the cross-sectional area at its base is 2.5 cm?. The sprue
feeds a horizontal runner leading into a mold cavity whose volume is 1560 cm?.
Determine: (a) velocity of the molten metal at the base of the sprue. (b) volume rate
of flow. and (¢) time to fill the mold.

Solution: (a)Thevelocity of the flowing metal at the base of the sprueis given by Eq. (10.4):

v = +/2(981)(20) = 198.1 cm/s

(b) The volumetric flow rate is
Q = (2.5em?)(198.1cm/s) = 495cm? /s

(c) Time required to fill a mold cavity of 100 in® at this15a(V rate is

T = 1560/495 = 3.2

Example2:

A mould 60cm x 30 cm x 16 cm is to be filled by liquid metal during sand casting
process the sprue head 16 cm. Determine the time taken to fill up the mold cavity?(The
cross-sectional area of gate is 6 cm?)

Solution:

L = length of mould =60 cmb =width

t = thickness of mouldv = volume of mould
=60x30x16

=28800 cm?®

A= area of gate =6 cm?H = head =16 cm

Vg= velocity of liquid metal of gate

=\2gh

=2x981x16

=177.2 cm/sec T =time taken to fill up the mould
\Y 28800 6x177.2
AV

=27 sec

Sprue can be of circular or rectangular cross-section.it is tapered downwards to avoid
aspiration of air. The cross —sectional area of the bottom is usually the chokearea A
.therefore the area at the top Al can be calculated from a sprue taper formula:

AL _ h (3.7)

AhT o o
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Where A=is the choke area, h= height of metal from top of the pouring basin to the
bottom of the sprue, and h1l =is the height from the top of the pouring basin to the top
of the sprue

Example 3:

A sprue is 12 in. long and has a diameter of 5 in. at the top, where the metal is poured.
The molten metal level in the pouring basin is taken as 3 in. from the top of the sprue
for design purposes. If a flow rate of 40 in/s is to be achieved, what should be the
diameter of the bottom of the sprue? Will the sprue aspirate? Explain. Assuming the
flow is frictionless, the velocity of the molten metal at the bottom of thesprue (h = 12
in.=1ft)is

v = \L2gh = 3/2(32.2)(1)

or v = 8.0 ft/s = 96 in./s. For a flow rate of 40
in3 /s, the area needs to be

() . 3 .‘
4= 20U aprs
v 96 in./s

For a circular runner, the diameter would then be 0.73 in., or roughly 3/4 in. Compare
this to the diameter at the bottom of the sprue based on Eq. (3.7), wherehl = 3in., h =
15in., and Al = 19.6 in2. The diameter at the bottom of the sprue iscalculated from:

Al h
= \— —
A h1
A= Al =196 —ggin?
\h/h1 ¥15/3

D=v*.4 =3.34in?
Vs
thus, the sprue confines the flow more than is necessary, and it will not aspirate
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1.21 MOLDING SAND

A suitable and workable material possessing high refractoriness in nature
can be used for mould making. Thus, the mold making material can be
metallic or non-metallic. For metallic category, the common materials are
cast iron, mild steel and alloy steels. In the non-metallic group molding
sands, plaster of paris, graphite, silicon carbide and ceramics are included.
But, out of all, the molding sand is the most common utilized non-metallic
molding material because of its certain inherent properties namely
refractoriness, chemical and thermal stability at higher temperature, high
permeability and workability along with good strength. Moreover, it is also
highly cheap and easily available. This chapter discusses molding and core
sand, the constituents, properties, testing and conditioning of molding and
core sands, procedure for making molds and cores, mold and core
terminology and different methods of molding.
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The general sources of receiving molding sands are the beds of sea, rivers,
lakes, granulular elements of rocks, and deserts. The common sources of
molding sands available in India are as follows:

Batala sand ( Punjab)

Ganges sand (Uttar Pradesh)

Oyaria sand (Bihar)

Damodar and Barakar sands (Bengal- Bihar Border)
Londha sand (Bombay)

Gigatamannu sand (Andhra Pradesh) and

Avadi and Veeriyambakam sand (Madras)

Molding sands may be of two types namely natural or synthetic. Natural
molding sands contain sufficient binder. Whereas synthetic molding sands
are prepared artificially using basic sand molding constituents (silica sand in
88-92%, binder 6-12%, water or moisture content 3-6%) and other additives
in proper proportion by weight with perfect mixing and mulling in suitable
equipments.
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1.22 CONSTITUENTS OF MOLDING SAND

The main constituents of molding sand involve silica sand, binder, moisture
content and additives.

Silica sand

Silica sand in form of granular quarts is the main constituent of molding
sand having enough refractoriness which can impart strength, stability and
permeability to molding and core sand. But along with silica small amounts
of iron oxide, alumina, lime stone, magnesia, soda and potash are present as
impurities. The chemical composition of silica sand gives an idea of the
impurities like lime, magnesia, alkalis etc. present. The presence of
excessive amounts of iron oxide, alkali oxides and lime can lower the
fusion point to a considerable extent which is undesirable. The silica sand
can be specified according to the size (small, medium and large silica sand
grain) and the shape (angular, sub-angular and rounded).
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1.23 Effect of grain shape and size of silica sand

The shape and size of sand grains has a significant effect on the different
properties of molding and core sands. The shape of the sand grains in the
mold or core sand determines the possibility of its application in various
types of foundry practice. The shape of foundry sand grains varies from
round to angular. Some sands consist almost entirely of grains of one shape,
whereas others have a mixture of various shapes. According to shape,
foundry sands are classified as rounded, sub-angular, angular and compound.
Use of angular grains (obtainedduring crushing of rocks hard sand stones) is
avoided as these grains have a large surface area. Molding sands composed
of angular grains will need higher amount of binder and moisture content
for the greater specific surface area of sand grain. However, a higher
percentage of binder is required to bring in the desired strength in the
molding sand and coresand. For good molding purposes, a smooth surfaced
sand grains are preferred. The smooth surfaced grain has a higher sinter
point, and the smooth surface secures a mixture of greater permeability and
plasticity while requiring a higher percentage of blind material. Rounded
shape silica sand grain sands are best suited for making permeable molding
sand. These grains contribute to higher bond strength in comparison to
angular grain. However, rounded silica sand grains sands have higher
thermal expandability than angular silica grain sands. Silica sand with
rounded silica sand grains gives much better compactability under the same
conditions than the sands with angular silica grains. This is connected with
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the fact that the silica sand with rounded grains having the greatest degree of
close packing of particles while sand with angular grains the worst. The
green strength increases as the grains become more rounded. On the other
hand, the grade of compactability of silica sands with rounded sand grains is
higher, and other, the contact surfaces between the individual grains are
greater on rounded grains than on angular grains. As already mentioned
above, the compactability increases with rounded grains. The permeability
or porosity property of molding sand and core sand therefore, should
increase with rounded grains and decrease with angular grains. Thus the
round silica sand grain size greatly influences the properties of molding
sand.

The characteristics of sub-angular sand grains lie in between the
characteristics of sand grains of angular and rounded kind. Compound
grains are cemented together such that they fail to get separated when
screened through a sieve. They may consist of round, sub-angular,or angular
sub-angular sand grains. Compound grains require higher amounts of binder
and moisture content also. These grains are least desirable in sand mixtures
because they have a tendency to disintegrate at high temperatures. Moreover
the compound grains are cemented together and they fail to separate when
screened.
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Grain sizes and their distribution in molding sand influence greatly the
properties of the sand. The size and shape of the silica sand grains have a
large bearing upon its strength and other general characteristics. The sand
with wide range of particle size has higher compatibility than sand with
narrow distribution. The broadening of the size distribution may be done
either to the fine or the coarse side of the distribution or in both directions
simultaneously, and a sand of higher density will result. Broadening to the
coarse side has a greater effecton density than broadening the distribution
to the fine sand. Wide size distributions favor green strength, while narrow
grain distributions reduce it. The grain size distribution has a significant
effect on permeability. Silica sand containing finer and a wide range of
particle sizes will have low permeability as compared to those containing
grains of average fineness but of the same size i.e., narrow distribution. The
compatibility is expressed by the green density obtained by three ram
strokes. Finer the sand, the lower is the compatibility and vice versa. This
results from the fact that the specific surface increases as the grain size
decreases. As a result, the number of points of contact per unit of volume
increases and this in turn raises the resistance to compacting. The green
strength has a certain tendency, admittedly not very pronounced, towards a
maximum with a grain size which corresponds approximately to the
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medium grain size. As the silica sand grains become finer, the film of
bentonite becomes thinner, although the percentage of bentonite remains the
same. Due to reducing the thickness of binder film, the green strength is
reduced. With very coarse grains, however, the number of grains and,
therefore, the number of points of contact per unit of volume decreases so
sharply that the green strength is again reduced. The sands with grains equal
but coarser in size have greater void space and have, therefore greater
permeability than the finer silica sands. This is more pronounced if sand
grains are equal in size.
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Binder

In general, the binders can be either inorganic or organic substance. The
inorganic group includes clay sodium silicate and port land cement etc. In
foundry shop, the clay acts as binderwhich may be Kaolonite, Ball Clay, Fire
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Clay, Limonite, Fuller’s earth and Bentonite. Binders included in the
organic group are dextrin, molasses, cereal binders, linseed oil and resins
like phenol formaldehyde, urea formaldehyde etc. Organic binders are mostly
used for core making. Among all the above binders, the bentonite variety of
clay is the most common. However, this clay alone can not develop bonds
among sand grins without the presence of moisture in molding sand and
core sand.
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Moisture

The amount of moisture content in the molding sand varies generally
between 2 to 8 percent. This amount is added to the mixture of clay and
silica sand for developing bonds. This is the amount of water required to fill
the pores between the particles of clay without separating them. This
amount of water is held rigidly by the clay and is mainly responsible for
developing the strength in the sand. The effect of clay and water decreases
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permeability with increasing clay and moisture content. The green
compressive strength first increases with the increase in clay content, but
after a certain value, it starts decreasing.

For increasing the molding sand characteristics some other additional
materials besides basic constituents are added which are known as
additives.
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Additive

Additives are the materials generally added to the molding and core sand

mixture to develop

some special property in the sand. Some common used additives for
enhancing the propertiesof molding and core sands are discussed as under.
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Coal dust

Coal dust is added mainly for producing a reducing atmosphere during
casting. This reducing atmosphere results in any oxygen in the poles
becoming chemically bound so thatit cannot oxidize the metal. It is usually
added in the molding sands for making molds for production of grey iron
and malleable cast iron castings.
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Corn flour

It belongs to the starch family of carbohydrates and is used to increase the
collapsibility of the molding and core sand. It is completely volatilized by
heat in the mould, thereby leaving space between the sand grains. This
allows free movement of sand grains, which finally gives rise to mould wall
movement and decreases the mold expansion and hence defects in castings.
Corn sand if added to molding sand and core sand improves significantly
strength of the mold and core.
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Dextrin

Dextrin belongs to starch family of carbohydrates that behaves also in a
manner similar to that of the corn flour. It increases dry strength of the
molds.
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Sea coal

Sea coal is the fine powdered bituminous coal which positions its place
among the pores of the silica sand grains in molding sand and core sand.
When heated, it changes to coke which fills the pores and is unaffected by
water: Because to this, the sand grains become restricted and cannot move
into a dense packing pattern. Thus, sea coal reduces the mould wall
movement and the permeability in mold and core sand and hence makes the
mold and core surface clean and smooth.
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Pitch

It is distilled form of soft coal. It can be added from 0.02 % to 2% in mold
and core sand. It enhances hot strengths, surface finish on mold surfaces and
behaves exactly in a manner similar to that of sea coal.
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Wood flour

This is a fibrous material mixed with a granular material like sand; its
relatively long thin fibers prevent the sand grains from making contact with
one another. It can be added from 0.05 % to 2% in mold and core sand. It
volatilizes when heated, thus allowing the sand grains room to expand. It will
increase mould wall movement and decrease expansion defects. It also
increases collapsibility of both of mold and core
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Silica flour

It is called as pulverized silica and it can be easily added up to 3% which
increases the hot strength and finish on the surfaces of the molds and cores. It
also reduces metal penetration in the walls of the molds and cores.
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1.24 KINDS OF MOULDING SAND

Molding sands can also be classified according to their use into number of
varieties which aredescribed below.
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Green sand

Green sand is also known as tempered or natural sand which is a just
prepared mixture of silica sand with 18 to 30 percent clay, having moisture
content from 6 to 8%. The clay and water furnish the bond for green sand. It
is fine, soft, light, and porous. Green sand is damp, when squeezed in the
hand and it retains the shape and the impression to give to it under pressure.
Molds prepared by this sand are not requiring backing and hence are known
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as green sand molds. This sand is easily available and it possesses low cost.
It is commonly employed for production of ferrous and non-ferrous
castings.
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Chapter 2: Introduction to Metal Forming

INTRODUCTION

20230

Metal forming processes, also known as mechanical working processes, are primary
shaping processes in which a mass of metal or alloy is subjected to mechanical forces.
Under the action of such forces, the shape and size of metal piece undergo a change. By

mechanical working processes, the given shape and size of a machine part can be
achieved with great economy in material and time
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Metal forming is possible in case of such metals or alloys which are sufficiently
malleable and ductile. Mechanical working requires that the material may undergo “plastic
deformation” during its processing. Frequently, work piece material is not sufficiently
malleable or ductile at ordinary room temperature, but may become so when heated. Thus,
we have both hot and cold metal forming operations.
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Many metal forming processes are suitable for processing large quantities (i.e., bulk) of
mate- rial, and their suitability depends not only upon the shape and size control of the
product but also upon the surface finish produced. There are many different metal forming
processes and some processesyield a better geometry (i.e., shape and size) and surface-
finish than some others. But, they are not comparable to what can be achieved by machining
processes. Also cold working metal forming proc- esses result in better shape, size and
surface finish as compared to hot working processes. Hot working results in oxidation and
decarburisation of the surface, formation of scales and lack of size control due to
contraction of the work piece while it cools to room temperature

oJe3 JeeddF) TRdIDS FZobhnwd Begd GSrend Sormed-dodreef o
03,038 JpZweNds, D) YNY W3y WS IT 853 D) MeBT A0LOB)ET
e DFTOT eV TFAIred dJeej% A Deen BBOOVBDNDIT. WJes DI
fpeBI, TRIDS BoINReS D) oy B30hnw @33 3ug) B edridNed evzaD
B8 (00T, 8590 DA M) DA d)eej’%-q%cbz‘ R, ARDIBT. 8TT, VIYNYY,
WoZReaBTE BZohNPon AT, THTVID 0BT, TRLATUNDIBY. VT
B0wed VR e efped) 3p)E AR T MY, TRIWIT, Ad D 3UIT B30HrRert
BReDITT GUBR 8598, MS) DB ThedS,, SV i FoTRDIHIT. D BOTF) eeS, o
33 Be306 DI BBRFT;TEBR, DoBBNY TUS D) BeeEd ST,
Bomerhzent BURE WSS BoBReISD0TN MIBT A0D0T)EE BRTIT Fo03wrHSE.

Ui TR HRUGRAT 3% Uihdl Haal UHIUMR  HeaR-Ratear Ui
PO A drd 0T il Iugdddl hdad IAGATAT BRI d
HTHRAFT FRAUMERT Hadgd 4d, R IR Aol JEUITAT fhzravst
IS 3. YUl TIR HRUYTAT 3-ds AT UfehaT 3HTed 30T Hra! Ulehar gav
HTE! Ufsharen i aie! Y (Far, SR MM 3MpR) 3T gyHFT-fosfAfT
adTd. qUY, TR UichdgR of T o SIS, XAdbd ATARN il ToHT Bhol S
[ ATel. dUd, 48 DHIH YT Wiehd-THY TUR Hdld, SarHed TRY HIHTl Uhd=a
qod DR, BRSO GFUFT UG THTS! Bld. TRE HHMHS SHTHR, HIHR 30T
gEUTTE AR Bid. TRH B WU JEHTTE Siifaieidrul ST SihTa-TagiR.
WIS TUHMIER U Hedlor aRISd SiYdbH 0T Sl Jhedrd Juled s
TR FHFUTET 3ruTa Ao gt

2.2 ADVANTAGES OF MECHANICAL WORKING PROCESSES
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Apart from higher productivity, mechanical working processes have certain other
advantages over other manufacturing processes. These are enumerated below:

1. Mechanical working improves the mechanical properties of material like ultimate

tensile strength, wear resistance, hardness and yield point while it lowers ductility. This
phenomenon is called “strain hardening”.
It results in grain flow lines being developed in the part being mechanically worked. The
grainflow improves the strength against fracture when the part is in actual use. This is best
explained by taking illustration of a crankshaft. If the crankshaft is manufactured by
machining from a bar of large cross-section, the grain flow lines get cut at bends whereas
in a crankshaft which is shaped by forging (which is a mechanical working process), the
grain flow lines follow the

full contour of the crankshaft making it stronger. This is illustrated in Fig. 2.1.
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Casting (No grain flow)

Machining (Parallel)

Forging
(Grain flow follows contour)

Fig. 2.1 Comparison of grain flow
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During mechanical working, the grains of the metal get deformed and lengthen in the
direction of metal flow. Hence they offer more resistance to fracture across them. Hence
mechanically worked components have better mechanical strength in a certain orientation i.e.,
across the grain flow.
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2.3 DIFFERENCE BETWEEN HOT AND COLD WORKING
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Cold working (or cold forming, as it is sometimes called) may be defined as plastic deformation
of metals and alloys at a temperature below the recrystallisation temperature for that metal or
alloy. When this happens, then the strain hardening which occurs as a result of mechanical
working, does not get relieved. Infact as the metal or alloys gets progressively strain hardened,
more and more force is required to cause further plastic deformation. After sometime, if the
effect of strain hardening is not removed, the forces applied to cause plastic deformation may
infact cause cracking and failure of material.
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Hot working may be explained as plastic deformation of metals and alloys at such a
temperature at which recovery and recrystallisation take place simultaneously with the strain
hardening. Such a temperature is above recrystallisation temperature. Properly done hot
working will leave the metal or alloy in a fine grained recrystallised structure.

A word about recrystallisation temperature will not be out of place here.
Recrystallisation tem- perature is not a fixed temperature but is actually a temperature range.
Its value depends upon several factors. Some of the important factors are:
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(i) Nature of metal or alloy: It is usually lower for pure metals and higher for alloys.
For pure metals, recrystallisation temperature is roughly one third of its melting point and
for alloys about half of the melting temperature.

(i) Amount of cold work already done: The recrystallisation temperature is lowered
as the amount of strain-hardening done on the work piece increases.

(iiiy Strain-rate: Higher the rate of strain hardening, lower is the recrystallisation
temperature. For mild steel, recrystallisation temperature range may be taken as 550-650°C.
Recrystallisation temperature of low melting point metals like lead, zinc and tin, may be
taken as room temperature. The

effects of strain hardening can be removed by annealing above the recrystallisation
temperature.
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ADVANTAGES AND DISADVANTAGES OF COLD AND HOT WORKING
PROCESSES
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(i) Since cold working is practically done at room temperature, no oxidation or
tarnishing of surface takes place. No scale formation is there, hence there is no material loss.
In hot working opposite is true. Besides, hot working of steel also results in partial
decarburisation of the work piece surface as carbon gets oxidised as CO».

(i) Cold working results in better dimensional accuracy and a bright surface. Cold
rolled steel

bars are therefore called bright bars, while those produced by hot rolling process are called
black bars (they appear greyish black due to oxidation of surface).

(i) In cold working heavy work hardening occurs which improves the strength and
hardness of bars, but it also means that high forces are required for deformation increasing
energy consumption. In hot working this is not so.

(iv) Due to limited ductility at room temperature, production of complex shapes is not
possible by cold working processes.

(v) Severe internal stresses are induced in the metal during cold working. If these
stresses are not relieved, the component manufactured may fail prematurely in service. In

79



hot working, there are no residual internal stresses and the mechanically worked structure is
better than that produced by cold working.

(vi) The strength of materials reduces at high temperature. Its malleability and ductility
improve at high temperatures. Hence low capacity equipment is required for hot working
processes. Theforces on the working tools also reduce in case of hot working processes.

(vii) Sometimes, blow holes and internal porosities are removed by welding action at
high temperatures during hot working.

(viii) Non-metallic inclusions within the work piece are broken up. Metallic and non-
metallic segregations are also reduced or eliminated in hot working as diffusion is promoted
at high temperatures making the composition across the entire cross-section more uniform.

Typical Hot Working Temperatures

Steels 650-1050°C
Copper and alloys 600-950°C
Aluminium and alloys 350-485°C
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2.4 CLASSIFICATION OF METAL FORMING PROCESSES ACCORDING TO
TYPE OF STRESS EMPLOYED

2YIT 23BE 35908, BRHHTN GReBI) CRSWT B3 0hbRY Sherdden
AIURG T STETAT YPRIFHR YT dUR HRUMR a7 Uiehaid aiffewor

Primary metal working processes are those in which the bulk material in the form of
ingots, blooms and billets is broken down to required shapes and sizes by processes
such as forging, rolling, extrusion etc. These processes can be categorised on the basis
of the kind of stress employed in the material, that is:

(i) Mainly compression type, (Examples: forging, rolling, extrusion etc.).

(i) Mainly tension type (Example: drawing).

(i) Combined compression and tension type, (Examples : deep drawing,
embossing etc.). Many of these processes are shown schematically in Fig. 1.2
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Fig. 2.2 Typical metal working processes

84



Chapter 3: Forging/ gpedcory/ BT

3.1 INTRODUCTION

In forging, metal and alloys are deformed to the specified shapes by application of
repeated blows from a hammer. It is usually done hot; although sometimes cold forging
is also done. The raw material is usually a piece of a round or square cross-section
slightly larger in volume than the volume of the finished component. Depending on the
end use of the component, the forged part may be used as such or (more frequently) it
has to be machined to correct size to close tolerances. The initial volume of material
taken must, therefore, allow for loss due to scaling and the machining allowance.
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3.2 CLASSIFICATION OF FORGING

Forging is done by hand or with the help of power hammers. Sometimes hydraulic
presses are also used for forging.
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(@ Hand Forging: Under the action of the compressive forces due to hammer
blows, the mate- rial spreads laterally i.e., in a direction at right angles to the direction
of hammer blows. Obviously brittle material like cast iron cannot be forged as it will
develop cracks under the blows from hammer. An ordinary blacksmith uses an open-
hearth using coke (or sometimes steam coal) as fuel for heating the metal and when it
has become red-hot, blacksmith’s assistant (called striker on hammerman) uses a hand
held hammer to deliver blows on the metal piece while the blacksmith holds it on an
anvil and manipulates the metal piece with a pair of tongs. This type of forging is

(b) called “hand forging” and is suitable only for small forgings and small quantity
production.

A blacksmith’s hearth, ancillary equipment and tools used by the blacksmith are shown
in Fig.

Basic forging operations employed in giving required shape to the work
piece are described

Upsetting: It is the process of increasing the cross-section at expense of the length of the
work piece.

Drawing down: It is the reverse of upsetting process. In this process length in increased and
the cross-sectional area is reduced.
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Fig. 3.1 smith’s forge

(i) Cutting: This operation is done by means of hot chisels and consists of

removing extra, metal from the job before finishing it.

(i) Bending: Bending of bars, flats and other such material is often done by a
blacksmith. For making a bend, first the portion at the bend location is heated and
jumped (upset) on the outward surface. This provides extra material so that after

bending, the cross-section at the bend does not reduce due to elongation.

(iiiyPunching and drifting: Punching means an operation in which a punch is
forced through the work piece to produce a rough hole.The job is heated, kept on the
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anvil and a punch of suitable size is forced to about half the depth of the job by
hammering. The job is then turned upside down and punch is forced in from the
otherside, this time through and through.

Punching is usually followed by drifting i.e, forcing a drift in the punched hole
through and through. This produces at better hole as regards its size and finish.

(iv) Setting down and finishing: Setting down is the operation by which the
rounding of a corner is removed to make it a square. It is done with the help of a set
hammer. Finishing is the opera- tion where the uneven surface of the forging is
smoothened out with the use of a flatter or set hammer and round stems are finished to
size with the use of swages after the job has been roughly brought to desired shape and
size.

(v) Forge welding: Sometimes, it may become necessary to join two pieces of
metal. Forge welding of steel is quite common and consists of heating the two ends to
be joined to white heat (1050°C — 1150°C). Then the two ends of steel are brought
together having previously been given a slight convex shape to the surfaces under
joining. The surfaces are cleaned of scale. They are then hammered together using
borax as flux. The hammering is started from centre of the convex surface and it
progresses to the ends. This results in the slag being squeezed out of the joint.

Hammering is continued till a sound joint is produced. Several types of joints can
be made viz., butt joint, scarf joint or splice joint.

Various forging operations described above and forge welding joints are shown
in Fig.3.2

(c) Forging with Power Hammers: The use of hand forging is restricted to small
forgings only. When a large forging is required, comparatively light blows from a hand
hammer or a sledge hammer wielded by the striker will not be sufficient to cause
significant plastic flow of the material. It is therefore necessary to use more powerful
hammers. Various kinds of power hammers powered by electricity, steam and
compressed air (i.e., pneumatic) have been used for forging. A brief description of
these hammers is now given.
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Fig. 3.2 Some common hand forging operations
@) Job placed on anvil and punched half-way on one side (b) Job turned upside

down, being punched through using a bolster (c) Job turned upside down, being
punched through using Pritchel hole (d) Operation of drifting
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Fig. 3.3 Welded joints and end preparations

(i) Spring hammer: It is a light hammer powered by an electric motor and gives
repeated blows when it is operated by a foot operated treadle. This type of hammer is
now obsolete and was best suited for small forgings. Though various designs of this
hammer were in use, a typical spring hammer is shown in Fig. 2.4.
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Fig. 3.4 A spring hammer

In this design, an electric motor rotates a pair of pulleys, a loose and another fast
pulley. The loose pulley rotates idly on its shaft. The fast pulley is fastened on its shaft
by means of a key, so that when fast pulley rotates, it rotates the shaft as well. The shaft
carries an eccentric sheave on it with the result that when the electric motor rotates the
fast pulley, the eccentric sheave also rotates with it and imparts vertical reciprocatory
motion to the connecting rod. This upper end of the connecting rod is connected to one
end of a laminated bearing spring. The other end of this spring

is connected to a ram which can slide up and down in a vertical guide provided in the
machine frame at the front of the machine. To this ram, a tup (and a die, if required) is
fitted. Also resting vertically below the ram and tup is an anvil resting on a base. The
electric motor is normally connected to the loose pulley, but when the hammer operator
depresses the treadle with his foot, the motor gets connected to the fast pulley and when
the connecting rod moves up, the front end of the spring moves down, the spring buckle
in the centre of the spring being pivoted. When the connecting rod moves down, the
ram moves up. Thus rotation of motor causes up and down motion of ram and tup
which is used for hammering the work piece kept on the anvil.
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Usually there is an arrangement for shifting the position of the pivot. If the pivot
is shifted towards the connecting rod, the vertical movement of ram and tup increases
and so does the severity of the hammering action. When the pressure of foot is removed
from the treadle, the motor gets connected to the loose pulley and a brake applies
automatically stopping the hammering action instantly. Spring hammers were made in
various capacities with tups weighing from 30 to 250 kg and having a capability of
running up to 300 blows per minute.
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Pneumatic power hammers: A typical form of pneumatic hammer is shown in Fig.3.5.
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Fig. 3.5 Pneumatic power hammer

An electric motor rotates a crank which in turn moves a connecting rod (D) to and
fro i.e., the rotary motion of the crank is converted into a reciprocating motion. This
reciprocating motion is delivered to a piston working inside cylinder ‘C’. The cylinder
and piston assembly is provided with suitable air inlet ports, so that the entire assembly
acts as a reciprocating air compressor. The compressed air can be delivered to another
cylinder piston assembly B, through the air-valve A. This air valve A is operated by the
hammerman or the person operating the hammer by means of the handle shown H in
the figure.
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When the air valve A is fully closed, it disconnects the supply of air to cylinder B
and the piston of cylinder B rests in the bottom position. At this juncture the tup
attached to the piston through a pistonrod

(P) rests on the anvil. However when the air valve ‘A’ is opened, the air compressed in
cylinder C is delivered to cylinder B, which is a double acting cylinder. The compressed
air first enters below the piston lifting the piston up and then it enters above the piston
forcing it downwards with great force. This upward and downward motion of the piston
in cylinder B is delivered to the tup which moves in a vertical guide V provided in the
frame of the power hammer and the tup strikes on the work piece kept on the anvil
below it.
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By regulating the opening of air valve A, the severity of the blows can be controlled from
very light to very heavy. The capacity of the hammer is characterised by the weight of
moving parts including the tup in cylinder B. Pneumatic hammers are available in
capacities varying from quarter of a ton to five tonnes.
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(ii) Steam hammers: These hammers differ from the pneumatic hammer
described above in that for raising steam, a separate boiler is required. Thus in a steam
hammer, cylinder ‘C’ of the pneu- matic hammar is not required. The piston in cylinder B
is powered by the steam drawn from the boiler and operated by a simple slide valve
mechanism. The cylinder B is double acting and since the steam pressure is higher than
the air pressure in pneumatic hammers, the striking force in steam hammers is higher than
for similar size of pneumatic hammer.
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3.3 DIE FORGING WITH POWER HAMMERS
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The tools used for power hammers are similar in shape to the tools used in hand forging
but are larger and more robust. As far as possible, effort is made to finish the shape
required in one heat only. Usually the bottom surface of the tup and the top of the anvil
is flat as in the case of hand forging, but to increase production and cutdown cost, dies
are often used.

The top die, is fastened securely to the tup and the bottom die is fitted securely on the
anvil. One half of the impression of the finished job is sunk in the top die, while in the
bottom die, the other half of impression is sunk. The correct volume of raw material is
heated in the furnace and a rough shape is first given to it. Thereafter it is placed on the
bottom die and blows are given with the tup and top die. The material spreads to fill all
the vacant space in the impressions sunk in the dies. Such a method of forging is called
die forging.

Three types of die forging methods are prevalent. These are (i) Open die forging
(i) Impression die forging and (iii) Closed die forging.
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3.4 OPEN DIE FORGING
La° a"é 3pedrort

3N S/ Bifsfr

In this type of forging, the metal is never completely enclosed or confined on all sides.
Most open dies forgings are produced on flat, V or swaging dies. Swaging dies are
usually round but may also be of other shapes e.g., double V. (Refer to Fig. 3.6).
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Flat dies Double V Dies Flat Die and V Die Swage Die

Fig. 3.6 Open dies

The common “upsetting” operation done on a hammer can also be considered as
an example of open die forging with two flat dies as shown in Fig. 3.7
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Fig. 3.7 Upsetting with open dies

Advantages claimed for open die forging are (i) Simple to understand and operate
(if) Inexpensive tooling and equipment as no die-sinking is involved and (iii) Wide
range of work piece sizes can be accommodated. The main disadvantage is low volume
of production and difficulty in close size control.
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3.5 IMPRESSION DIE FORGING
QOB BI* dé pedront

SR ST BIfHT
Here half the impression of the finished forging is sunk or made in the top die and other
half of the impression is sunk in the bottom die. The process of cutting the impression
in a die is called die-sinking and is performed on a special kind of machine called die
sinking machine.
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In impression die forging, the work piece is pressed between the dies. As the
metal spreads to fill up the cavities sunk in the dies, the requisite shape is formed
between the closing dies. Some material which is forced out of the dies, is called
“flash”. The flash provides some cushioning for the dies, as the tup strikes the anvil.
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The flash around the work piece is cut and discarded as scrap. For a good forging,
the impression in the dies have to be completely filled by the material. This may require
several blows of the hammer; a single blow may not be sufficient. To facilitate the
production of good forgings, the work piece may be given a rough shape by hand
forging before die forging is done.
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3.6 CLOSED DIE FORGING
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Closed die forging is very similar to impression die forging, but in true closed
die forging, the amount of material initially taken is very carefully controlled, so that no

flash is formed. Otherwise, the process is similar to impression die forging. It is a
technique which is suitable for mass production.
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3.7 DROP STAMPING OR DROP FORGING HAMMERS
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Very often, for closed die or impression die forging, a modified version of
power hammer is used. It is called a drop stamping or drop forging hammer and gives
better results. In this case, the tup is not a integral part of the piston and the piston rod
assembly, but is separate. The tup, to which the upper half of die is fixed is lifted by
means of flexible ropes or a flexible canvas belting. It is then dropped on to the anvil to
which the lower half of die is attached. Its downward movement is a gravity controlled
free fall guided by the vertical guides provided in the frame of the hammer. The flexible
ropes ensure, that after striking the anvil, the tup is free to rebound. Usually one fall of
the tup may complete the forging. The metal piece is given a rough shape before being
drop stamped.
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3.8 SOME IMPORTANT CONSIDERATIONS LEADING TO SOUND FORGINGS
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Hot forgings calls for work pieces to be heated to the correct forging
temperature as mentioned before. In case the cross-section of the material to be forged
is thick, we should allow enough “soaking” time for the heat to travel from the surface
to the core of material. A thumb rule is to allow a soaking time of 30 minutes for every
12-15 mm of cross-sectional thickness. It is important that the entire cross-section
should get heated to uniform temperature.
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Good forging practice calls for a reduction of cross-section by roughly 40%. It is
not correct to choose a cross-section for work piece material which is close to the
finished size and forge it lightly or superficially to the required shape. If this is done,
the mechanical properties of the forging leave much to be desired. One should
remember that forging is not only a process for altering the shape of raw material to that
required but this process can result in improved mechanical strength of the forged
component as well.
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One more point about good forging practice is to use as few ‘“heats” for
completion of forging as possible. It is also important to finish forging/hammering
operations when the jobs has acquired a sufficiently low temperature; leaving forging at
a high temperature will result in grain growth and will reduce the mechanical strength
of the forged part. For mild steel, stop forging when the work piece has cooled down to
about 450-500°C. To continue to hammer a cold work piece will only result in wasted
effort and may even induce cracks in the material.
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3.9 FORGING PRESSES

PReBEONT @7 N

Wi I
Occassionally, high capacity hydraulic presses are used for forging and the metal is
shaped by squeezing action of the press rather than hammering action of hammer.
Closed dies are used with impressions sunk in both dies, the upperdie is fixed on the

ram and the lower die is fastened to the platen of the press. Presses are usually of a
vertical configuration. Presses produce forgings of a superior structural quality.
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3.10 MACHINE FORGING
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For specific jobs like mass manufacture of bolts and nuts from bar stock, special
forging machines have been developed. These machines work alongside a furnace in
which one end of bar is heated for some length. The heated end of bar is than fed into
the machine. With the help of dies and a heading tool, the hexagonal head of the bolt is
forged by “upsetting”. These machines are in reality horizontal mechani- cal presses
which can be operated by a foot pedal. The die consists of two halves and a heading
tool. The sequence of operations can be understood from Fig. 3.8.
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Heading tool F

Movable die

Finished part
Fig. 3.8 Upset forging on machine

After the bolt head is forged, the bolt of required length can be had by shearing
the bar at an appropriate place. The bar is then again inserted into the furnace for
heating and the whole process is repeated.
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3.11 FORGING DEFECTS
DReArornt WeeANW

gTae Zdl
The common forging defects can be traced to defects in raw material, improper heating
of material, faulty design of dies and improper forging practice.
Most common defects present in forgings are:

1. Laps and Cracks at corners or surfaces lap is caused due to following over of a layer of
material over another surface. These defects are caused by improper forging and faulty
die design.
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Incomplete forging—either due to less material or inadequate or improper flow of
material.

Mismatched forging due to improperly aligned die halves.

Scale pits—due to squeezing of scales into the metal surface during hammering
action.

Burnt or overheated metal—due to improper heating.
Internal cracks in the forging which are caused by use of heavy hammer blows and
improperly heated and soaked material.

Fibre flow lines disruption due to very rapid plastic flow of metal.
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3.12 HEAT TREATMENT OF FORGINGS
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The forged components may be subjected to severe stresses in service. To improve
service life, to improve properties, to remove internal stresses and sometimes to improve
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the machinability, forgings may be given a suitable heat treatment after completing
forging operations. Most common heat treat- ment given is normalising.
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3.13 COLD FORGING
a/aeucf Zpedrornt
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Limited formability at room temperature restricts the use of cold forging to low and
medium carbon steels and for products where not much deformation is required to
obtain final form. Usually the stock is in the form of wire or thin rods at one end of
which a head is formed in a cold upsetting operation. Usually a mechanical press is
used. Some typical products include nails, small diameter rivets pins, brass bolts etc.
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Chapter 4: Rolling Bredort AT

4.1 INTRODUCTION

20230d

e
In this process, metals and alloys are plastically deformed into semifinished or finished
products by being pressed between two rolls which are rotating. The metal is initially
pushed into the space between two rolls, thereafter once the roll takes a “‘bite’” into the
edge of the material, the material gets pulled in by the friction between the surfaces of
the rolls and the material. The material issubjected to high compressive force as it is
squeezed (and pulled along) by the rolls. This is a process to deal with material in bulk
in which the cross-section of material is reduced and its length increased. The final
cross-section is determined by the impression cut in the roll surface through which the
material passes and into which it is compressed. The essentials of the rolling process
can be understood from the Fig. 4.1.
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Fig.4.1 Rolling Process
Rolling is done both hot and cold. In a rolling mill attached to a steel plant, the
starting point is a cast ingot of steel which is broken down progressively into blooms,
billets and slabs. The slabs are further hot rolled into plate, sheet, rod, bar, rails and
other structural shapes like angles, channels etc. Conversion of steel into such
commercially important sections is usually done in another rolling mill called merchant
mill.
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Rolling is a very convenient and economical way of producing commercially important
sec- tions. In the case of steel, about three-fourth’s of all steel produced in the country is
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ultimately sold as a rolled product and remaining is used as forgings, extruded
products and in cast form. This shows the importance of rolling process.
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4.2 NOMENCLATURE OF ROLLED PRODUCTS
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The following nomenclature is in common usage:

(i) Blooms: It is the first product obtained from the breakdown of Ingots. A bloom has a
cross- section ranging in size from 150 mm square to 250 mm square or sometimes
250 x 300 mm rectangle.

(i) Billet: A billet is the next product rolled from a bloom. Billets vary from 50 mm square
to 125 mm square.

(iiiy Slab: Slab is of rectangular cross-section with thickness ranging from 50 to 150 mm

and is available in lengths up to 1. metres.

(iv) Plate: A plate is generally 5 mm or thicker and is 1.0 or 1.25 metres in width and 2.5
metres in length.

(v) Sheet: A sheet is up to 4 mm thick and is available in same width and length as a
plate.

(vi) Flat: Flats are available in various thickness and widths and are long strips of material
of specified cross-section.

(vii) Foil: It is a very thin sheet.

(viii) Bar: Bars are usually of circular cross-section and of several metres length. They are
com- mon stock (raw material) for capstan and turret lathes.

(ix) Wire: A wire is a length (usually in coil form) of a small round section; the diameter
of which specifies the size of the wire.
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4.3 MECHANISM OF ROLLING
Bredort 3 S0P
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Refer to Fig. 3.2. Each of the two rolls contact the metal surface along the arc AB,
which is called arc of contact. Arc AB divided by the radius of rolls will gives angle of
contact ([1). The rollers pull the material forwards only due to the friction existing
between roll surface and the metal. At the moment of the bite, the reaction at the contact
point A will be R acting along radial line O1A and frictional force willbe acting along

tangent at A at right angles to O1A.
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Fig. 4.2 Rolling process

Between the two rollers at the narrowest point and r is the radius of
rollers. For a given diameter of rollers and gap between them the value of hQ is limited
by the value of [ which in turn depends upon the material of rolls and job being rolled,
the roughness of their surfaces and the rolling temperature and speed.

In case of hot rolling when maximum reduction is cross-section per pass is aimed
at, it may be necessary to artificially increase the value of [ by ‘‘ragging’’ the surface
of rolls. Ragging means making the surface of rolls rough by making fine grooves on
the roll-surface. However, in cold rolling which is a finishing operation and cross-
section reduction is limited, ragging of rolls is neither required nor desirable. In fact, in
that case, some lubrication is resorted to in addition to giving a fine finish to the rolls.
Another reason for making do with a lower coefficient of friction in cold rolling is that
in this process, very high pressures are used and even with a low value of [J, adequate
frictional force becomes available.
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In the rolling process, although the material is being squeezed between two rolls, the
width (bp) of the material does not increase or increases only very slightly. Since
volume of material entering the rolls is equal to the volume of material leaving the
rolls, and the thickness of material reduces from hq

to h1, the velocity of material leaving the rolls must be higher than the velocity of
material entering the

rolls. The rolls are moving at a uniform r.p.m. and their surface speed remains constant.
The rolls are trying to carry the material into the rolls with the help of friction alone,
there is no positive grip between rolls and the material. On one side, therefore, i.e.,
point A where contact between the rolls and work material starts, the rolls are moving at
faster surface speed than the work material. As the material gets squeezed and passes
through the rollers, its speed gradually increases and at a certain section CC (Fig. 3.2)
called neutral or no slip section, the velocity of metal equals the velocity of rolls. As
material is squeezed further, its speeds exceeds the speed of the rolls. The angle
subtended at the centre of the roll at the neutral section is called angle of no slip or
critical angle (angle BO1C).
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The deformation zone to the left of the neutral section is called lagging zone and the
deformation

zone to the right of the neutral section is termed leading zone. If V; is the velocity of roll
surface, VO the velocity of material at the entrance to the deformation zone and V1 at
the exit of the rolls, we have

Forward slip = V1
0oVy x 100 per cent,

Vi

Vr O V0

and Backward slip = x 100 per cent

Vi

122



The value of forward slip normally is 3-10% and increases with increase in roll
dia and coeffi- cient of friction and also with reduction in thickness of material being
rolled.

Some other useful terms associated with rolling are explained below: Absolute draught
[1h = (hg — h1) mm,

Relative draught = Lh
ho
Absolute elongation, [JI = Final length — Original length of work material

Coefficient of elongation = Final length

Original length
Absolute spread = Final width of work material — Original width of material (Note:

During cold working absolute spread may be taken as nil.)
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Vr
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Backward slip = x 100 per cent

Vr
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Dh = (hO — h1) mm,
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Forward slip = VibVr 100 per cent,
Vr

Vr O V0

Backward slip = x 100 per cent

Vi
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4.4 TYPES OF ROLLING MILLS
dredort ek NY IFRW

ST fires ypR

Different types of rolling mills are described below in brief:
AT Oedod dpedon’ e NYRY 8 ¥ JogameN ISOBUNNS:

AfST fire fafay UopR Urseurd W@t 9uiH & 3iRa:

(i) Two high mills: It comprises of two heavy rolls placed one over the other. The
rolls are supported in bearings housed in sturdy upright frames (called stands) which are
grouted to the rolling mill floor. The vertical gap between the rolls is adjustable. The
rolls rotate in opposite directions and are driven by powerful electrical motors. Usually
the direction of rotation of rolls cannot be altered, thus the work has to be fed into
rolls from one direction only. If rolling entails more than one ‘pass’ in the same set of
rolls, the material will have to be brought back to the same side after the first pass is
over.
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Since transporting material (which is in red hot condition) from one side to
another is difficult and time consuming (material may cool in the meantime), a ‘‘two
high reversing mill’’ has been devel- oped in which the direction of rotation of rolls can
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be changed. This facilitates rolling of material by passing it through back and forth
passes.
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A two high rolling mill arrangement is shown in Fig. 3.3(a).
33, 3.3 (2)BQ aTW By deedont bef elpeamadl) SpedTeeNts
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Upper roll

Work — Middle F*fstpzss
piece roll Rs\Ee pass
Direction of
eed S— A

Lower roll

Lower roll
A two high mill (b) A three high rolling mill
Fig. 4.3 Rolling mill types

(i) Three high mills: A three high rolling mill arrangement is shown in Fig.
3.3(b). It consists of three rolls positioned directly over one another as shown. The
direction of rotation of the first and second rolls are opposite as in the case of two high
mill. The direction of rotation of second and third rolls are again opposite to each other.
All three rolls always rotate in their bearings in the same direc- tion. The advantage of
this mill is that the work material can be fed in one direction between the first and
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second roll and the return pass can be provided in between the second and third rolls.
This obviates the transport of material from one side of rolls to the other after one pass
is over.
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(iii) Four high mills: As shown in Fig. 3.4, this mill consists of four horizontal
rolls, two of smaller diameter and two much larger ones. The larger rolls are called
backup rolls. The smaller rolls are the working rolls, but if the backup rolls were not
there, due to deflection of rolls between stands, the rolled material would be thicker in
the centre and thinner at either end. Backup rolls keep the working rolls pressed
and restrict the deflection, when the material is being rolled. The usual products of these
mills are hot and cold rolled plates and sheets.
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(iv) Cluster mills: It consists of two working rolls of small diameter and four or
more backing rolls. The large number of backup rolls provided becomes necessary as the
backup rolls cannot exceed the diameter of working rolls by more than 2-3 times. To
accommodate processes requiring high rolling loads (e.g., cold rolling of high strength
steels sheets), the size of working rolls becomes small. So does the size of backup rolls
and a stage may be reached that backup rolls themselves may offer deflection. So the
backup rolls need support or backing up by further rolls. In the world famous
SENDZIMIR MILL, as many as 20 backup rolls are used in the cluster. This mill is
used for rolling stainless steel and other high strength steel sheets of thin gauge.
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4.5 ROLLS AND ROLL PASS DESIGN
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Two types of rolls—Plain and Grooved are shown in Fig. 3.5. Rolls used for rolling
consists of three parts viz., body, neck and wabbler. The necks rest in the bearings
provided in the stands and the star- shaped wabblers are connected to the driving shaft
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through a hollow cylinder. Wabbler acts like a safety device and saves the main body of
the roll from damage if too heavy a load causes severe stresses. The actual rolling
operation is performed by the body of the roll.
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Plain roll

Collars Grooved roll
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Fig. 4.4 Types of rolls

The rolls are generally made from a special variety of cast iron, cast steel or forged steel. Plain
rolls have a highly finished hard surface and are used for rolling flats, plates and sheets. Grooved
rolls have grooves of various shapes cut on their periphery. One-half of the required shape of
rolled product is sometimes cut in the lower roll and one-half in the upper roll, so that when the
rolls are assembled into its stands, the required shape in full will be produced on the work
material, once it passes (i.e., rolled) through the groove in question. However, it should be
understood that the desired shape of the rolled section is not achieved in a single pass. The work
material has to be rolled again and again through several passes and each pass brings the cross-
section of the material closer to the final shape required. These passes are carefully designed to
avoid any rolling defect from creeping in. Rolling is a painstaking process as would be noticed
from the scheme of passes shown in Fig. 4.4 for conversion of a steel billet into a round bar.
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Fig. 4.5 Various stages of rolling and number of passes for converting a steel billet into a round

bar
Various passes fall into the following groups:
(i) Breakdown or roughing passes,
(ii) Leader passes, and
(iii) Finishing passes.

Breakdown passes are meant to reduce the cross-sectional area. The leader passes
gradually bring the cross-section of the material near the final shape. The final shape and
size is achieved in finishing passes. Allowance for shrinkage on cooling is given while
cutting the finishing pass grooves.
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4.6 RING ROLLING
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Seamless (i.e., without a joint) rings find wide application in industry. The inner and
outer races of ball and roller bearings, steel tyres for railway wheel are some such
applications. These rings are made by a special rolling process called ring rolling. The
starting work piece is a thick walled circular piece of metal in whose centre a hole has
been made by drifting and piercing. The work piece is heated until it becomes red hot
and then placed between two rolls A and B which rotate in opposite directions. The
arrangement of rolls and the ring is shown in Fig. 3.7.
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Driving roll (fixed), A

Fig. 4.7 Ring rolling

The pressure roll B exerts pressure on the material from inside. Caught between rolls A
and B, the ring rotates. At the sametime, the inside and outside dia of ring
progressively increase and the wall thickness keeps on reducing. In order to ensure that
the ring is circular, two guide rolls are suitably placed on the outer surface of the ring.
When the outer and inner dia of the ring increase to the size required, the rolling is
stopped.
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4.7 COLD ROLLING
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Hot rolled steel products look an unattractive greyish-black in colour. Non-ferrous
materials also develop a tarnished colouring due to oxidation of outer surface. The
surface finish is rough and the finished sizes of hot rolled products are far from
satisfactory. In case of steel, the oxidation of carbon present in the surface leads to
decarburisation. However hot rolling is very economical as due to increased plasticity,
large reductions in cross-section are quickly achieved with low energy consumption. A
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great deal of hot rolled “black™ bars and sheets/plates of steel are used in construction
industry for fabrication of structures.
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Thinner gauges, better surface finish, tighter size control and “bright” surfaces are
obtained in cold rolling process. These products also develop greater strength and wear
resistance due to strain hardening.

The effect of mechanical work done (i.e., strain hardening) is automatically
nullified in hot rolling process, as recrystallisation in the hot worked material keeps on
taking place simultaneously. This is shown schematically in Fig. 4.8.
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Fig. 4.8 Effect of both cold working and hot working on the microstructure of metal

Thus, the actual process employed in the industry for production of small gauge material is
hot rolling to slightly above finished size required, cleaning/removing the oxidised surface
by machining pickling or some other suitable process and finally using cold-rolling of
work-material to finished sizes.

353007 ey riees TochNod BT TIMeN VBT WHFBVNDE AR@eT @30T,
ONBADS 3T F32f No3 B, Bed), DS TREDOTY, U TEch BT VDT 3
@300, WDoFRewETE DS Bwvs 83 Be80IT hed %oi)aig( R’gﬂ,&éﬁfa@ﬁb@d)/
BRDTBJIW D) WodDeN AT F28° NErt S'e-chededaber I Beeer-deedon'
R, WIDIHD.

R CYHYS i FdEEl ITRa aRel SUIRT ude Uihar g
JRTSTSE YU Ww/PIg cIhUl § 3HTa=Td &l R BRIV U 3ifddh TRH

HeRIGH HIts-ATHTET IR B dUR BRG] aruRul,

i »ld Lk thaot »
at P FHEHCTE »

136



1.
2.

A

[EEN

N

(i)
(i)
(iii)
(iv)
v)
(vi)
(vii)

4.8 ROLLING DEFECTS
Bredort Breanw
NIENECH
To understand the causes and remedies of rolling defects, we shall divide them in two
classes:
Surface defects, and
Structural defects.

Surface defects include rusting and scaling, surface scratches, surface cracks, pits
left on the surface of due to subsequent detachment or removal of scales which may
have been pressed into the surface.
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Structural defects are more important rolling defects some of which are difficult to
remedy.

These defects include the following:

Wavy edges

Zipper cracks

Edge cracks

Centre split

Alligatoring

Folds

Laminations.
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Wavy edges and zipper cracks: These defects are caused due to bending of rolls
under the rolling pressure. A roll can be considered as a beam supported in its stands.
Under rolling pressure, the rolls deflect in the manner shown in Fig. 4.9. Consequently
the work material becomes thinner at the two edges and thicker in the central portion. In
other words, it means that material becomes longer as measured along the edges than in
centre. This causes tensile stress in the centre and compressive stress in the edges. The
former causes zipper cracks in the centre and the latter causes wavy edges.
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Fig. 4.9 Rolling defects

Remedy for zipper cracks and wavy edges lies in provide a “camber” to the rolls. They
are made slightly convex in the central portion to offset the effect of deflection under
rolling loads.
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Edgecracks and centre split: These defects are caused due to non homogeneous
plastic defor- mation of metal across the width. As the work piece passes through the
rolls, under the rolling pressure its height decreases while its length increases. Some
lateral spread i.e., increase in width also takes place. However the lateral spread is more
towards the edges than in the centre as there is little resistance to lateral spread towards
the edges. In the centre lateral spread is resisted by friction and the adjacent layer of
material. Hence decrease in lateral spread in the central portion of work material results
in greater increase in length in this region as compared to the edges. This effect is
shown in Fig. 4.10.
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It can be realised that under such non homogeneous deformation of work material, the
edges experience a tension (as the central portion tries to pull it due to continuity of
material) and the central portion experience a compressive stress. Such a distribution of
stress may result in edge crack or in severe cases, it may even lead to a split along the
central portion.
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Alligatoring: As pointed out earlier, rolling entails a reduction in the height with
consequent increase in length. But due to friction present at the interface of the rolls and
upper and lower surfaces of the work material, the elongation on the top and bottom
surfaces is less than the material located at the centre of thickness of the work piece. If
conditions become severe, it may cause a defect called “alligatoring” i.e., rupture of
material along the length into an upper half and a lower half resembling the open mouth of
an alligator. The defect is illustrated in Fig. 4.11.
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Fig. 4.11 Rolling defect (alligatoring)

Laminations: Laminations mean layers. If the ingot is not sound and has a piping or
blow holes and during rolling they donot get completely welded (e.g., if the piping has
got oxidised material or non- metallic inclusions it will not get welded), it will cause a
defect called laminations. Very often in the ingot, there are non metallic inclusions;
during rolling they will get lengthened along with sound material. This may also cause
laminations.

These defects can only be remedied by discarding the portion of the ingot where
piping and other defects are present and selecting only good metal portion for rolling.
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Chapter 5: Extrusion, Wire Drawing, Tube Drawing and

Making
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5.1 Extrusion is a process in which the metal is subjected to plastic flow by enclosing
the metal in a closed chamber in which the only opening provided is through a die. The
material is usually treated so that it can undergo plastic deformation at a sufficiently
rapid rate and may be squeezed out of the hole in the die. In the process the metal
assumes the opening provided in the die and comes out as a long strip with the same
cross-section as the die-opening. Incidentally, the metal strip produced will have a
longitudinal grain flow.
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The process of extrusion is most commonly used for the manufacture of solid and
hollow sec- tions of nonferrous metals and alloys e.g., aluminium, aluminium-
magnesium alloys, magnesium and its alloys, copper, brass and bronze etc. However,
some steel products are also made by extrusion.
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The stock or the material to be extruded is in the shape of cast ingots or billets.
Extrusion may be done hot or cold. The cross-sections of extruded products vary
widely. Some of these sections are shown in Fig. 5.1.
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Fig. 5.1 Type of extrusions
Some advantages of extrusion process are described below:

The complexity and range of parts which can be produced by extrusion process is very
large. Dies are relative simple and easy to make.

The extrusion process is complete in one pass only. This is not so in case of rolling,
amount of reduction in extrusion is very large indeed. Extrusion process can be easily
automated.

Large diameter, hollow products, thin walled tubes etc. are easily produced by extrusion
process.

Good surface finish and excellent dimensional and geometrical accuracy is the hall
mark of extruded products. This cannot be matched by rolling.
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Pressure required for extrusion depends upon the strength of material and upon
the extrusion temperature. It will reduce if the material is hot. It will also depend upon
the reduction in cross-section required and the speed of extrusion. There is a limit to the
extrusion speed. If extrusion is done at a high speed, the metal may crack. The reduction
of cross-sectional area required is also called “extrusion ratio”. There is a limit to this
also. For steel extruded hot, this ratio should not exceed 40 : 1, but for aluminium
extruded hot it can be as high as 400 : 1.
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5.1 EXTRUSION PROCESSES
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Extrusion processes can be classified as followed:

(A) Hot Extrusion
(i) Forward or Direct extrusion.

(ii) Backward or Indirect extrusion.

(B) Cold Extrusion

(i) Hooker extrusion.

(ii) Hydrostatic extrusion.
) Impact extrusion.

(iv) Cold extrusion forging.
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A.

Hot Extrusion Processes
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Forward or direct extrusion process: In this process, the material to be extruded is in
the form of  a block. It is heated to requisite temperature and then it is transferred
inside a chamber as shown in Fig. 5.2. In the front portion of the chamber, a die with an
opening in the shape of the cross-section of the extruded product, is fitted. The block of
material is pressed from behind by means of a ram and a follower pad. Since the
chamber is closed on all sides, the heated material is forced to squeeze through the die-
opening in the form of a long strip of the required cross-section.
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Fig. 5.2 Forward or direct extrusion

The process looks simple but the friction between the material and the chamber
walls must be overcome by suitable lubrication.
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When extruding steel products, the high temperautre to which the steel has to be
heated makes it difficult to find a suitable lubricant. The problem is solved by using
molten glass as a lubricant. When lower temperatures are used, a mixture of oil and
graphite is used as a lubricant.
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At the end of the extrusion process, a small piece of metal is left behind in the
chamber which cannot be extruded. This piece is called butt—end scrap and is thrown
away. To manufacture a tubular rod, a mandrel of diameter equal to that of tube—bore is
attached to the ram. This mandrel passes centrally through the die when the material is
extruded. The outside diameter of the tube produced will be determined by the hole in
the die and the bore of tube will be equal to mandrel diameter. The extrusion process
will then called “tubular extrusion”.
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(i) Backward or indirect extrusion: This process is depicted in Fig. 4.3. As shown, the
block of heated metal is inserted into the container/chamber. It is confined on all sides
by the container walls except in front; where a ram with the die presses upon the
material. As the ram presses backwards, the material has to flow forwards through the
opening in the die. The ram is made hollow so that the bar of extruded metal may pass
through it unhindered.
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Backward Or Indirect Extrusion Process

Fig. 5.3
This process is called backward extrusion process as the flow of material is in a
direction opposite to the movement of the ram. In the forward extrusion process the
flow of material and ram movement were both in the same direction. The following
table compares the forwards (direct) and backwards (indirect extrusion process):
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Forward or direct
extrusion

Backward or indirect
extrusion

imple, but the
material must slide
along the chamber
wall.

igh  friction forces
must be overcome.

igh extrusion forces
required but
mechanically simple
and uncomplicated.

igh scrap or material
waste—18-20% on
an average.

n this case, material
does not move but die
moves.

ow friction forces are
generated as the mass
of material does not
move.

5-30% less extruding
force required as com-
pared to direct
extrusion. But hollow
ram required limited
application.
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B. Cold Extrusion Processes
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(i) Hooker extrusion process: This process is also known as extrusion down method. It
iIs used for producing small thin walled seamless tubes of aluminium and copper. This is
done in two stages. In the first stage the blank is converted into a cup shaped piece. In
the second stage, the walls of the cup one thinned and it is elongated. The process can be
understood by referring to Fig. 4.4. This process is a direct extrusion process.
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Fig. 5.4 Hooker extrusion
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Hydrostatic extrusion: This is a direct extrusion process. But the pressure is applied to
the metal blank on all sides through a fluid medium. The fluids commonly used are
glycerine, ethyl glycol, mineral oils, castor oil mixed with alcohol etc. Very high
pressures are used — 1000 to 3000 MPa. Relatively brittle materials can also be
successfully extruded by this method.
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(i) Impact extrusion: In this process, which is shown in Fig. 5.5 the punch descends
with high velocity and strikes in the centre of the blank which is placed in a die. The
material deforms and fills up the annular space between the die and the punch flowing
upwards. Before the use of laminated plastic for manufacturing tooth paste, shaving
cream tubes etc., these collapsible tubes containing paste were and are still made by this
process. This process is actually a backward extrusion process.
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(iii)Cold extrusion forging: This process is depicted in Fig. 4.6. This is generally
similar to the impact extrusion process; but there are two differences:

1. In this process the punch descends slowly, and

2. The height of extruded product is short and the side walls are much thicker than
the thin walled products produced by the impact extrusion process. In essence, this
process is one of backward extrusion.
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Fig. 5.6 Cold extrusion forging
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5.2 MACHINES FOR EXTRUSION
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Both hydraulic and mechanical presses of horizontal and vertical configuration are used
for extrusion. They should be capable of exerting high forces and their rams should have
long strokes. To reduce friction between metal and extrusion chamber walls, lubricants
are used. The dies and punches are made from good quality alloy steels which are
known as hot and cold die steels.

Extrusion speed is of the order of 0.5 m/sec for light alloys and 4.5 m/sec for copper
alloys.
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5.3 EXTRUSION DEFECTS
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Sometimes the surface of extruded metal/products develop surface cracks. This is due
to heat generated in the extrusion process. These cracks are specially associated with
aluminium, magnesium and zinc alloy extrusions.
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The extruded product can develop internal cracks also. These are variously

known as centre burst, centre cracking and arrowhead fracture. The tendency for centre
cracking increases with increasing die angles and material impurities.
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5.4 WIRE DRAWING
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Wire drawing is a simple process. In this process, rods made of steel or non ferrous
metals and alloys are pulled through conical dies having a hole in the centre. The
included angle of the cone is kept between 8 to 24°. As the material is pulled through
the cone, it undergoes plastic deformation and it gradually undergoes a reduction in its
diameter. At the same time, the length is increased proportionately. The process is
illustrated in Fig. 5.7.
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— Drawing die
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& _L? Force
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Fig. 5.7 Wire drawing process

The dies tend to wear out fast due to continuous rubbing of metal being pulled
through it. Hence, they are made of very hard material like alloy steel, tungsten carbide
or even diamond. In one pass, the reduction in cross-sectional area achieved is about
25-30%. Hence in a wire drawing plant, the wire has to pass through a number of dies
of progressively reducing diameter to achieve the required reduction in diameter.
However, as the wire passes through dies and undergoes plastic deformation, it gets
strain hardened. Its strength increases and capacity to further undergo plastic
deformation decreases. There- fore during the entire run of the wire, from time to time,
it has to be heated (and cooled) to remove the effect of work-hardening. This process is
called “in process annealing”. The aim is to make the material soft and ductile again so
that the process of drawing may be smoothly carried out.
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The metal rods to be drawn into wires must be absolutely clean. If necessary, they
are pickled in an acid bath to dissolve the oxide layer present on the surface. Its front
end is then tapered down so that it may pass through the hole in the die which is firmly
held in the wire drawing machine. The wire is drawn by means of a number of power-
driven spools or rotating drums.
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During wire drawing, a great deal of heat is generated due to friction between the
wire rod and the die. To reduce friction, dry soap or a synthetic lubricant is used. But
despite reducing friction, the dies and drums may have to be water cooled.
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The preferred material for dies is tungsten carbide but for drawing fine wire, use of
ruby or diamond dies is preferred.
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The drawing machines can be arranged in tandem so that the wire drawn by the
previous die may be collected (in coil form) in sufficient quantity before being fed into
the next die for further reduction in diameter. As the diameter becomes smaller, the
linear speed of wire drawing is increased.
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The major variable in wire drawing process are (1) Reduction ratio (2) Die angle
and (3) Fric- tion. Improper control of these parameters will cause defects in the drawn
material. Defects include centre cracking (as in extrusion and for the same reasons) and
formation of longitudinal scratches or folds in the material.
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5.5 TUBE DRAWING
ZICRARE I

& TETName

The ‘drawing’ process can also be used for tube drawing. Tube drawing does not mean
manufacturing  a tube from solid raw material. It means lengthening a tube reducing
its diameter. Various arrangements used for tube drawing are shown in Fig. 4.8.
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(a) Tube sinking (b) Tube drawing with floating mandrel
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(c) Tube drawing with fixed mandrel (d) Tube drawing with moving mandrel

Fig. 5.8 Tube drawing
Method (a) is most commonly used.

Method (b) uses a floating mandrel which adjusts itself to the correct position
because of its stepped contour.
The method shown in Fig. 5.8 (a) is the most common method used for tube
drawing. A conventional tube drawing bench is used. Method shown in Fig. 4.8 (b)
employes a floating mandrel. Method shown in Fig. 5.8 (c) uses a long circular rod to
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(':ontrol the size of tube-bore. Method shown in Fig. 5.8 (d) uses neither a mandrel nor a
bar and controlling size of bore is difficult.
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TUBE MAKING
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Tubes and pipes are required in large quantities by industries all over the world. Tubes
are basically of two types. They are either seamless (i.e., without any joint) or with joint
all along the length of the tube. Seamless tubes are made by processes such as casting,
extrusion or rolling. Tubes with joint are made by welding. Usually, the weld joint is
made by electric resistance welding process, such tubes are referred to as ERW tubes.
The size of a tube or pipe is indicated by the size of its bore in mm.
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Since the requirement of tubes is so large, a special rolling process called
Mannesmann rotary piercing process has been developed. In this process, a heated
round billet with its leading end, in the centre of which a short guide hole has been
punched or drilled, is pushed longitudinally between two large tapered rolls as shown in
Fig. 4.9.
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Fig. 5.9 Tube making

The rolls revolve in the same direction and their axes are inclined at opposite
angles of approx 6° from the axis of the billet. As the billet is caught by the rolls and is
rotated, their inclination causes the material to be drawn forward. The small clearance
between the rolls forces the material to deform into an elliptical shape. Due to
compressive forces, secondary tensile stresses start acting in a direction perpendicular
to the direction of the compressive stresses. The guide hole drilled/punched at centre of
billet tears open. This action is assisted by a suitably placed mandrel.
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As the billet mores forward and keeps rotating the tearing action is
propagated throughout the length of the billet. End result is a roughly formed seamless
tube of ellipitical cross-section.
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This roughly formed seamless tube is further rolled in a “plug rolling mill”. The
final operations of “reeling” and “sizing” are further conducted on cooled tube to
improves size and finish of tubes.
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