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ABOUT BIS

Bureau of Indian Standards (B1S), the National StandardsBody (NSB) of Indiawas established under the BIS
Act, 1986 and cameinto existence on 1 April 1987 assuming the functions of the erstwhile Indian Standards
Institution (1S1). The Sl was established on 6 January 1947. The BISAct, 2016 cameinto force on 12 October
2017 superseding BISAct 1986. The BI SAct, 2016 providesfor the establishment of anationa standardsbody
for theharmoniousdevel opment of theactivitiesof standardization, conformity assessment and quality assurance
of goods, articles, processes, systemsand servicesand for matters connected therewith or incidental thereto.

BISthrough itscore activities of standardization and conformity assessment, has been benefiting the national
economy by providing safe, reliable and quality goods; minimizing health hazardsto consumers; protecting the
environment; controlling over proliferation of varieties; promoting exports and imports substitutes, etc. The
standardization and conformity assessment schemesof Bl Sapart from benefitting the consumersand industry so
support variouspublic policiesespecialy in areas of product safety, consumer protection, food safety, environment
protection, building and infrastructure devel opment, etc.

BlSalsorepresentsindiaininternational standardsbodieslike International Organization for Standardization
(1SO) and the International Electrotechnical Commission (IEC) and participatesactively in theinternational
standardization work undertaken by these bodies. BI S presentsthe nationa viewpointson new areastakenup for
international standardization and on variousdraft international standardsduring the processof development of
these standards so that the country’ sinterest is protected and reflected in these standards. Thisalso enablesthe
BI Stechnical committeesto consider adoption of theinternational standardsas|ndian Standards, with or without
modifications, in order to enable our productsand servicesto integrate with global trade and commerce.

What are Sandar ds?

Standard isadocument, established by consensusand approved by arecognized body, that provides, for common
and repeated use, rules, guidelinesor characteristicsfor activitiesor their results, aimed at the achievement of the
optimum degree of order inagiven context.

I mportanceof Sandar dization

Standardization isthe process of devel oping technical standardsthrough consensusof different parties. This
standardization aimsto addressoneor dl of compatibility, interchangeability, variety control, safety, environment
protection, product protection and fitnessfor purpose. Standards provide numerabl e benefitsto thetechnol ogists,
producers, consumersand traders besides defining purposefor each of theseentities.

Standards can beformulated at variouslevelsranging from anindividual through National (1S) to I nternational
leve (1S0). Also, depending onthesubject in hand, standards can be made on various aspects such asterminol ogy,
specification, sampling, testing, code of good practice, systemesand services.

STANDARDIZATIONACTIVITY OFBIS
Sandardization Sructure

Thereare 16 Technical Departmentsformulating
standards in various subject areas.
Corresponding to these departments, 16 division
councilsexist. Each division council hassevera
sectional committees working under it. The
standards cover important ssgmentsof economy
and helptheindustry in upgrading the quality of
their goodsand services.



Sandar dsFormulation Process

Thelndian Standards are devel oped by technical
committees that are representative of various
stakeholdershavinginterest intherelevant subject
of standardization under the scope of such
committeesthrough aprocess of consultation so
that viewsof al aregiven dueconsiderationanda
consensusisevolvedinformulaing astandard. The
stakeholdersinvolved in nationa standardization
can broadly be categorized asindustry, consumers/
users, technologists(R& D and scientificinditutions,
academia, individual subject experts, etc) and
government departments/regulators.

The process of standardsdevelopment of BIS
is aligned with accepted international best
practicesthat are based on the core principles
of openness, transparency, impartiality and
consensus. The process begins with the
identification of the standardization needsof the
given sector or subject following which the
devel opment of the standard istaken up and
planned bythe relevant technical committee.
Apart from consultation within thetechnical
committees, draft standards are also open for
public views'comments.

Standards Devel opment Process Flow
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STANDARDIZATION IN THE FIELD OFELECTRICAL ENGINEERING

DEPARTMENT (ETD)

Electrotechnical Department(ETD) isoneof the 16 technical departmentsof Bl Swith the scope” Standardization
of eectrotechnical aspectsof generation, transmission, distribution, storage and utilization of electrica energy,
including renewableenergy. Itincludesal aspectsof e ectrotechnology such aselectrica productsandingalations,
insulation, power e ectronics, industria/process automati on, measuring instruments, el ectrotechnica aspectsof e-
mobility, and system level standardization addressing safety, security, sustainability, efficiency whileddivering

societd vaue”

ETDCisdivisioncouncil of ETD department.

The aspect wise breakup of the standardsformulated by ETDC ason 15 September 2023 isgiven below:

Aspect No. of Sandards
Product Standards 726
Methods of Test 511
Codesof Practice 264
Terminology 56
Dimensons 47
System Standard 4

Safety Standard 6

Others 95

Totd 1709

List of Technical Committeesworkingunder ETD

Under ETD, thereare 44 Sectiona Technical Committeesworking in various subject areas. List of committees
withtheir scopeisasfollows.

Technical | Technical Committee Scope
Committee Name
No.
ETD1 Basic Electrotechnica To prepare standards of general and common natureinthefield
StandardsAnd Power of electrotechnol ogy, such asvoltages, current ratings, power
Qudlity quality and frequency, quantitiesand units, nomenclature, graphica
symbols, basic marking and general requirementsfor enclosures
of equipmen.
ETDO2 Solid Electricd Insulating To prepare standards: on solid electrical insulating materialson
MateridsAnd Insulating guiding principlesand onthephilosophy of evauaion of insulation
Sysems systemsingenera for functional test programmes and methods
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intended for evaluation of possibleinsulation systemsand their
suitability for usein electrical equipment. for classification of
insulation systems based upon their capability to withstand the
complex of the most important service determined by the
conditionsof the useof insulation in equipment.

ETDO03

Huids For Electrotechnical
Applications

To prepare product specifications, test methods as well as
maintenanceand useguidesfor liquid and gaseousdidectric. Also
to prepare specifications and maintenance and use guidesfor
lubricantsand control fluidsfor turbines, generatorsand control
systemsaswell asto assist in the preparations of test methods
forsuchfluids.

ETD 06

Electricd InsulatorsAnd
Accessories

To prepare standards regarding insulated bushing, insulators
for overhead lines, insulators for sub-stations and jointing
accessorieswhich areintegral partsof insulators

ETD7

Low VoltageSwitchgear &
Control Gear

Toprepare standards for switchgear and controlgear suchas
circuit breakers, switches, contactors, starters, disconnectors,
busbars, fuse combination unitsand semiconductors connectors
and any switchgear assembliesfor voltagesupto andincluding 1
000V acor1200V dc

ETD8

HighVoltage Switchgear
And Controlgear

To prepare standardsfor switchgear and controlgear; such as
circuit breakers, switches contactors, starters, disconnectors,
busbarsand any switchgear assembliesfor voltagesmorethan
1000V ac

ETD9

Power Cables

To prepare standardsfor el ectric cablesand their accessories,
without limitationsof voltage, current or form of construction but
excluding cablesfor tel ecommuni cationsand e ectroni c equipment
and such other cablesasfal withinthe scopeof other committees

ETD10

Primary CdlsAndBaiteries

To prepare Indian standards for primary cells andbatteries,
particularly thoserdatingtospedifications, dimensons, performance,
aong with guidanceon environmental and safety metters

ETD11

Secondary CdllsAnd
Batteries

To prepare standardsfor al rechargeable cellsand batteries
(starter batteries, stationary batteries, traction batteriesetc.)

ETD12

M easuringEquipment For
Basic Electrical Quantities

To prepare standardsfor direct and indirect acting analogue and
digital indicating and recording instrumentsand their accessories,
asotransducershaving dectrica inputsand outputsfor messuring
electrica quantitiesby any method ondirect current and dternating
current at distribution system frequenciesand their harmonicsTo
prepare standardsfor primary reference apparatus, operating on
direct current and aternating current at distribution frequencies
and their harmonicsfor the purpose of measurement, traceability
and intercomparison




ETD 13 Equipment For Electrical
Energy MeasurementAnd
Load Control

To prepareinternational standardsfor equipment for electrical
energy measurement, tariff - and load control, customer
information, payment, loca and/or remote dataexchange, using
electromechanica and/or eectronic, technologiesfor gpplications
ranging from electrical energy generation to residential. The
standards may include requirements and test methodsto cover
mechanical, environmental, electrical, safety, metrology
dependability aspectsaswell asfunctiona requirementsand data
modds

ETD 14 Electrica Wiring Accessories

To prepare standardsfor el ectrical wiring accessories; such as
lamp holders, switches, plugs and socket- outlets, connecting
devices and conduits and their accessories for electrical
ingalations

ETD 15 RotatingMachinery

To prepare standards on rotating electrical machines like
induction, synchronous, motors, generators, dc machinesand
turbinesincluding carbon brushesfor electrica machines(with
the exception of traction machinesand rotating machinery coming
under the purview of other Committees)

ETD 16 Tranformers

To prepare standards on power and distribution transformers,
reactors, onload tap changers, etc. , without limitation onvoltage
or power. Transformer accessoriesand voltage stablizers, testing
transformersand furnacetransformersareincluded. (Instrument
transformers, welding transformersand traction transformers
areexcluded)

ETD 18 Industria Process
M easurement And Control

To prepare tandardsfor systemsand e ementsused for industria
process measurement and control concerning continuousand
batch processes.To coordinate the standardization of those
featuresof rel ated d ementswhich affect suitability for integration
into such systemsoperating with ectrica, pneumétic, hydraulics
mechanical or other systems of measurementsand/or control

ETD 19 HighVoltageEngineering

To prepare standardsfor high voltagetesting techniquesand for
different typesof testsbelonging thereto such ashighvoltageac,
dc and impulsetestsand high current impul setests, definitions
and basi c principles of insulation coordination and insulation
levelsTo preparegpplication guidesrecommending theinsulation
levelsinrelationto possbilitiesof over-voltage protection devices.
Thework alsoincludesformulation of standardsfor clearances
and creepage distances.

ETD 20 Electricdlngdlations

To prepare standardsfor safety and related mattersin designing,
erection and maintenance of eectricd ingallationsfrom the point
of view of safety and good practice that would, amongst other
things, promote compatibility between such standardsand those
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concerning the equipment installed Thework includeseectrical
ingtdlationsin buildingsfor different occupanciesand outdoor Sites
of temporary or permanent natureand dsoingdlationsintheships

ETD21

Electric Welding Equipment

To prepare standards on the construction, performance,
testing and safety requirementsfor electric wel ding equipment
and accessoriesfor both arc and resistancettype.

ETD 22

Electricad Apparatus
For ExplosiveAtmospheres

To prepare guidelinesand requirementsfor electrical apparatus
for usewherethereisahazard dueto the possible presence of
ignitablegas, vapour liquid particlesor dust intheatmosphere.

ETD 23

LampsAnd Related
Equipments

To prepare Indian Standards for al types of electric lamps
(induding LED), caps, controlgear and their auixillaries(luminaires
excluded)

ETD 25

Lifts, EscdatorsAnd Moving

To prepare standards and codes of practice for electrically
Walks operated liftsand escal ators, including equipment and
components. continuousmechanica handling equipment and lifts
inminesisexcluded

ETD 28

Solar Photovoltaic Energy
Sysems

To prepare standardsfor systemsof photovoltaic conversion of
solar energy into electrical energy andfor al theelementsinthe
entire photovoltaic energy systemsin thiscontext, the concept
photovoltaicenergy sysemsincdudetheentirefiddfromlightinput
tosolar cdl andincluding theinterfacewith thed ectricd sysem(s)
towhich energy issupplied

ETD 29

Power Capacitors

To prepare standards for power capacitors such as seriesand
shunt capacitorsfor power systems, self-healing and non-self-
healing power capacitorswith metallized dielectric, ac motor
capacitors, cgpacitorsfor inductive heating plants,voltagegrading

capacitors, coupling capacitors, energy storage capacitorsetc.

ETD 30

SurgeArresters

To prepare standards on surge arresters and their accessories,
application guidefor surgearrestorsfor different locations

ETD31

Power Electronics

To prepare standardsregarding equi pment and their components
for eectronic power switching. To preparestandardsfor dectrica
appliances for household and similar purposes, including
associated controls.

ETD 32

Electrical Appliances

To prepare standardsfor electrical appliancesfor household and
smilar purposes, including associated controls

ETD 33

WindingWires

To preparestandardsfor wiresfor eectrica winding irrespective
of conductor material, shape or type of covering taking into
account theneedsinthefieldsof electrotechnology

ETD34

InstrumentTransformers

To prepare standards and application guides for instrument
transformers




ETD 35

Power SystemsRelays

To prepare standardsfor power systemsrelaysincluding those
incorporating solid state devices, also taking into account
combination of relaysand devicesto form schemesfor power
systems including control equipment associated with
thatprotection

ETD 36

ToolsAndEquipment For
LiveWorking

To prepare standard on el ectrical and mechanical characteristics
aswell asrdiability requirementsfor toolsand equipment usedin
connectionswithwork on energized e ectrical systems

ETD 37

ConductorsAnd Accessories
For Overhead Lines

To prepare standards for conductors and accessories for
overhead power lines and codes of practice for the design,
installation and mai ntenance of overhead power lines

ETD 39

Fuses

To preparestandardsregarding specification for al typesof fuses,
with the object of determining The characteristicswhich are
essentia ingpecifying the conditionsfor ingtallation and operation
of thefuses Therequirementsto be met by thefusesand thetests
designed to ascertain their compliance with such requirementsas
wel| asthe proceduresto befollowed for thesetestsMarkingsTo
prepare for these fuses standards, standard values
of:Characteristics, rated voltages, currents and breaking
capacities:.Dimensions in connections with the fixing and
interchangesbility of high voltageand low voltagefuses

ETD 40

HVDC PowerSystems

To prepare standards and guidelines on equipment and
performanceof high- voltaged.c. (HVDC) Transmisson Systems

ETD 42

Wind Turbines

To prepare Indian standardsfor wind turbinesthat convert wind
energy into electrical energy. These standards addressdesign
requirements, engineering integrity, measurement techniquesand
test procedures. Their purposeisto provideabasisfor design,
quality assuranceand certification. The standardsare concerned
with all subsystems of wind turbines, such asmechanical and
internal electrical systems, support structuresand control and
protection systems. They areintended to be used together with
appropriate Indian Stanfdards.

ETD 43

Standardization of
Environmenta AspectsFor
Electrical And Electronic
Products

To preparethe necessary guidelines, basic standards, inthe
environmental area, in close cooperation with product
committees, which remain autonomous in dealing with the
environmental aspectsrelevant to their products; To liaisewith
product committees in the elaboration of environmental
requirements of product standardsin order to foster common
technica approachesand solutionsfor smilar problemsand thus
assureconsistency in standards.

ETD 44

Safety of Machinery -
Electrical Aspects

Standardizationinthefield of theapplication of € ectro-technical
equipment and systems to machinery (including a group of
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machinesworking together in acoordinated manner, excluding
higher-level systemsaspects) not portableby hand whileworking,
but which may include mobileequipment. Theequipment covered
commencesat the point of connection of theelectrical supply to
themachinery.Standardization of interfaces (excluding loca area
networks and field-bus) between control equipment and the
el ectro-technical equipment of machinery. Standardization of
eectro- technicd equipment and sysemsdaing tothesafeguarding
of personsfrom hazardsof themachinery, itsassoci ated equipment
and the environment.To coordinate with ISO/IEC on all matters

concerning the safety of machinery.”
ETD 46 Grid Integration of To prepare standardsin thefield of Grid Integration comprising
Renewable Energy of LT (ON Grid, Off Grid and Hybrid with and without storage),

HT and EHT for all capacities

ETD 47 Railway Electric Traction To prepareIndian Standardsfor therailwaysfiddwhichincludes
Equipment rolling stock, fixed ingtall ations, management systems (including
communication, signalling and processing systems) for railway
operation, their interfacesand their ecol ogical environment. These
standards cover railway networks, metropolitan transport
networks (including metros, tramways, trolleybusesand fully
automated transport systems) and magnetic levitated transport
systems.These standards relate to systems, components and
software and they will deal with electrical, electronic and
mechanical aspects, thelatterbeing limited to itemsdepending on
electrical factors. These standardsdeal with electromechanical
and electronic aspects of power components as well aswith
€l ectronic hardware and software components

ETD 48 Standardizationin TheFidd | Standardizationinthefield of ACtranamissontechnology a 1000
Of UHV ACTransmisson | kV and above, comprising systems-oriented guidance such as
Sysems that for planning, design aspects, technical requirements,
condruction, commissoning, rdiability, availability, operation and
maintenance, processes for specifying requirements and
demondirating whether therequired performanceof UHV systems

isassured.
ETD 49 [llumination EngineeringAnd | To preparelndian Standardsfor luminaires (including luminaires
Luminaires for usein hazardousarea, aviation lighting, emergency lighting

etc.) and codesof practicefor interior/exterior lighting

ETD 50 LVDC Power Didribution | To prepare standardson:LV DC System Requirements, Safety

Sysems and Ingtalation GuidelinesLV DC productsincluding el ectrical
wiring accessories and Applications Integration of DC
Infrastructure Non Traditional Distribution Networks Microgrids




ETD51 Electrotechnology InMobility| To preparelndian Standardsfor e ectrotechnical aspectsof totaly
or partly electrically propelled road vehicles.

ETD 52 Electricd Energy Storage Standardizationinthefield of grid integrated Electrica Energy

Sysems Storage Systems.

ETD53 Standardization Of The Standardizationinthefield of standardized tools, technique and
Management Of Assets frameworks (common language and common metrics with
In Power Networks consistent approach), for coordinated lifetime management of

assetswithinwhichawidevariety of power system assetscan be
managed, working closely with asset management system
committeesand power system equipment committees.




TESTING OF ROTATING ELECTRICAL MACHINES

1) INTRODUCTION

Rotating electrical machineisan electrical apparatuswhich consistsof astationary part known asstator and a
rotating part known asrotor. Depending upon thetype of electromechanical energy conversion, these machines
areclassified into generators or motors. In generators, the machine converts mechanical energy into electrical
energy andinmotorsel ectrica energy isconvertedinto mechanica energy. Electric motorsarethe most important
typeof eectricloadinevery industry. Themotor driven systemsaccount for about seventy percent of theenergy
consumed by industry. In thischapter, we consider variousfeaturesof ‘ Single phase acinduction motorsfor
general purpose’ and ‘Line operated three phase ac motors'.

2) INDIAN STANDARDSON ROTATINGELECTRIC MACHINES
a 1S996-SINGLE PHASEACINDUCTION MOTORSFOR GENERAL PURPOSE

Single phase ac induction motors of the capacitor types, split phase and shaded poletypesfor voltagesup
toandincluding 250 V and having windingswith Class B, ClassF and ClassH insulation an output upto
andincluding 2200 W are covered in 1S 996.

Thetorquechar acteristicsof varioustypesof motorsare given below:

° Capacitor Start - I nduction Run: These motors have higher starting torquesand lower starting
currentsthan split-phase motorsand are generally more suitablefor loads of higher inertiaand more
frequent Sarting.

° Capacitor Sart - Capacitor Run: These motorshave characteristicssimilar to those covered by
capacitor start —induction run motors, but are more applicablewhere agreater degree of quietness
or ahigher efficiency and power factor aredesirable.

° Capacitor Sart and Run: These motorsarefor use wherelow starting torques are acceptable.
They area so generally quieter than split phase or capacitor start —induction run motors.

. Split Phase: Owingtotheir high starting currents, split-phase motorsare generally used for loads of
low inertiaand infrequent starting. When higher starting currents can betolerated, motors of the
higher torquerating can be used.

. Shaded Poles: Thesemotorsare suitablefor al applicationswhere only avery low starting torque
isrequired and motor efficiency isnot important.

IMPORTANT TERMINOLOGIES

Thefollowing definitionsare considered relevant:
Rotor: Therotating portion of amachine.

Sator: The portion of amachinewhich includesthe stationary magnetic partswith their associated windings.



Universal motor: A motor which can be operated by either direct current or single-phase aternating current of
normal supply frequencies.

I nduction motor: An aternating current motor without acommutator, inwhich one part only, either therotor or
the stator, isconnected to the supply network, the other working by induction.

Sarting current: Thermscurrent drawn.by the motor during the starting period.
Sarting torque: The el ectromagnetic torque exerted by amotor during the starting period.

No-load: Thestate of amachinerotating at normal speed under rated conditions, but when no output isrequired
of it.

Rated Output: Thevaueof the output included intherating.

L ocked-rotor torque: The minimum measured torque which the motor will develop with therotor locked and
rated voltage applied at rated frequency.

Breakaway (Starting) torque: Thelowest torque devel oped by the motor inthe stand-<till condition whenthe
motor issupplied at therated voltage and rated frequency.

Pull- uptorque: Thesmalest torque devel oped by the motor between zero speed and the speed which corresponds
to the pull-out torque when the motor issupplied at the rated voltage and rated frequency.

Pull-out torque: Thehighest torquethat themotor can devel op whilerunning at rated voltage and rated frequency.

Locked-rotor current: The measured steady-state root mean square current taken from the linewith the motor
at rest, with rated voltage and frequency applied.

Breakaway starting current: The highest root mean square current absorbed by the motor when at rest, and
whenitissupplied at therated voltage and frequency.

Duty: Statement of the loads, including no-load and rest and de-energized periods to which the machineis
subjected, including their duration and sequenceintime.

I ntermittent duty: A duty inwhich theload changesregularly or irregularly withtime.

Efficiency: Theratio of output toinput, usually given asapercentage.

RATED CONDITIONS OF VOLTAGE, FREQUENCY, OUTPUT AND SPEED
OF MOTORS

Thepreferred rated values are asgiven below:
a) RatedVoltage& Frequency- Thepreferredrated voltageis 230V rated frequency is50 Hz.

b)  Rated Output- The preferred output ratingsare 2.5, 4, 7, 12, 18, 25, 40, 60, 90, 120, 180, 250,
370, 550, 750, 1100, 1500 and 2200 Wait.

C) Rated Speeds- The preferred rated speeds are those corresponding to 2, 4, and 6 poles.
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IMPORTANT PERFORMANCE PARAMETERS WITH TOLERANCE

Perfor mance Parameter Tolerance

Effidency -15 percent of (100 - )

Power factor -1/5(1-cos¢), Min-0.02, Max -0.12

Speed of motor at rated full load +50 percent of rated dip at full load

Breakaway (starting) torque -20 percent of the stated breakaway (starting) torque
Pull out torque -10 percent of the stated pull-out torque

Pull up torque -20 percent of the stated pull up torque

Breakaway (starting) current (lockedrotor) | +20 percent of the stated breakaway (starting) current

IMPORTANT TESTS

° TemperatureRise

Thistest isintended primarily to determinethetemperature-rise on different partsof the motor whilerunning at
rated conditions. While preparing for temperature-risetest, the motor should be shielded from currentsof air
coming from adjacent pulleys, beltsand other machinesasincorrect resultsmay be obtainedif thisisnot done. A
small current of air may cause grest discrepancy in resultsobtained. Sufficient floor space should beleft between
machinesto alow freecirculation of air. Under ordinary conditions, adistance of two metresissufficient.

Attheend of thetest, the specified temperature-riselimitsshould not be exceeded. The commonly used methods
for measuring temperature arelisted below:

a  Thermometer method (using liquid-in-glassthermometer, resislancethermometer or thermocouple).
b)  Appliedthermocouple method
c) Resstancemethod

° No-load Test

Thistest isintended to find out the no-load current, power input and speed at rated voltage and frequency. The
motor isrun at no-load with the running windingsexcited at normal frequency and voltage until the power inputis
constant to assurethat the temperature of the oil or grease and the bearings has become constant.

° Locked Rotor Test

Thetesting of induction motorsunder locked rotor conditionsinvolvesunusual mechanica stressesand highrates
of heating. Therefore, it isnecessary that the mechanical meansof locking therotor be of adequate strength to
prevent possibleinjury to personnel or damageto equipment. The current and torque readings shall betaken at
gpproximatdy rated voltageand at rated frequency and that themotor shdl beat gpproximately ambient temperature.
Thevoltage shall bewithin 5 percent of therated voltage.



° Insulation Resistance

Insul ation res tance shall be measured betweenindividua windingsand frame (earth). Insul ation res stance between
all thewindings combined and themotor frameshall benot lessthan 5MOhmat 500V d.c.

. High voltage test

Themotor windingsshall be capable of withstanding without failure, thetest voltagesof 500V for motorshaving
rated voltage of 50V or less. Thetest voltage shall be 1500 V for motors having rated voltage above 50 V upto
andincluding250V.

° Leakage current

Theleakage current shall not exceed 3.5mA (rms) when avoltageequal to 1.1 timestherated voltageisapplied
to themotor and ismeasured between supply termina of the system and the accessible metal parts, if any, anda
metd foil covering theouter partsof theinsulating material.

b) 1S12615-LINE OPERATED THREE PHASEAC MOTORS

IS 12615 specifiesthe efficiency classes (IE Code— International Energy Efficiency Class) and performance
requirements of single-speed line operated three phase a.c. motors.

Themotorsspecified herearerated for operation on asinusoidal voltage supply and haverated power from0.12
kW to 1 000 kW, covering 2, 4, 6 or 8 polesand having arated voltage Un up to 1000V with arated frequency
of 50 Hz.

TERMINOLOGY
Thedefinitionsgiven earlier areconsidered relevant.
RATED VOLTAGEAND FREQUENCY
° Rated Voltage—Design shall befor terminal voltagesup to and including 1000V.

° Rated Frequency - Therated frequency is50 Hz. However, if 60 Hz motorsare operated on a50
Hz supply, they must meet the performance requirements as applicableto 50 Hz motors.

VOLTAGEAND FREQUENCY VARIATION

. terminal voltagediffering fromitsrated value by not morethan + 10 percent.
. frequency differing fromitsrated val ue by not morethan + 5 percent, or
° Combined variation-The sum of absolute percent variationsof (i) and (ii) not exceeding 10 percent.

IMPORTANT TESTS
° TemperatureRise

Thetemperaturerisetest shal be continued until thermal equilibrium has been reached for motorswith rating for
continuous running duty. Thetemperature of windingsand other parts can be measured by the methodsgiven
below:

a  Resstancemethod

T 1



b)  Embedded temperature detector (ETD) method
¢)  Thermometer method

° Deter mination of Efficiency
Thevariousmethodsfor determining efficiency and lossesareenumerated below:

a)  Determination from direct measur ement —Inthismethod, efficiency isdetermined by measuring directly
theinput power and the output power asdetailed in thetestsgiven below:

) Torgue measurement test —Thistest can be performed by using torque meter or dynamometer. In
torque meter test, the mechanical power output of amachine acting asamotor isdetermined by
measurement of the shaft torque by meansof atorque meter together with therotational speed. The
motor under test iscoupled to aload machine or the generator under test iscoupled to amotor with
thetorque meter. The machineisoperated at therequired load. Inthe dynamometer test, the shaft
torqueis measured by meansof adynamometer instead of torque meter.

Efficiencyn =P/P,, where
P, = Input Power and P, = Output Power

i)  Dual-supply back-to-back test — In thistest, two identical machinesare mechanically coupled
together, and run at essentially the samerated conditions. Thetotal |ossesof both machinesare
caculated from the difference between the dectrica input to one machineand thed ectrica output of
the other machine. Theefficiency iscaculated from half thetotd |ossesand the averageinput power
of themotor and generator.

Efficiencyn=1-[P,+ (P, +P,)/2],
whereTotal lossesP, = (P, - P,)/2

i)  Calibrated-machinetest—Inthistest, the mechanical input or output of an el ectrical machineis
calculated from the el ectrical output or input of acalibrated machine mechanically coupled tothe
machineon test. When themachineisrunning in thiscondition at rated speed, voltage and current,
theefficiency istaken astheratio of output toinput.

b)  Determination from indirect measur ement —Inthismethod, efficiency isdetermined by measuring the
input power or the output power and determining thetotal |osses. Thedetails of thetestsare given below:

) Single-supply back-to-back test — Inthistest, two identical machinesare mechanically coupled
together, and both connected el ectrically to the same power system, and run at essentially rated
conditions. Thetotal lossesof both machinesaretaken astheinput power drawn from the system.
Theefficiency iscalculated by assigning half thetotal lossesto each machine.

Efficiencyn=1-(P, =P, ), where
P,, isthe power absorbed at thetermina s of themachine acting asmotor, P, isthetotal losses.

i)  Summation of separatelosses—In thismethod, the separate lossesare determined. Thetotal |oss
istaken asthe sum of constant | osses, |oad |osses and additional load losses.



iii)  Calorimetric method —In thismethod, ossesin amachine are deduced from the heat produced
by them. Thelossesare cal culated from the product of the amount of coolant and itstemperature
rise, and the heat dissipated in the surrounding media.

° Reduced voltagerunningup test at no-load

Thetest isconducted to check the ability of the motor to run up to itsrated speed at no load. Themotor shall be
supplied with reduced voltage 173 of rated val uefor each direction of rotation. Thistest isapplicablefor squirrel
cage motor up to 37 kW only.

° High voltage test

Highvoltagetestisto bedoneat atest voltageasgivenin Table 16 of 1S15999 (Part 1). Thetest voltage shdl be
applied between thewindingsunder test and the frame of the motor, with the core and thewindings not under test
connected to theframe. Thetest shall be commenced at avoltage not exceeding half of thefull test voltage. The
voltageshall then beincreased to thefull value, steadily or in stepsof not morethan 5% of thefull value, thetime
allowed for thevoltageincreasefrom haf to full valuebeing not lessthan 10 s. Thefull test voltage shall then be
maintained for 1 min. There shal beno failureduring thisperiod. During the routinetesting of motorsup to 200
kW and rated for Un <1000V, the 1 min test may bereplaced by atest of 1 sat 120 % of thetest voltage.

° Dimensions

Thepreferred dimensionsof themotorsshall beas specifiedin1S 1231  Dimensionsand Output Seriesof Foot
Mounted Induction Motors - Frame Numbers 56 to 315 L', IS 2223 * Dimensions of Flange Mounted AC
InductionMotors , 1S2254 ‘ Dimensionsof vertical shaft motorsfor pumps and |S8223 ‘ Dimensionsand output
seriesfor rotating € ectrical machines asapplicable. Thedimens onscan be specid asagreed between manufacturer
and buyer. However, the efficiency should be as per therelevant | E code.

° L ocked rotor test

Thistest iscarried out to determine the soundness of rotor in case of squirrel cageinduction motorsand their
starting current, power factor, starting torque and impedance. Thisalso enablesacirclediagramto bedrawnin
caseof squirrel cageinduction motorsand wound rotor motors. Thistest may be carried out at reduced voltage,
one of thereadingsmay be at avoltagethat will producerated current of the motor. Thefollowing mechanical
arrangements may be used to measure the devel oped torque:

a Dynamometer,
b)  Ropeandpulley,
C) Brake or beam clamped rigidly to motor shaft, and
d)  Torquetransducer.
° Deter mination of Sarting Characteristics- Locked Rotor Current

Thelocked rotor current of induction machines shall be determined from theresult of thelocked rotor test by
ether of themethodsgiven bel ow. When the voltagefor aconstant current varies conspicuoudy depending onthe
rotor position at locked rotor test, the minimum value of thevoltage shall be adopted.
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