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Abbreviations:
AL : Aluminium
BASEEFA : British Approvals Service for Electrical Equipment in Flammable Atmospheres
BIS : Bureau of Indian Standards
BS : British Standards
CEA : Central Electricity Authority
CIMFR : Central Institute of Mines and Fuel Research
CPRI : Central power research institute
CT : Current Transformer
CU : Copper
DGMS : Directorate General of Mines Safety
DOL : Direct On Line
EIL : Engineers India Limited
ERTL : Electronics Regional test laboratory
FM : Factory Mutual
FRP : Fiber Reinforced Plastic
IEC : International Electro-technical Commission
IEEE : Institute of Electrical & Electronics Engineers
IP : Ingress Protection
IS : Indian Standard
JEC : Japanese Electro-technical Committee
KLPL : Karandikar laboratories Pvt. Ltd.
LCIE : Laboratoire Central des Industries Electriques
NEMA : National Electrical Manufacturers Association
PESO : Petroleum and Explosive Safety Organisation
PO : Purchase Order
PVC : Poly Vinyl Chloride
RPM : Revolutions per Minute
UL : Underwriter’s Laboratories
VFD : Variable Frequency Drive
VDE : Verband Deutscher Elektrotechniker

Electrical Standards Committee
Convenor: Mr. B.R. Bhogal

Members: Ms. S. Anand
Mr. Parag Gupta
Mr. M K. Sahu
Mr. A K. Chaudhary (Inspection)
Ms. N.P. Guha (Project)
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1.0 SCOPE

This specification covers the design, manufacture, testing, packing and supply of energy
efficient-High efficiency (IE2) three phase medium voltage squirrel cage induction motors.

2.0 CODES AND STANDARDS

2.1 The squirrel cage induction motors and their components shall comply with the latest editions of
following standards issued by BIS (Bureau of Indian Standards) unless otherwise specified:

IS-5

IS - 325
IS - 1076
IS - 1231
IS - 1271
IS - 2223
IS - 2253

IS - 2254
IS - 2968
IS - 4029
IS - 4889
IS - 6362
IS - 7816
IS - 8223
IS - 8789
IS - 9283

IS - 12065
IS - 12075

IS-12615
IS - 12824
IS - 13529
IS - 13555
IS - 14568
IS / IEC60079-0:
IS/IEC-60079-1:

IS/IEC60079-2 :
IS/IEC60079-7 :

IS/IEC-60079-15:

IS/ 1EC: 60529
IS/IEC 60034-1 :

IS/IEC-60034-5:

Colours for ready mixed paints and enamels.

Three phase induction motors.

Preferred numbers.

Dimensions of three phase foot mounted induction motors.
Electrical insulation- Thermal evaluation and designation.
Dimensions of flange mounted AC Induction motors.

Designation for types of construction and mounting arrangement of
rotating electrical machines.

Dimensions of vertical shaft motors for pumps.

Dimensions of slide rails electric motors.

Guide for testing three phase induction motors.

Method of determination of efficiency of rotating electrical machines.
Designation of methods of cooling of rotating electrical machines.
Guide for testing insulation resistance of rotating machines.
Dimensions and output series for rotating electrical machines.
Values of performance characteristics for three phase induction
motors.

Motors for submersible pump sets.

Permissible limits of noise level for rotating electrical machines.
Mechanical vibration of rotating Electrical Machines with shaft
heights 56 mm and higher - measurement, evaluation and limits of
vibration severity.

Energy Efficient induction motors - Three phase squirrel cage.

Type of duty and classes of rating assigned to rotating electrical
machines.

Guide on effects of unbalanced voltages on the performance of three
phase cage induction motors.

Guide for selection and application of three phase induction motors
for different types of driven equipment.

Dimensions and output series for rotating electrical machines, frame
numbers 355 to 1000 and flange numbers 1180 to 2360.

Electrical apparatus for explosive gas atmospheres (General
requirements)

Explosive atmospheres-Equipment protection by flame proof
enclosures “d”.

Explosive protection by pressurized enclosure “p”.

Explosive atmospheres-Equipment protection by increased safety —
“e”.

Construction, test & marking of type of protection “n” electrical
apparatus.

Degree of protection provided by enclosures (IP Code)

Rotating electrical machines:-Rating & Performance

Degrees of protection provided by the internal design of rotating
electrical machines.
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2.2

2.3

24

25

3.0

3.1

3.2

3.3

4.0

4.1

4.2

4.3

IS/IEC 60034-8: Rotating electrical machines-Terminal marking and direction of rotation
IS/IEC 61241: Electrical apparatus for use in the presence of combustible dust

In case of imported motors, standards of the country of origin shall be applicable if these
standards are equivalent or stringent than the applicable Indian Standards.

The motors shall also conform to the provisions of CEA regulations and other statutory
regulations currently in force in the country.

In case Indian Standards are not available, standards issued by IEC/ BS/ VDE/ IEEE/
JEC/NEMA or equivalent agency shall be applicable.

In case of any conflict between requirements specified in various applicable documents, the
most stringent one shall prevail. However, owner’s decision in this regard shall be final and
binding.

GENERAL REQUIREMENTS

The offered equipment shall be brand new with state of the art technology and proven field track
record. No prototype equipment shall be offered.

Vendor shall ensure availability of spare parts and maintenance support services for the offered
equipment at least for 10 years from the date of supply.

Vendor shall give a notice of at least one year to the end user of equipment and EIL before
phasing out the product/spares to ensure the end user for placement of order for spares and
services.

OPERATING CONDITIONS
Ambient Conditions

Motors shall be suitable for operating satisfactorily in humid and corrosive atmosphere found in
refineries, petrochemical, fertilizer and metallurgical plants. Service conditions shall be as
specified in the motor data sheet. If not specifically mentioned therein, a design ambient
temperature of 40 ° C and an altitude not exceeding 1000 meters above mean sea level shall be
taken into consideration.

Frequency and Voltage Variations

Unless otherwise agreed, motors shall be designed for continuous operation at rated output
under the following conditions:

a) The terminal voltage differing from its rated value by not more than + 6 % or
b) The frequency differing from its rated value by not more the + 3 % or
c) Any combination of (a ) and (b)

Starting

a) Motors shall be designed for direct-on-line starting or other method of starting as
specified in datasheet.

b) Motors shall be designed for re-acceleration under full load after a momentary loss of
voltage with the residual voltage being 100% and is in phase opposition to the applied
voltage.

c) Minimum locked rotor thermal withstand time at rated voltage shall be 10 seconds
under cold conditions and 8 seconds under hot conditions. In addition, Locked Rotor
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4.4

5.0

5.1

5.2

53

5.4

5.5

5.6

withstand time under hot conditions at 75% & 100% voltages, shall be minimum 1.4
times the starting time at the corresponding voltage.

d) Unless otherwise specified, all motors shall be suitable for starting under specified load
conditions with 75 % of the rated voltage at the motor terminals.

e) Motors shall be designed to allow the minimum number of consecutive starts indicated
in Table below:

Starts Min. no. of consecutive starts

No. of consecutive start-ups with initial temp. of the 3
motor at ambient level (cold)

No. of consecutive start-ups with initial temp. of the )
motor at full load operating level (hot).

Direction of Rotation

Motors shall be suitable for either direction of rotation. In case unidirectional fan is provided for
motors, direction of rotation for which the motor is designed shall be permanently indicated by
means of an arrow. Directional arrow should be manufactured from corrosion resistant material.
When a motor is provided with bi-directional fans, a double-headed arrow should be provided.

Normally, clockwise rotation is desired as observed from the driving (coupling) end, when the
terminals UVW are connected to a power supply giving a terminal phase sequence in the order
UVW. Counter-clockwise rotation of the motor shall be obtained by connecting the power
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 any two external leads for obtaining the reverse phase sequence.

PERFORMANCE
Motors shall be rated for continuous duty (S;), unless otherwise specified.

Unless specified, the starting current (as % rated current) shall be limited to maximum 600-
700% (based on number of poles and KW rating) as per IS 12615:2011, subject to IS tolerance

In particular cases, when the starting current is to be limited, care shall be taken such that the
design values of torque meets the load requirement while at the same time complying to clause
4.3 above of this specification. Unless otherwise specified the minimum pull-up torque of
motors, at rated voltage & frequency shall be minimum 50% of the rated full load torque.

In particular cases, when the starting with reduced voltage is specified, care shall be taken such
that the design values of torque meets the load requirement while at the same time complying to
clause 4.3 above of this specification.

Starting torque and minimum torque of the motor shall be compatible with the speed torque
curve of the driven equipment under specified starting and operating conditions.

In case where characteristics of driven equipment are not available while selecting the motor,
minimum starting torque shall be 110% of rated value for motors up to 75 kW and shall be 90%
of rated value for motors above 75 kW.

The breakdown torque at the rated voltage shall be not less than 175% of the rated load torque
with no negative tolerance. Unless otherwise agreed, the breakdown torque shall not exceed
300% of the rated load torque.
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5.7

5.7.1

5.7.2

5.73

574

5.8

6.0

6.1

In case of motors driving equipment with pulsating loads (e.g. reciprocating compressors,
crushers, ball mills) the minimum value of pull out torque at 75% of the rated voltage shall be
more than the peak value of pulsating torque and the current pulsation shall be limited to 40%.

Motors fed by variable frequency drive shall additionally meet the following requirements.

The motors shall be suitable for the current wave forms produced by the power supply including
harmonics generated by the drive. The necessary coordination by motor manufacturers with
drive manufacturers regarding harmonics generated by VFD shall be taken care and
incorporated in motor design suitably.

The motors shall be designed to operate continuously at any speed over the range as per process
requirement with minimum range as 10—-100% of rated speed or as specified in data sheet. The
characteristics shall be based on the application — in terms of constant torque / variable torque as
per the driven equipment. Additional cooling fan shall be provided if required to limit the
temperature rise to specified limits, alternatively option of applying suitable de-rating may be
considered.

The motors shall withstand torque pulsation resulting from harmonics generated by the solid
state power supply.

The motors required to be transferred to DOL bypass mode shall be rated for specified
variations in line voltage and frequency.

The minimum values for performance characteristics of these motors shall be as given in the
tables 1, 2 & 3 of IS 12615-2011 for IE2 motors, subjected to tolerance as per IS/IEC. Motor
meant for application with VFD, the efficiency value can be one class lower as per IS.

CONSTRUCTIONAL DETAILS
Windings

Unless otherwise specified, motors shall be provided with class "B’ insulation as 2 minimum. In
case of motors with class ‘F’ insulation, the permissible temperature rise above the specified
ambient temperature shall be limited to those specified in the applicable Indian standards for
class "B' insulation.

The winding shall be tropicalised. The windings shall preferably be vacuum impregnated.
Alternately the windings shall be suitably varnished, baked and treated with epoxy gel for
operating satisfactorily in humid and corrosive atmospheres.

Windings shall be adequately braced to prevent any relative movement during operation. In this
respect, particular care shall be taken for the stator windings for direct-on-line starting squirrel
cage motors. Insulation shall be provided between coils of different phases that lie together.
Core laminations must be capable of withstanding burnout for rewind at 350 °C without damage
or loosening.

In case of motors driving equipment with pulsating loads, special care shall be taken for the
joints of rotor bars and end rings to avoid premature failures due to induced fatigue stresses.

The windings shall be connected in delta. However, for motors rated 2.2 kW and below, star
connection may be accepted. In case of motors with star-delta starting, the motor windings shall
be fully insulated for delta connection.
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6.1.6

6.2

6.2.1

6.2.2

6.23

62.4

6.2.5

The ends of the windings shall be brought out into a terminal box. These shall be terminated by
means of terminals mounted on an insulating base made of non-hygroscopic and non-flammable
material.

All motors shall be provided with six terminals and suitable links to connect them in star or in
delta except for motors rated up to and including 2.2 kW which may be accepted with three
terminals.

Terminal Box and Cable Entries

Unless otherwise agreed, the terminal box shall be located on the right hand side as viewed from
the driving (coupling) end. The terminal box shall have side cable entry from non-driving end.
However, as a special case, terminal box located on top may also be accepted, particularly for
hazardous area motors, in case manufacturer has only top mounted terminal box design which is
duly tested/certified by CIMFR and approved by PESO for installation in hazardous area. The
terminal box design shall allow rotation in steps of 90 ° C to facilitate cable entry from any
direction at site.

Terminal box cover shall be provided with handles to facilitate easy removal. However, for
terminal box covers weighing less than 5 kg., terminal box covers without handles can be

accepted.

The terminal box shall be provided entries for suitable cable glands corresponding to the size of
the specified cable. Crimp type tinned Copper lugs and nickel-plated brass (or aluminum if
specifically required), double compression type cable glands shall be supplied along with the
motors for the specified cable sizes for power and space heater cables.

For flameproof motors, terminal box can be provided in increased safety ‘Exe’ execution.

The terminals, cable lugs, terminal box, cable entries and cable glands shall be suitable for the
maximum cables sizes as specified below for 2 pole, 4 pole or 6 pole motors:

Motor rating up to and including Size of phase conductor (mm®)
2.2 kW and below 2.5cu
3.7kW 6 cu

5.5 kW 10 cu

7.5 kW 16 cu

9.3 kW 16 cu

11.0 kW 16 cu

15.0 kW 50 AL

18.5 kW 70 Al

22.0 kW 70 Al

30.0 kW 95 Al

37.0 kW 120 Al

45.0 kW 150 Al

55.0 kW 240 Al
75.0 kW 2x95 Al
90.0 kW 2x120 Al
110.0 kW 2x240 Al
125.0 kW/132 kW 2x240 Al
160.0 kW 2x240 Al

6.2.6 Cable sizes for motors having synchronous speeds 750 RPM and below shall be as agreed

between the purchaser and manufacturer.
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6.3

6.3.1

632

6.3.3

6.3.4

6.4

6.4.1

6.4.2

6.43

6.4.4

6.4.5

6.5

Motor Casing and Type of Enclosure

The minimum degree of motor enclosures including terminal boxes and bearing housing shall
be IP-55 as per IS.

Motors for outdoor use shall be suitable for installation and satisfactory operation without any
protective shelter or canopy. Motor casing shall be provided with a suitable drain for removal of
condensed moisture except in case of flameproof motors (Type Ex d/Exde).

All internal and external metallic parts, which may come into contact with cooling air, shall be
of corrosion resistant material or appropriately treated to resist the corrosive agents, which may
be present in the atmosphere. Screws and bolts shall be of rust proof material or protected
against corrosion.

Unless otherwise agreed, motors shall have standard frame sizes (min.) for various output
ratings as stipulated in IS.

Bearing and Lubrication

Motors shall have grease lubricated ball or roller bearings. In all cases, the bearings shall be
chosen to provide a minimum L-10 rating life of 5 years, (40, 000 hours) at rated operating
conditions

(The L-10 rating life is the number of hours at constant speed that 90% of a group of identical
bearings will complete or exceed before the first evidence of failure).

The bearings shall be adequate to absorb axial thrust produced by the motor itself or due to shaft
expansion. Motors designed to handle external thrust from the driven equipment shall be
supplied with a thrust bearing at the non-driving end.

In cases such as pumps for hot liquids where the driven equipment operates at high
temperatures, bearings shall be cooled by a shaft-mounted fan. This shall ensure efficient
ventilation of the bearing and disperse the heat transmitted from the driven equipment by
conduction or convection.

Bearings shall be capable of grease injection from outside without removal of covers with
motors in the running conditions. The bearing boxes shall be provided with necessary features
to prevent loss of grease or entry of dust / moisture e.g. labyrinth seal/ oil seal/ V seal. Where
grease nipples are provided, these shall be associated, where necessary, with appropriately
located relief devices, which ensure passage of grease through the bearings.

Pre-lubricated sealed bearings may be considered provided a full guarantee is given for 4 to §
years of trouble-free service without the necessity of re-lubrication.

Cooling System

All motors shall be self ventilated, fan cooled. Fans shall be corrosion resistant or appropriately
protected. They shall be suitable for motor rotation in either direction without affecting the
performance of the motor. If this is not possible for large outputs, it shall be possible to reverse

the fan without affecting the balancing of the motor.

For motors operating in hazardous area, the fans shall be of an anti-static non-sparking material.

Format No. 8-00-0001-F1 Rev. 0 Copyright EIL — All rights reserved

Paae 6289 of 6701



SPECIFICATION STANDARD SPECIFICATION No.

S5iATeT @ ENGINEERS
s’%arfaﬁéglNDlA LIMITED FOR 6-51-0064 Rev. 1

(HEA TDIT W) JUBH) (A Gowvt of india Undertaking) ENERGY EFFICIENT MED'UM

VOLTAGE INDUCTION MOTORS Page 10 of 12

6.6

6.7

6.8

6.9

7.0

7.1

7.2

8.0

9.0

Rotor
The rotor shall be of squirrel cage type, dynamically balanced to provide a low vibration level

and long service life for the bearings. Die cast aluminum rotors for motors in hazardous areas
may be accepted provided the same are type tested and approved by competent authorities.

Shaft Extension

Motors shall be provided with a single shaft extension with key-way and full key. Motor shaft
shall be sized to withstand 10 times the rated design torque.

Lifting Hooks
All motors weighing more than 30 kg. shall be provided with lifting hooks of adequate capacity.
Earth Terminals

Two earth terminals located preferably on diametrically opposite sides shall be provided for
each motor. Necessary nuts and spring washers shall be provided for earth connection.

MISCELLANEOUS ACCESSORIES
Anti-Condensation Heaters

All motors rated 30 kW and above shall be provided with 240 V anti-condensation heaters,
sized and located so as to prevent condensation of moisture during shutdown periods.

For motors with heaters 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 motor data sheet.

The heater leads shall be brought out, preferably, to a separate terminal box which shall be of
the same specification and grade of protection as the main terminal box.

A warning label with indelible red inscription shall be provided on the motor to indicate that the
heater supply shall be isolated before carrying out any work on the motor.

Name Plates

In addition to the motor rating plate, a separate number plate for motor tag number shall be
fixed in a readily visible position. This number shall be as per the motor data sheets.

CRITICAL SPEEDS

The first actual critical speed of stiff rotors shall not be lower than 120 % of the synchronous
speed. For flexible rotors this shall be between 60 % and 80 % of the synchronous speed; the
second actual critical speed shall be above 120 % of the synchronous speed.

PAINTING

All metal surfaces shall undergo manufacturer’s standard cleaning /painting cycle. After
preparation of the under surface, the equipment shall be painted with two coats of epoxy based
final paint. Color shade of final paint shall be 632 of IS: 5/ RAL-7035. All unpainted steel parts
shall be suitably treated to prevent rust formation. If these parts are moving elements, then these
shall be greased.

Format No. 8-00-0001-F1 Rev. 0 Copyright EIL — All rights reserved

Paae 6290 of 6701



SRS SPECIFICATION STANDARD SPECIFICATION No.

ENGINEERS
. FOR
@&"ﬁ'&s!ﬁ%&iﬁ!l&? ENERGY EFFICIENT MEDIUM 6-51-0064 Rev. 1

VOLTAGE INDUCTION MOTORS Page 11 of 12
10.0 INSPECTION AND TESTING
10.1  All tests shall be carried out at manufacturer’s shop under his care and expense.
10.2  The manufacturer shall submit all internal test records of the tests carried out by him on the
bought-out items, motor sub-assembly and complete motor assembly.
10.3  The manufacturer shall carry out the following routine and acceptance tests as per applicable
Standards/ITP on all the motors.
a) Visual check (Nameplate, terminal box location, terminal type, clearance, size, entries,
space adequacy & gland size, direction of rotation etc.)
b) Dimension check (shaft height etc.)
c) Cable glands, cable lugs size and no. of entries in terminal box.
d) Winding resistance
e) No load test & measurement of voltage, speed, current, power input
) Measurement of starting torque, starting current, full load torque, breakdown torque
2) Reduced voltage starting & running
h) Insulation resistance before and after high voltage test
i) High voltage
i) Vibration
104  The manufacturer shall submit the following type test certificates (one sample from each
type/rating):
a) Full load test & measurement of voltage, current, power slip, power factor, bearing,
noise
b) Efficiency & pf at 100%, 75% and 50% load
c) Temperature rise test
d) Momentary overload test
e) Vibration
) Noise level
2) Over speed
h) Measurement of starting torque, starting current, full load torque.
10.5 For VFD fed motors, all tests as specified in the VFD specification shall be followed in addition
to the above.
11.0 CERTIFICATION
The motors and associated equipment shall have test certificates issued by recognised
independent test house (CIMFR/ CPRI/ ERTL/ BASEEFA/ LCIE/ UL/ FM/ KLPL or
equivalent). All indigenous motors shall conform to Indian standards and shall be certified by
recognised testing agencies. All motors (indigenous & imported) shall also have valid statutory
approvals (e.g. PESO, DGMS etc). as applicable for the specified location. All indigenous
flameproof motors shall have valid BIS license and marking as required by statutory authorities.
12.0  PACKING AND DESPATCH
All the equipment shall be divided into several sections for protection and ease of handling
during transportation. The equipment shall be properly packed for transportation by ship/rail or
trailer. The equipment shall be wrapped in polythene sheets before being placed in crates/cases
to prevent damage to the finish. Crates/cases shall have skid bottom for handling. Special
notations such as ‘Fragile’, ‘This side up’, ‘Center of gravity’, ‘Weight’, ‘Owner’s particulars’,
‘PO Nos.” etc. shall be clearly marked on the package together with other details as per purchase
order.
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The equipment may be stored outdoors for long periods before installation. The packing shall
be completely suitable for outdoor storage in areas with heavy rains/high ambient temperature,
unless otherwise agreed.
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