SCOPE OF SUPPLY AND TECHNICAL SPECIFICATIONS FOR ROTARY MACHINE TEST BENCH
	Sr.
	Description of item

	A.
	Rotary Machine test bench providing facility to perform the experiments as indicated in the list “A” consisting of 

1. DC shunt Motor converted into universal DC dynamometer, capacity 5 hp @1500 rpm

       DC UNIVERSAL dynamometer of capacity 5hp at 1500 rpm, capable in operation in 

       motoring mode & absorption mode, maximum speed 3000 rpm, centrally placed, with  

       coupling arrangement, field supply of 200 VDC, 2 A & armature voltage of 400VDC.

2. Synchronous machine, capacity 3 kVA @1500 rpm. This machine is capable of working as self start synchronous motor / synchronous alternator ( salient pole rotor)
3. Three phase 415 VAC, 50 Hz, 4 pole Squirrel cage induction motor, capacity     3 hp @1500 rpm. 

The three machines, synchronous machine, DC machine with torque measurement device (dynamometer) and induction motor are to be mounted on a common base frame fabricated using rolled steel sections. Coupling arrangement should be provided with double universal joint with male female connection. One machine is to be tested at a time. Digital torque indication accuracy should be 0.5 % or better. Digital speed indication (r.p.m.) accuracy should be +/- 1 r.p.m. Facility should be provided to measure and display all input and output parameters of induction motor and alternator on digital display. DC dynamometer should be capable of operating in motoring mode or absorption mode.
 Facility should be provided for in house calibration without help from any external agency. Calibration system should have traceability to national standards. The dynamometer must be provided with fan power correction, lock rotor test facility and should be force air cooled type.
The instrumentation and accessories as indicated in “B” must be supplied along with this three machine set to facilitate the experimentation in the domain of electrical machines and drives.



	B.
	Instrumentation and accessories

	B1
	Alternator Load bank: Proper load bank for R, RL type of loads must be provided with necessary Rotary ON/OFF switches to connect or disconnect the loads in min 4 steps. Similarly facility is to be provided to make one phase unbalance. User should be able to increase load only on one phase in at least 4 steps. 

	B2
	Dynamometer control unit consisting of following controls & indications:

Digital Display for torque (Nm): Minimum 3 ½ digit, ½” height, 7 segment LED/ LCD display with 0.1 Nm resolution, accuracy: +/- 0.5%, 10 VDC excitation for load cell.

It should have “Zero” control potentiometer and “CAL” potentiometer on front panel

Digital Display for speed (rpm): Minimum 4 digit, ½” height, 7 segment LED/LCD display with 1 rpm resolution, range: 60 – 9999 rpm, accuracy: +/- 1 rpm. It should have facility to operate it current constant or torque constant mode and should have Mode selector toggle switch “I=constant” or “T=constant”.

	B3
	DC armature controller consisting of following controls & indications:

· Digital display of DC armature voltage, 0-500VDC, Resolution 1 V

· Digital display of DC armature current, 0-20 ADC, Resolution 0.1 A

· Toggle switch “MAIN” to connect or disconnect total load on DC machine armature.

· Toggle switch “L1”to “L5” with indicating lamp ( 5 Numbers ) to connect or disconnect load on DC machine armature in steps of approximately 20%.

· Set of three push buttons for selecting mode of operation of DC machine: “MOT”, “OFF”, & “GEN” with indicating lamp. 

· DC drive ON / OFF control push buttons to make DC drive on /off. The DC drive of standard manufacturer needs to be provided for variable DC.

Speed potentiometer to adjust speed of DC motor.
DC field controller also consist similar features with appropriate voltage and current

Ratings. Field controller could be either semi-converter or fully controller bridge.



	B4
	AC PARAMETERS PANEL consisting of following controls & indications:

· Power ON/OF switch and Power analyzer  [accuracy 1%] to display various ac parameters like three phase line voltages, line currents, phase voltages, phase currents, active and reactive power, frequency, power factor etc.

· Parallel indication for voltages, currents, frequency, %slip etc should be provided on ½”, 7 segments LED display or LCD display, to enable simultaneous measurements of voltages and currents and frequency.

	B5
	ALTERNATOR FIELD CONTROLLER consisting of:

· User programmable alternator field exciter with 0-10 VDC control input. The control input to be provided either with “EXCITATION” potentiometer to be provided on panel or through computer or any digital controller when the alternator is to be controlled in “Auto” mode. A AUTO / MAN toggle switch is to be provided to control the excitation manually in MAN mode or through PC in AUTO mode.

· Digital display of alternator field voltage, 0-500VDC, Resolution 1 V

· Digital display of alternator field current, 0-2 ADC, Resolution 0.01 A

· EXCT ON/OFF push button

· Selector switch to select mode of operation, either “SEP” I.e. separately excited without regulation of output voltage, or “REG” i.e with regulated output voltage. 

· Synchronous machine duty selector switch “MOT” or “ALT”



	B6
	Induction motor controller consisting of:

1. Mains power ON MCB and Industrial Variable frequency drive unit of standard manufacturer capacity 3 hp, serial output for PC connectivity, Limit setting facility for maximum output frequency, current limit etc.

2. The power to the induction motor should be given in three ways. (a) Direct on line, (b) through VFD and (c) through external power supply, where in user can generate VVVF supply through inverter and feed it to the induction motor. Suitable switches must be provided to operate the induction motor in one of these modes.
3. Required numbers of 3 phase delta connected capacitor banks of 10 (F per /phase to self excite the induction generator on full load.  

      

	B7
	Synchronizing panel consisting of following controls & indications:

· Digital frequency meter 

· Digital display of bus voltage, 0-500VAC, Resolution 1 V

· Synchroscope

· Phase sequence meter

· Rotary switches and push button switch to select alternator or synchronous bus for metering

	B8
	Machine connection panel: All the terminals of electrical machines should be brought on this panel for signal measurement.

· Connections of DC machine: F1, F2, A1, A2

· Connections of Induction motor: R, Y, B, Earth

· Connections of Synchronous machine: F1,F2, A1,A2,A3

· Torque and speed signals [0-10 v], speed signal also in pulses form.



	B9
	Set of sensors for DC universal dynamometer consisting of the following:

1. Strain gauge load cell: 

Strain gauge load cell to measure reaction torque is to be incorporated. Load cell 

connections should be made available on the 9 pin female D type connector, suitable for 

connection with six wire type amplifier for better accuracy. Nominal resistance of load 

cell 350 ohm, nonlinearity better than 0.05%. Overall torque measurement accuracy of 

complete system should be better than 0.5% of F.S.

2. Variable reluctance type speed sensor with TTL pulse output and 60 teeth gear wheel mounted on the dynamometer NDE coupling. Speed sensor should work on 5 to 12 VDC regulated power supply. 3 pin connector should be provided on the body of sensor itself for easy connection. Speed sensor should be supplied with M16 X 1 threading for mounting on the speed sensor mounting bracket provided with the DC dynamometer.



	B10
	Calibration kit for DC dynamometer consisting of the following items:

1. Torque arm

2. Hexagonal weight set, 

3. Pan for static calibration of torque indicator.

Counter weight to compensate weight of pan.

	B11
	Load Banks:

1. Alternator Load banks, 3 hp capacity: (Qty 1 no. each)

             Three phase Nichrome wire resistive load bank with fabricated enclosure.

             Three phase inductive load bank with fabricated enclosure.

             Three phase capacitor load bank with fabricated enclosure.

2. DC generator load bank, 3 hp capacity: (Qty 1 no. each)

       Nichrome wire resistive load bank with fabricated enclosure.



	B12
	Coupling Arrangement:

1. Double universal joint Propeller Shaft for coupling dynamometer & motor / alternator with 2 nos. propeller shaft guards. Propeller shaft operating power & speed range: 10 hp, 4000 rpm

2. Spare propeller shaft.

	B13
	General Description:  The three machine system and the instrumentation and accessories should be integrated into the system having maximum 3 parts so as to constitute a laboratory table to enable experimentation on this set by a group of 3-4 students. The ergonomics and aesthetic needs to taken care. An indicative [not restricted to] sketch of the panel is shown in Fig. 1. Ease in reading the instruments and operating the set is to be observed. This system is to be fabricated such that it is suitable for mounting 19 inch DIN standard electronic instruments. Panel interior and exterior needs to be powder coated with siemens grey & VIP blue color. Panel needs to be supplied with mains power ON/ OFF controller with distribution terminals, to distribute mains supply to all instruments fitted in the panel. Emergency switches [at least two in nos.] should be provided at suitable locations on the panel to isolate the supply in case of emergency. 

	
	List “A”  : List of the experiments

1. O.C. and S.C. test on Alternator, load test, determination of axis reactances of salient pole synchronous machine through slip test, synchronizing of alternator to the grid, study of load sharing by alternators at various excitation levels.
2. “V” and “inverse V” curves of synchronous motor, Load test on Synchronous motor at various voltages and frequency, effect of excitation on power factor
3. Load test on three phase squirrel cage induction motor using variable voltage variable frequency supply, study of various methods of starting of IM.
4. Load test on three phase Slip ring induction motor and effect of rotor resistance on torque-speed characteristics of three phase Slip ring induction motor.

5. Operation of induction motor as self-excited induction generator
6. Performance evaluation of self and separately excited d. c. generator.
7. Speed control of separately excited dc motor.

8. Measurement of 3 phase power using two wattmeter method (3 phase IM as     load) and improvement of Powerfactor.

  

	
	Suppliers are requested to quote for the following machines as an optional equipment.

1. Slip ring induction motor, capacity 3 hp @1500 rpm 

2.  4 pole cylindrical rotor to replace the  salient pole rotor of synchronous machine.



	
	All the material used in the equipment should be of high quality. The motors should be of standard makes with ISI mark such as Siemens, Bharat Bijilee, Rotomotive, Crompton Greaves, Stamford or equivalent. All the cables should be of standard makes with ISI mark such as Phinolex, Polycab or equivalent. All the switchgear components should be of standard make with ISI mark such as L&T, Siemens, Legrand, HPL etc or equivalent.



	
	A comprehensive warranty including all parts and components needs to be provided for 2 years, after successful commissioning of the equipment at users site. Similarly, the AMC charges [per year basis] needs to be mentioned separately for post warranty period of 3 years. 


	General terms and conditions:

· Delivery within 8 weeks of from the date of award of contract

· All installations, commissioning and training of manpower will be the responsibility of the supplier. Offer should include this expenditure.

· Supplier should have supplied such set-ups in the last 3 years. Please give the details of such installations.

	Tender should be sent in the sealed cover super scribed with 'Tender Number' Description and Due Date and should be addressed to Sr. Asst. Registrar, I.I.T. Gandhinagar cell, Ground floor, Main building, I.I.T. Bombay, P.O. IIT, Powai, Mumbai, 400 076.
Tender must reach to the Sr. Asst. Registrar I.I.T. Gandhinagar cell, Ground floor, Main building, Indian Institute of Technology, Bombay- 400 076, on or before 18.09.2009 up to 15.00Hrs

	Tender will be opened at 10:30 Hrs. on 22.09.2009 in the presence of representatives of the firms whoever desires to be present. The venue is I.I.T. Gandhinagar cell, Ground floor, Main building, Indian Institute of Technology, Bombay.

	Tender received after the closing date will not be considered.
Sr. Asst. Registrar, I.I.T. Gandhinagar cell reserves the right to accept or reject any tender without assigning any reason.

Terms of payment: Within 30 days from the date of supply and satisfactory demonstration.
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