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INDUCTION MOTOR
1.       SCOPE 

This specification covers the design and manufacture of high voltage squirrel cage induction motors.

2. 
REFERENCES

Unless they are at variance with the clauses of this specification, the squirrel cage induction motors and their components shall comply with the latest editions of the applicable Indian Standards listed below.

	2.1
	IS – 325
	Three phase induction motors

	2.2
	IS – 8233
	Dimensions and output ratings for foot mounted rotating electrical machines with frame Nos. 355 – 1000.

	2.3
	IS – 2253
	Types of construction and mounting of motors.

	2.4
	IS – 4691
	Degrees of protection provided by enclosures for rotating electrical machinery.

	2.5
	IS – 4889
	Methods of determination of efficiency of rotating electrical machines.

	2.6
	IS – 2148
	Flame proof enclosures of electrical apparatus.

	2.7
	IS – 4722
	Specification for rotating electrical machines.

	2.8
	IS – 6381
	Construction and testing of electrical apparatus with type of protection ‘3’.

	2.9
	IS – 8289
	Specifications for electrical equipment with type of protection ‘n’.

	2.10
	IS – 9628
	Specification for three phase induction motors with type of protection ‘n’.

	2.11
	IS – 1076
	Preferred numbers.

	2.12
	IS – 4728
	Terminal marking for rotating electrical machinery.

	2.13
	IS – 7816
	Guide for testing insulation resistance of rotating machines.

	2.14
	IS – 4729
	Rotating electrical machines, measurement and evaluation of vibration.

	2.15
	IS – 4029
	Guide for testing three phase induction motors.

	2.16
	IS – 8789
	Values of performance characteristics for three phase induction motors.

	2.17
	IS 6362
	Designation of methods of cooling for rotating electrical machines.

	2.18
	IS – 2968
	Slide rails for electrical motors, dimension.

	2.19
	IS – 1271
	Insulating materials for electrical machinery and apparatus in relation to their thermal stability in service, classification.

	2.20
	IS – 2848
	Platinum resistance thermometer elements.

	2.21
	IS – 7389
	Specification for pressurization of equipment for use in hazardous areas.


Alternatively relevant IEC standards or standards of the country of origin may be acceptable.
3. OPERATING CONDITIONS

3.1. AMBIENT CONDITIONS

Motors shall be suitable for operating satisfactorily in humid and corrosive atmospheres found in refineries, fertilizer, petrochemical and metallurgical plants.  Service conditions shall be as specified in the data sheets.  If not specifically mentioned therein, a maximum ambient temperature of 45( C and an altitude not exceeding 1000 meters above mean sea level, shall be taken into consideration.

3.2. FREQUENCY AND VOLTAGE VARIATIONS

Motors shall be required for continuous, satisfactory operation at rated output under the following conditions.

a) The terminal voltage differing from its rated value by not more than ( 6%.

b) The frequency differing from its rated value by not more than ( 3%.

c) Any combination of (a) and (b).

3.3. DIRECTION OF ROTATION

Motor shall preferably be suitable for either direction of rotation.  Any alteration required for obtaining a change in the direction of rotation such as reversal of the fan, must be clearly specified in the offer.  Motors which are suitable for only one direction of rotation shall have this direction of rotation clearly indicated on the motor together with the phase sequence of the terminals associated with this rotation in indelible marking.

Normally, clockwise rotation is desired as observed from the driving (coupling) end when the terminals ABC, are connected to a supply giving a terminal phase sequence in the order ABC.  Counter clockwise rotation of the motor shall be obtained by connecting the supply to terminals so that the phase sequence corresponds to the reversed alphabetical sequence of the terminal letters.  Ample space shall be provided at the terminal box for interchanging external leads C and A for this purpose.

4. CONSTRUCTION DETAILS

1.1 TERMIANLS, TERMINAL BOXES AND CABLE ENTRIES

The ends of the winding shall be brought out into a terminal box.  The terminations shall be by means of bushings with adequately sized bolted terminals.  Line terminals shall be properly insulated from the frame with material resistant to tracking.

The terminal box shall be located on the right hand side viewed from the coupling end.  Unless otherwise specified, the terminal box shall be suitable for bottom cable entry.  The size of the cable end boxes shall be large enough to provide a minimum height of 600 mm between cable gland plate and terminal lug.

The neutral point of the star windings shall also be brought out through a separate bushing on the terminal box.  Alternatively a separate terminal box shall be provided to house the current transformers for differential protection of motors.

The terminal box shall be of fabricated sheet steel and shall be phase segregated type unless otherwise specified.

The terminal box must be of robust construction, with necessary clearances, creep age distances between live parts and between live parts to earth.  The terminal box shall be capable of withstanding the specified fault current for a period of 0.25 secs and shall be provided with pressure relief devices. Terminal Box shall be provided with phase segregation terminal arrangement.

Appropriate phase markings as per IS 325 shall be provided inside the terminal box.  The markings shall be non-removable and indelible.

An adequately sized earth terminal shall be provided for cable amour termination.

Separate terminal boxes shall be provided for space heaters and resistance temperature detectors.

1.2 ROTOR

The rotor shall be of squirrel cage type, dynamically balanced to provide a low vibration level and a long service life to the bearings.  The accepted values of peak to peak vibration amplitudes for a motor at rated voltage and speed on a machined surface bed plate with the motor leveled and with a half key or coupling fitted shall not exceed those given in IS 4729.  The shaft ends shall be provided with a suitably threaded hole or holes to facilitate the assembly or removal of couplings and bearing races.

1.3 SHAFT EXTENSION

Motors shall be provided with a single, bare shaft extension with key way and key.
1.4 LIFTING HOOK

All motors shall be provided with lifting facility (i.e. hooks etc) of adequate capacity.

1.5 CRITICAL SPEEDS


The first actual critical speed of stiff rotors shall be not lower than 125% of the synchronous speed.  For flexible rotors this shall be between 60 to 80% of the synchronous speed the second actual critical speed shall be above 125% of the synchronous speed.

1.6 EARTH TERMINALS


Two earth terminals shall be provided on the frame of each motor at diametrically opposite points.  Minimum size of the stud shall be 12 mm.  Necessary nuts and spring washers shall be provided for earth connection.  These earth terminals shall be in addition to the earth terminal provided in the terminal box for earthing of the armour.
5. 
CONTROL, ALARM AND TRIP DEVICES


All electrical contacts for the devices described below shall have a current carrying capacity not lower than 5A and a minimum interrupting capacity of 1A at 110V, DC inductive load or 5A at 240V, AC.


The contacts shall be located in explosion proof or totally sealed housing according to the type of motor enclosure.  The cable ends shall be brought together to one or more terminal boxes which shall be explosion proof or completely sealed.  Individual cable boxes shall be provided for each power cable.  Any external connections between the housing containing the relay contacts and the terminal box shall be carried out in steel conduits or effected by PVC insulated armoured cables with cable entries through double compression type cable glands.

5.1
MEASUREMENT OF WINDING TEMPERATURE

Motors with outputs greater than 1000 KW or those provided with filters for cooling air irrespective of output shall be provided with platinum resistance temperature measuring devices of 100 ohms resistance at 0( C and a temperature co-efficient of 3.85 x 10 –3  located in suitable positions to measure the winding temperature. 

A minimum of three (one per phase) detectors shall be provided between the coil sides to measure the winding temperature and three (one per phase) at the base of the slots to measure core temperature, each placed at 120( apart. A separate terminal box shall be provided for the temperature detectors for hook up with a remote located control/monitoring unit supplied along with the motor.

5.2 MEASUREMENT OF BEARING TEMPERATURE

Motors with sleeve type self-lubricated bearing shall be provided with :

a) For motors with output greater than 1000 KW, a resistance type of temperature measuring device shall be provided for bearings (of the type described in para 6.1) with connections terminating in the same terminal box used for winding temperature detectors.  This terminal box shall be located on the same side as the main terminal box of the motor. Monitoring device for winding temperature and bearing temperature shall be common.  Alarm and trip contacts shall be made available for owners use separately for winding temperature and bearing temperature. The temperature measuring devices shall be provided even if forced lubrication is employed.

6.0
MISCELLANEOUS ACCESSORIES

6.1
CURRENT TRANSFORMERS

Unless otherwise specified motors rated 1500 KW and above shall have differential protection and shall be equipped with current transformers suitably designed for installation in the terminal box.

The CT’s shall be supplied from another agency and the terminal box shall be suitable for housing the CTs and providing the necessary connections.  CT terminals shall be brought out to a separate auxiliary terminal box.

These transformers shall have a secondary current of 1A, unless otherwise specified.

7.2.1 ANTI CONDENSATION HEATERS

All motors shall be provided with 240 V anti-condensation heaters, sized and located so as to prevent condensation of moisture during shut down periods.  The heaters shall remain ‘ON’ when the motor is not in service, and shall not cause damage to the windings.

For motors installed in hazardous atmospheres (Zone 1 or Zone 2) such heaters shall conform to the provisions of applicable Indian standards and temperature classification specified in the data sheet.

The heater leads shall be brought out to a separate terminal box of the same specification and grade of protection as the main power terminal box excepting that the nickel plated brass glands provided shall be suitable for two core 4 Sq mm aluminium conductor, armoured cable.

A warning label with indelible red inscription shall be provided on the motor to indicate that isolation of the power line alone is not sufficient and that the heater supply should also be isolated before carrying out any work on the motor.

6.3 FOUNDATION BOLTS

All motors shall be supplied with foundation bolts.

6.4 SPECIAL TOOLS AND SPANNERS


Each motor shall be provided with a set of spanners and special tools, required for dismantling and maintenance of the motor. Triangular spanners required for explosion proof or increased safety motors are considered as special tools.

6.5 Motor supplied shall be complete with all double compression cable glands, crimp type cable lugs and first filling of lube oil for forced lubricated bearings.

6.6 Auxiliary motors, if any shall be as per relevant Indian/International standards and shall be suitable for the hazardous classification as applicable.

6.7 A name plate as required under specification IS 325 shall be provided on each motor.  Additional name plates required for increased safety and type ‘n’ motors shall be provided as required by the relevant applicable standards.

7.0
NOISE LEVEL


The permissible noise level shall not exceed the stipulations laid down in IEC 34-9.

8.0
MOTOR VIBRATION


Motor vibrations shall be within the limits of IS 4729 unless otherwise specified for the driven equipment.  Motors with sleeve bearings shall be provided with proximity probes to measure the shaft vibration adjacent and relative to the bearings.

9.0 PAINTING


Internal and external parts of the casing and all metal parts likely to come in contact with the surrounding air shall be protected with anti-acid paint that shall resist the particular ambient condition. All external surfaces shall be given a coat of epoxy based paint.

10.0 TESTS AND INSPECTION


The motors shall be tested in accordance with national / international standards. Type tests shall be carried out on one motor of each rating and frame size, unless otherwise agreed.  Routine tests shall be conducted on all motors. Test reports shall be submitted as per ‘Vendor Data Requirements.’

10.1
TYPE TESTS

a) General check (overall and mounting dimension, terminal boxes, cable entries, lubrication, free rotation of shaft and cooling system).

b) Resistance of stator winding.

c) No load running measurement of voltages, currents, power input and speed.

d) Locked rotor measurement of voltages, currents, power input and torque (this may be made at reduced voltage).

e) Insulation resistance test before and after high voltage test.

f) Full load measurement of voltages, currents, power input and slip.

g) Efficiency at ½, ¾ and full load.

h) Power factor at ½, ¾ and full load.

i) Hydraulic test for coolers, if provided.

j) Measurement of radial air gap.

k) Measurement of radial and axial clearances between fan and stationary parts.

l) Measurement of surface temperature of frame and space heater.

m) Noise measurement.

n) Vibration measurement (with half key).

o) Temperature rise test.

p) Over speed test.

q) Tan delta test and Polarization index test.

r) Shaft voltage measurement.

10.2 ROUTINE TESTS

a) Insulation resistance test.

b) High voltage test.

c) No load running of the motor and measurement of currents and voltages on all three phases.

d) Locked rotor test at suitable voltage.

e) Testing of accessories/auxiliaries for correct functioning.

f) Vibration test.

Though the motors shall be accepted on the basis of the satisfactory results of the tests at the works, it shall not absolve the vendor from liability regarding the proper functioning of the motor coupled to the driven equipment at site.

11.0 DRAWINGS AND DATA

11.1 After placement of order, vendor shall furnish all data / drawings / documents including but not limited to the following :

a) Completed motor data sheet.

b) GA, Dimension and mounting details.

c) Details of terminal box and auxiliaries.

d) Performance characteristics viz speed Vs current and speed vs torque.

e) Thermal withstand curves under hot and cold conditions.

Subsequent to completion of satisfactory inspection and testing, duly signed test certificates, installation, operation and maintenance manual shall be furnished by the vendor to complete the contractual obligations.
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