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                                   INTRODUCTION 

 

 Bharat Heavy Electricals Ltd. (BHEL) is the largest engineering and manufacturing 

enterprise of its kind in India and is one of the leading international companies in the field 

of power equipment manufacture. The first plant of BHEL, set up at Bhopal in 1956, 

signalled the dawn of the Heavy Electrical Industry in India. In the sixties, three more 

major plants were set up at Haridwar, Hyderabad and Tiruchirapalli that form the core of 

the diversified product range, systems and services that BHEL offers today. BHEL’s 

range of services extends from project feasibility studies to after-sales-service, 

successfully meeting diverse needs through turnkey capability. The company has 14 

manufacturing units, 4 power sector regions, 8 service centers and 15 regional offices, 

besides project sites spread all over India and abroad. BHEL has a well recognised track 

record of performance, making profits continuously since 1971-72 and paying dividends 

since 1976-77. BHEL manufactures over 180 products under 30 major product groups 

and caters to core sectors of the Indian economy viz., Power Generation and 

Transmission, Industry, Transportation, Renewable Energy etc. The quality and reliability 

of its products is due to the emphasis on design, engineering and manufacturing to 

international standards by acquiring and adapting some of the best technologies from 

leading companies in the world, together with technologies developed in its own R&D 

centers. The Company has been constantly adapting itself to face the challenges thrown-

up by the business environment. BHEL has already attained ISO 9000 certification for 

quality management and all the manufacturing units /divisions have been upgraded to the 

latest ISO 9001-2000 version. BHEL has also secured ISO 14001 certification for 

environmental management systems & OHSAS -18001 certification for occupational 

health and safety management systems for all its units/divisions. BHEL is continuing its 

journey towards Business Excellence. BHEL has committed to support the Global 

Compact & the set of core values enshrined in its ten principles in the areas of human 

rights, labour standards and environment. 
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 BUSINESS SECTORS 

 

 BHEL’s operations are organised around three business sectors, namely Power,                    

Industry including Transmission, Transportation & Renewable Energy, and International 

Operations. This enables BHEL to have a strong customer orientation and respond 

quickly to the changes in the market. 

 

POWER SECTOR 

 

Power is the focal area for BHEL and comprises thermal, nuclear, gas, diesel and hydro 

businesses. BHEL has taken India from a position of total dependence on overseas 

sources to complete self-reliance in power plant equipment. Today, BHEL sets account 

for nearly 65% of the total installed power generating capacity in the country. 

Significantly these sets contribute 73% of the total power generated in the country. 

BHEL has contracted for boilers and auxiliaries, turbo generator sets and associated 

controls, piping and station, corporate profile 1,000 MW Simhadri STPS set up by BHEL 

on turnkey basis in 45 months, control & instrumentation of up to 500 MW unit rating 

and has the technology and capability to produce thermal sets of higher unit ratings 

including 1000 MW. BHEL has access to technology for higher size gas turbines and can 

supply gas turbines of up to 279 MW unit size. It engineers and constructs custom built 

combined cycle power plants. Hydro sets of Francis, Pelton, Kaplan and Bulb types for 

different head - discharge combinations, with matching generators, are also designed 

and manufactured by BHEL. To give a thrust to refurbishing and modernisation for plant 

performance improvement of old fossil fuel power plants and provide repair and service 

for GE design gas turbines, two joint venture companies have been floated with Siemens 

and GE respectively, which have completed nine full financial years of commercial 

operation. With a focus to provide a single window facility to the customers for services 
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& spares of power generation equipments, a ‘Spares & Services Business Group’ has 

been created. 

 

INDUSTRY SECTOR 

 

INDUSTRIES 

 

BHEL manufactures and supplies major capital equipment and systems like captive 

power plants, centrifugal compressors, drive turbines, industrial boilers and auxiliaries, 

waste heat recovery boilers, gas turbines, pumps, heat exchangers, electric machines, 

valves, heavy castings and forgings, electrostatic precipitators, ID/FD fans, seamless 

pipes etc. These serve a number of industries like metallurgical, mining, cement, paper, 

fertilizers, refineries and petro-chemicals, etc. in addition to power utilities. BHEL has 

also emerged as a major supplier of controls and instrumentation systems, especially 

distributed digital control systems for various power plants and industries. 

 

OIL & GAS 

 

BHEL has the capability to supply complete onshore drilling rigs, super deep drilling rigs, 

desert rigs, mobile rigs, workover rigs and sub sea well heads. It supplies equipment / 

sub-assemblies for onshore drilling rigs viz. drawworks, rotary-table, travelling block, 

swivel, mast & sub structure, mud systems and rig electrics. BHEL also supplies X’mas 

tree valves & well heads up to a rating of 10,000 psi for onshore / offshore service and 

Casing Support System, Mudline Suspension System & Block Valves for offshore 

applications. 
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TRANSMISSION 

 

BHEL supplies a wide range of products and systems for transmission & distribution 

applications. The products manufactured by BHEL include power transformers, 

instrument transformers, dry type transformers, shunt reactors, capacitors, vacuum and 

SF6 switchgear, gas insulated switchgear, ceramic insulators, etc. BHEL has developed 

and commercialized the country’s first indigenous 36 kV Gas Insulated Substation (GIS) 

and has also bagged first order for its indigenously developed 145 kV GIS. For enhancing 

the power transfer capability and reducing transmission losses in 400 kV lines, BHEL has 

indigenously developed and executed fixed series compensation schemes and has 

developed thyristor controlled series compensation scheme, involving thyristor 

controlled reactors, popularly known as Flexible AC Transmission System (FACTS). BHEL 

has indigenously developed state of the art controlled shunt reactor for reactive power 

management of long transmission lines. With a strong engineering base, the company 

undertakes turnkey execution of substations upto 400 kV and has capability to execute 

765 kV substations. High Voltage Direct Current (HVDC) systems have been supplied for 

economic transmission of bulk power over long distances. During the year, BHEL 

successfully bagged another order for installation of Balia-Bhiwadi HVDC link of 2500 

MW capacity.  

 

TRANSPORTATION 

 

Most of the trains in the Indian Railways, whether electric or diesel powered, are 

equipped with BHEL’s traction propulsion systems and controls. The systems supplied 

are both with conventional DC drives and state of the art AC drives. India’s first 

underground metro at Kolkata runs on drives and controls supplied by BHEL. The 

company also manufactures complete rolling stock i.e. electric locomotives up to 5000 

HP, diesel electric locomotives from 350 HP to 3100 HP for both mainline and shunting 
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duty applications. Further, BHEL undertakes retrofitting and overhauling of rolling stock. 

In the area of Urban transportation, BHEL is geared up for turnkey execution of electric 

trolley bus systems, light rail systems and metro systems. BHEL is contributing to the 

supply of electric systems for EMUs for 1500V DC & 25 kV AC to Indian Railways. Almost 

all the EMUs in service are with electrics manufactured and supplied by BHEL. The 

company has also diversified into the area of track maintenance machines. BHEL is well 

poised to meet the emerging requirements of Indian Railways for higher horsepower 

locos for freight and passenger applications. 

 

RENEWABLE ENERGY 

 

BHEL has been manufacturing & supplying various Renewable Energy systems and 

products. It includes Solar Energy systems namely PV modules, PV power plants, solar 

lanterns, street lighting, solar pumps and solar water heating systems. The Wind power 

generation business based on higher rating WEGs is being explored. 

 

 

 INTERNATIONAL OPERATIONS 

 

BHEL has over the years established its references in 68 countries of the world spanning 

across all the six-inhabited continents. These references encompass almost the entire 

range of BHEL products and services covering turnkey Power projects of Thermal, Hydro 

and Gas-based, Transmission Substation projects, Rehabilitation projects for Boilers, 

Power Stations etc., besides a wide variety of products, like Transformers, Reactors, 

Compressors, Valves and Oil field equipment, Electrostatic Precipitators, Photo Voltaic 

equipments, Insulators, Switchgears, Heat Exchangers, Castings & Forgings . Some of the 

major successes achieved by BHEL have been in Gas based power projects in Oman, 

Saudi Arabia, Iraq, Libya, Bangladesh, Malaysia, Sri Lanka, China, Kazakhstan; Thermal 
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power projects in Cyprus, Malta, Egypt, Malaysia, Sudan, Indonesia, Thailand; Hydro 

power plants in New Zealand, Azerbaijan, Bhutan, Nepal, Taiwan, Malaysia, Afghanistan, 

Tajikistan and Substation Projects & equipment in various countries of Africa, Europe, 

South & South East Asia. The company is taking a number of strategic business initiatives 

to fuel further growth in overseas business. This includes firmly establishing itself in 

target export markets, positioning of BHEL as a regular EPC Contractor in the global 

market and, exploring various opportunities for setting up overseas joint ventures etc. 

 

  RESEARCH & DEVELOPMENT 

 

The Corporate R&D Division at Hyderabad leads BHEL’s research and development 

efforts, suitably supported by Engineering and R&D groups at the manufacturing 

divisions. BHEL’s technology policy promotes a judicious mix of indigenous efforts and 

selective collaboration in essential areas. The company continuously upgrades its 

technology and products to contemporary standards. BHEL is one of the few companies 

worldwide involved in the development of Integrated Gasification Combined Cycle 

(IGCC) technology which will usher it in clean coal technology. BHEL has set up Asia’s 

first 6.2 MW IGCC power plant with a indigenously designed pressurised fluidised bed 

gasifier. Presently, development efforts are underway to set up a 125 MW IGCC power 

plant. 

Four Centres of Excellence for Computational Fluid Dynamics, Simulators, 

Permanent Magnet Machines and Surface Engineering have been established at BHEL’s 

Corporate R&D Division, which has led to enhancement of BHEL’s design and analysis 

capability and also enabled development of new and improved products. BHEL’s R&D 

efforts have produced several new products. Some of the recent successful R&D 

products are: advanced software package for Performance Analysis, Diagnostics and 

Optimisation (PADO) of power plants to optimize power plant operations during varying 

operating conditions; High Velocity Oxy Fuel coating process to increase life of hydro 
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turbine components, and other industrial products prone to erosion; an indigenously 

designed Bowl Mill of 91 tons per hour capacity for pulverising coal in thermal power 

stations; the largest size 60 MW Bubbling Fluidised Bed Boiler for power generation; a 

new eco- friendly, cost effective and less hazardous chemical cleaning system process 

for boilers using an organic chemical ‘Ethylene Diamine Tetra Acetic Acid; a six jet Pelton 

hydro turbine with a head of 789 metres for the 4x200 Parbati hydro electric project; the 

first totally impregnated turbo generator stator for a 250 MW turbo generator; a 260 

MW steam turbine designed to suit combined cycle power plant application; Smart wall 

blowing system for cleaning of boiler tubes during operation; Sonic system for detecting 

tube leaks in boilers; a By-pass Over Fire Air (BOFA) system which reduces NOx emission 

from coal fired power stations by upto 50%. 

 

 HUMAN RESOURCE DEVELOPMENT 

 

The greatest strength of BHEL is its highly skilled and committed manpower. Every 

employee is given an equal opportunity to develop himself and improve his position. 

Continuous training & retraining, career planning, a positive work culture and 

participative style of management have engendered development of a committed and 

motivated work force ready to take up the challenge of making BHEL a competitive 

world-class organization.  

As a process of linking HRM to market forces / stakeholder driven policies, an e-

enabled Performance Management System has been established for executives - a new 

benchmark in promoting performance-led growth. To encourage individuals for 

capability building and for continuous improvement through creativity & innovation in 

every sphere of activity, an e-network based Improvement Projects Rewards Scheme’ 

(IMPRESS) has been introduced company wide. 

 

 
 



15 
 

              MMEC ,MULLANA 
    
 

                            CASTING  
 

                                          

 

 CASTING 

  

Casting is a manufacturing process by which a liquid material is usually poured into a 

mold, which contains a hollow cavity of the desired shape, and then allowed to solidify. 

The solidified part is also known as a casting, which is ejected or broken out of the mold 

to complete the process. Casting materials are usually metals or various cold setting 

materials that cure after mixing two or more components together; examples are epoxy, 

concrete, plaster and clay. 

 

 

Casting is most often used for making complex shapes that would be otherwise difficult 
or uneconomical to make by other methods. 

 

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

http://en.wikipedia.org/wiki/Curing_%28chemistry%29
http://en.wikipedia.org/wiki/Epoxy
http://en.wikipedia.org/wiki/Concrete
http://en.wikipedia.org/wiki/Plaster
http://en.wikipedia.org/wiki/Clay
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    CASTING PROCESS SIMULATION 

 

Casting process simulation uses numerical methods to calculate cast component 
quality considering mold filling, solidification and cooling, and provides a 
quantitative prediction of casting mechanical properties, thermal stresses and 
distortion. Simulation accurately describes a cast component’s quality up-front 
before production starts. The casting rigging can be designed with respect to the 
required component properties. This has benefits beyond a reduction in pre-
production sampling, as the precise layout of the complete casting system also leads 
to energy, material, and tooling savings. 

The software supports the user in component design, the determination of melting 
practice and casting methoding through to pattern and mold making, heat 
treatment, and finishing. This saves costs along the entire casting manufacturing 
route. 

Casting process simulation was initially developed at universities starting from the 
early '70s, mainly in Europe and in the U.S., and is regarded as the most important 
innovation in casting technology over the last 50 years. Since the late '80s, 

http://en.wikipedia.org/wiki/File:Casting.jpg
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commercial programs (such as AutoCAST and MAGMA are available which make it 
possible for foundries to gain new insight into what is happening inside the mold or 
die during the casting process. 

   TYPES OF CASTING 

     There are many types of castings but one of the most important is sand casting. 

                               (SAND CASTING) 

 

 Sand casting, also known as sand molded casting, is a metal casting process 
characterized by using sand as the mold material. The term "sand casting" can also refer 
to an object produced via the sand casting process. Sand castings are produced in 
specialized factories called foundries. Over 70% of all metal castings are produced via a 
sand casting process.  

 

 

Sand casting is relatively cheap and sufficiently refractory even for steel foundry use. In 
addition to the sand, a suitable bonding agent (usually clay) is mixed or occurs with the 
sand. The mixture is moistened, typically with water, but sometimes with other 
substances, to develop strength and plasticity of the clay and to make the aggregate 
suitable for molding. The sand is typically contained in a system of frames or mold boxes 
known as a flask. The mold cavities and gate system are created by compacting the sand 
around models, or patterns, or carved directly into the sand. 

 

BASIC PROCESSES  

There are six steps in this process: 

1. Place a pattern in sand to create a mold. 
2. Incorporate the pattern and sand in a gating system. 
3. Remove the pattern. 
4. Fill the mold cavity with molten metal. 
5. Allow the metal to cool. 
6. Break away the sand mold and remove the casting. 

 

 

http://en.wikipedia.org/wiki/AutoCAST
http://en.wikipedia.org/wiki/Magma_%28company%29
http://en.wikipedia.org/wiki/Metal_casting
http://en.wikipedia.org/wiki/Sand
http://en.wikipedia.org/wiki/Mold_%28manufacturing%29
http://en.wikipedia.org/wiki/Factory
http://en.wikipedia.org/wiki/Foundry
http://en.wikipedia.org/wiki/Sand_casting#Molding_box_and_materials
http://en.wikipedia.org/wiki/Flask_%28casting%29
http://en.wikipedia.org/wiki/Casting_%28metalworking%29#Mold_cavity
http://en.wikipedia.org/wiki/Casting_%28metalworking%29#The_gating_system
http://en.wikipedia.org/wiki/Pattern_%28casting%29
http://en.wikipedia.org/wiki/Pattern_%28casting%29
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http://en.wikipedia.org/wiki/File:Haandform-e.png
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COMPONENTS  
 

1. PATTERNS 

 

 

 

 

Cope & drag (top and bottom halves of a sand mold), with cores in place on the drag 

From the design, provided by an engineer or designer, a skilled pattern maker builds a 
pattern of the object to be produced, using wood, metal, or a plastic such as expanded 
polystyrene. Sand can be ground, swept or strickled into shape. The metal to be cast will 
contract during solidification, and this may be non-uniform due to uneven cooling. 
Therefore, the pattern must be slightly larger than the finished product, a difference 
known as contraction allowance. Pattern-makers are able to produce suitable patterns 
using 'Contraction rules' (these are sometimes called "shrink allowance rulers" where 
the ruled markings are deliberately made to a larger spacing according to the 

http://en.wikipedia.org/wiki/File:SandMoldCopeDragCores.jpg


20 
 

              MMEC ,MULLANA 
    
 

percentage of extra length needed). Different scaled rules are used for different metals 
because each metal and alloy contracts by an amount distinct from all others. Patterns 
also have core prints that create registers within the molds into which are placed sand 
cores. Such cores, sometimes reinforced by wires, are used to create under cut profiles 
and cavities which cannot be molded with the cope and drag, such as the interior 
passages of valves or cooling passages in engine blocks. 

Paths for the entrance of metal into the mold cavity constitute the runner system and 
include the sprue, various feeders which maintain a good metal 'feed', and in-gates 
which attach the runner system to the casting cavity. Gas and steam generated during 
casting exit through the permeable sand or via risers, which are added either in the 
pattern itself, or as separate pieces. 

2. MOLDING BOX AND MATERIALS 

 

A multi-part molding box (known as a casting flask, the top and bottom halves of which 
are known respectively as the cope and drag) is prepared to receive the pattern. 
Molding boxes are made in segments that may be latched to each other and to end 
closures. For a simple object—flat on one side—the lower portion of the box, closed at 
the bottom, will be filled with a molding sand. The sand is packed in through a vibratory 
process called ramming and, in this case, periodically screeded level. The surface of the 
sand may then be stabilized with a sizing compound. The pattern is placed on the sand 
and another molding box segment is added. Additional sand is rammed over and around 
the pattern. Finally a cover is placed on the box and it is turned and unlatched, so that 
the halves of the mold may be parted and the pattern with its sprue and vent patterns 
removed. Additional sizing may be added and any defects introduced by the removal of 
the pattern are corrected. The box is closed again. This forms a "green" mold which 
must be dried to receive the hot metal. If the mold is not sufficiently dried a steam 
explosion can occur that can throw molten metal about. In some cases, the sand may be 
oiled instead of moistened, which makes possible casting without waiting for the sand to 
dry. Sand may also be bonded by chemical binders, such as furane resins or amine-

hardened resins. 

3. CHILLS 

 

To control the solidification structure of the metal, it is possible to place metal plates, 
chills, in the mold. The associated rapid local cooling will form a finer-grained structure 
and may form a somewhat harder metal at these locations. In ferrous castings the effect 
is similar to quenching metals in forge work. The inner diameter of an engine cylinder is 
made hard by a chilling core. In other metals chills may be used to promote directional 
solidification of the casting. In controlling the way a casting freezes it is possible to 
prevent internal voids or porosity inside castings. 

http://en.wikipedia.org/wiki/Core_%28manufacturing%29
http://en.wikipedia.org/wiki/Sprue_%28casting%29
http://en.wikipedia.org/wiki/Riser_%28casting%29
http://en.wikipedia.org/wiki/Casting_flask
http://en.wikipedia.org/wiki/Chill_%28foundry%29
http://en.wikipedia.org/wiki/Quench
http://en.wikipedia.org/wiki/Forge
http://en.wikipedia.org/wiki/Directional_solidification
http://en.wikipedia.org/wiki/Directional_solidification
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4. CORES 

To produce cavities within the casting—such as for liquid cooling in engine blocks and 
cylinder heads—negative forms are used to produce cores. Usually sand-molded, cores 
are inserted into the casting box after removal of the pattern. Whenever possible, 
designs are made that avoid the use of cores, due to the additional set-up time and thus 
greater cost. 

 

 

With a completed mold at the appropriate moisture content, the box containing the 
sand mold is then positioned for filling with molten metal—typically iron, steel, bronze, 
brass, aluminium, magnesium alloys, or various pot metal alloys, which often include 
lead, tin, and zinc. After filling with liquid metal the box is set aside until the metal is 
sufficiently cool to be strong. The sand is then removed revealing a rough casting that, in 
the case of iron or steel, may still be glowing red. When casting with metals like iron or 
lead, which are significantly heavier than the casting sand, the casting flask is often 
covered with a heavy plate to prevent a problem known as floating the mold. Floating 
the mold occurs when the pressure of the metal pushes the sand above the mold cavity 
out of shape, causing the casting to fail. 

http://en.wikipedia.org/wiki/Internal_combustion_engine
http://en.wikipedia.org/wiki/Cylinder_head
http://en.wikipedia.org/wiki/File:SandMoldBronzeAluminium.jpg
http://en.wikipedia.org/wiki/Iron
http://en.wikipedia.org/wiki/Steel
http://en.wikipedia.org/wiki/Bronze
http://en.wikipedia.org/wiki/Brass
http://en.wikipedia.org/wiki/Aluminium
http://en.wikipedia.org/wiki/Magnesium
http://en.wikipedia.org/wiki/Pot_metal
http://en.wikipedia.org/wiki/Lead
http://en.wikipedia.org/wiki/Tin
http://en.wikipedia.org/wiki/Zinc
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After casting, the cores are broken up by rods or shot and removed from the casting. 
The metal from the sprue and risers is cut from the rough casting. Various heat 
treatments may be applied to relieve stresses from the initial cooling and to add 
hardness—in the case of steel or iron, by quenching in water or oil. The casting may be 
further strengthened by surface compression treatment—like shot peening—that adds 
resistance to tensile cracking and smooths the rough surface. 

DESIGN REQUIREMENTS  

The part to be made and its pattern must be designed to accommodate each stage of 
the process, as it must be possible to remove the pattern without disturbing the molding 
sand and to have proper locations to receive and position the cores. A slight taper, 
known as draft, must be used on surfaces perpendicular to the parting line, in order to 
be able to remove the pattern from the mold. This requirement also applies to cores, as 
they must be removed from the core box in which they are formed. The sprue and risers 
must be arranged to allow a proper flow of metal and gasses within the mold in order to 
avoid an incomplete casting. Should a piece of core or mold become dislodged it may be 
embedded in the final casting, forming a sand pit, which may render the casting 
unusable. Gas pockets can cause internal voids. These may be immediately visible or 
may only be revealed after extensive machining has been performed. For critical 
applications, or where the cost of wasted effort is a factor, non-destructive testing 
methods may be applied before further work is performed. 

PROCESSES 

In general, we can distinguish between two methods of sand casting; the first one 
using green sand and the second being the air set method. 

http://en.wikipedia.org/wiki/File:CoreBoxPatternCoreCasting.jpg
http://en.wikipedia.org/wiki/Heat_treatment
http://en.wikipedia.org/wiki/Heat_treatment
http://en.wikipedia.org/wiki/Shot_peening
http://en.wikipedia.org/wiki/Draft_angle
http://en.wikipedia.org/wiki/Green_sand_%28casting%29
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GREEN SAND 

These expendable molds are made of wet sands that are used to make the mold's shape. 
The name comes from the fact that wet sands are used in the molding process. Green 
sand is not green in color, but "green" in the sense that it is used in a wet state (akin to 
green wood). Unlike the name suggests, "green sand" is not a type of sand on its own, 
but is rather a mixture of: 

 silica sand (SiO2), or chromite sand (FeCr2O), or zircon sand (ZrSiO4), 75 to 85%, or 
olivine, or staurolite, or graphite. 

 bentonite (clay), 5 to 11% 
 water, 2 to 4% 
 inert sludge 3 to 5% 
 anthracite (0 to 1%) 

There are many recipes for the proportion of clay, but they all strike different balances 
between moldability, surface finish, and ability of the hot molten metal to degas. The 
coal, typically referred to in foundries as sea-coal, which is present at a ratio of less than 
5%, partially combusts in the presence of the molten metal leading to offgassing of 
organic vapors. Green Sand for non-ferrous metals do not use coal additives since the 
CO created is not effective to prevent oxidation. Green Sand for aluminum typically uses 
olivine sand (a mixture of the minerals forsterite and fayalite which are made by 
crushing dunite rock). The choice of sand has a lot to do with the temperature that the 
metal is poured. At the temperatures that copper and iron are poured, the clay gets 
inactivated by the heat in that the montmorillonite is converted to illite, which is a non-
expanding clay. Most foundries do not have the very expensive equipment to remove 
the burned out clay and substitute new clay, so instead, those that pour iron typically 
work with silica sand that is inexpensive compared to the other sands. As the clay is 
burned out, newly mixed sand is added and some of the old sand is discarded or 
recycled into other uses. Silica is the least desirable of the sands since metamorphic 
grains of silica sand have a tendency to explode to form sub-micron sized particles when 
thermally shocked during pouring of the molds. These particles enter the air of the work 
area and can lead to silicosis in the workers. Iron foundries spend a considerable effort 
on aggressive dust collection to capture this fine silica. The sand also has the 
dimensional instability associated with the conversion of quartz from alpha quartz to 
beta quartz at 1250 degrees F. Often additives such as wood flour are added to create a 
space for the grains to expand without deforming the mold. Olivine, Chromite, etc. are 
used because they do not have a phase conversion that causes rapid expansion of the 
grains, as well as offering greater density, which cools the metal faster and produces 
finer grain structures in the metal. Since they are not metamorphic minerals, they do not 
have the polycrystals found in silica, and subsequently do not form hazardous sub-
micron sized particles. 
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THE AIR SET METHOD 

The air set method uses dry sand bonded with materials other than clay, using a fast 
curing adhesive. The latter may also be referred to as no bake mold casting. When these 
are used, they are collectively called "air set" sand castings to distinguish them from 
"green sand" castings. Two types of molding sand are natural bonded (bank sand) and 
synthetic (lake sand); the latter is generally preferred due to its more consistent 
composition. 

With both methods, the sand mixture is packed around a pattern, forming a mold cavity. 
If necessary, a temporary plug is placed in the sand and touching the pattern in order to 
later form a channel into which the casting fluid can be poured. Air-set molds are often 
formed with the help of a two-part mold having a top and bottom part, termed the cope 
and drag. The sand mixture is tamped down as it is added around the pattern, and the 
final mold assembly is sometimes vibrated to compact the sand and fill any unwanted 
voids in the mold. Then the pattern is removed along with the channel plug, leaving the 
mold cavity. The casting liquid (typically molten metal) is then poured into the mold 
cavity. After the metal has solidified and cooled, the casting is separated from the sand 
mold. There is typically no mold release agent, and the mold is generally destroyed in 
the removal process.  

The accuracy of the casting is limited by the type of sand and the molding process. Sand 
castings made from coarse green sand impart a rough texture to the surface, and this 
makes them easy to identify. Castings made from fine green sand can shine as cast but 
are limited by the depth to width ratio of pockets in the pattern. Air-set molds can 
produce castings with smoother surfaces than coarse green sand but this method is 
primarily chosen when deep narrow pockets in the pattern are necessary, due to the 
expense of the plastic used in the process. Air-set castings can typically be easily 
identified by the burnt color on the surface. The castings are typically shot blasted to 
remove that burnt color. Surfaces can also be later ground and polished, for example 
when making a large bell. After molding, the casting is covered with a residue of oxides, 
silicates and other compounds. This residue can be removed by various means, such as 
grinding, or shot blasting. 

During casting, some of the components of the sand mixture are lost in the thermal 
casting process. Green sand can be reused after adjusting its composition to replenish 
the lost moisture and additives. The pattern itself can be reused indefinitely to produce 
new sand molds. The sand molding process has been used for many centuries to 
produce castings manually. Since 1950, partially automated casting processes have been 
developed for production lines. 
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MOLD MATERIALS 

There are four main components for making a sand casting mold: base sand, a binder, 
additives, and a parting compound. 

MOLDING SANDS 

Molding sands, also known as foundry sands, are defined by eight characteristics: 
refractoriness, chemical inertness, permeability, surface finish, cohesiveness, flowability, 
collapsibility, and availability/cost.  

(A)  REFRACTORINESS 

 This refers to the sand's ability to withstand the temperature of the liquid metal being 
cast without breaking down. For example some sands only need to withstand 650 °C 
(1,202 °F) if casting aluminum alloys, whereas steel needs a sand that will withstand 
1,500 °C (2,730 °F). Sand with too low a refractoriness will melt and fuse to the casting.  

(B) CHEMICAL INERTNESS  

The sand must not react with the metal being cast. This is especially important with 
highly  reactive metals, such as magnesium and titanium.  

 

(C) PERMEABILITY  

 This refers to the sand's ability to exhaust gases. This is important because during the 
pouring process many gases are produced, such as hydrogen, nitrogen, carbon dioxide, 
and steam, which must leave the mold otherwise casting defects, such as blow holes and 
gas holes, occur in the casting. Note that for each cubic centimeter (cc) of water added 
to the mold 16,000 cc of steam is produced.  

 

(D) SURFACE FINISH 

The size and shape of the sand particles defines the best surface finish achievable, with 
finer particles producing a better finish. However, as the particles become finer (and 
surface finish improves) the permeability becomes worse.  

 

(E) COHESIVENESS OR BOND 

 This is the ability of the sand to retain a given shape after the pattern is removed.  
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(F) FLOWABILITY  

The ability for the sand to flow into intricate details and tight corners without special 
processes or equipment.  

 

 

(G) COLLAPSIBILITY  

 This is the ability of the sand to be easily stripped off the casting after it has solidified. 
Sands with poor collapsibility will adhere strongly to the casting. When casting metals 
that contract a lot during cooling or with long freezing temperature ranges a sand with 
poor collapsibility will cause cracking and hot tears in the casting. Special additives can 
be used to improve collapsibility.  

(H) AVAILABILITY/COST 

The availability and cost of the sand is very important because for every ton of metal 
poured, three to six tons of sand is required.[10] Although sand can be screened and 
reused, the particles eventually become too fine and require periodic replacement with 
fresh sand.  

In large castings it is economical to use two different sands, because the majority of the 
sand will not be in contact with the casting, so it does not need any special properties. 
The sand that is in contact with the casting is called facing sand, and is designed for the 
casting on hand. This sand will be built up around the pattern to a thickness of 30 to 100 
mm (1.2 to 3.9 in). The sand that fills in around the facing sand is called backing sand. 
This sand is simply silica sand with only a small amount of binder and no special 
additives.  
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TYPES OF BASE SAND 

Base sand is the type used to make the mold or core without any binder. Because it does 
not have a binder it will not bond together and is not usable in this state.  

 

(A) SILICA SAND 

Silica (SiO2) sand is the sand found on a beach and is also the most commonly used sand. 
It is made by either crushing sandstone or taken from natural occurring locations, such 
as beaches and river beds. The fusion point of pure silica is 1,760 °C (3,200 °F), however 
the sands used have a lower melting point due to impurities. For high melting point 
casting, such as steels, a minimum of 98% pure silica sand must be used; however for 
lower melting point metals, such as cast iron and non-ferrous metals, a lower purity 
sand can be used (between 94 and 98% pure).  

 

Silica sand is the most commonly used sand because of its great abundance, and, thus, 
low cost (therein being its greatest advantage). Its disadvantages are high thermal 
expansion, which can cause casting defects with high melting point metals, and low 
thermal conductivity, which can lead to unsound casting. It also cannot be used with 
certain basic metal because it will chemically interact with the metal forming surface 
defect. Finally, it causes silicosis in foundry workers.  

 

(B) OLIVINE SAND 

Olivine is a mixture of orthosilicates of iron and magnesium from the mineral dunite. Its 
main advantage is that it is free from silica, therefore it can be used with basic metals, 
such as manganese steels. Other advantages include a low thermal expansion, high 
thermal conductivity, and high fusion point. Finally, it is safer to use than silica, 
therefore it is popular in Europe. 

 

(C) CHROMITE SAND  

Chromite sand is a solid solution of spinels. Its advantages are a low percentage of silica, 
a very high fusion point (1,850 °C (3,360 °F)), and a very high thermal conductivity. Its 
disadvantage is its costliness, therefore its only used with expensive alloy steel casting 
and to make cores.  
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(D) ZIRCON SAND 

Zircon sand is a compound of approximately two-thirds zircon oxide (Zr2O) and one-third 
silica. It has the highest fusion point of all the base sands at 2,600 °C (4,710 °F), a very 
low thermal expansion, and a high thermal conductivity. Because of these good 
properties it is commonly used when casting alloy steels and other expensive alloys. It is 
also used as a mold wash (a coating applied to the molding cavity) to improve surface 
finish. However, it is expensive and not readily available.  

 

 

OTHER MATERIALS 

Modern casting production methods can manufacture thin and accurate molds—of a 
material superficially resembling papier-mâché, such as is used in egg cartons, but that is 
refractory in nature—that are then supported by some means, such as dry sand 
surrounded by a box, during the casting process. Due to the higher accuracy it is possible 
to make thinner and hence lighter castings, because extra metal need not be present to 
allow for variations in the molds. These thin-mold casting methods have been used since 
the 1960s in the manufacture of cast-iron engine blocks and cylinder heads for 
automotive applications.  

 

BINDERS 

Binders are added to a base sand to bond the sand particles together (i.e. it is the glue 
that holds the mold together). 

 

CLAY AND WATER 

A mixture of clay and water is the most commonly used binder. There are two types of 
clay commonly used: bentonite and kaolinite, with the former being the most common.  

 

OIL 

Oils, such as linseed oil, other vegetable oils and marine oils, used to be used as a 
binder, however due to their increasing cost, they have been mostly phased out. The oil 
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also required careful baking at 100 to 200 °C (212 to 392 °F) to cure (if overheated the 
oil becomes brittle, wasting the mold).  

 

RESIN 

Resin binders are natural or synthetic high melting point gums. The two common types 
used are urea formaldehyde (UF) and phenol formaldehyde (PF) resins. PF resins have a 
higher heat resistance than UF resins and cost less. There are also cold-set resins, which 
use a catalyst instead of a heat to cure the binder. Resin binders are quite popular 
because different properties can be achieved by mixing with various additives. Other 
advantages include good collapsibility, low gassing, and they leave a good surface finish 
on the casting.  

 

ADDITIVES 

Additives are added to the molding components to improve: surface finish, dry strength, 
refractoriness, and "cushioning properties". 

 

Up to 5% of reducing agents, such as coal powder, pitch, creosote, and fuel oil, may be 
added to the molding material to prevent wetting (prevention of liquid metal sticking to 
sand particles, thus leaving them on the casting surface), improve surface finish, 
decrease metal penetration, and burn-on defects. These additives achieve this by 
creating gases at the surface of the mold cavity, which prevent the liquid metal from 
adhering to the sand. Reducing agents are not used with steel casting, because they can 
carburize the metal during casting.  

 

Up to 3% of "cushioning material", such as wood flour, saw dust, powdered husks, peat, 
and straw, can be added to reduce scabbing, hot tear, and hot crack casting defects 
when casting high temperature metals. These materials are beneficial because burn-off 
when the metal is poured creating voids in the mold, which allow it to expand. They also 
increase collapsibility and reduce shakeout time.  

 

Up to 2% of cereal binders, such as dextrin, starch, sulphite lye, and molasses, can be 
used to increase dry strength (the strength of the mold after curing) and improve 
surface finish. Cereal binders also improve collapsibility and reduce shakeout time 
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because they burn-off when the metal is poured. The disadvantage to cereal binders is 
that they are expensive.  

 

Up to 2% of iron oxide powder can be used to prevent mold cracking and metal 
penetration, essentially improving refractoriness. Silica flour (fine silica) and zircon flour 
also improve refractoriness, especially in ferrous castings. The disadvantages to these 
additives is that they greatly reduce permeability.  

 

 

 

PARTING COMPOUNDS 

To get the pattern out of the mold, prior to casting, a parting compound is applied to the 
pattern to ease removal. They can be a liquid or a fine powder (particle diameters 
between 75 and 150 micrometres (0.0030 and 0.0059 in)). Common powders include 
talc, graphite, and dry silica; common liquids include mineral oil and water-based silicon 
solutions. The latter are more commonly used with metal and large wooden patterns.  

HISTORY 

In 1924, the Ford automobile company set a record by producing 1 million cars, in the 
process consuming one-third of the total casting production in the U.S. As the 
automobile industry grew the need for increased casting efficiency grew. The increasing 
demand for castings in the growing car and machine building industry during and after 
World War I and World War II, stimulated new inventions in mechanization and later 
automation of the sand casting process technology. 

There was not one bottleneck to faster casting production but rather several. 
Improvements were made in molding speed, molding sand preparation, sand mixing, 
core manufacturing processes, and the slow metal melting rate in cupola furnaces. In 
1912, the sand slinger was invented by the American company Beardsley & Piper. In 
1912, the first sand mixer with individually mounted revolving plows was marketed by 
the Simpson Company. In 1915, the first experiments started with bentonite clay instead 
of simple fire clay as the bonding additive to the molding sand. This increased 
tremendously the green and dry strength of the molds. In 1918, the first fully automated 
foundry for fabricating hand grenades for the U.S. Army went into production. In the 
1930s the first high-frequency coreless electric furnace was installed in the U.S. In 1943, 
ductile iron was invented by adding magnesium to the widely used grey iron. In 1940, 
thermal sand reclamation was applied for molding and core sands. In 1952, the "D-
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process" was developed for making shell molds with fine, pre-coated sand. In 1953, the 
hotbox core sand process in which the cores are thermally cured was invented. In 1954, 
a new core binder - water glass (sodium silicate) hardened with CO2 from the ambient 
air, came into use. 

 

 

                          (FORGING) 

 

 

Forging is a manufacturing process involving the shaping of metal using localized 
compressive forces. 

 Forging is often classified according to the temperature at which it is performed: 

1. Cold Forging 

 2. Hot Forging 

All of the forging processes can be performed at various temperatures, however they 
are generally classified by whether the metal temperature is above or below the 
recrystallization temperature.  

If the temperature is above the material's recrystallization temperature it is deemed hot 
forging. 

 if the temperature is below the material's recrystallization temperature but above 30% 
of the recrystallization temperature (on an absolute scale) it is deemed warm forging;  

if below 30% of the recrystallization temperature (usually room temperature) then it is 
deemed cold forging. 

 The main advantage of hot forging is that as the metal is deformed work hardening 
effects are negated by the recrystallization process. Cold forging typically results in work 
hardening of the piece.  

 

Forged parts can range in weight from less than a kilogram to 580 metric tons.  
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 Forged parts usually require further processing to achieve a finished part. 

History 

Forging is one of the oldest known metalworking processes. Traditionally, forging was 
performed by a smith using hammer and anvil, and though the use of water power in 
the production and working of iron dates to the 12th century, the hammer and anvil are 
not obsolete. The smithy or forge has evolved over centuries to become a facility with 
engineered processes, production equipment, tooling, raw materials and products to 
meet the demands of modern industry. 

In modern times, industrial forging is done either with presses or with hammers 
powered by compressed air, electricity, hydraulics or steam. These hammers may have 
reciprocating weights in the thousands of pounds. Smaller power hammers, 500 lb 
(230 kg) or less reciprocating weight, and hydraulic presses are common in art smithies 
as well. Some steam hammers remain in use, but they became obsolete with the 
availability of the other, more convenient, power sources. 

Advantages and disadvantages 

Forging can produce a piece that is stronger than an equivalent cast or machined part. 
As the metal is shaped during the forging process, its internal grain deforms to follow 
the general shape of the part. As a result, the grain is continuous throughout the part, 
giving rise to a piece with improved strength characteristics.  

Some metals may be forged cold, but iron and steel are almost always hot forged. Hot 
forging prevents the work hardening that would result from cold forging, which would 
increase the difficulty of performing secondary machining operations on the piece. Also, 
while work hardening may be desirable in some circumstances, other methods of 
hardening the piece, such as heat treating, are generally more economical and more 
controllable. Alloys that are amenable to precipitation hardening, such as most 
aluminium alloys and titanium, can be hot forged, followed by hardening.  

Production forging involves significant capital expenditure for machinery, tooling, 
facilities and personnel. In the case of hot forging, a high-temperature furnace 
(sometimes referred to as the forge) is required to heat ingots or billets. Owing to the 
massiveness of large forging hammers and presses and the parts they can produce, as 
well as the dangers inherent in working with hot metal, a special building is frequently 
required to house the operation. In the case of drop forging operations, provisions must 
be made to absorb the shock and vibration generated by the hammer. Most forging 
operations use metal-forming dies, which must be precisely machined and carefully 
heat-treated to correctly shape the workpiece, as well as to withstand the tremendous 
forces involved.  
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Processes 
 

There are many different kinds of forging processes available, however they can be 
grouped into three main classes: 

 Drawn out: length increases, cross-section decreases 
 Upset: length decreases, cross-section increases 
 Squeezed in closed compression dies: produces multidirectional flow 

Common forging processes include: roll forging, swaging, cogging, open-die forging, 
impression-die forging, press forging, automatic hot forging and upsetting.[1] 

 DROP FORGING 

Drop forging is a forging process where a hammer is raised and then "dropped" onto the 
workpiece to deform it according to the shape of the die. There are two types of drop 
forging: open-die drop forging and closed-die drop forging. As the names imply, the 
difference is in the shape of the die, with the former not fully enclosing the workpiece, 
while the latter does. 

 

 

 

Open-die drop forging (with two dies) of an ingot to be further processed into a wheel 
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Open-die forging is also known as smith forging. In open-die forging, a hammer strikes 
and deforms the workpiece, which is placed on a stationary anvil. Open-die forging gets 
its name from the fact that the dies (the surfaces that are in contact with the workpiece 
do not enclose the workpiece, allowing it to flow except where contacted by the dies. 
Therefore the operator, or a robot, needs to orient and position the workpiece to get 
the desired shape. The dies are usually flat in shape, but some have a specially shaped 
surface for specialized operations. For example, a die may have a round, concave, or 
convex surface or be a tool to form holes or be a cut-off tool.  

Open-die forging lends itself to short runs and is appropriate for art smithing and custom 
work. In some cases, open-die forging may be employed to rough-shape ingots to 
prepare them for subsequent operations. Open-die forging may also orient the grain to 
increase strength in the required direction.  

Cogging is successive deformation of a bar along its length using an open-die drop forge. 
It is commonly used to work a piece of raw material to the proper thickness. Once the 
proper thickness is achieved the proper width is achieved via edging. Edging is the 
process of concentrating material using a concave shaped open die. The process is called 
edging because it is usually carried out on the ends of the workpiece. Fullering is a 
similar process that thins out sections of the forging using a convex shaped die. These 
processes prepare the workpieces for further forging processes.  

PRESS FORGING 

Press forging works by slowly applying a continuous pressure or force, which differs 
from the near-instantaneous impact of drop-hammer forging. The amount of time the 
dies are in contact with the workpiece is measured in seconds (as compared to the 
milliseconds of drop-hammer forges). The press forging operation can be done either 
cold or hot.  

The main advantage of press forging, as compared to drop-hammer forging, is its ability 
to deform the complete workpiece. Drop-hammer forging usually only deforms the 
surfaces of the workpiece in contact with the hammer and anvil; the interior of the 
workpiece will stay relatively undeformed. Another advantage to the process includes 
the knowledge of the new part's strain rate. We specifically know what kind of strain can 
be put on the part, because the compression rate of the press forging operation is 
controlled. There are a few disadvantages to this process, most stemming from the 
workpiece being in contact with the dies for such an extended period of time. The 
operation is a time-consuming process due to the amount and length of steps. The 
workpiece will cool faster because the dies are in contact with workpiece; the dies 
facilitate drastically more heat transfer than the surrounding atmosphere. As the 
workpiece cools it becomes stronger and less ductile, which may induce cracking if 
deformation continues. Therefore heated dies are usually used to reduce heat loss, 
promote surface flow, and enable the production of finer details and closer tolerances. 
The workpiece may also need to be reheated. When done in high productivity, press 
forging is more economical than hammer forging. The operation also creates closer 
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tolerances. In hammer forging a lot of the work is absorbed by the machinery, when in 
press forging, the greater percentage of work is used in the work piece. Another 
advantage is that the operation can be used to create any size part because there is no 
limit to the size of the press forging machine. New press forging techniques have been 
able to create a higher degree of mechanical and orientation integrity. By the constraint 
of oxidation to the outer layers of the part, reduced levels of microcracking occur in the 
finished part.  

Press forging can be used to perform all types of forging, including open-die and 
impression-die forging. Impression-die press forging usually requires less draft than drop 
forging and has better dimensional accuracy. Also, press forgings can often be done in 
one closing of the dies, allowing for easy automation.  

 

 

 ROLL FORGING 

Roll forging is a process where round or flat bar stock is reduced in thickness and 
increased in length. Roll forging is performed using two cylindrical or semi-cylindrical 
rolls, each containing one or more shaped grooves. A heated bar is inserted into the rolls 
and when it hits a stop the rolls rotate and the bar is progressively shaped as it is rolled 
through the machine. The piece is then transferred to the next set of grooves or turned 
around and reinserted into the same grooves. This continues until the desired shape and 
size is achieved. The advantage of this process is there is no flash and it imparts a 
favorable grain structure into the workpiece.  
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FORGING PROCESSES 

A forging press, often just called a press, is used for press forging. There are two main 
types: mechanical and hydraulic presses. Mechanical presses function by using cams, 
cranks and/or toggles to produce a preset (a predetermined force at a certain location in 
the stroke) and reproducible stroke. Due to the nature of this type of system, different 
forces are available at different stroke positions. Mechanical presses are faster than 
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their hydraulic counterparts (up to 50 strokes per minute). Their capacities range from 3 
to 160 MN (300 to 18,000 short tons-force). Hydraulic presses use fluid pressure and a 
piston to generate force. The advantages of a hydraulic press over a mechanical press 
are its flexibility and greater capacity. The disadvantages include a slower, larger, and 
costlier machine to operate.  

The roll forging, upsetting, and automatic hot forging processes all use specialized 
machinery. 

QUENCH HARDENING 

Quench hardening is a mechanical process in which steel and cast iron alloys are 
strengthened and hardened. These metals consist of ferrous metals and alloys. This is 
done by heating the material to a certain temperature, depematerial. This produces a 
harder material by either surface hardening or through-hardening varying on the rate at 
which the material is cooled. The material is then often tempered to reduce the 
brittleness that may increase from the quench hardening process. Items that may be 
quenched include gears, shafts, and wear blocks. 

PROCESS 

Quenching metals is a progression; the first step is soaking the metal, i.e. heating it to 
the required temperature. Soaking can be done by air (air furnace), or a bath. The 
soaking time in air furnaces should be 1 to 2 minutes for each millimeter of cross-
section. For a bath the time can range a little higher. The recommended time allotment 
in salt or lead baths is 0 to 6 minutes. Uneven heating or overheating should be avoided 
at all cost. Most materials are heated from anywhere to 815 to 900 °C (1,500 to 
1,650 °F). 

The next item on the progression list is the cooling of the part. Water is one of the most 
efficient quenching media where maximum hardness is acquired, but there is a small 
chance that it may cause distortion and tiny cracking. When hardness can be sacrificed, 
whale, cottonseed and mineral oils are used. These often tend to oxidize and form a 
sludge, which consequently lowers the efficiency. The quenching velocity (cooling rate) 
of oil is much less than water. Intermediate rates between water and oil can be obtained 
with water containing 10-30% UCON from DOW, a substance with an inverse solubility 
which therefore deposits on the object to slow the rate of cooling. 

To minimize distortion, long cylindrical workpieces are quenched vertically; flat 
workpieces are quenched on edge; and thick sections should enter the bath first. To 
prevent steam bubbles the bath is agitated. 

 

EQUIPMENT 

http://en.wikipedia.org/wiki/Tempering
http://www.ironandsteeldictionary.com/air-furnace/
http://en.wikipedia.org/wiki/Dow_Chemical_Company
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There are three types of furnaces that are commonly used in quench hardening: salt 
bath furnace, continuous furnace, and box furnace. Each is used depending on what 
other processes or types of quench hardening are being done on the different material 

QUENCHING DISTANCE 

Quenching distance is an important property in the study of combustion. It is defined as 
the smallest hole a flame can travel through. For example hydrogen has a quenching 
distance of 0.64 mm. 

  

 

 

                         

 

 

 

 

 

 

 

 

 

                        (MACHINE SHOP) 

 

Operations Performed 
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 Turning 

 Drilling 

 Boring 

 Facing 

 Milling 

 

 

TURNING 

                      Turning is a machining process in which a cutting tool, typically a non-rotary 

tool bit, describes a helical toolpath by moving more or less linearly while the workpiece 

rotates. 

 

 

DRILLING 

                     The operation of making round holes in metal pieces is known as drilling.It is 

done with the help of drilling machine  

 

http://en.wikipedia.org/wiki/Machining
http://en.wikipedia.org/wiki/Cutting_tool_%28machining%29
http://en.wikipedia.org/wiki/Tool_bit
http://en.wikipedia.org/wiki/Helix
http://en.wikipedia.org/wiki/Rotation_around_a_fixed_axis
http://en.wikipedia.org/wiki/File:L%C3%A4ngs-Rund-Drehen.jpg
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BORING  

                  Enlarging or smoothing an existing hole created by drilling, moulding etc.i.e. 

the machining of internal cylindrical forms (generating) a) by mounting workpiece to the 

spindle via a chuck or faceplate b) by mounting workpiece onto the cross slide and 

placing cutting tool into the chuck. This work is suitable for castings that are to awkward 

to mount in the face plate. On long bed lathes large workpiece can be bolted to a fixture 

on the bed and a shaft passed between two lugs on the workpiece and these lugs can be 

bored out to size. A limited application but one that is available to the skilled 

turner/machinist. 

http://en.wikipedia.org/wiki/File:Percage_sineholing_mitis.jpg
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FACING 

                     It  is part of the turning process. It involves moving the cutting tool at 

right angles to the axis of rotation of the rotating workpiece. This can be 

performed by the operation of the cross-slide, if one is fitted, as distinct from the 

longitudinal feed (turning). It is frequently the first operation performed in the 

production of the workpiece, and often the last- hence the phrase "ending up". 

 

http://en.wikipedia.org/wiki/File:Percage_vibratoire_multi-mat%C3%A9riaux_MITIS.png
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MILLING 

Milling (grinding), the process of grinding grain or other materials in a mill. 

Milling machine, a cutting and shaping equipment 

removing asphalt pavement with a milling machine 

Photochemical milling (disambiguation) 

a part of the leather crusting process 

 

  

http://en.wikipedia.org/wiki/Milling_%28grinding%29
http://en.wikipedia.org/wiki/Milling_machine
http://en.wikipedia.org/wiki/Asphalt_pavement
http://en.wikipedia.org/wiki/Milling_machine
http://en.wikipedia.org/wiki/Photochemical_milling_%28disambiguation%29
http://en.wikipedia.org/wiki/Leather
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            DESCRIPTION OF MACHINES 

 

 

 

Lathe Machine   

A lathe is a machine tool which spins a block of material to perform various operations 

such as cutting, sanding, knurling, drilling, or deformation with tools that are applied to 

the workpiece to create an object which has symmetry about an axis of rotation. The 

material is held in place by either one or two centers, at least one of which can be moved 

horizontally to accommodate varying material lengths.  
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Parts of Lathe 

 

 

 

1. Legs : A lathe may or may not have a stand (or legs), which sits on the floor and elevates 

the lathe bed to a working height. Some lathes are small and sit on a workbench or table, 

and do not have a stand. 

2. Bed : Almost all lathes have a "bed", which is (almost always) a horizontal beam 

(although some CNC lathes have a vertical beam for a bed to ensure that swarf, or chips, 

falls free of the bed).  

3. Headstock : At one end of the bed (almost always the left, as the operator faces the lathe) 

is a "headstock". The headstock contains high-precision spinning bearings. 

4. Spindle : Rotating within the bearings is a horizontal axle, with an axis parallel to the 

bed, called the "spindle". Spindles are often hollow, and have exterior threads and/or an 

interior Morse taper on the "inboard" (i.e., facing to the right / towards the bed) by which 

accessories which hold the workpiece may be mounted to the spindle. Spindles may also 

have exterior threads and/or an interior taper at their "outboard" (i.e., facing away from 

the bed) end, and/or may have a handwheel or other accessory mechanism on their 

outboard end. Spindles are powered, and impart motion to the workpiece.The spindle is 

driven, either by foot power from a treadle and flywheel or by a belt drive to a power 

source. In some modern lathes this power source is an integral electric motor, often either 

in the headstock, to the left of the headstock, or beneath the headstock, concealed in the 

stand. 

5. Tailstock : The counterpoint to the headstock is the tailstock, sometimes referred to as 

the loose head, as it can be positioned at any convenient point on the bed, by undoing a 

locking nut, sliding it to the required area, and then relocking it. The tailstock contains a 

barrel which does not rotate, but can slide in and out parallel to the axis of the bed, and 

directly in line with the headstock spindle. The barrel is hollow, and usually contains a 
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taper to facilitate the gripping of various type of tooling. Its most common uses are to 

hold a hardened steel centre, which is used to support long thin shafts while turning, or to 

hold drill bits for drilling axial holes in the work piece. Many other uses are possible. 

6. Cross slide : Metalworking lathes have a "cross slide", which is a flat piece that sits 

crosswise on the bed, and can be cranked at right angles to the bed. Sitting atop the cross 

slide is a toolpost, which holds a cutting tool which removes material from the workpiece. 

There may or may not be a leadscrew, which moves the cross slide along the bed. 

Milling Machine  

A milling machine is a machine tool used for the shaping of metal and other solid 

materials. Its basic form is that of a rotating cutter which rotates about the spindle axis 

(similar to a drill), and a table to which the workpiece is affixed. The milling operation 

involves movement of the rotating cutter sideways as well as 'in and out'. The cutter and 

workpiece move relative to each other, generating a toolpath along which material is 

removed. The movement is precisely controlled, usually with slides and leadscrews or 

analogous technology. Often the movement is achieved by moving the table while the 

cutter rotates in one place, but regardless of how the parts of the machine slide, the result 

that matters is the relative motion between cutter and workpiece.  
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Milling machines may be manually operated, mechanically automated, or digitally 

automated via CNC (computer numerical control). 

Milling machines can perform a vast number of operations, some of them with quite 

complex toolpaths, such as slot cutting, planing, drilling, diesinking, rebating, routing, 

etc. 

Cutting fluid is often pumped to the cutting site to cool and lubricate the cut, and to sluice 

away the resulting swarf. 

 

 

Drilling Machine   

A drill press (also known as pedestal drill, pillar drill, or bench drill) is a fixed style of 

drill that may be mounted on a stand or bolted to the floor or workbench. A drill press 

consists of a base, column (or pillar), table, spindle (or quill), and drill head, usually 

driven by an induction motor. The head has a set of handles (usually 3) radiating from a 

central hub that, when turned, move the spindle and chuck vertically, parallel to the axis 

of the column. The table can be adjusted vertically and is generally moved by a rack and 

pinion; however, some older models rely on the operator to lift and reclamp the table in 

position. The table may also be offset from the spindle's axis and in some cases rotated to 

a position perpendicular to the column. The size of a drill press is typically measured in 

terms of swing. Swing is defined as twice the throat distance, which is the distance from 

the center of the spindle to the closest edge of the pillar. For example, a 16-inch 

(410 mm) drill press will have an 8-inch (200 mm) throat distance. 

 

 

A drill press has a number of advantages over a hand-held drill: 
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 Less effort is required to apply the drill to the workpiece. The movement of the chuck and 

spindle is by a lever working on a rack and pinion, which gives the operator considerable 

mechanical advantage. 

 The table allows a vice or clamp to position and lock the work in place making the 

operation much more secure. 

 The angle of the spindle is fixed in relation to the table, allowing holes to be drilled 

accurately and repetitively. 

 

                            

 

Speed change is achieved by manually moving a belt across a stepped pulley 

arrangement. Some drill presses add a third stepped pulley to increase the speed range. 

Modern drill presses can, however, use a variable-speed motor in conjunction with the 

stepped-pulley system; a few older drill presses, on the other hand, have a sort of traction-

based continuously variable transmission for wide ranges of chuck speeds instead, which 

can be changed while the machine is running. 
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Drill presses are often used for miscellaneous workshop tasks such as sanding, honing or 

polishing, by mounting sanding drums, honing wheels and various other rotating 

accessories in the chuck. This can be dangerous on many presses, where the chuck arbor 

is held in the spindle purely by the friction of a Morse taper instead of being held securely 

by a drawbar. 

 

Boring Machine  

In machining, boring is the process of enlarging a hole that has already been drilled (or 

cast), by means of a single-point cutting tool (or of a boring head containing several such 

tools), for example as in boring a cannon barrel. Boring is used to achieve greater 

accuracy of the diameter of a hole, and can be used to cut a tapered hole.                                     
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The boring process can be carried out on a lathe for smaller operations, but for larger 

production pieces a special boring mill (work piece rotation around a vertical axis) or a 

horizontal boring machine (rotation around horizontal axis) are used. The dimensions 

between the piece and the tool bit can be changed about two axes to cut both along and 

into the internal surface. A tapered hole can also be made by swiveling the head. 

The boring machines (similar to the milling machines such as the classic Van Norman) 

come in a large variety of sizes and styles. Work piece diameters are commonly 1-4m (3-

12 ft) but can be as large as 20m (60ft). Power requirements can be as much as 200 hp. 

The control systems can be computer-based, allowing for automation and increased 

consistency. 

Because boring is meant to decrease the product tolerances on pre-existing holes, several 

design considerations must be made. First, large length-to-bore-diameters are not 

preferred due to cutting tool deflection. Next, through holes are preferred over blind holes 

(holes that do not traverse the thickness of the work piece). Interrupted internal working 

surfaces—where the cutting tool and surface have discontinuous contact—should be 

avoided. The boring bar is the protruding arm of the machine that holds cutting tool(s), 

and must be very rigid. 
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