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 BHEL was established more than 50 years ago when its first plant was setup in Bhopal ushering in the indigenous Heavy Electrical Equipment Industry in India. A dream which has been more than realized with a well recognized track record of performance it has been earning profits continuously since 1971-72 and achieved a turnover of Rs 2,658 crore for the year 2007-08, showing a growth of 17 per cent over the previous year. Bharat Heavy Electricals Limited is country’s ‘Navratna’ company and has earned its place among very prestigious national and international companies. It finds place among the top class companies of the world for manufacture of electrical equipments.

BHEL caters to core sectors of the Indian Economy viz., Power Generation's & Transmission, Industry, Transportation, Telecommunication, Renewable Energy, Defense, etc. BHEL has already attained ISO 9000 certification for quality management, and ISO 14001 certification for environment management and OHSAS – 18001 certification for Occupational Health and Safety Management Systems. The Company today enjoys national and international presence featuring in the “Fortune International -500” and is ranked among the top 10 companies in the world, manufacturing power generation equipment. BHEL is the only PSU among the 12 Indian companies to figure in “Forbes Asia Fabulous 50” list.

BHEL – An Overview
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  BHEL today is the largest Engineering Enterprise of its kind in India with excellent track record of performance, making profits continuously since 1971-72.
 BHEL's vision is to become a world-class engineering enterprise, committed to enhancing stakeholder value. The company is striving to give shape to its aspirations and fulfill the expectations of the country to become a global player.

BHEL business operations cater to core sectors of Indian Economy like.

· Power

· Industry

· Transportation

· Transmission

· Defenses etc.

The greatest strength of BHEL is its highly skilled and committed 42,600 employees. Every participative style of management all these have engendered development of a committed and motivated workforce setting new benchmarks in terms of productivity, quality and responsiveness.  employee is given an equal opportunity to develop himself and grow in his career. Continuous training and retraining, career planning, a positive work culture.
POWER TRANSMISSION & DISTRIBUTION (T & D)

           BHEL offer wide ranging products and systems for T & D applications. Products manufactured include power transformers, instrument transformers, dry type transformers, series – and stunt reactor, capacitor tanks, vacuum – and SF circuit breakers gas insulated switch gears and insulators.

          A strong engineering base enables the Company to undertake turnkey delivery of electric substances up to 400 kV level series compensation systems (for increasing power transfer capacity of transmission lines and improving system stability and voltage regulation), shunt compensation systems (for power factor and voltage improvement) and HVDC systems (for economic transfer of bulk power). BHEL has indigenously developed the state-of-the-art controlled shunt reactor (for reactive power management on long transmission lines). Presently a 400 kV Facts (Flexible AC Transmission System) project under execution.

Industries

          BHEL is a major contributor of equipment and systems to industries, cement, sugar, fertilizer, refinances, petrochemicals, paper, oil and gas, metallurgical and other process industries. The range of system & equipment supplied includes: captive power plants, co-generation plants DG power plants, industrial steam turbines, industrial boilers and auxiliaries. Water heat recovery boilers, gas turbines, heat exchangers and pressure vessels, centrifugal compressors, electrical machines, pumps, valves, seamless steel tubes, electrostatic precipitators, fabric filters, reactors, fluidized bed combustion boilers, chemical recovery boilers and process controls.

        The Company is a major producer of large-size thruster devices. It also supplies digital distributed control systems for process industries, and control & instrumentation systems for power plant and industrial applications. BHEL is the only company in India with the capability to make simulators for power plants, defense and other applications.

        The Company has commenced manufacture of large desalination plants to help augment the supply of drinking water to people.

Transportation

        BHEL is involved in the development design, engineering, marketing, production, installation, and maintenance and after-sales service of Rolling Stock and traction propulsion systems. In the area of rolling stock, BHEL manufactures electric locomotives up to 5000 HP, diesel-electric locomotives from 350 HP to 3100 HP, both for mainline and shunting duly applications. BHEL is also producing rolling stock for special applications viz., overhead equipment cars, Special well wagons, Rail-cum-road vehicle etc., Besides traction propulsion systems for in-house use, BHEL manufactures traction propulsion systems for other rolling stock producers of electric locomotives, diesel-electric locomotives, electrical multiple units and metro cars. The electric and diesel traction equipment on India Railways are largely powered by electrical propulsion systems produced by BHEL. The company also undertakes retooling and overhauling of rolling stock in the area of urban transportation systems. BHEL is geared up to turnkey execution of electric trolley bus systems, light rail systems etc. BHEL is also diversifying in the area of port handing equipment and pipelines transportation system.

Renewable Energy

          Technologies that can be offered by BHEL for exploiting non-conventional and renewable sources of energy include: wind electric generators, solar photovoltaic systems, solar lanterns and battery-powered road vehicles. The Company has taken up R&D efforts for development of multi-junction amorphous silicon solar cells and fuel based systems.
     International Operations

            BHEL has, over the years, established its references in around 60 countries of the world, ranging for the United States in the West to New Zealand in the Far East. These references encompass almost the entire product range of BHEL, covering turnkey power projects of thermal, hydro and gas-based types, substation projects, rehabilitation projects, besides a wide variety of products, like transformers, insulators, switchgears, heat exchangers, castings and forgings, valves, well-head equipment, centrifugal compressors, photo-voltaic equipment etc. Apart from over 1110MW of  boiler capacity contributed in Malaysia, and execution of four prestigious power projects in Oman, Some of the other major successes achieved by the Company have been in Australia, Saudi Arabia, Libya, Greece, Cyprus, Malta, Egypt, Bangladesh, Azerbaijan, Sri Lanka, Iraq etc.

        The Company has been successful in meeting demanding customer's requirements in terms of complexity of the works as well as technological, quality and other requirements viz extended warrantees, associated O&M, financing packages etc. BHEL has proved its capability to undertake projects on fast-track basis. The company has been successful in meeting varying needs of the industry, be it captive power plants, utility power generation or for the oil sector requirements. Executing of Overseas projects has also provided BHEL the experience of working with world renowned Consulting Organisations and inspection Agencies.

            In addition to demonstrated capability to undertake turnkey projects on its own, BHEL possesses the requisite flexibility to interface and complement with International companies for large projects by supplying complementary equipment and meeting their production needs for intermediate as well as finished products.

          The success in the area of rehabilitation and life extension of power projects has established BHEL as a comparable alternative to the original equipment manufacturers (OEMs) for such plants.

Technology Upgradation and Research & Development

          To remain competitive and meet customers' expectations, BHEL lays great emphasis on the continuous upgradation of products and related technologies, and development of new products. The Company has upgraded its products to contemporary levels through continuous in house efforts as well as through acquisition of new technologies from leading engineering organizations of the world.

         The Corporate R&D Division at Hyderabad, spread over a 140 acre complex, leads BHEL's research efforts in a number of areas of importance to BHEL's product range. Research and product development centers at each of the manufacturing divisions play a complementary role.

         BHEL's Investment in R&D is amongst the largest in the corporate sector in India. Products developed in-house during the last five years contributed about 8.6% to the revenues in 2000-2001.

         BHEL has introduced, in the recent past, several state-of-the-art products developed in-house: low-NQx oil / gas burners, circulating fluidized bed combustion boilers, high-efficiency Pelton hydro turbines, petroleum depot automation systems, 36 kV gas-insulated sub-stations, etc. The Company has also transferred a few technologies developed in-house to other Indian companies for commercialization. 

VISION
               World-class, innovative, competitive and profitable engineering enterprise providing total business solutions.

MISSION

             The leading Indian engineering enterprise providing quality products systems and services in the fields of energy, transportation, infrastructure and other potential areas.

      VALUES


Meeting commitments made to external and internal customers.


Foster learning creativity and speed of response.


Respect for dignity and potential of individuals.


Loyality and pride in the company.


Team playing.


Zeal to excel.
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Facilities (Plant Premises)
	S.No.
	Area/ Block
	Major Facilities
	Products

	1.
	BLOCK –I 
(ELECTRICAL MACHINES)
	Machine Shop., Windings bar preparation assembling, painting section, packing& preservation, over speed balancing, test bed test stand, babbiting, micalastic  impregnation etc.
	Turbo Generator, Generator exciters, motors (AC& DC)

	2.
	BLOCK – II
(FABRICATION
BLOCK)
	Markings, welding ,Cutting, straightening, gas cutting press, , grinding, assembly, heat treatment, cleaning & Shot blasting, machining, fabrication of pipe coolers, painting
	Large size fabricated assemblies/ components for power equipments 

	3.
	BLOCK –III
(TURBINES & AUXILIARY BLOCK)
	Machining, facing wax melting, broaching, assembly preservation & packing, test stands/ station, painting grinding, milling, polishing etc.
	Steam turbines, hydro turbines, gas turbines, turbine bladders, special tooling.

	4.
	BLOCK –IV
(FEEDER BLOCK)
	Bar winding, mechanical assembly, armature winding, sheet metal working marching, copper profile drawing electroplating, impregnation, machining & preparation of insulating components plastic molding, press molding
	Windings for turbo generators, hydro generators insulation for AC & DC motors, insulating components for TG, HG & Motors control panel, contact relays master control etc.



	5.
	BLOCK – V
	Fabrication, pneumatic hammer for forgings, gas fired furnaces, hydraulic manipulators
	Fabricated parts of steam turbine, water box, storage tank hydro turbine parts, hydro turbines assemblers & Components

 

	6.
	BLOCK – VI
(FABRICATION)
	Welding, drilling, shot blasting, CNC flame cutting ,CNC deep drilling, Shot basting, sheet metal work, assembly
	Fabricated parts of steam turbine water box, stronger tanks, hydro turbine parts, Hydro turbines assemblies & components,



	7.
	BLOCK- VI
(STAMPING & DIE 
MANUFACTURING) 
	Machining, turning, grinding, jig boring stamping presses, de varnishing, degreasing & de rusting, varnishing sport welding, painting.


	Wooden packing, spacers etc.

	8.
	BLOCK- VII (WOOD WORKING)
	Wood Cutting, machines, grinding , packing
	Wooden packing, spacers etc.

	9.
	BLOCK – VIII
	Drilling ,turning, saw, cutting, welding, tig welding
	LP Heater ejectors glad, steam cooler oil coolers, ACG collars, oil tanks, bearing covers.

	10.
	SERVICES PLAT 
	TPS : Power generation equipment & auxiliaries plat capacity  12 MW
	Power generation

	
	
	PGP Plat : Boiler Type gas generators
	Producer gas

	
	
	Acetylene Plat : A fully automated plant for acetylene generation & filling in cylinder 
	Acetylene gas

	
	
	Compressor House: 4 No. Compressors of rating 100 m2 / min
	Compressed air

	
	
	Oxygen Plat : 3 air separation unit 4 air compressors
	Oxygen gas

Nitrogen gas

	
	
	132 KV substation : 2 Nose 16.7 MVA/ 11 KV, one no. 20 MVA & one no. 12.5 MVA 132/6.6 KV transformer & other allied equipment


	Power supply

	11.
	MOTOR TRANSPORT
	A fleet of vehicles comprising of cars, jeeps trekkers, buses, mini buses motorcycles , fire tenders trucks etc.
	Transport service 

	12.
	TELECOMMUNICATION
	A 2000 line main exchange for internal communication 

3 no Satellite exchange
	Telephone service 

	13.
	HYDRO TURBINE LAB
	3 test beds with electronic instrumentation. It consists of cavitations test bed for reactions turbine & hydrodynamic test bed for Impulse turbines facilities for carrying out filed test at hydro power sets. 
	Testing of turbine models

	14.
	HRDC
	Class room with audiovisual facilities workshop with facilities for turnings fitting machining, weeding, electrical  work carpentry work
	Training to Employees, VTs Apprentices, Contractors & Customers

	15.
	ENGINEERING
	CAD Work stations, personal computer reprographic facilities like ammonia printing, semi dry printing machine, Xerox process, micro filming facilities 
	Design and drawings of all products

	16.
	Computer Center
	ICIM’s series 39 DX level 270-320 computer system HCL magnum mini compute system , EsPL SM – 32 mini computer Nexus – 3500 CAE work station, PCs etc.
	IT services

	17.
	CPL (Central plant Lab.)
	Testing Lab for new materials & sample components
	Testing of components


                   CNC OVERVIEW
  CNC Machines
CNC stands for "Computer Numerated Control." A CNC machine directs a cutting tool, which may range from a small scalpel to a woodcutting blade or router, based on directions that the operator has entered into a computer that controls the movement of the head holding the cutter. This leads to results that are far faster and more accurate than cutting by hand or on manually controlled power tools.
5.1 Types of CNC Machines

There are few main types of CNC machines used in metal shops as well as production shops around the world today.

These  machines uses computer controls to make intricate movements to cut and shape metal, wood and plastics. 

By learning the specific types available for use, you can choose the correct one for your application.

      History

 CNC, or computer numerical control, allows a computer to dictate the moves a machine makes to perform cutting function. Originally, all machines were operated manually with the distinct possibility of mistakes. 

The CNC machine performs these same actions with more precision as well as more speed.  The first CNC machines were manufactured in the 1970s to speed up production at large manufacturing plants and  were very expensive and difficult to use.

      CNC Mills

 These machining centers use computer controls to cut different materials.They are able to translate programs consisting of specific number and letters to move the spindle to various locations and depths.Many use G code, which is a standardized programming language that all CNC machines understand, while others use proprietary languages created by their manufacturers.  These proprietary languages are often simpler than G code, but not transferable to other machines.

  CNC Lathes

 Lathes are machines that cut metal that is often turning at fast speeds.

 CNC lathes are able to make fast, precision cuts using indexable tools and drills with complicated programs for parts that normally cannot be cut on manual lathes. These machines often include 12 tool holders and coolant pumps to cut down on tool wear.

 CNC lathes have similar control specifications and can read G code as well as the manufacturer's proprietary programming language.

      CNC Grinders

 Grinding metal is a process that uses a coated wheel that slowly removes metal to create a part. Through the years, grinding was done on a manual machine, but with the advent of CNC technology, the grinding process has advanced dramatically. Enter the program, which includes the various passes that the wheel will make,and hit start. It is one of the easiest types of CNC machines to work with as they often only contain a single grinding wheel.

      Benefits

 CNC machines offer many benefits over manual machines of the same type.

 Since the machines are using complicated programs, many parts that were not previously possible are now being created with 3D computer-aided manufacturing software.

You can design a part and convert the dimensions to G code.
You can often do this right at a CNC control and run the program immediately. 

These machines save time and money, resulting in cost saving due to lower amounts of waste from mistakes.
5.2    Information on CNC Lathes
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I want to do this! What's This? 

CNC (computer numeric control) lathes remain electrically powered machines that are used to create such symmetrical objects as table legs and baseball bats. The operator programs a task into the lathe and the machine carries out the task on a workload.

Function

1. According to CNC Information, CNC lathes rotate a workload along an axis and remove material from the workload with each pass. Workloads that are modified by CNC lathes emerge with symmetrical and cylindrical shapes. CNC lathes can be programmed to create an unlimited number of shapes and designs into objects. 

Components

2. CNC lathes are comprised of several integral components. The foundation of a CNC lathe is referred to as its bed. The machine's chuck features jaws that hold workloads in place. A spindle allows for workload rotation. Other key components include a headstock, tailstock and a series of gears. CNC Information claims that many CNC lathes utilize tools that are constructed out of carbide to grind or cut a workload. 

Safety

3. To prevent workload chips and debris from flying about a workspace, CNC lathes employ shields that are either fixed or removable depending on the manufacturer. Employing eye goggles is a further safety measure that CNC operators may choose to employ even if shields are in place. Proper safety measures and correct operational procedures are typically listed in a CNC lathe's instructional manual.
5.3    Advantages of CNC Lathe Machines

 The CNC lathe turns raw material, which can be metal, plastic, or wood among others, and uses a computer to guide a tool to cut shapes and profiles. The CNC lathe greatly reduces human error overall and can lead to a more productive and efficient manufacturing environment. Although initial costs are high with CNC lathes, they will quickly pay for themselves with their speed and accuracy. 

Accuracy

  The CNC machine was invented by John T. Parsons in the late-1950s and revolutionized the manufacturing industry by creating parts with pinpoint accuracy. Because the cutting tools are controlled by a computer, you can within .0001 inches as long as your tooling is sharp and the conditions of the spinning material on the lathe are set to optimize the cutting process. A CNC lathe can cut many parts before the tooling will need to be change and each one will be identical. The only possible errors are related to human interaction. If the program is off or the tooling is set improperly, damage and inaccuracies can occur. The machine will only do what it is told through the control unit, so if the material is not properly set up by a human, the CNC control will not be aware of that fact. 

Speed

  CNC lathes are not only accurate but can be run very fast. This leads to increased efficiency and more parts per hour. Humans have limited feed rate ability on manual lathes. Because CNC lathes often have 12 or more tools in a turret, they can change to another tool rather quickly. Most manual lathes have one tool that can be used at a time, severely limiting the speed of the machining process if more than one tool is necessary to complete the part. The CNC lathe can also change tools in a fraction of a second and can feed into the parts fast thanks to power motors seen on modern CNC lathes. 

Cost Effectiveness

  Although CNC lathes can cost hundreds of thousands of dollars, their overall speed and accuracy make them a very cost effective choice, as many operations can take place within them. Whereas you may need two or three manual lathes and a manual mill to get a part done, you can do all of those operations and more in a well-equipped CNC lathe. This leads to a substantial savings on cost per part over manual machines. Also, the accuracy contributes to less waste through human error. Your labor costs may seem higher due to the high cost of trained CNC lathe programmers and machinists, but if you break it down by part, it could be substantially lower. 

                              5.4   Functions of CNC Machines

Furniture Parts

 A CNC wood router can be used to manufacture large numbers of furniture parts in a very short period of time. Although the setup of the tool can be time-consuming, it is well worth it for large factories that require 10,000 identical components for a chair, table or armoire, for example. The CNC router can be programmed to cut pieces out of hardwood or out of sheet goods such as MDF or plywood. 

Sign Making

  Adhesive vinyl signs are made by cutting letters out of large sheets of vinyl and applying them to a backing. These letters are cut out using a CNC sign cutter with a very fine blade attached. The machine is accurate enough that it can cut through the vinyl without cutting through the backing behind the vinyl. Keeping the backing in one piece means the letters don't fall apart after the CNC cutter has created them. 

Machinery Components

  CNC cutting machines can create in three dimensions as well as two. More complicated and expensive CNC machines feature cutters that are mounted on heads that are affixed to dual axes, allowing them to rotate vertically, horizontally and laterally. The cutter is then capable of machining three-dimensional parts for machines and equipment to very high tolerances. In some cases, the CNC machine will mill the basic shape of a component. The component will then be transferred to another machine to have holes drilled into it or finer details added. 

Engraving

  In addition to technical and construction applications, CNC machines are capable of aesthetic pursuits as well. A CNC machine can be programmed to engrave on the surface of wood, metal, plastic or other materials, enabling manufacturers to decorate and beautify their products in an efficient and consistent way. Engraving can range from subtle accenting on a piece of fine furniture to identifying serial numbers etched into the surface of machine parts
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5.5   Purposes of CNC Machines

I want to do this! What's This? 

1. 


Lathe Turning Stainless Steel image by Stana from Fotolia.com  
A CNC machine can turn a computer design file into a finished part in minutes.

Computer numeric control (CNC) machines translate computer designs into finished pieces of metal, plastic, wood or other materials. A CNC machine uses drills, chisels, cutting wheels, lasers and even jets of high-pressure water to shape and fashion a component.  Engineers, mechanics and artists can create intricate designs and the CNC machine will produce a completed part in just a few minutes. Using measuring devices, the CNC removes material from the stock and works in all axes--up, down, forward, back, left and right. 

Prototype

Prototyping was one of the earliest uses for a CNC machine, and it's still common. Before a manufacturer creates a die for casting or a stamps a part, the CNC machine can produce one part from stock material. The part can then be installed, checked, inspected and tested for mass production. If the part is approved as designed, the CNC machine can then produce the die (a reverse mold) for casting molten metal or a stamp (a reverse plate) for stamping out parts in heavy presses. If the part is not approved and design issues arise, the designer can change the computer drawing and create new prototypes to achieve the correct design for the application. This process is much faster and cheaper than the old way of having to either hand-carve a prototype part or create multiple dies for casting an array of variations. 

Precision and Fatigue

CNC machines create parts by removing material from stock or billets. These billets are drilled, carved and shaped to ten-thousandths of an inch within specifications. This level of precision is available with other types of manufacturing only by slow, meticulous casting or stamping. 
Casting is subject to variations in how molten metal cools; stamping can stretch and weaken metal. Cast plastic, or injection molding, can also have difficulties when cooling with maintaining specified strengths and elasticity. With CNC machining, no fatigue or faults present themselves in the final production unit. Metal is heated only slightly and undergoes no heat-related changes. Plastic components are produced as solid as the original stock and to specifications. 

Manufacturing

Manufacturing CNC machines perform identically to prototype machines except that they produce the same parts repeatedly. The CNC machine ensures identical quality and specifications for each part produced. 
The stock material can be of various sizes as long as it is larger than the final piece in every dimension--length, height and width. The CNC machine removes material to a certain measurement. Whether it removes one inch or two inches makes no difference. The CNC machine will finish when the final size and shape is complete. 
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5.6   What Is a CNC Machine Tool?
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CNC machine tools use automation to ensure accuracy.
CNC Steuerung image by Roland Pavic from Fotolia.com 

A machine tool is any machine used in the manufacturing process and includes mills---both CNC and manual---and lathes of both varieties. The CNC machine tool has revolutionized the manufacturing industry by bringing speed and accuracy to the task of making parts.

Mills

CNC mills were invented in the 1940s and can perform complicated cutting, boring and drilling operations on thousands of parts with speed and accuracy. These machines come in many sizes, from small footprint versions to very large models capable of cutting material over 6 feet in size. 

Lathes

  CNC lathes are perfectly suited for simple, short production runs and are capable of performing more complicated cutting. They use a computer program to make very labor-intensive parts that require multiple types of cutting operations. 

5.7   HOW TO USE A TYPICAL CNC MACHINE
The design is loaded into the computer which is attached to the CNC machine. The computer changes the design into a special code  (numerical) that controls the way the CNC cuts and shapes the material.
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The material to be shaped is taped on to a block with double sided tape. This must be done carefully so that it does not come off the block during machining. [image: image11.png]



The block is then placed in the vice, inside the CNC. It must be tightened up carefully. If it is not secure when the machine starts to cut the material it can come away from the vice. When the machine starts working, the vice moves up, down, right and left according to the design[image: image12.png]



The guard is placed in position. It protects the machine operator in case the material is pulled out of the vice by the power of the cutter. For safety reasons, if the guard is not in position the motor will not start
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The CNC is turned on and the shape is cut from the material. When the cutter has stopped the shaped material can be removed from the vice. Total time - for simple designs - 15 minutes.
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  Five axis CNC machining
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 refers to the ability of the CNC machine to perform movement about five different axis simultaneously. Most CNC manufacturers define their machines movement starting with the three primary axis, X. Y and Z, with the Z axis being parallel to the tool spindle, see Figure 1. The other two axis are given by the machines ability to rotate about the X and Y axis. Axis Rx pivots or rotates parallel and about the X axis. Axis Ry pivots or rotates parallel to and about the Y axis. Axis Rz is represents the rotation of the cutting tool installed into the machine spindle center. 
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The benefits of five-axis machining is the machines ability to machine complex shapes in a single set-up. This reduces the machinist setup time and increases production rates . By eliminating multiple set-ups, time and errors are reduced. Additionally, the feature-to-features accuracy is improved because the same zero or datum reference frame is used throughout the manufacturing process. Other advantages of five axis machining is the since simultaneous movement is allowed along the X and Y axis, shorter and more rigid tools may be used. Also, higher spindle/cutting tool speeds may be achieved while reducing the load on the cutting tool. 

Shorter and thicker cutters also reduce vibration when machining deep pockets or contoured features with three-axis machines. Example applications for five axis CNC machining are complex three dimensional profiles. These geometric are common for impellars, turbine blades, and plastic mold tools. 
                            CNC Machines and Safety
CNC machines are very safe to use as they are designed to be as safe as possible. One of the main advantages of CNC machines is that they are much safer than manually operated machines. The animation below shows a Boxford A3 HSRi² CNC Router with many of its safety features labelled.
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 Most modern CNC machines are designed so that the cutting tool will not start unless the guard is in position. Also, the best CNC machines automatically lock the guard in position whilst the cutter is shaping material. The guard can only be opened if the cutter has stopped.

 It is essential that pupils / students / machine operators receive ‘quality’ instruction before attempting to use any CNC equipment. 

 CNC routers, used for shaping materials such as woods and plastics, have built in extraction. Dust can be very dangerous if inhaled and can also cause eye irritation. The CNC Router shown above has an outlet for an extraction unit. As the router is fully enclosed, dust cannot escape into the atmosphere. If an extraction unit is attached the dust is removed automatically. Most manually operated machine routers have very limited extraction systems which leave some dust in the air.

 The CNC router above has a single phase electrical supply. Most older machines such as manually operated milling machines and centre lathes have three phase supplies. A single phase electrical supply can be ‘plugged’ into any available socket. The electrical supply for the machine comes through a residual circuit breaker (RCB). If an electrical fault develops the RCB will cut off electrical power immediately. 

 Single phase CNC machines can be moved more easily because they are simply unplugged and relocated. Three phase machines are specially wired by an electrician into the electrical supply and cannot be unplugged.

 Most CNC machines work behind a guard or even a closed, transparent safety door. This means that the operated cannot be hurt by 'flying' pieces of sharp/hot material.

 Commonsense applies to the use of all machines including CNC machines. Basic safety training regarding working in a workshop and with other machines applies to CNC machines as well.

                   Applications of the CNC Machines

These days the CNC machines are found in almost all industries, from a small scale industry to big companies. There is hardly any facet of manufacturing that is not touched by the automated CNC machining center. Everyone involved in the manufacturing should know what a CNC machine can do for their company. Due to extensive applications of CNC machines in various industries, there is a great surge in the demand of the CNC programmers. To meet these demands a number of schools have come up that teach the operation and programming of the CNC machines.

CNC Machine Tools
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Some Industries where CNC Machining Centers are used

Here are some of the many industries where the CNC machining centers are used.

Industries for removing metal: The metal removing industries remove the metal from the raw material to give it the desired as per the requirements. These can be the automotive industries for making the shafts, gears, and many other parts. It can be manufacturing industries for making the various rounded, square, rectangular, threaded and other jobs. There are many other industries where the metal removal works are performed. All these metal removal works are performed by different machine tools like lathe, milling machine, drilling machine, boring machine, shaping machine, reamer, etc. Traditionally these machines are operated by the operators, but the CNC versions of all these machines are now used extensively. You can carryout almost all machining operations with the CNC machining centers. You can also carry out all the turning operations such as facing, boring, turning, grooving, knurling, and threading on your CNC turning centers. On your CNC grinders you can carry out the grinding of the internal diameter, outer diameter, and also the flat surfaces. The Contour Grinding technology enables you to grind surfaces of all shapes.

Industries for Fabricating Metals: In many industries thin plates like steel plates are required for various purposes, in fabrications industry the machining operations are performed on such plates. In these industries the CNC machines are used for various machining operations like shearing, flame or plasma cutting, punching, laser cutting, forming, and welding and many other applications. To bring the plates to their final shape CNC lasers and CNC plasma cutters are used commonly. To punch the holes in the plates of all sizes CNC turret punch presses are used. And if you want to bend the plate so as to give it a final shape, you can use CNC press brakes. In some cases the CNC back gages are coupled with the shearing machines, this enables controlling the length of the plate to be sheared as for different applications.

Electrical Discharge Machining (EDM) Industry: The EDM machines remove the metal by creating the sparks that burn the metal. There are two types of EDM with the CNC automation – Vertical EDM and Wire EDM. The Vertical EDM needs an electrode of the shape and size of the cavity that is be made in the job. Wire EDM is used to make the punch and die combinations for the dies set that are used in the industries where fabrication is done.

Other Industries where CNC machines are used: CNC machines are also used extensively in the wood working industries to perform various operations like routing (similar to milling) and drilling. CNC technology is also used in number of lettering and engraving systems. There are also CNC machines for the electrical industry such as CNC coil winders, and CNC terminal location and soldering machines.

In whichever the industry you go you are sure to find some or the other type of the CNC machine. The progress made by the manufacturing sector is mainly due to the advancements in the CNC technol
                                        CNC Milling
CNC Milling, or Computer Numerically Controlled milling (CNC) is the process of machining physical objects from 2D or 3D digital information, which is imported from CAD or other design programs converted to a specific language understood by the machine.
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The process of CNC Milling is a 2-Step Procedure. 

Step 1: Toolpathing

· Toolpathing is the process of translating a 2D or 3D computer model into a series of "paths" for the CNC mill bit to follow as it excavates the model from a block raw material

Step 2: Machining

· Machining involves translating the toolpaths into commands to small stepper motors in the milling machine that move the head incrementally in the X, Y and Z directions. 

Advantages of CNC Milling

· Very good for one-off or geometrically simple objects

· Virtually any material can be milled with a proper cutter, therefore costs are low

· Complex parts can be milled with high detail

· Tolerances of 0.001" to 0.003" are possible 

· Weights of parts from a few grams to up to 100 lbs

Disadvantages of CNC Milling

· A more reduced set of features possible

· Certain features are not possible, including internal shapes or parts

· Size limitations depend on the actual CNC machine used

· More material waste than casting type processes 

· Quite slow

                            CNC Flame Cutting
 provides a very efficient and accurate method for preparing component shapes prior to fabricating a part. Individual component drawings in DXF format are first imported into a nesting software to generate an optimum layout on the available raw material. Once the cutting plan is finalised, the layout is transferred to the CNC Flame Cutting machine which will rapidly cut all the individual parts from the loaded plate using a completely automated Oxy/Fuel flame cutting head. Cutting and machining allowances as well as single bevels if any may be specified ahead of time. Dimensional accuracy as well as cut surface finish are far superior to manual methods and this directly translates to fast fabrication and machining.
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    Description: 
    Gas used: Oxy-acetylene
    Material handled: mild steel
    Cutting thickness: up to 220mm
    Cutting speed: vary according to work piece thickness 

Specifications
	Materials
	Mild Steel, Low Carbon Steel


	Max Job Length
	14,000 mm


	Max Job Width
	3,000 mm


	Max Job Thickness
	150 mm


	Min Job Thickness
	5 mm


	Max Job Weight
	5,000 kg


	Cutting Tolerance
	0.5 mm over 5,000 mm, 1.0 mm over 14,000 mm


	Bevelling
	Single Bevel upto 45 deg



	


  Applications
	* Machinery Parts
	* Ship building panels and frames

	* Developed Sections
	* Large module gear wheels and sprockets

	* Sign making
	* Any profile cut part required for fabrication


                  OTHER CNC MACHINES

 1.Single axis CNC pipe bending machine:

It is an automatic machine which uses the hydraulic pressure for bending operation. This machine can bend the pipes at various angles.

Description:

Max bending radius: 500mm

Length over mandrel: 2meters

Max capacity: 114mm outer diameter and 7mm thick pipes.

HP: 15       
2.CNC 6-spindle drilling machine:

It is an automatic machine. This machine is also known as CNC multi spindle drilling machine. As the name suggest, this machine consist of 6 drilling spindle  which have computerized control.  These drill can work independent of each other  by means of different rpm, different pressure etc.  Here, condenser main to plate and support to plate are worked.  In this machine mainly drilling and reaming operation are performed.

3.CNC shearing machine

This is a semi-automatic machine. Cutting is done through a blade. Thickness and length of cutting is provided by the operator through manual programming according to the job requirement.

Description:
Material handled: mild steel (M.S.), stainless steel (S.S.)
Cutting thickness: 5-16mm for M.S. and 3-8mm for S.S.

Cutting speed: vary according to work piece thickness

Tool material: High carbon steel (HCS)

                         4.  CNC Air-plasma cutting machine 
This is also a CNC cutting machine. Consumable electrode is used to produce arc and air is used to provide pressure for cutting. In this machine consumable electrode works as positive electrode and work piece as negative

Description:

Operating voltage: 240-260V

Operating current: 55-60A

Material handled: mild steel (M.S.), stainless steel (S.S.)

Cutting thickness: up to 150mm for M.S. and 50mm for S.S.

Cutting speed: vary according to work piece thickness

Gas used: oxygen
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                 ADVANTAGES
 1. CNC machines can be used continuously 24 hours a day, 365 days a year and only need to be switched off for occasional maintenance. 
2. CNC machines are programmed with a design which can then be manufactured hundreds or even thousands of times. Each manufactured product will be exactly the same.
3. Less skilled/trained people can operate CNCs unlike manual lathes / milling machines etc.. which need skilled engineers.
4. CNC machines can be updated by improving the software used to drive the machines
5. Training in the use of CNCs is available through the use of ‘virtual software’. This is software that allows the operator to practice using the CNC machine on the screen of a computer. The software is similar to a computer game.
6. CNC machines can be programmed by advanced design software such as Pro/DESKTOP®, enabling the manufacture of products that cannot be made by manual machines, even those used by skilled designers / engineers.
7. Modern design software allows the designer to simulate the manufacture of his/her idea. There is no need to make a prototype or a model. This saves time and money.
8. One person can supervise many CNC machines as once they are programmed they can usually be left to work by themselves. Sometimes only the cutting tools need replacing occasionally.
9. A skilled engineer can make the same component many times. However, if each component is carefully studied, each one will vary slightly. A CNC machine will manufacture each component as an exact match.

 DISADVANTAGES


 
1. CNC machines are more expensive than manually operated machines, although costs are slowly coming down.
2. The CNC machine operator only needs basic training and skills, enough to supervise several machines. In years gone by, engineers needed years of training to operate centre lathes, milling machines and other manually operated machines. This means many of the old skills are been lost. 
3. Less workers are required to operate CNC machines compared to manually operated machines. Investment in CNC machines can lead to unemployment.
4. Many countries no longer teach pupils / students how to use manually operated lathes / milling machines etc... Pupils / students no longer develop the detailed skills required by engineers of the past. These include mathematical and engineering skills.

6 .  CONCLUSION – 

The Vocational training at BHEL Hardwar helped me in improving my practical knowledge and awareness regarding Principle and Operations of CNC Machines in fabrication processes to a large extent.

Here I learnt about how various fabrication processes are done using sophisticated equipments  and    how different machines  are operated in order to get certain process done.

At least I could say that the training at BHEL Hardwar is great experience for me and it really helped me in making or developing my knowledge about the CNC Machines , about its functions, purposes, applications and various processes done using it so as to fabricate certain parts of hydro turbines and water boxes and other equipment installed in the heavy fabrication department.
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