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1.Introduction: The first railways in India were built in 1853 and their subsequent continent-wide development saw the appearance of various private railway companies and state-owned railway systems. To enforce standardization and coordination between these sometimes-disparate systems, the Central Standard Office (CSO) was established in 1930 to prepare designs, standards and specifications. 

However, before Indian independence in 1947, most of the design and manufacturing of rolling stock and infrastructure was entrusted to foreign consultants. With the subsequent phenomenal increase in the nation's industrial and economic activity and rising demand for railway transport, a 

new organization called the Railway Testing and Research Centre (RTRC) was set up in 1952 at Lucknow to test and conduct applied research for development of railway rolling stock, permanent way etc. In 1957, the CSO and RTRC were integrated as the Research Design and Standards Organisation (RDSO) under the Ministry of Railways at Lucknow. 

Functions

RDSO is the sole R&D organization of Indian Railways and functions as the technical advisor and consultant to the Indian Railway Board, regional railways and rolling stock works. 

Basically, its activities involve: 

· Development of new and improved designs

· Development and adoption of new technologies for use on Indian Railways

· Development of standards for materials and products especially needed by Indian Railways

· Technical investigation, statutory clearance, testing and provision of consulting services

· Inspection of critical and safety items for rolling stock, locomotives, signals, telecommunications equipment, and track
RDSO also offers international consultancy services on design, testing and inspection of railway equipment as well as surveys for construction of new lines. Consultancy services have been provided to various countries such as Iraq, Sri Lanka, South Korea, Zambia, Egypt, Nigeria, 

Saudi Arabia, etc.

2.Quality Policy:
To develop safe, modern and cost effective Railway technology complying with Statutory and Regulatory requirements, through excellence in Research, Designs and Standards and Continual improvements in Quality Management System to cater to growing demand of passenger and freight traffic on the railways. QUALITY OBJECTIVES FOR THE YEAR 2008- 09:

QUALITY ASSURANCE Hitherto, the quality assurance function in respect of vendor approval and purchase inspection of these items including publication of vendor directories was being looked after by individual technical directorates of RDSO along with their normal functions of research, development and standardization.To impart greater thrust to quality assurance, Railway Board has approved the creation of a separate Quality Assurance Organisation at RDSO in Sept. 2002 for Technical disciplines i.e. Mechanical Engg. Including M&C, Civil Engg., S&T & Electrical Engg. Each headed by Executive Director under the overall charge of an HAG officer. With the creation of this Quality Assurance Organisation, focussed attention and close monitoring of vendor approval and purchase inspection activities is being given.
3.Infrastructure:
RDSO has a number of laboratories which are well equipped with research and testing facilities for development, testing and design evaluation of various railway related equipments and materials.Some of these are: 

Air Brake Laboratory is equipped with facilities for simulating operation of air brakes on freight trains up to 192 wagons and 3 locomotives as also for simulation of passenger trains up to 30 coaches.

Brake Dynamometer Laboratory has facilities to develop and test brake friction materials for locomotives, coaches and wagons. A unique facility in India , this laboratory has also been used by R&D organisations of Ministry of Defence like DMRL, DRDL and HAL for indigenisation of brake pads for defence aircraft.

B&S Laboratory has a 6mx14m heavy/testing floor on which full scale models of beam (spans up to 10 m, slabs, columns, towers, shells and other components made of concrete, steel, brick etc can be tested under static, dynamic or pulsating loads. A high frequency ranging 250-700 cycles/min pulsator for the application of a pulsating loads varying from 2 to 20 tones and a maximum static load of 40 tonnnes on heavy duty testing floor. The Laboratory is equipped with? analogue strain indicator, multi channel dynamic strain recording system, switching & balancing units, acoustic emission equipment, data acquisition system etc. for recording various parameters. 

Diesel Engine Development Laboratory has four test beds capable of testing diesel engines from 100 to 6000 HP with fully computerized systems for recording of over 128 test parameters at a time. This facility has already enabled RDSO to develop technologies for improving fuel efficiency, reliability and availability of diesel engines as well as to extract higher output from existing diesel engines. Fatigue Testing Laboratory for testing prototype locomotive and rolling stock bogies, springs and other railway equipments subjected to stress and fatigue so as to ascertain their expected life in service.  Geo-technical Engineering Laboratoryis equipped with facilities for determining strength parameters of soil in lab and field condition. The State-of-art Sub-surface Interface Radar (SIR) system, Laser based soil particle analyser, and computerized consolidation test apparatus have been installed in the lab. The lab also has computerised Static Triaxial Shear apparatus for determining the strength of soil as well as the design of embankment. Metallurgical & Chemical Laboratory is capable of destructive and non-destructive testing of metals, polymers, composites, petroleum products and paints for providing information to be used in design and also for monitoring performance of materials in service.  

The M&C laboratory include Scanning Electron Microscope, Direct reading spectrometer, Ultrasonic Flaw Detector and other non destructive examination equipment, polymer and composite evaluation facilities, thermal analyser, corrosion engineering evaluation facilities including weather meter, static 760 hour AR test rig for grease testing. V2F dynamic test rig for grease testing, lube oil filter evaluation rig Cetane rating machine & 50t machine for rubber deflection characteristics.

Psycho-Technical Laboratory for assessment of critical psycho-physical attributes of operational staff such as drivers, switchmen and station masters for efficient operation. The ergonomic laboratory of psycho-technical Dte is also equipped with bio-feedback system for assessment of EMG, GSR (Galvanic Skin Resistance) temperature, pulse and respiration rate & is used for stress management exercises.

Signal Testing Laboratory for testing of all types of signalling equipments such as safety signalling relays, block instruments, power supply equipments, point machines, signalling cables, electro-mechanical signalling equipments/ components etc. There is an exclusive environmental testing section equipped with environmental testing facilities as per ISO:9000. These include, programmable heat, humidity & cold chambers, mould growth, dust, rain chambers. Signalling Equipment Development Centre has been set up in the Signaling Lab. In this Centre, working signaling equipment & systems have been set up. The working systems include SSI, universal axle counter, VLSI axle counter, AFTCs, block instruments etc. In addition, equipment developed by RDSO, such as signalling relays, poly-carbonate lenses, LED signal lamps, triple pole double filament lamps, power supply equipment etc., have also been displayed. This centre will be used for testing minor improvements in designs of SSI, axle counters etc., as well as for imparting training to newly inducted Inspectors. Track Laboratory for testing full scale track panel under dynamic load patterns similar to those encountered in service Stresses at the various locations of track components under simulated load conditions are measured and recorded for analysis. This has helped in rationalising and optimising design of track structures for Indian conditions. The facility of fatigue testing of welded rail joints is also available. n connection with joint research project of UIC on rail defect management, RDSO has been entrusted with lab testing of rail samples from various world railways under simulated loading conditions. Special rail tensioning system for application of longitudinal forces on rail samples to simulate the thermal forces of the field has indigenously been developed, installed and commissioned in track lab. This system, with capacity of up to 150 tonne in static condition, is being used to conduct testing of different rail samples. 

Mobile Test Facilities for recording of track parameters, locomotive power and conducting oscillograph trials for evaluating vehicle-track interaction as also for monitoring track conditions. For condition monitoring of OHE under live line and to facilitate directed maintenance of electrification, a Network of testing and recording apparatus (NETRA) car, first of its kind , developed by RDSO is actively in service for scanning OHE in Railway.

4.AC Electric Locomotives:

WAM–1 

[image: image1]Early 2800 hp SNCF design for 25kV AC, with ignitron rectifiers. Introduced in 1959, they were mostly deployed by ER in the Howrah-Asansol-Dhanbad-Mughalsarai section. They were less frequently found 'upstream' in the Delhi-Kanpur-Mughalsarai section, and in the Igatpuri-Bhusaval section of the Central Railway. Mostly used for non-express passenger trains, but some were used double-headed for freight service. Some were still [12/98] in operation on ER (Sealdah-Lalgola passenger, etc.).

[image: image10.emf]Table 1.3  India’s Perspective Plan For Power For Zero Deficit Power By 2011/12   (Source  Tenth And Eleventh Five - Year Plan Projections)      Thermal  (Coal) (MW)  Gas / LNG /  Diesel (MW)  Nuclear  (MW)  Hydro  (MW)  Total(MW)   Installed capacity as on  March 2001   61, 157  Gas: 10,153   Diesel: 864  2720  25,116  100,010   Additional capacity  (2001 - 2012)   53,333  20,408  9380  32,673  115,794   Total capacity as on  March 2012  114,490   (53.0%)  31,425   (14.6%)  12,100   (5.6%)  57,789   (26.8%)  215,804    

WAM-1's are significant in the history of electric traction in India as they were among the first AC electrics to run in India. Like the WAG-1's, some of their advanced features turned out to be unsuitable for Indian conditions.

Manufactured by Kraus-Maffei, Krupp, SFAC, La Brugeoise & Nivelle (50 cycles European group). Ignitron rectifiers feeding four DC traction motors accepting pulsating current input. Motors are connected to the axles by a Jacquemin drive. Speed control by tap-changer on input transformer (motors permanently wired in parallel). Superstructure mounted on bogies with pendular suspension with equalizer beams. Electricals from ACEC, AEG, Alstom, Brown Boveri, Siemens and others. B-B (monomotor bogies). Jeumont transformer (20 taps), Oerlikon exhauster, Arno rotary converter. Air loco brakes, vacuum train brakes. 

· Manufacturers: Kraus-Maffei, Krupp, SFAC, La Brugeoise & Nivelle (50 cycles European group) 

· Traction Motors: Siemens/ACEC/Alstom MG 710A (740hp, 1250V, 480A, 1000 rpm, weight 2750kg). Fully suspended, force-ventilated. 

· Rectifiers: Four water-cooled ignitrons from SGT, each rated for 575kW / 1250V. 

WAM–2 

Mitsubishi locos. The first batch of 10 locos had air brakes for the loco and vacuum train brakes, and the second batch of 26 had only vacuum brakes. These have not been retrofitted with air train brakes, hence today they haul only local passenger trains. These were used on ER, and sometimes ran all the way to New Delhi via Kanpur. They were also used double-headed for freight trains. Four traction motors permanently coupled in parallel are fed by ignitron rectifiers. Speed control is by a tap changer on the input transformer. Mitsubishi transformer, 20 taps. Oerlikon exhauster and compressor, Arno rotary converter.

· Manufacturers: Mitsubishi 

· Traction Motors: Mitsubishi MB 3045-A (745hp, 725V, 815A, 1000 rpm, weight 2200kg). 

Rectifiers: Mitsubishi water-cooled ignitrons (GU 31), rated at 725V / 390A

WAM–4
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The problems with the WAM-1 series prompted IR to come up with better models, and after some variations, the WAM-4 model was produced, the first indigenously designed and built electric loco (first units delivered by CLW in 1970-71). They were produced until about 1997.

They use the same Alco asymmetric trimount bogies as the successful WDM-2 diesel class. These locos feature rheostatic braking, and MU capability. They have silicon rectifiers. MU operation up to 4 units possible. Air brakes for loco and vacuum train brakes fitted as original equipment. Rheostatic braking also provided. Speed control by three series-parallel motor combinations and weak field operation. Auxiliaries from Westinghouse and Kirloskar (compressors), S F India (blowers), Northey (exhauster), etc. 

[image: image12.jpg]


This class proved so successful by virtue of its ruggedness suitable for Indian conditions and simplicity of maintenance, that IR used this basic design for a number of other locos later (WCAM-1, WAG-5A, WCG-2, and some WAP models). WAM-4B's were regeared versions for freight use and many were later modified and converted to other classes (See below). WAM-4P locos are intended for passenger operations, with some regearing and usually allowing all-parallel operation of some or all of the traction motors. The WAM-4P loco is still among the most heavily used electric locos of IR. A single WAM-4 can generally haul up to a 24-coach passenger rake.

This loco class has been seen in many variations, as a lot of workshops and sheds have carried out their own enhancements or modifications to the basic loco design. Variants include WAM-4P D (dual brakes), WAM-4P R (??), WAM-4P DB 6P, WAM-4 6P DB HS, and WAM-4 6P D (these are for superfast trains), WAM-4P DB 3P and WAM-4 2S-3P (some superfasts, passengers), and WAM-4P DB 4P (generally for stopping passengers). The 'DB' or 'D' generally, but perhaps not always, indicates dual-brake capability. 'HS' may be for 'high speed'. 

'2S', '3P', '6P', etc. indicate traction motors connected in series or parallel. The WAM-4 has six traction motors, and originally they were wired to be available in different configurations at different power settings. At notches up to 14, all motors were in series (at notch 14 all resistors dropping out); up to notch 21 in series-parallel combinatons (three pairs of motors in series, the pairs themselves being in parallel); and further notches with all motors in paralell (at notch 30 all motors are in parallel with resistors dropping out). This is the original configuration of the WCAM-x series of locos too. The WAM-4 locos were later reconfigured to have all motors always in parallel (6P variants) or with the three series-connected pairs in parallel (2S 3P variants). Some WAM-4 locos from CLW are thought to have had the 2S 3P configuration right from the start. The 2S 3P configuration was better for the mixed traffic loads especially as it allowed the locos to start hauling larger loads without stalling. With increasing use of the WAM-4 locos for passenger traffic the all-parallel configuration was deemed more desirable since it allowed higher speeds and higher acceleration. 

WAP–1 
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Built by CLW to RDSO specifications. First in the dedicated electric passenger loco series. Production began in 1980 and the locos were at first used solely for the Howrah-Delhi Rajdhani. A single WAP-1 (#22001) was all that was needed to haul the 18-coach Rajdhani at a max. speed of 120 km/h. and an average speed of around 82km/h. Continuous power 3760hp; starting TE 22.2t, continuous TE 13.8t. Loco weight is 112.8t.

The original WAP-1 locos were modified and regeared versions of the WAM-4, originally classified WAM-4R. Rated max. speed is 130km/h (some documents suggest 140km/h). Some (5?) with Flexicoil Mark II bogies were classified WAP-1 FM II and later WAP-3. Two WAP-1 units were also converted to WAP-6. [10/02] One of them, #22212, the first prototype WAP-6, was then converted to a WAP-4 and was based at Jhansi (now [8/03] at Mughalsarai).

Many remaining WAP-1's are being converted to WAP-4's by a complete retrofit including new traction motors, new transformers, etc. These upgrades do not result in the 'R' suffix in the road number that is typical for rebuilt locos. Ghaziabad shed locos are currently [1/05] the only ones not scheduled for such upgrades and are expected to remain as 'pure' WAP-1 units. The WAP-1E has only air brakes. Earlier WAP-1's had loco air brakes and vacuum train brakes but were retrofitted for dual train brakes. Motors are grouped in 2S-3P combination and weak field operation is available. Elgi compressors, Northey exhausters, S F India blowers. The locos were originally not designed for MU operation but were later modified to allow MU'ing.

· Manufacturers: CLW 

· Traction Motors: Alstom/CLW - TAO 659 (575kW (770hp), 750V, 1095 rpm) Axle-hung, nose-suspended, force-ventilated. 

· Gear Ratio: 58:21 

· Transformer: BHEL type HETT-3900, 3900 kVA. 32 taps. 

· Rectifiers: Two silicon rectifiers, with S18FN35 cells (by Hind Rectifier) with 64 cells per unit. 2700A/1050V. 

· Axle load: 18.8t. 

· Bogies: Co-Co Flexicoil (cast steel bogies); primary and secondary wheel springs with bolsters 

· Pantographs: Two Faiveley AM-12. 

· Current Ratings: 900A/10min 


WAP–4
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Variant of WAP-1 with Hitachi H5 15250 motors (built by CLW), built in 1994 to RDSO specifications. The need to run longer passenger trains (24 to 26 coaches as against the 19-coach capacity of the WAP-1 / WAP-3 locos), and also to eliminate the need for bankers in graded sections (e.g., the busy Itarsi-Nagpur section) led RDSO to consider an upgraded design of the WAP-1 loco and the WAP-4 loco design was published in November 1993. Indigenously designed, higher power rated silicon rectifiers and indigenously-designed 5400kVA transformer. Locomotive reliability is also increased by the use of Hitachi traction motors. Air brakes for loco and train. Different underframe design to handle larger buffing loads. Cast bogie, Flexicoil Mark 1 design. Weight kept to 112t by the use of aluminium plates, thinner underframe, and reducing some components such as sanders. Motors grouped in 6P combination; weak field operation possible.
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[2/00] New versions of these with twin-beam headlights, speed recorders and some changes to the control electronics have been rolling out recently [7/00]. WAP-4E are most likely just regular WAP-4 locos from the Vadodara shed. The 'E' suffix is thought to come from the short-lived RDSO directive to denote all air-braked locos and is redundant with the WAP-4 locos (e.g., WAP-1E). There is speculation that some of these locomotives may have some additional features such as an electronic sensor for detecting loss of pressure in brake pipes (hence, sometimes the 'E' suffix is explained as 'electronic', although this seems unlikely). More recently [1/05] many of these have been fitted with train-parting / pressure loss alarms, and data recorders for speed, energy consumption, etc. All the new ones have roof mounted twin beam headlights, square WAP-5 type windscreens and a digital notch repeater along with a better layout and good seats for the drivers. Some [12/04] even have [image: image16.jpg]


windshield washers. A few were provided with signalling lamps on the sides but this does not have seem to have continued with the newer units.

[1/03] Although these are officially rated at 140km/h, there are reports that one or more of these have been tested by CLW at up to 169.5km/h. 

As of [11/04] this class is still in production at CLW.

Note on the traction motors : The Alstom-designed 770hp TAO motors used in the WAP-1 and WAP-3 were seen as the weak link in the reliability of the locos for passenger train use. At the time, Hitachi motors of 840hp were in use on freight locos and had very high reliability, but adapting them for use with a passenger loco proved a formidable challenge because of the weight constraints. The WAP-4 design efforts involved many modifications for weight reduction, including a lighter underframe, aluminium foil-wound transformer, and the use of aluminium chequered plates, and these have allowed the use of the heavier, but more powerful and more reliable Hitachi motors on the WAP-4 locos.

· Manufacturers: CLW 

· Traction Motors: Hitachi HS15250 (630kW, 750V, 900A. 895rpm. Weight 3500kg). Axle-hung, nose-suspended, force ventilated, taper roller bearings. 

· Gear Ratio: 23:58 (One loco, #22559, is said to have a 23:59 ratio.) 

· Transformer: 5400kVA, 32 taps 

· Rectifiers: Two silicon rectifiers, (ratings?). 

· Axle load: 18.8t. 

· Bogies: Co-Co Flexicoil Mark 1 cast bogies; primary and secondary wheel springs with bolsters 

· Pantographs: Two Stone India (Calcutta) AM-12. 

· Current Ratings: 1000A/10min, 900A continuous 

A 24-coach (1430t) passenger rake can be accelerated to 110km/h in 338 seconds (over 6.9km) by a WAP-4; to 120km/h in 455 sec. (10.5km); and to 130km/h in 741 sec. (20.5km).
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WAP–5 

This class started with a batch of 10 locos (#30000-30010, skipping #30008) imported from ABB / AdTranz in 1995 (Actually 11 were imported but one (#30008) was damaged by fire in transit and deemed unusable on arrival. It was then used as a bank of spare parts for the others.) These are among the few currently [5/99] with IR to have an advanced design with GTO thyristor converters and 3-phase asynchronous motors. CLW has been manufacturing the motors since Feb. 24, 2000. Rated top speed is 160km/h, although in trials a WAP-5 loco is said to have been run at 184km/h. Continuous power at wheel rim is 4000kW (5450hp). A WAP-5 can take a 24-coach passenger train to 110km/h in 324 seconds. Wheel arrangement is Bo-Bo. Auxiliaries from ABB, Howden Safanco, BEHR, etc. [1/03] Although these are officially rated at 160km/h, one of these has been tested by CLW at up to 184km/h. These locos are intended for use with high-speed medium load trains such as the Rajdhani and Shatabdi trains, in contrast to the WAP-7 (see below) which is more powerful but which is intended for lower-speed haulage of heavier trains.

Other notable features of this loco are the provision of taps from the main loco transformers for hotel load, pantry loads, flexible gear coupling, wheel-mounted disc brakes, and a potential for speed enhancement to 200km/h. 78t weight. Braking systems include regenerative braking (160kN), loco disc brakes, automatic train air brakes, and a charged spring parking brake. MU operation possible with a maximum of two locos.

[2/00] Currently, [9/03] four indigenous WAP-5's from CLW (first one built May 17, 2000) with somewhat different contours, and electricals from BHEL, are homed at Ghaziabad shed. (#30011 'Navodit', #30012, 'Navajagaran', #30013 'Navakriti', and #30014). 

Being homed at sheds in the north, they are understandably in use for northern routes, but recently [12/01] some have been spotted regularly as far south as Chennai. In 2000, plans were announced for variants with 6000hp power and 200km/h capability to be manufactured, but nothing has been heard since on that front. After the first four were built by CLW, there seems to have been a pause in the manufacture of this class at CLW, and as of [11/04], more were expected to be produced but it was not known when production would resume. A problem with the Hurth coupling and its indigenous replacement seem to have been part of the delay, but the locally manufactured components have now [12/04] passed trials.

Air-conditioning: The original design called for these locos to have air-conditioned cabs. This, however, has been dogged by controversy over costs and fitment, and the first units made by CLW do not have air-conditioned cabs. One of the ABB units, #30000, does have air-conditioning, fitted by the Ghaziabad shed as an experiment. The Ghaziabad shed may be planning to retrofit some of its other WAP-5 locos with air-conditioning.

· Manufacturers: ABB / CLW 

· Traction Motors: ABB's 6FXA 7059 3-phase squirrel cage induction motors (1150kW, 2180V, 370/450A, 1583/3147 rpm) Weight 2050kg. Forced-air ventilation, fully suspended. Torque 6930/10000Nm. 96% efficiency. 

· Gear Ratio: 67:35:17. (3-stage gears) 

· Transformer: ABB's LOT-7500. 7475kVA primary, 4x1450kVA secondary. 

· Power Drive: Power convertor from ABB, type UW-2423-2810 with SG 3000G X H24 GTO thyristors (D 921S45 T diodes), 14 thyristors per unit (two units). Line convertor rated at 2 x 1269V @ 50Hz, with DC link voltage of 2180V. Drive convertor rated at 2180V phase to phase, 953A output current per phase, motor frequency from 0 to 160Hz. 

· Axle load: 19.5t 

· Bogies: Bo-Bo Henschel Flexifloat; bogie centre distance 10200mm; bogie wheel base 2800mm 

· Unsprung mass per axle: 2.69t 

· Pantographs: Two Stone India (Calcutta) AN-12. 

· Wheel diameter: 1092mm new, 1016mm worn 

· Wheel base: 13000mm 

· Length over buffers: 18162mm 

· Length over headstocks: 19280mm 

· Body width: 3142mmn 

· Cab length: 2434mm 

· Pantograph locked down height: 4537mm 

A 24-coach (1430t) passenger rake can be accelerated to 110km/h in 312 seconds (over 6km) by a WAP-5; to 120km/h in 402 sec. (6.9km); and to 130km/h in 556 sec. (14.2km).

WAP–7
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[11/00] Identical to WAG-9 (see below) with modified gear ratio (72:20) and application software. 140km/h (130km/h?) top speed. 6125hp max. power; 6000hp continuous at wheel rim. At 123t, it is much heavier than the 78t WAP-5. Intended to haul heavier, 26-coach passenger trains and passenger/parcel mixed trains. The first one, Navkiran, #30201, which was commissioned in 2000, is homed at Gomoh although it has been seen [8/00] at Ghaziabad as well.

Initial models were rated at 6125hp total power and 33000 kgf (323kN) tractive effort. Modifications during continuing trials resulted in improved performance with the loco now yielding 6350hp total power and 36000 kgf (352.8kN) tractive effort. In the trial runs [7/02] the upgraded WAP-7 #30203 was shown able to take a 24-coach train to 110km/h in just 235 to 245 seconds (compare: 324 seconds for a WAP-5). Braking systems as in the WAP-5, with regenerative braking rated at 183kN in the first units and 260kN in the later ones. 

Earlier trials with WAP-7 locos had yielded times around 390 seconds for the same test, which had cast doubts on the future of this loco class which was designed to perform better than the WAP-5. After some trials with the Prayagraj Exp. in early 2002, now [11/02] the WAP-7 is being used to haul the 24-coach rake of ER's Poorva Exp. and will presumably soon be used for other trains as well. Max. tested speed is 160km/h, rated for 140km/h.

Better performing variants of the WAP-7 have been under development [9/04]; changes are said to include higher capacity components (including the main transformer) to allow stall-free running on 1:100 gradients, and a higher tractive effort of 42000 kgf (411kN). Some of the units starting around #30212 are also thought to have some enhancements in comparison to the very first ones. [11/04] Other plans by CLW for this loco class are said to include the provision of IGBT control, greater automation of some control tasks, and in-cab signalling. MU operation possible with a maximum of two locos.

The WAP-7 appears to have returned to the older (WAM, earlier WAP) style of pantograph with a single collector bar instead of the double collector bar used for the WAG-9.

· Manufacturers: CLW 

· Traction Motors: 6FRA 6068 3-phase squirrel-cage induction motors (850kW, 2180V, 1283/2484 rpm, 270/310A. Weight 2100kg, forced-air ventilation, axle-hung, nose-suspended. Torque 6330/7140Nm. 95% efficiency.) 

· Gear Ratio: 72:20 

· Axle load: 20.5t 

· Wheel diameter: 1092mm new, 1016mm worn 

· Wheel base: 15700mm 

· Bogies: Co-Co, ABB bogies; bogie wheel base 1850mm + 1850mm 

· Unsprung mass per axle: 3.984t 

· Length over buffers: 20562mm 

· Length over headstocks: 19280mm 

· Body width: 3152mmn 

· Cab length: 2434mm 

· Pantograph locked down height: 4525mm 

A 24-coach (1430t) passenger rake can be accelerated to 110km/h in 240 seconds (over 4.7km) by a WAP-7; to 120km/h in 304 sec. (6.7km); and to 130km/h in 394 sec. (9.9km).

WAG–1
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Among the first AC electrics to run in India. Early ones were imported from European manufacturers (1963). The first one built in India was named 'Bidhaan' (Nov. 16, 1963).

Typically French features include elongated 'D'-shaped buffers. The Indian modifications included addition of a cowcatcher, CBC couplers, and a large roof-mounted searchlight-style head lamp. Although sterling performers, some of their highly advanced features such as the spring-borne traction motors, etc., did not suit Indian conditions.

They had monomotor bogies with B-B wheel arrangements, Jacquemin drives (?), and excitron rectifiers. Air brakes for loco, vacuum train brakes as original equipment. Regenerative braking provided. MU operation up to 4 units. Motors are permanently connected in parallel; speed control by transformer taps.

Several were based at Arakkonam, Vijayawada, and other places. Most were decommissioned by the 1990s, although a few were seen still in use in 2000 or so (Godhra, Renigunta-Gudur, etc.). None were known to be in use after 2002.

Two units (the last ones) built by CLW in 1964 are sometimes denoted WAG-1S; it is not clear how they are different from the others.

· Traction Motors: AEC/Alstom/Siemens MG1420. Two motors (monomotor bogies), force-ventilated, fully suspended. 

· Gear Ratio: 3.95:1 

· Transformer: MFO, type BOT 3150. 22.5kV / 3000kVA. 32 taps. 

· Rectifiers: Secheron A268 Excitrons (four). 510A / 1250V. 

· Axle load: 21.3t 

· Max. Haulage: 1820t 
WAG–2 
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A few can still [5/01] be seen near Bhusawal and Agra. The DC traction motors were supplied power through silicon rectifiers. Just after they were imported from Japan, they were based at Asansol shed of ER and transferred to Bhusawal and Itarsi sheds of CR in 1985. Bhuawal had large numbers of them into the 1990s. Monomotor design: two bogie-mounted traction motors, permanently coupled in parallel; speed control is by transformer taps. Each traction motor is coupled to two axles. Air loco brakes and vacuum train brakes are original equipment. Rheostatic braking provided. Westinghouse compressor, Northey exhauster. MU operation possible (? how many units). 

· Traction Motors: Hitachi EFCO HKK (1270kW, 1250V, 1080A, 695rpm, weight 5300kg). 

· Transformer: Hitachi AFI AMOC. 32 taps. 

· Rectifiers: AEV-48 silicon rectifiers, 2040A / 2550kW. 

· Pantographs: Two Faiveley AM-12 
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WAG–5

Introduced in 1984. Power 3850hp (some documents say 3900hp, which may be a later modification), 6-axled (Co-Co). Starting TE 382kN (33500kgf); continuous TE 202kN (20600kgf). Adhesion 29%. A very successful class, and probably the one with the most numbers produced. There are many variants of these, starting with the plain WAG-5. WAG-5A locos have Alsthom motors. Later versions were WAG-5H and variants with Hitachi motors: WAG-5HA by CLW, with high-adhesion bogies, and WAG-5HB built by BHEL to RDSO's specifications. (Note: Lallaguda shed uses the simple code 'WAG-5' for locos that would normally be denoted 'WAG-5HA'.) [4/02] Newer versions have been spotted: WAG-5HG, WAG-5HR, WAG-5RH (here the 'R' is believed to denote rheostatic braking, but not all WAG-5 class locos that have rheostatic braking use this suffix), WAG-5D, WAG-5P for fast passenger traffic (mail and express trains) with gear ratio 21:85. etc,. WAG-5HE variants are believed to have Hitachi traction motors and only air brakes.
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The detailed differences among these variants are not precisely known. Specifications for the base WAG-5 model are given below. Some of the variants are known to have different gearing and equipment, and different rated speeds. The original WAG-5 units had a top speed of 80km/h. Many variants have a gear ratio of 21:58, the same as that of the WAM-4 6P, which allows these WAG-5 locos to be used for mixed applications including hauling passenger trains at 100km/h.

Auxiliaries are from many sources: typically Elgi compressors, Northey exhausters, and other equipment from S F India, but many variations exist. Speed control by parallel combinations of motors and weak field operation. Air brakes for loco, dual train brakes are original equipment.

Although a great improvement over earlier locomotive classes, the WAG-5 models do have limitations, one of which is the inability to start and haul large loads (4700t -- 58 BOXN wagons) on gradients steeper than 1:200 or so.WAG-5 locos can be used as multiple units in configurations of 2, 3, 4, or more locos.

With the large influx of WAG-7 and WAG-9 locos in recent years, many WAG-5 locos are now also being put to use hauling local passenger trains. Some such as the WAG-5E loco #23989 'Krishnaveni' (of Vijayawada [1/04]) have also been modified for this purpose in their interior equipment as well as some of the exterior aspects. For some reason, the BHEL-built WAG-5HA / 5HB locos are never seen used with passenger trains. All of the WAG-5HB units are at Jhansi near BHEL's own installations so that BHEL can handle their maintenance.

The WAG-5B locos are converted WAM-4 units. These have road numbers in the range - 21101 to 21138. This is believed to have stemmed from a decision to have a separate line of freight loco models based on the highly versatile and successful WAM-4 family of locos.

In the external appearance of WAG-5 locos, it can be seen that locomotives with road numbers up until 23293 have side louvres and round glass windows like the WAM-4 locos showing the legacy of the WAM-4 design. From number 23294 onwards the locos have the newer WAP-4/WAG-7 style of louvres, thought to be for better ventilation.

More recently WAG-5 locos of all types have been retrofitted with data loggers, flasher lights, train parting alarms, etc.

WAG-5 #23026, homed at Bhusawal, was selected for a trial project by the RDSO to develop designs for adoption of thyristor controlled electricals for the tap changer based locomotives in 1995. The project was began in 1992 because there was an increasing dearth of suppliers for the tap changer control, it was inefficient and so the new system, promising better performance, was to be retrofitted after trials into all the older locos. A prototype system, developed in collaboration with Bhabha Atomic Research Centre, was fitted in this locomotive and trials were carried out between 1997 and 1998. However, due to several problems, the biggest of which was intereference caused with signalling equipment, the project was dropped in 1999. The loco was then refitted with the standard equipment and brought into service as a WAG-5P which it is till this date [1/05].

· Traction Motors: Alstom TAO 659 (575kW, 750V, 1070 rpm) or TAO 656; or Hitachi HS 15250A (See description under WAP-4.) Axle-hung, nose-suspended. Six motors. 

· Gear Ratio: 62:16 or 62:15 with Alstom motors, some 64:18 (Hitachi motors), many now 58:21 for mixed use. 

· Transformer: BHEL, type HETT-3900. 3900kVA, 22.5kV, 182A. 32 taps. 

· Rectifiers: Silicon rectifiers (two) using 64 S-18FN-350 diodes each from Hind Rectifier. 2700A / 1050V per cubicle. 

· Bogies: Co-Co cast bogies (Alco asymmetric trimount -- shared with WDM-2, WAM-4). 

· Axle load: 20t 

· Max. Haulage: 2375t 

· Pantographs: Two Faiveley AM-12 

WAG–9H

[image: image23.jpg]


A heavier variant of the WAG-9 (12t extra ballast, welded at four locations in the machine room behind the cabs -- a design proposed by CLW and approved by AdTranz) and consequently higher TE. Everything else was just as in the WAG-9 class, except for some application software changes. This was expected to be used in haul heavy freights (58 BOXN wagons, 4700t) without the need for multiple units even on incline sections of 1:150. The ballasting raised the starting TE from 460kN to 520kN. Continuous TE 325kN. The first (and only, as it turned out) of this class was was commissioned on June 30, 2000. This locomotive, #30130, 'Navshakti', then homed at Gomoh, cleared trials but because of concerns about the weight, did not enter regular service. It was deballasted and converted to a plain WAG-9 by mid-2002. That was the only unit of this class ever tried out. The class was intended for MU operation (2 units). Trivia: This reclassified loco, now [11/04] at the Ajni shed, still sports its variant livery with two white stripes instead of the single yellow stripe characteristic of other WAG-9 locos.

· Manufacturers: ABB, CLW 

· Traction Motors: ABB's 6FRA 6068 3-phase squirrel-cage induction motors (850kW, 2180V, 1283/2484 rpm, 270/310A. Weight 2100kg) Axle-hung, nose-suspended. 

· Gear Ratio: 77:15 / 64:18 

· Transformer: ABB's LOT 6500, 4x1450kVA. 

· Power Drive: Power convertor from ABB, type UW-2423-2810 with SG 3000G X H24 GTO thyristors (D 921S45 T diodes), 14 thyristors per unit (two units). Line convertor rated at 2 x 1269V @ 50Hz, with DC link voltage of 2800V. Motor/drive convertor rated at 2180V phase to phase, 971A output current per phase, motor frequency from 0 to 132Hz. 

· Axle load: 22.5t 

· Hauling capacity: 4700t 

· Bogies:Co-Co 

· Pantographs: Two Secheron ES10 1Q3-2500. 

· Ratings: 1100A/10min, 750A continuous 

5.Energy Management:

Renewable & Non-renewable Energy

[image: image31.emf]Table 1.3  India’s Perspective Plan For Power For Zero Deficit Power By 2011/12   (Source  Tenth And Eleventh Five - Year Plan Projections)      Thermal  (Coal) (MW)  Gas / LNG /  Diesel (MW)  Nuclear  (MW)  Hydro  (MW)  Total(MW)   Installed capacity as on  March 2001   61, 157  Gas: 10,153   Diesel: 864  2720  25,116  100,010   Additional capacity  (2001 - 2012)   53,333  20,408  9380  32,673  115,794   Total capacity as on  March 2012  114,490   (53.0%)  31,425   (14.6%)  12,100   (5.6%)  57,789   (26.8%)  215,804    
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Electrical power supply in India :

· Installed capacity of 1,12,581 MW               



as on 31st May 2004   

· 28,860 MW  - hydro,

·  77,931 MW - thermal  

· 2,720 MW    - nuclear  and 

· 1,869 MW   - wind (Ministry of Power). 

Nuclear provides 2.4% of electricity generated 

Hydro contribution 25% as on 31st March 2004

· Exploitable potential 60% at 84000 MW

Sectorwise Energy Consumption
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India’s Electricity Demand:

· Peak demand shortage of 14% and energy deficit of 8.4%

· To maintain GDP growth rate at 8% to 10%, target of 215,804 MW of power generation set by GOI
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Electricity Act, 2003

· Consolidate laws related to generation, transmission, distribution, trading and use of electricity

· General measures

·  for developing electricity industry, promoting competition, protecting consumer interest, supply of electricity to all areas, rationalization of tariff, transparent polices regarding subsidies, promotion of benign policies, constitution of CEA, Regulatory commission and appellate tribunal.
THE ENERGY CONSERVATION ACT, 2001 No 52 OF 2001                   [29th September 2001]
Enacted in October 2001.  Become effective from 1st March 2002

Background

· Wide variation  - over 250% - in energy performance among industries

· 25-30% energy can be easily saved 

Barriers

· Absence of energy management systems

· Lack of top management commitment

· Lack of awareness about saving potential

· Shortage of quality energy professionals

Important features of the Energy Conservation Act :
· Standards and Labeling

· Designated Consumers

· Certification of Energy Managers and Accreditation of Energy Auditing Firms

· Energy Conservation Building Codes

· Role of Central and State Governments
· Enforcement through Self-Regulation
· Penalties and Adjudication
 DMRC's Environment Policy:

· Adopt environment - friendly construction methods and practices so as to cause minimum inconvenience to the public and prevent ecological degradation.

·  Create assets that are aesthetically appealing, optimize the use of energy and cause minimum impact on the environment.

·  Conserve and enhance green cover through transplantation of trees and compensatory afforestation.

·  Make all efforts to create environmental awareness among our employees, contractors and metro users.

·  Strive for continual improvement in our environmental policies, processes and procedures.

·  Comply with applicable local and national environmental legislation.
6.Loco Brake:

· Braking means to reduce the speed or to stop the  
· Locomotive or train at a particular station or place by applying any external force.
· There are basically two types of braking :
Electrical Breaking


Mechanical Breaking
Electrical Braking :

· Plugging

· Regenerativa

· Rheostatic
· Eddy current 
· Magnetic

Mechanical Braking :

· Friction

· Pneumatic

· Lever and Gear

· Hydraulic

Brake Systems used in Indian Railways:

· Vacuum Brake

· Air Brake

· Dynamic Brake

· Regenerative Brake
Drawbacks of Vacuum brake System:

· It is very difficult to maintain the same amount of vacuum levels through out the run. The drop in Vacuum levels adversely affects the brake power.

· It is very difficult to maintain the same amount of vacuum levels through out the Length.

· It is very difficult to maintain the desired level of vacuum on higher altitude.

· To run heavy tonnage and lengthy trains at higher speed effective brake power in vacuum get reduced

Advantages of Air Brake System:

· There is no deterioration on brake power after repeated application and release 

· The Application & Release  time of air brake system is less 

· The air brake stock can carry more load with higher speed as compared to vacuum brake

· The weight of Air brake equipment is less.

· Air brake system requires less maintenance.

· Air brake system gives lower brake distance because of higher propagation rate
DESCRIPTION OF AIR BRAKE SYSTEM :

The IRVAB-2 dual brake system has been designed to haul 

· Air brake single pipe 

· Air brake dual pipe 

· Vacuum brake stock

The salient features of the brake system :

· Self lapping type brakes in Locomotive & rakes

· Emergency braking by venting directly brake pipe pressure 

· Provision of releasing loco brake, with train brake remained applied 

· Auto power cut-off in the event of emergency braking 

· Provision of pneumatic braking in the event of failure of dynamic braking.

· Provision of superseding dynamic brake during independent brake application beyond a limit.

· Provision for superseding pneumatic brake  (normal) through A-9 by dynamic brake.

· Provision for passenger/freight changeover  cock 

7.General Power Supply & Earthing:
POWER SUPPLY :

The subject deals with sub-station and distribution system to railway installations viz.,

· Railway workshops,

· Sheds,

· Station buildings,

· Railway offices,

· Railway pump houses,

· Railway hospitals,

· Railway Yards etc.

This also includes tariffs to the supply points. 

Distribution system:   

Distribution system links the  bulk power source to the end users. 

· Power from generating station, after stepping up to extra high voltage (220KV) transmitted to the sub-stations

·  In sub-stations, it is stepped down to 66KV. It is known as primary sub-stations.

·  From primary substation, sub-transmission line carry the power to secondary sub-stations,

· In secondary sub-station, the voltage is further stepped down to (66/33KV).

· From secondary sub-station, the power is carried  to the primary distribution lines. It is also known as feeder lines.

·  From the primary distribution supply is taken to the distribution sub-stations and further stepped down to 415/240V. 

These distribution sub-stations are situated  at a convenient place as far as possible nearer to the load centre for distribution to the consumers. 

Feeder & Distributor:

Feeder:   

· Feeder is the line which supplies to the point of the distribution network without any tapping for consumer.

Distributor: 

· Distributor is the line from which tappings are taken throughout its length to provide supply to various consumers.

· Distribution sub-stations are link between feeder and distributor.

For protection of primary distribution line(Feeder);

· switch-cum-fuse is provided at 11kv side for the transformer rating up to 500KVA.

· Above 500KVA, oil circuit breaker with over current protection and earth fault protection device are used.

For protection of secondary distribution line( distributor);

· switch-cum-fuse unit (HRC) are used for current less than 200 Amps.

· For more than 200 Amps, circuit breaker with over current and earth fault protection device are used.

TYPES OF SECONDARY DISTRIBUTION SYSTEM:

· Radial System,

· Ring Main System or Looped System,

· Network System (Banked secondary system).

Radial System

· In this system, L V distribution lines radiate out from the distribution sub-station.

· A number of consumer can be feed depending upon the load capacity of the Transformer.

The deficiency of this arrangement is :

· There is no possibility of alternate feed in event of failure of a feeder.

· To overcome this , a duplicate parallel distributor is necessary with extra expenditure.

Radial System:
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· Loop system or ring main system:

· In ring main system the reliability of system is better than  radial system. 

· In case of fault at any point in the system, supply can be maintained to all other connected load by isolating the faulty distributor.

Advantages and Disadvantages:

· Ring main system provides duplicates mains with least cost.

· Fault isolation is quick in radial system but takes time in ring main system.

· Conductor size of ring main system should be higher than the radial system.

· In ring main system, isolators are situated in different places hence, a person has to go to that place for isolation, but in radial system, distributors are conveniently controlled from a central point.

.

Looped System or Ring Main System.

 



· Bank secondary  system:

The increased use of  motor driven appliances combined with  lighting and power from the same circuit ,the problem of voltage drop due to high starting current of  the motor is a common phenomenon in modern days with radial as well as loop or secondary system.

· This problem has been over come by bank secondary system. 

· The distribution transformer are banked when two or more are supplied from this primary circuit and paralleled to feed into the same secondary mains.

·  By this arrangement more than one path is provided , through which high current can flow, thus it lowers the extent of voltage fluctuation to the consumers.

Advantages & Disadvantages:

· The reliability of supply is more , as in case of  one transformer failure, load can be fed from the another.

· A better load distribution on each transformer is achieved by diversifying the load on a bank of transformer. 

· This system is used in areas of low load densities but a multiple primary and secondary network is justified.

If fault develops in one of the transformers, it automatically disconnects from the  load by blowing the two secondary line fuses and the primary transformer fuse without interrupting service to the consumer
8.Relay:

When ever occurs  a fault Then the current should halt.Otherwise,  the  fault current increases.And the   service  continuity decreases.Then    the   relay   should   act   quick

and   the  circuit  breaker  should  trip.Thus the faulty section is disconnected and   the   power system  is  protected.
Relay   is   an   electric   device that is designed to   interpret input conditions in a prescribed manner and after specified conditions are met to respond, to cause contact operation or similar abrupt change in associated electric control circuits.

Inputs are usually electric, but may be mechanical, thermal or other quantities.

Limit switches and similar simple devices  are not relays. 

PROTECTIVE   RELAYS:

A relay whose function is to detect defective lines or apparatus or other power   system   conditions of an abnormal or dangerous nature and to initiate  appropriate    control  circuit  action. Fuses are also used in protection.  But fuses are only over current 

protective device   with   a  circuit opening fusible part that is heated and                           severed   by    the    passage of   the over   current  through it.

Thus protective relays and their associated  systems are compact units of analog,   discrete  component  and / or digital network connected through a power system for the purpose of sensing instruments.

The term PROTECTION does not indicate or   imply that the protection equipment can prevent TROUBLE , such as fault and equipment failures. It cannot anticipate trouble.

The protective relays act only after an abnormal or intolerable condition has occurred with sufficient  indication  to permit  their   operation.

Thus protection does not mean PREVENTION, but rather minimising the duration of trouble and limiting the   damage, outage time, and related   problem   that may   otherwise   result.

FIVE BASIC FACTS OF PROTECTIVE RELAYS:

1. Reliablity :-  To  ensure  that  the protection scheme 

2. Selectivity :- To  ensure  maximum   continuity  of 

                        service    with     minimum      system 

                         disconnection will  perform correctly.

3.Speed of Relay:- To   ensure   minimum  fault  duration 

                          and  consequent  minimum equipment

                         damage.

4.Simplicity:- To have minimum protective equipment 

                       and  associated  circuitry  to  achieve the 

                       protection   objectives.

5.Economy:- To  provide   maximum  protection  at 
                       minimum   total cost.

CLASSIFICATION OF RELAYS:

 1. PROTECTIVE

  2. REGULATING:Generally don’t respond to system faults
      unless faults are far too long.Associated with  TapchangersofTransformers,Governors    
     of generating equipments.

  3. RECLOSING, SYNCHRONISM CHECK,

    SYNCHRONISING(PROGRAMMING):These  are  related  to computers & used 

   in energising or restoring lines to service after an   outage  and  in  interconnecting 

   pre-energised  parts   of    system
 4. MONITORING:To    verify    conditions   in   the  power or   protective  system          

 5.  AUXILLARY:i ) Contact Multiplication


                  ii) Circuit Isolation
TYPES OF RELAYS:

ELECTRO  MECHANICAL  RELAY:
These   relays  are  based  on  the comparisonbetween operating torque/force and restoring torque/force.As  the characteristic of such relay is limited,hence  it  can perform   only  one  protective function. VA Burden of  such relay is high. 
ELECTRO  MAGNETIC   RELAY: These relays have a coil or  an  electromagnetenergised  by  coil.  The  coil  is energised by 

the  operating  current or  voltage.  A plunger or rotating iron vane is subjected to the action of  magnetic  field  produced by the operating current or voltage.These  relays are operational both for AC andDC,  because  torque  is  proportional  to  I2 .These  are  fast  operated  relays  due  to smalllength of travel and light moving parts.
STATIC RELAYS: In  these  relays,  the  sensing,  comparison  and

measurements  are  made  by  electronic circuitshaving  no  moving  part. These relays have low burden    and    versatile    characteristics,   thus  incorporate    several    protective   control  and monitoring function in one compact unit.

Microprocessor based relays have several features such as :

i)Indication  of  operating  values  and thus no need of separate indicating instrument.

ii)Reduction  in  number  of  relays  as  a  single relay can perform even 10 different protective functions (e.g. AZ1114 ALIND RELAY)

iii) Increased     Reliability     due    to    internal monitoring of own relay circuit.

iv) Memory function can flash on the display the magnitude of current  &  instant of time at the moment of tripping.

v) Extended range of application.
Disadvantages of Electro mechanical relays :

· Bulky,   poor   accuracy,  slow   in  operation

·  High VA burden, require frequent calibration

·  EMI and harmonics tend to effect 

·  Integrated  functions, multiple characteristics

·  and memory storage not possible

·  Fault  waveform  recording  &  analysis  not 

·  Possible
Reasons of spurious tripping of relays:

· Growth of trees in section, sparking at ROB,

·   FOB, improperly set locomotive spark gaps

·  Excessive relay settings

·  Load encroachment of Inst OCR and

·  MHO Relay

·  Magnetic inrush currents

·  Operation of WPC for regenerative current
· Initial  energisation  of  a  transformer  on NO

·  load  causes  currents  going upto 5 times  full

·  load   rating  of  transformer  depending  upon

·  the instance of switching ON.

·  These  though  die  out  within 0.5 sec  but  are

·  sufficient to cause tripping of relays.

·  These inrush currents are rich in 2nd harmonics
9.Light Sources :

· CFL:
· Compact Fluorescent Lights (CFL) have revolutionized energy-efficient lighting. 
· CFL's are simply miniature versions of full-sized fluorescents. The compact design allows them to be used in place of incandescent light bulbs. CFL's screw into standard sockets, and give off light that looks just like the common incandescent bulbs - not like the fluorescent lighting we associate with factories and schools
Benefits:

Efficient: 

CFL's are four times more efficient and last up to 10 times longer than incandescents. A 22 watt CFL has about the same light output as a 100 watt incandescent. CFL's use 50 - 80% less energy than incandescents.
Less Expensive:
Although initially more expensive, you save money in the long run because CFL's use 1/3 the electricity and last up to 10 times as long as incandescents. A single 18 watt CFL used in place of a 75 watt incandescent will save about 570 kWh over its lifetime. 

Reduces Air and Water Pollution: 

Replacing a single incandescent bulb with a CFL will keep a half-ton of CO2 out of the atmosphere over the life of the bulb. If everyone in India used energy-efficient lighting, we could retire 90 average size power plants. Saving electricity reduces CO2 emissions, sulfur oxide and high-level nuclear waste. 

     High-Quality Light:

Newer CFL's give a warm, inviting light instead of the "cool white" light of older fluorescents. They use rare earth phosphors for excellent color and warmth. New electronically ballasted CFL's don't flicker or hum.

Versatile:

CFL's come in several sizes and configurations, and can be applied nearly anywhere that incandescent lights are used. Energy-efficient CFL's can be used in recessed fixtures, table lamps, ceiling fixtures and porchlights. 3-way CFL's are also now available for lamps with 3-way settings.

Models:
Twin Tube Lamps
Also called "Biax" or "Dulux", these CFL's have two small parallel tubes. They are designed to fit into lamps, task lights, recessed ceiling lights and wall lights.

Quad Tube Lamps
Also called "Double Biax", "PL Clusters" or "PLC" lamps, they give nearly the same light output as twin-tube CFL's of equivalent wattage. They are only half the length, however, which may fit better in smaller lamps and similar applications.
Triple Biax Lamps
These CFLs generate even more light in a shorter bulb. They pack high light output into a very small space and can be used in fixtures designed for incandescent bulbs, such as table lamps.

Spiral Lamps
A continuous tube in a spiral shape which has similar outside shape and light casting qualities to a standard incandescent bulb. 

F Lamps
These have two twin tubes, aligned top to bottom instead of side to side like a Quad tube. They are used for task lights and low profile recessed fixtures.
Circular (Circline) Lamps
Designed for reading lamps and other lamps which use a circular light. Some brands give the "cool white" light of a typical fluorescent. There are some Circlines available, however, which have electronic ballasts and give warm light. 
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Limitations:

· On/Off cycling: 

CFL's are sensitive to frequent on/off cycling. Their rated lifetimes of 10,000 hours are reduced in applications where the light is switched on and off very often. 

· Dimmers:

Not all CFL's can be used on dimmer switches. They can be used with a timer or a three-way fixture. On a three-way fixture, they operate on the highest level switch position. Note: some manufacturers, such as Philips, have recently introduced "dimmable" CFL bulbs to the market, so this limitation is being addressed. Prices have also dropped sharply. 

· Outdoors:

CFL's can be used outdoors, but should be covered or shaded from the elements. Low temperatures may reduce light levels - check the package label to see if the bulb is suited for outdoor use. 

Retail lighting:

CFL's are not spot lights. Retail store display lighting usually requires narrow focus beams for stronger spot lighting. CFL's are better for area lighting. 
LED Lighting :
LED's (Light Emitting Diodes) are small, solid light bulbs which are extremely energy-efficient. Until recently, LED's were limited to single-bulb use in applications such as instrument panels, electronics, pen lights and, more recently, strings of outdoor Christmas lights. 

Recent improvements in manufacture have lowered the cost of LED's, which has expanded their application. The bulbs are now available in clusters, from 2 to 36 bulbs, and are popular especially for battery powered items such as flashlights and headlamps.

LED's are also available in arrays which fit standard AC and DC receptacles, lamps, recessed and track lights. 
Benefits: 

Long-lasting –

LED bulbs last 10 times as long as compact fluorescents, and 133 times longer than typical incandescents.
Durable –
Since LEDs do not have a filament, they are not damaged under circumstances when a regular incandescent bulb would be broken. Because they are solid, LED bulbs hold up well to jarring and bumping.
Cool –These bulbs do not cause heat build-up; LED's produce 3.4 btu's/hour, compared to 85 for incandescent bulbs.
Energy-saving –
LED's use a fraction of the wattage of incandescent bulbs. Batteries will last 10 to 15 times longer than with incandescent bulbs. Also, because these bulbs last for years, energy is saved in maintenance and replacement costs. Many cities in the US are replacing their incandescent traffic lights with LED arrays because the electricity costs can be reduced by 80% or more.

Limitations: 
Cost – 

Although the cost keeps going down, LED's are still expensive. A single AC bulb (17 LED), replacing a 25 watt incandescent, will cost about 2000/-. 
Light Field –

LED's are focused lights, and therefore are best as task specific lighting such as reading lights, desk lamps, night lights, spotlights, security lights, signage lighting, etc. They do not radiate light in 360 degrees as an incandescent does. The light will be bright where you point it towards.

Metal Halide:

Characteristics:

The unique characteristics of metal halide lighting provide high performance such as: 
Long Life :
Metal halide lamps have an average life of 15,000-20,000+ hours, more than ten times that of incandescent. 

Better Light Quality :
The output of metal halide lamps is closer to natural sunlight than most other light sources. People prefer white light because of better visual acuity, even at lower light levels. 

Designable Color: 
Metal halide lamps can be designed to produce almost any color temperature desired, from 2700K to 20,000K. Specialty colors, including blue, green, aqua and pink, can also be produced.

Light Output:

The lumen output values at specific hours of lamp life can be measured and plotted. This lumen maintenance (or lumen depreciation) curve contains important data for lighting designers. 

Though initial lumen ratings at 100 hours are frequently the basis for comparing light sources, mean lumens, determined at 40% of rated lamp life, are the most important. Mean lumen ratings are based on the lamps operating at 10 hours per start (except where noted). Lamp lumens are measured on a reference ballast in the designed operating position at the rated lamp wattage. Lumen maintenance curves represent the lamp manufacturer’s estimate of the best lamp lumen output plotted over time. Typically, each group of lamps tested will display a range or scatter of lumen maintenance values at each interval measured. Therefore, individual lamps may vary from published mean lumen ratings.
Many factors affect the performance of metal halide lamps over time. Most of these factors are controllable in the design of the lighting system. 

Incorporating as many of the optimized conditions as possible will deliver the best performance from any given metal halide lighting system. More light reducing conditions present in the design of the lighting system create a gap between published "optimized" ratings and actual lighting system performance.

For example, pulse start lamp operated on an a low current crest factor Opti-Wave™ ballast and other optimized conditions can be expected to deliver mean lumens approaching 80%. In contrast, a traditional metal halide system operating under light-reducing conditions may deliver only 50% lumen maintenance.

Ballasts:

[image: image5]
For many users, ballasts are a mystery. Electrical distribution systems deliver fixed AC voltage (50 or 60 Hz) and expect connected electrical loads to limit the current drawn from the source. 

Low pressure and high pressure arc discharge lamps exhibit "negative impedance." Without a ballast, the arc will extinguish or draw increasing current until some circuit element burns up. 

Ballasts provide system stability by limiting the current that can be drawn. 

Ballasts use inductive and capacitive components because they impede alternating current with little power consumption. 

Resistive components generate high loss and are usually avoided. This is true of conventional electromagnetic ballasts as well as electronic ballasts.

Functions of HID ballasts:

• Provide voltage to breakdown the gas between the electrodes of arc lamps and initiate starting.

• Provide voltage and current to heat the electrodes to allow a low voltage, high current arc mode to develop (referred to as glow-to-arc transition, GAT).

• Provide enough current to heat and evaporate the light emitting components after an arc has been established. Provide enough sustaining voltage to maintain the arc during warm-up and operation.

• Set lamp current once all the evaporable materials have reached thermal equilibrium.

Breakdown vs. Glow-to-Arc Transition (GAT):

Traditional metal halide lamps (also called "probe start"), and high-pressure mercury vapor (HPMV) lamps utilize an auxiliary electrode to facilitate starting. 

These lamps are filled with a relatively low pressure of argon gas. Breakdown occurs when several hundreds of volts are applied. The lower the fill pressure, the lower the breakdown voltage and less electrode heating occurs in the subsequent glow mode. 

Without enough electrode heat the arc mode will not develop. There is a trade off of breakdown voltage and GAT with fill pressure for these lamps. 

For most mercury vapor lamps sinusoidal output voltages around 220 Vrms suffice. 

For most metal halide lamps, highly peaked (distorted) output voltages around 300 Vrms suffice. Failing to attain a GAT will destroy lamp electrodes in less than 100 hours.

Laser Light:

Laser light is very different from normal light. Laser light has the following properties: 

· The light released is monochromatic. It contains one specific wavelength of light (one specific color). The wavelength of light is determined by the amount of energy released when the electron drops to a lower orbit. 

· The light released is coherent. It is “organized” -- each photon moves in step with the others. This means that all of the photons have wave fronts that launch in unison. The light is very directional. A laser light has a very tight beam and is very strong and concentrated. A flashlight, on the other hand, releases light in many directions, and the light is very weak and diffuse.

· To make these three properties occur takes something called stimulated emission. This does not occur in your ordinary flashlight -- in a flashlight, all of the atoms release their photons randomly. In stimulated emission, photon emission is organized. 

The photon that any atom releases has a certain wavelength that is dependent on the energy difference between the excited state and the ground state. If this photon (possessing a certain energy and phase) should encounter another atom that has an electron in the same excited state, stimulated emission can occur. The first photon can stimulate or induce atomic emission such that the subsequent emitted photon (from the second atom) vibrates with the same frequency and direction as the incoming photon. 
PHYSIOLOGICAL HEALTH ISSUES OF LIGHTING:
Lighting can affect the level of melatonin in a person's body, our internal circadian rhythms, our degree of alertness, our cognitive performance, the sleep patterns of Alzheimer's patients, Seasonal Affective Disorder (SAD), our body temperature, our ability to adapt to night-shift work, and some sleep disorders. 
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Figure 1.5   Sector wise energy consumption  (1999-2000) 
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		Table 1.3 India’s Perspective Plan For Power For Zero Deficit Power By 2011/12


(Source Tenth And Eleventh Five-Year Plan Projections)



		 

		Thermal (Coal) (MW)

		Gas / LNG / Diesel (MW)

		Nuclear (MW)

		Hydro (MW)

		Total(MW)



		Installed capacity as on March 2001 

		61,157

		Gas: 10,153
Diesel: 864

		2720

		25,116

		100,010



		Additional capacity (2001-2012) 

		53,333

		20,408

		9380

		32,673

		115,794



		Total capacity as on March 2012

		114,490
(53.0%)

		31,425
(14.6%)

		12,100
(5.6%)

		57,789
(26.8%)

		215,804






