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   A.  BHEL – an overview

BHEL is the largest engineering and manufacturing enterprise in India in the energy related infrastructure sector today. BHEL was established more than 40 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.

 BHEL caters to core sectors of the Indian Economy viz., Power Generation's & Transmission, Industry, Transportation, Telecommunication, Renewable Energy, Defense, etc. The wide network of BHEL's 14 manufacturing division, four power Sector regional centres, over 150 project sites, eight service centres and 18 regional offices, enables the Company to promptly serve its customers and provide them with suitable products, systems and services – efficiently and at competitive prices. BHEL has already attained ISO 9000 certification for quality management, and ISO 14001 certification for environment management.

POWER GENERATION

Power generation sector comprises thermal, gas, hydro and nuclear power plant business as of 31.03.2001, BHEL supplied sets account for nearly 64737 MW or 65% of the total installed capacity of 99,146 MW in the country, as against nil till 1969-70.

BHEL has proven turnkey capabilities for executing power projects from concept to commissioning, it possesses the technology and capability to produce thermal sets with super critical parameters up to 1000 MW unit rating and gas turbine generator sets of up to 240 MW unit rating. Co-generation and combined-cycle plants have been introduced to achieve higher plant efficiencies. to make efficient use of the high-ash-content coal available in India, BHEL supplies circulating fluidized bed combustion boilers to both thermal and combined cycle power plants.

The company manufactures 235 MW nuclear turbine generator sets and has commenced production of 500 MW nuclear turbine generator sets.

Custom made hydro sets of Francis, Pelton and Kapian types for different head discharge combination are also engineering and manufactured by BHEL.

In all, orders for more than 700 utility sets of thermal, hydro, gas and nuclear have been placed on the Company as on date. The power plant equipment manufactured by BHEL is based on contemporary technology comparable to the best in the world and is also internationally competitive.

The Company has proven expertise in Plant Performance Improvement through renovation modernisation and uprating of a variety of power plant equipment besides specialised know how of residual life assessment, health diagnostics and life extension of plants.

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, refineries, petrochemcials, paper, oil and gas, metallurgical and other process industries 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 (Felxible AC Transmission System) projects is 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. Wate 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, 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.

Telecommunication

BHEL also caters to Telecommunication sector by way of small, medium and large switching systems.

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 manufactures (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 commercialisation. 

Some of the on-going development & demonstration projects include: Smant wall blowing system for cleaning boiler soot deposits, and micro-controller based governor for diesel-electric locomotives. The company is also engaged in research in futuristic areas, such as application of super conducting materials in power generations and industry, and fuel cells for distributed, environment-friendly power generation.

Human Resource Development Institute

The most prized asset of BHEL is its employees. The Human Resource Development Institute and other HRD centers of the Company help in not only keeping their skills updated and finely honed but also in adding new skills, whenever required. Continuous training and retraining, positive, a positive work culture and participative style of management, have engendered development of a committed and motivated work force leading to enhanced productivity and higher levels of quality.

Health, Safety and Environment Management

BHEL, as an integral part of business performance and in its endeavour of becoming a world-class organization and sharing the growing global concern on issues related to Environment. Occupational Health and Safety, is committed to protecting Environment in and around its own establishment, and to providing safe and healthy working environment to all its employees.

For fulfilling these obligations, Corporate Policies have been formulated as:

Environmental Policy

· Compliance with applicable Environmental Legislation/Regulation;

· Continual Improvement in Environment Management Systems to protect our natural environment and Control Pollution;

· Promotion of activities for conservation of resources by Environmental Management;

· Enhancement of Environmental awareness amongst employees, customers and suppliers. BHEL will also assist and co-operate with the concerned Government Agencies and Regulatory Bodies engaged in environmental activities, offering the Company's capabilities is this field.

Occupational Health and Safety Policy

· Compliance with applicable Legislation and Regulations;

· Setting objectives and targets to eliminate/control/minimize risks due to Occupational and Safety Hazards;

· Appropriate structured training of employees on Occupational Health and Safety (OH&S) aspects;

· Formulation and maintenance of OH&S Management programmes for continual improvement;

· Periodic review of OH&S Management System to ensure its continuing suitability, adequacy and effectiveness;

· Communication of OH&S Policy to all employees and interested parties.

The major units of BHEL have already acquired ISO 14001 Environmental Management System Certification, and other units are in advanced stages of acquiring the same. Action plan has been prepared to acquire OHSAS 18001 Occupational Health and Safety Management System certification for all BHEL units.

In pursuit of these Policy requirements, BHEL will continuously strive to improve work particles  in the light of advances made in technology and new understandings in Occupational Health, Safety and Environmental Science.

Participation in the "Global Compact" of the United Nations

The "Global Compact" is a partnership between the United Nations, the business community, international labour and NGOs. It provides a forum for them to work together and improve corporate practices through co-operation rather than confrontation.

BHEL has joined the "Global Compact" of United Nations and has committed to support it and  the set of core values enshrined in its nine principles:

PRINCIPLES OF THE "GLOBAL COMPACT" 

Human Rights

1. Business should support and respect the protection of internationally proclaimed human rights; and

2. Make sure they are not complicit in human rights abuses.

Labour Standards
3. Business should uphold the freedom of association and the effective recognition of the right to collective bargaining;

4. The elimination of all form of forces and compulsory labour.

5. The effective abolition of child labour, and

6. Eliminate discrimination.

Environment
7. Businesses should support a precautionary approach to environmental challenges;

8. Undertake initiatives to promote greater environmental responsibility and

9. Encourage the development and diffusion of environmentally friendly technologies. 

By joining the "Global Compact", BHEL would get a unique opportunity of networking with corporate and sharing experience relating to social responsibility on global basis.

ACTIVITY  PROFILE
	PRODUCTS
	-  Industrial Fans

	Power Generation & Transmission
	-  Seamless steel Tubes

	-  Steam Turbine-Generator Sets &

   Auxiliaries
	-  Fabric Filters

	-  Boiler and Boiler Auxiliaries
	-  AC DC Motors, Variable speed

	-  Once-through Boilers
	-  AC Drive

	-  Nuclear Power Generation Equipment
	-  Electronic Control Gear &

   Automation

	- Hydro Turbine-Generator Sets & Auxiliaries
	-  Equipment

	-  Mini/Micro Hydro Generator Sets
	-  DDC for Process Industry

	-  Gas Turbine-Generator Sets
	-  Thruster Equipment

	-  Waste Heat Recovery Boilers
	-  Power Devices

	-  Heat Exchangers
	-  Energy Meters

	-  Condensers
	-  Transformer

	-  Bowi Mills and Tube Mills
	-  Switch gear

	-  Gravimetric Feeders
	-  Insulator

	-  Regenerative Air Pre-Heaters
	-  Capacitors

	-  Electrostatic Precipitators
	-  Broad Gauge AC, AC/DC Loco

   motives

	-  Bag Filters
	- Diesel-Electric Shunting

   Locomotives

	-  Valves
	-  Traction Motors & Control

    Equipment

	-  Pumps
	-  Electric Trolley Buses

	-  Electrical Machines
	-  AC/DC Electric Multiple Units

	-  Piping Systems
	-  Drives and Controls for Metro

   Systems

	-  Power, Distribution & Instrument Transformers
	-  Battery-Operated Passengers

   Vans

	-  Reactors
	-  X-Mas Trees and Well Heads

	-  Synchronous Condensers
	-  Cathodic Protection Equipment

	-  Switchgear
	-  Digital Switching Systems

	-  Control gear
	-  Rural Automatic Exchange

	- Distributed Digital Control for Power

  Stations
	-  Simulators

	-  Bus Ducts
	-  Wind Electric Generators

	-  Rectifiers
	-  Solar Powered Water Pumps

	-  Porcelain Insulators
	-  Solar Water Heating Systems

	-  Ceralin
	-  Photo Votaic Systems

	
	-  Defense Equipment

	Industries/Transportation/Oil & Gas/ 
	-  Reverse Osmoses Desalination

    Plants

	Telecommunication/Renewable Energy
	SYSTEMS & SERVICES

	-  Steam Turbine-Generator Sets
	- Turkey Utility Power Stations/

   EPC

	- Gas Turbine-Generator Sets
	-  Contracts

	-  Diesel Engine-Based Generators 
	-  Captive Power Plants

	-  Industrial Steam Generators
	-  Co-generation Systems

	-  Heat Recovery Steam Generators
	-  Combined Cycle Power Plants

	-  Fluidised Bed Combustion Boilers
	-  Modernisation & Renovation of

   Power

	-  Drive Turbine
	   Stations and FLA Studies

	-  Manne Turbines
	-  Switch yards and Substations

	-  Industrial Heat Exchangers
	-  HVDC Transmission Systems

	-  Centrifugal Compressor
	-  Shorts sines condensation

   Systems

	-  Industrial Valves
	-  Power system analysis

	-  Reactors
	- Electron comissionly and

   operation

	-  Columns
	-  Consultancy services

	-  Pressure Vessels
	-  Consultancy Services

	-  Pumps
	


Summary of BHEL's contribution 

to various core sectors

Power Generation

	THERMAL
	RATING (MW)
	NO. OF SETS
	TOTAL CAPACITY (MW)

	
	500
	30
	15000

	
	250
	9
	2250

	
	210/200
	138
	28570

	
	120/125/130
	20
	2420

	
	195
	1
	195

	
	110
	38
	4180

	
	100
	6
	600

	
	70/67.5
	6
	410

	
	60
	14
	840

	
	30
	5
	150

	
	TOTAL (THERMAL)
	267
	54615

	
	
	
	

	GAS
	FRAME SIZE/

SCOPE
	NO. OF SETS
	TOTAL CAPACITY (MW)

	
	9
	5
	730

	
	6
	17
	580

	
	5
	13
	309

	
	3
	6
	48

	
	V 94.2
	2
	286

	
	6FA
	3
	207

	
	STG
	24
	1190

	
	GEN
	4
	87

	
	TOTAL (GAS)
	74
	3437

	
	
	
	

	NUCLEAR
	RATING (MW)
	NO. OF SETS
	TOTAL CAPACITY (MW)

	
	500
	2
	1000

	
	220
	10
	2200

	
	TOTAL (NUCLEAR)
	12
	3200

	
	
	
	

	TOTAL (THERMAL+GAS+NUCLEAR)
	353
	61252

	
	
	
	

	HYDRO
	
	402
	18735

	
	GRAND TOTAL
	755
	79987


Summary of BHEL's contribution to various core sectors

POWER TRANSMISSION & DISTRIBUTION

In the T&D sector, BHEL is both a leading equipment-manufacturer and a system-integrator. BHEL-manufactured T&D products have a proven track record in India and abroad.

In the area of T&D systems, BHEL provides turnkey solutions to utilities. Substations and shunt compensation installations set up by BHEL are in operation all over the country. EHV level series compensation schemes have been installed in KSEB, MSEB, SMPSEB and POWERGRID networks. Complete HVDC systems can be delivered by BHEL. The technology for state-of-the-art Flexible AC Transmission Systems (FACTS) is being developed.

INDUSTRIES
Since inception in 1982, the Industry Sector business has grown at an impressive rate and, today, contributes significantly of BHEL's turnover.

BHEL, today, supplies all major equipment for the industries: AC/DC machines, alternators, centrifugal compressors, special reactor column, heat exchangers, pressure vessels, gas turbine based captive co-generation and combined-cycle power plants, DG power plants, steam turbines and turbo-generators, complete range of steam generators for process industries, diesel engine-based power plants, solar water heating systems, photovoltaic systems, electrostatic precipitators, fabric filters, etc.

The industries which BHEL serves include: Steel, Aluminium, Fertiliser, Refinery, Petrochemicals, Chemicals, Automobiles, Cement, Sugar, Paper, Mining, Textile etc.

TRANSPORTATION
In the transportation filed,  product range covers: AC locomotives, AC/DC dual-voltage locomotives, diesel-electric shunting locomotives, traction motors and transformers, traction elections and controls for AC, DC and dual voltage EMUs, diesel-electric multiple units, diesel power car and diesel –electric locomotives, battery-powered vehicles.

A high percentage of the trains operated by Indian Railways are equipped with traction equipment and controls manufactured and supplied by BHEL.

B.    HEEP  :  AN OVER VIEW

Over the years, Bharat Heavy Electricals Limited has emerged as world class Engineering and Industrial giant, the best of its kind in entire South East Asia. Its business profile cuts across various sectors of Engineering/Power utilities and Industry. The Company today enjoys  national and international presence featuring in the "Fortune International-500" and is ranked among the top 12 companies in the world, manufacturing power generation equipment. BHEL has now 14 Manufacturing Divisions, 8 Service Centres and 4 Power Sectors Regional Centres besides a large number of project sites spread over India and abroad.

The Company is embarking upon an ambitions growth path through clear vision, mission and committed values to sustain and augment its image as a world class enterprise.

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.

· Integrity and fairness in all matters.

HEAVY ELECTRICAL EQUIPMENT PLANT (HEEP)
At Hardwar, against the picturesque background of Shivalik Hills, 2 important manufacturing units of BHEL are located viz. Heavy Electrical Equipment Plant (HEEP) & Central Foundry Forge Plant (CFFP). The hum of the construction machinery woke up Shivalik Hills during early 60s and sowed the seeds of one of the greatest symbol of Indo Soviet Collaboration – Heavy Electrical Equipment Plant of BHEL. Following is the brief profile of Heavy Electrical Equipment Plant:-

1.
ESTABLISHMENT AND DEVELOPMENT STAGES:
*
Established in 1960s under the Indo-Soviet Agreements of 1959 and 1960 in the area of Scientific, Technical and Industrial Cooperation.

*
DPR – prepared in 1963-64, construction started from October '63.

*
Initial production of Electric started from January, 1967.

*
Major construction / erection / commissioning completed by 1971-72 as per original DPR scope.

*
Stamping Unit added later during 1968 to 1972.

*
Annual Manufacturing capacity for Thermal sets was expanded from 1500 MW to 3500 MW under LSTG. Project during 1979-85 (Sets upto 500 MW, extensible to 1000/1300 MW unit sizes with marginal addition in facilities with the collaboration of M/s KWU-Siemens, Germany.

*
Motor manufacturing technology updated with Siemens collaboration during 1984-87.

*
Facilities being modernized continually through Replacements / Reconditioning-Retrofitting, Technological / operational balancing.

2.
INVESTMENTS:

*
Gross Block as on 31.3.95 is Rs. 355.63 Crores (Plant and Machinery – Rs. 285.32 Crores).

*
Net Block as on 31.3.95 is Rs. 113.81 Crores (Plant & Machinery – Rs. 76.21 Crores).

3.
CLIMATIC AND GEOGRAPHICAL:
*
Hardwar is in extreme weather zone of the Western Uttar Pradesh of India and temperature varies from 2oC in Winter (December to January) to 45oC in Summer (April-June); Relative humidity 20% during dry season to 95-96% during rainy season.

*
Longitude 78o3' East, Latitude 29 o55'5" North.

*
Height above Mean Sea Level = 275 metres.

*
Situated within 60 to 100 KMs of Foot-hills of the Central Himalayan Ranges; Ganges flows down within 7 KMs from the Factory area.

*
HEEP is located around 7 KMs on the Western side of Hardwar city.

4.
COMMUNICATION & TRANSPORTATION:
*
Telegraphic Code – "BHARAT TELEC, HARDWAR"

*
TLX Lines: 05909-206 / 207

*
Telephones : P&T / STD – (01334) 427350-59, 423050-423954


FAX : (0091) (1334) 426462 / 425069 / 426082 / 426254

*
Direct Board gauge train lines to Calcutta (Howrah), Delhi, Bombay, Lucknow, Dehradun and other major cities; Railway Siding for goods traffic connected to Hardwar Railway Station.

5.
POWER & WATER SUPPLY SYSTEM:

· 40 MVA sanctioned Electric Power connection from UP Grid (132 KV / 11KV / 6.6 KV) (Connected load – around 185 MVA)

· 26 deep submersible Tube Wells with O.H. Tanks for water supply.

· A 12 MW captive thermal power station is located in the factory premises.

6.
FIRE PROTECTION:

· Managed by CISF with around 40 personnel and a host of latest fire fighting equipment and fire tenders.

7.
MANPOWER:
Total strength is 9904 as on 31.3.96 which includes around 3000 qualified Engineers and Technicians (including substantial number of Post graduates), 5200 skilled artisans and the rest in other categories.

8.
TOWNSHIP AND PERIPHERAL INFRASTRUCTURES:

*
A large modern township for employees and allied personnel with social and welfare amenities.

*
Medical:


-
Main Hospital (200 beds)

1






-
Dispensaries in various

9







townships sectors






-
Occupational health center

1

*
Educational:



No. of Schools (including

19







Intermediate levels)







Science Degree College

1

*
Residential: Around 6780 quarters.

*
Other amenities:

· Good Road network

· Shopping Centres

· Central Stadium

· Community Centres

· A Club

· Police Stations

· CISF – Complex for over 500 CISF personnel.

· Convention Hall (a Most modern Air Conditioned Auditorium with 1500 seating capacity).

· Parks.

9.
HEEP PRODUCT PROFILE:
*
THERMAL AND NUCLEAR SETS


(Turbines, Generators, Condensers and Auxiliaries of unit capacity upto 1000 MW)

*
HYDRO SETS INCLUDING SPHERICAL AND DISC VALVES
(Kaplan, Francis, Pelton and reversible Turbines of all sizes and matching generators and auxiliaries maximum runner dia – 6600 mm)

*
ELECTRICAL MACHINES:
(For various industrial applications, pump drives & power station auxiliaries, Unit capacity upto 20000 KW AC / DC)

*
CONTROL PANELS


(For Thermal / Hydro sets and Industrial Drives)

*
LARGE SIZE GAS TURBINES


(Unit Rating : 60-200 MW)

*
LIGHT AIRCRAFT

*
DEFENSE PRODUCTS

10.     HEEP: FACILITIES AND INFRASTRUCTURE

Modernization and regular Upgradation / up gradation of facilities and other infrastructure is a continuous endeavor at HEEP, BHEL. After initial setting up of the plant during the year 1964-72, in collaboration with the Soviet Union, the plant facilities and infrastructures have since been continuously upgraded under various investment projects vise, Stamping Unit Project, LSTG Project, Motor Project, Governing Components Project, TG Facilities Modernizations, TG Facilities Augmentation, Quality Facilities Augmentation, EDP projects, Gas Turbine Project, Facilities have also been added and establishments have been created for new projects in Defense and Aviation Project. Additionally, R &D facilities have also been created under Generators Research Institute, Pollution Control Research Institute, HTL modernization and other such schemes.

Today the Plant has unique manufacturing and testing facilities, computerized numerically controlled machine-tools, Blade shop, heavy duty lathes, milling machines, boring machines, machining centers and many more. The Over Speed Vacuum Balancing Tunnel created for rotors up to 1300 MW (32T, 6.9 M – dia bladed rotor, 6 rpm up to 4500 rpm) is one of the 8 of its kind in the entire world.

The total spectrum of sophisticated, unique and other facilities at HEEP, Hardwar are the state-of-the-art in manufacturing processes and can be utilized for a variety of products' manufacture.

Pole coil section:-


In this section hydro generator pole, 500 mw exciter generator pole, 250 mw exciter generator pole.

Kotesiour hydro generator has capacity of 100 mw. It is made by 42 coils (1 coils = 28 terns). We can change the no. of coils.

When the no. of coils increase then reduces the speed of generator and if no. of coil reduces then speed of generator will increase.

Coil is made in anti clockwise direction but generator is move in clockwise direction. The variants can be changed by connection conductor.


42 coils is divided in 4 variants 

00
-
20 coil


01 
-
1 coil

03
-
20 coil


02
-
1 coil

Copper material is used for making coil. Profiling main purpose is coding.

It has length 80 mm and width 7 mm.

Role aniling of copper:- In this part we give 5000c temp. & has 4 hours in surface. We do brazing by the use of Ag 40.

All the role joint has 450 angle.

First pressing:- The pressing machine has power 800 tons but we give pressure 738 ton.

Aniligation:- We can set the length & width of coil.

Insulation:- We use nomex paper for insulation.

Baking:- In this step, we give D.C. supply from 600 amp – 800 amp. After 8 hours, the full backing temp 1650c. We give pressure 480 ton.

IT test (Inter tent test):- In this test we give supply 110v and get 147 - 148 Amp. If we get more than 150 Amp then it is fault (short). If it is fault then we give supply more than = 16v. then it will be burn where the fault is present.

100 mm varsher is present for insulating then we dop the coil and again varsher used then we will do rubber coating.

500 mw exciter generator:- Here two type copper are used one is (30mm x 1.5 mm ) and other is (20mm x 1.5mm)

1 coil has 84 tons. [both (30mm x 1.5mm) + (20mm x 1.5 mm) ]

500 mw generator:- 
We use two (20mm x 1.5 mm) copper 

between two (30mm x 1.5mm) copper.

6 pole exciter is used in one generator. Its variant is following


00 – 3 pole, 01 – 3 pole

It Test:- 
Supply – 110 v



It will give 98 Amp.

THRI:- Its coil is made by wire.

H.G. Wdg (Hydro generator winding):- In this section, we make PMG (permanent magnet generator). It is used in exciter for made magnet.

250 mw generator:- It has 120 slots.

No. of coils = 120 , pole – 16

We do insulation between core and conductor.

Fiber glass used for insulation.

It is not burn early.

It is made in tap winding.

8 pair path is made in each phase.

It is connected in star form.

We do two layer of fiber glass.

Two sides are made connection & non-connection.

Coil pitch is from 1 to 7.

Core length has 320 mm.

We have set coil in nomex paper.

Testing:- We give supply 2.5 kw phase to phase and phase to earth.

500 mw generator:- Care length – 400-450 mm No. of slots will be same means 120.

Best conductors: - Copper, gold, silver.

Cheaf conductor: - Aluminum.

T/G test bed:- In this section we do testing of 250 mw, 500mw, 250 mw generator.

We do following test-

i) Mechanical test

ii) Load heat test

iii) Bearing test:- We give 50 amp then we increase the current. After some time it will be constant.

iv) O.C. test:- We short the neutral but we do not short the phase. So the voltage will be supply in T.G. so we count the voltage.

v) S.C. test:- We do short both phase and neutral (here 6 wire, 3 for phase, 3 for neutral) then the voltage supply will be not possible. We count the current.

vi) Impedance test:- 
500 mw generator data:-

i) Stator voltage – 21 KV

ii) Power output – 500 mw

iii) Power factor – 0.85 reg

iv) Stator current  - 16.166 KA

v) Frequency – 50 HZ

vi) Speed – 3000 rpm

vii) Excitation cuttent at MCR – 4040 Ampr

viii) Guranteed efficiency at MCR – 98.64%

ix) Hydrogen pressure – 3.5 kg/ sq.cm

x) Stator wg resistance at 200 c in ohms

Phase U – 0.00143 

Phase V – 0.00143

Phase W – 0.00 143

xi) Rotor winding resistance at 200c – 0.067 ohms

xii) Residual vltage after 00c  heat run checked and found.

U – V

121.0 volt

V – W

121.2 volt

W – U

121.3 volt

xiii) CHECK OF SYMMETRY

Phase 
line voltage during 00c run
phases
line current during s0c run

U – V

21000



U


16166


V – W

21000



V


16166


W – U

21000



W


16166

Measurement of D.C. resistance:- The stator rotor should be exposed to ambient temp. for a min. period of 8 hours so that all parts of winding attain a uniform ambient temp.

Resistance of stator winding:- 
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Rs = R +  20 + K


  
     Tt + K

Stator wdg resistance shall be measured for each phase separately with the help of a Kelvin’s double bridge.

Min. 3 readings are to be taken for each phase and average value.

Where Rs – winding resistance, corrected in references temp. at 200c

Rs 
- Test value of winding resistance (ohms)

Tt 
- Temp of winding when resistance was measured (degree c)

K
- Characteristics constant for winding material (235 for copper)

Resistance of field wdg:- The ambient temp. measured near the rotor body shall be taken as rotor wdg temp. The measured resistance shall be converted to reference temp. of 200c as done for stator wdg resistance.


The field wdg resistance shall be measured when the rotor is in standstill condition.

Phase sequence test:- The phase sequence test is conducted to verify the specified terminal marking and phase rotation.


Phase sequence is determined by connecting the terminals of the generator to a phase sequence indicator, whose direction of rotation is known when a given phase sequence is applied to its terminals. Residual voltage is used for the purpose.

PI measurement:-  It is ratio of IR for ten minute to IR for one minute. PI means polarization index

PLA test:- Dielectric loss analysis test by this we count dielectric loss in micro sours.

PD test (partial discharge test):- during insulation the vacuum (air gap, bubbles) are made in very small size. When we give supply the spark will produce in this air gap means it will be discharge so we count the discharge (pico culam).

Impedance of rotor wdg:- The impedance of rotor winding shall be measured at standstill upto 3000 rpm at intervats of 200 rpm.

High voltage testing:- rotor wdg:- Remove the brush gear and slipring shaft, measure insulation resistance of the rotor wdg. Apply high voltage as specified in the list of final works test.

Block – 4 :- 


It is also known as CIM Block. CIM full form is coil and insulation manufacturing block. In this section, hydro generator and turbo generator bass are made.

Which is following type:-

I. Water cooled


II. Hydrogen (H2) cooled
III. Air cooled
Manufacturing process:-

1. Copper cutting:- In this process, required length are done set in machine and machine do cutting automatically of copper.

2. Trans position:- This process is used for transpose of copper. We give for transpose pressure of 25 to 40 kg per cm.
3. Cross over insulation:- We do insulation by nomex paper for level maintenance moulding mechanize are used.
4. Stack machine:- We give 1600c pressure in stack machine. The insulation will be tightly.
5. IST (Inter Stand Short Circuit test):- Hydro bars are tested on 250 V and turbo generator bars are tested on 300 V. cheegel is used for remove the short (fault).
6. Forming:- In this process, we do band the conductor, hole conductor bars.
7. Lug mounting:- To add the contact slip and nibble, this process is known as lug mounting.
8. Lug brazing:- To check the fault. If during the lug mounting process the short problem remove.
9. Nitrogen test:- We give N2 supply in this process for check the brazing.
10. Thermal shock test:- In this test, we pass 26 cycle of hot and cold water for check the strength the process because bars have very high voltage in generator.
WH – WC =  650C

WH – Hot water temp.

WC – Cold water temp.

11. Helium test:- This test is used for checking the leakage because Helium is smallest atom. In this test we pass helium and give 10.11 kg / cm2 pressure.
12. Body Insulation:- In this process, we do insulation of bars through the use of machine. 12 layers are done of insulation.
13. Impregnation:- In this section, we depth the bars in regin then regin will admit in bars and bars will strong.
14. Baking:- After Impregnation we give high temp. in this process.
Curing:- We give 1450C for IO to IZ hauls.

15. Finishing:- In this section, we do coating of semiconductor & conductor on bus bars. We do coating of conductor on slot portion semiconductor coating on corner on upper portion we do overlap enamel coating of semiconductor and conductor.
16. H.V. test:- We give supply which is triple of capacity of bus bars for check the capacity of bars we do this test.
Ex.- Fro 210 mw we give supply 48 – 49 KV

For 210 mw 

we do hydraulic test

For 500 mw 

we do thermal shock test


Hydraulic test:- In this test, firstly we give water supply and then give N2 supply.

ENGINEERING CAPABILITIES
- EXTENDING LIMITS WITH LATEST TECHNIQUES
BHEL possesses very strong engineering base, R&D infrastructure, very precise CNC & conventional machine tools, sophisticated technologies and capabilities to produce hydro-generators of capacity up to 300 MW based on customer’s requirements as per national / international standards.
	
	


BHEL has the latest hardware and computer software for design development of large capacity (> 250 MW) and large size hydro-generators.
· Latest computational techniques for design analysis and integrated manufacturing like CAD, FEM, CAM etc. are used. 

· Use of solid modeling, finite element modeling and further down stream applications for solution of design structure, heat transfer, electro-magnetic applications etc. for optimisation. 

· The computer software is also used for thermal network solutions and ventilation system, which are vital parameters for large capacity machines. 
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	Module
	Type
	Suitable for Rating

	
	
	

	ELR 70/90-30/6-20
	Brush less
	500 MW TG

	ELR 70/62-30/6-10
	Brush less
	210/250 MW TG

	ELR 58/54-30/6-8
	Brush less
	210/250 MW TG

	ELR 54/34-30/6-4
	Brush less
	80/130 MW TG

	E 370 / 5-8
	Static
	210/250 MW TG

	
	Static
	210 MW TG


EXCITERS 

	Module
	Type
	Suitable for Rating

	ELR 70/90-30/6-20
	Brush less
	500 MW TG

	ELR 70/62-30/6-10
	Brush less
	210/250 MW TG

	ELR 58/54-30/6-8
	Brush less
	210/250 MW TG

	ELR 54/34-30/6-4
	Brush less
	80/130 MW TG

	E 370 / 5-8
	Static
	210/250 MW TG

	E 430 / 3-10
	Static
	210 MW TG


MERITS FOR BRUSHLESS EXCITERS

	· Eliminates sliprings, brushgear, field breaker and excitation bus/cables

· Eliminates all the problems associated with transfer of current via sliding contacts

· Simple, reliable and ideally suited for large sets

· Minimum operation and maintenance costs

· Self generating excitation unaffected by system faults or disturbances of shaft mounted pilot exciter

· Increasingly popular system the world over
	



500 MW BRUSHLESS EXCITER 
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	Module
	Rating (MW)
	Impregnation type

	TARI-108/36
	115-130
	Bar Type

	TARI-108/36A
	115-130
	VPI

	TARI-108/41
	130-145
	Bar Type

	TARI-108/46A
	145-160
	Bar Type

	TARI-108/46B
	145-160
	VPI

	TARI-93/38
	80
	Bar Type


SALIENT DESIGN FEATURES

	· Stator core and rotor winding direct air-cooled 

· Indirect cooling of stator winding 

· Horizontally split casing design of stator 

· Vertically side mounted coolers in a separate housing 

· Micalastic bar type insulation system / Total Impregnated type insulation system 

· Separately assembled stator core and winding for reducing the manufacturing cycle 

· Brushless/static excitation system 
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HYDROGEN AND WATER COOLED TURBOGENERATORS OF 500 MW RANGE (TYPE: THDF)
SALIENT DESIGN FEATURES
	· Stator winding directly water-cooled 

· Rotor winding directly hydrogen cooled (axial) 

· Leaf spring suspension of stator core 

· Micalastic insulation system 

· End shield mounted bearings 

· Support ring for stator over hang 

· Magnetic shunt to trap end leakage flux 

· Ring type shaft seals with double flow 

· Multistage compressor and vertical coolers on turbine end 

· Brushless/static excitation 

· Integral coupling of rotor 
	



HYDROGEN COOLED TURBOGENERATORS OF 140-260 MW RANGE (TYPE: THRI) 

	Module
	Rating (MW)
	Impregnation type

	THRI-108/44
	210
	Bar Type

	THRI-108/44B
	250
	VPI

	THRI-108/39
	210
	VPI

	THRI-93/38
	130
	Bar Type


SALIENT DESIGN FEATURES

	· Stator core and rotor winding directly hydrogen cooled 

· Indirect cooling of stator winding 

· Micalastic insulation system 

· End shield mounted bearings 

· Ring type shaft seals 

· Symmetrical ventilation. 

· Brushless/static excitation 

· Integral coupling of rotor 

	

	10 MW THRI-108/44 TYPE GENERATOR STATOR
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LARGE CAPACITY HYDRO GENERATOR PARAMETERS
	DESCRIPTION
	PARTICULAR
	PROJECT

	CAPACITY (MVA)
	278/ 305
	NATHPA JHAKRI

	RATED/ OVERLOAD
	222/ 244
	SARDAR SAROVAR

	RATED SPEED (RPM)
	500 

600
	KADAMPARAI 

UPPER SINDH

	RATED VOLTAGE (KV)
	15
	BHUMIBOL

	RATED CURRENT (AMPS)
	10040
	SARDAR SAROVAR

	STATOR BORE DIA (M)
	10.82
	SARDAR SAROVAR

	FRMAE DIA (M)
	13.0
	SARDAR SAROVAR

	CORE LENGTH (M)
	2.3
	LOWER SILERU, SARDAR SAROVAR

	THRUST BEARING LOAD (T)
	1800
	UKAI

	SHAFT DIA (MM)
	1050
	RANJIT NAGAR

	ROTOR WEIGHT (T)
	530
	RANJIT NAGAR

	STATOR WEIGHT (T)
	290
	SARDAR SAROVAR
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HYDROGEN AND WATER COOLED TURBOGENERATORS OF 500 MW RANGE (TYPE: THDF-115/59) 

SALIENT DESIGN FEATURES

	· Stator winding directly water-cooled 

· Rotor winding directly hydrogen cooled (axial) 

· Leaf spring suspension of stator core 

· Micalastic insulation system 

· End shield mounted bearings 

· Support ring for stator over hang 

· Magnetic shunt to trap end leakage flux 

· Ring type shaft seals with double flow 

· Multistage compressor and vertical coolers on turbine end 

· Brushless/static excitation 

· Integral coupling of rotor 


TURBOGENERATORS 
HEAVY ELECTRICAL EQUIPMENT PLANT
HARIDWAR

HYDROGEN AND WATER COOLED TURBOGENERATORS OF 200-235 MW RANGE (TYPE: THW) 

SALIENT DESIGN FEATURES

	· Stator winding directly water-cooled 

· Rotor winding directly hydrogen cooled by gap pickup method 

· Resiliently mounted stator core on flexible core bars 

· Thermoreactive resin rich insulation for stator winding 

· Top ripple springs in stator slots 

· Enclosed type sliprings with forced ventilation 

· Ring/thrust type shaft seals 

· Two axial fans for systematic ventilation and four Hydrogen coolers 

· Static excitation 



