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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus develop-
ment process, approved by the American National Standards Institute, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the Institute and serve with-
out compensation. While the IEEE administers the process and establishes rules to promote fairness in the consensus devel-
opment process, the IEEE does not independently evaluate, test, or verify the accuracy of any of the information contained
in its standards.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other dam-
age, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly resulting
from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly disclaims
any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, market,
or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the
time a standard is approved and issued is subject to change brought about through developments in the state of the art and
comments received from users of the standard. Every IEEE Standard is subjected to review at least every five years for revi-
sion or reaffirmation. When a document is more than five years old and has not been reaffirmed, it is reasonable to conclude
that its contents, although still of some value, do not wholly reflect the present state of the art. Users are cautioned to check
to determine that they have the latest edition of any IEEE Standard.

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other services
for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other person or
entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the advice of a com-
petent professional in determining the exercise of reasonable care in any given circumstances.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to specific
applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate action to prepare
appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is important to ensure that any
interpretation has also received the concurrence of a balance of interests. For this reason, IEEE and the members of its soci-
eties and Standards Coordinating Committees are not able to provide an instant response to interpretation requests except in
those cases where the matter has previously received formal consideration. At lectures, symposia, seminars, or educational
courses, an individual presenting information on IEEE standards shall make it clear that his or her views should be considered
the personal views of that individual rather than the formal position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation with
IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate
supporting comments. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331USA

NOTE—Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the exist-
ence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents for which a license may be required by an IEEE standard or for conducting inquiries into the legal valid-
ity or scope of those patents that are brought to its attention.

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute of
Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. To
arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for educational
classroom use can also be obtained through the Copyright Clearance Center.



Introduction

This introduction is not part of IEEE Std 112-2004, IEEE Standard Test Procedure for Polyphase
Induction Motors and Generators.

This standard provides the basic test procedure for evaluating the performance of a polyphase induction
motor or generator of any size. Each revision of the standard since its 1964 introduction as an IEEE standard
has been to keep the standard current with improvements in instrumentation, with improvements in test tech-
niques, with increased knowledge in the art of measurements, and with the constant change in the needs and
desires of the machine users and of those concerned with energy conservation and the like. Major portions of
the document have been rearranged to accomplish this and the user is cautioned to check any external refer-
ences to particular clauses of previous versions for the correct clause number in this version. Each individual
test is defined and each efficiency test method is now covered in more detail and step-by-step instructions
are presented. Standard symbols are now used for all quantities.

Notice to users

Errata
Errata, if any, for this and all other standards can be accessed at the following URL: http:/

standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http:/standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents or patent applications for which a license may be required to implement an IEEE standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention.

Copyright © 2004 IEEE. All rights reserved. 1ii



Participants

The following is a list of the participants of the Electric Machinery Committee Working Group on this

standard:

Paul Anderson

Robert Bartheld (Liaison)

Paul G. Cummings
Roger H. Daugherty
James H. Dymond

Franklin H. Grooms, Chair

Nirmal K. Ghai
John S. Hsu

Khursheed S. Hussein

Ziba Kellum

Joseph Kline

Bill Lockley

Walter J. Martiny
Venkatachari Rajagopalan
Steven J. Stretz

The following members of the individual balloting committee voted on this standard. Balloters may have
voted for approval, disapproval, or abstention.

Paul Anderson
William Bartley
Thomas Bishop
Thomas Blair
Steven Brockschink
Weijen Chen
Tommy Cooper
Mike Darby

Roger Daugherty
Byron Davenport
Gary Donner
James H. Dymond
James H. Edmonds
Ahmed El-Serafi
Amir El-Sheikh
Gary Engmann

Jorge Fernandez-Daher

Trilok Garg
Nirmal K. Ghai

Franklin H. Grooms

Randall Groves
Bal Gupta

Paul Hamer

Gary Heuston

Ajit Hiranandani
Edward Horgan Jr.
George Kalacherry
Yuri Khersonsky
Geoff Klempner
Joseph Kline
Roger Lawrence
Timothy Lensmire

Lisardo Lourido

Antonio J. Marques-Cardoso
Jesus Martinez

Walter J. Martiny
Thomas McCaffrey

Nigel McQuin

James Michalec

Gary Michel

Krste Najdenkoski
Arthur Neubauer

Nils Nilsson

Alvaro Portillo

Madan Rana

James Ruggieri

Greg Stone

Shanmugan Thamilarasan

When the IEEE-SA Standards Board approved this standard on 9 February 2004, it had the following

membership:

Chuck Adams

H. Stephen Berger
Mark D. Bowman
Joseph A. Bruder
Bob Davis

Roberto de Boisson
Julian Forster*
Arnold M. Greenspan

*Member Emeritus

Also included are the following nonvoting IEEE-SA Standards Board liaisons:

Don Wright, Chair
vacant, Vice Chair
Judith Gorman, Secretary

Mark S. Halpin
Raymond Hapeman
Richard J. Holleman
Richard H. Hulett
Lowell G. Johnson
Joseph L. Koepfinger*
Hermann Koch
Thomas J. McGean

Satish K. Aggarwal, NRC Representative
Richard DeBlasio, DOE Representative
Alan Cookson, NIST Representative

Don Messina

IEEE Standards Project Editor

Daleep C. Mohla
Paul Nikolich

T. W. Olsen
Ronald C. Petersen
Gary S. Robinson
Frank Stone
Malcolm V. Thaden
Doug Topping

Joe D. Watson

Copyright © 2004 IEEE. All rights reserved.



Contents

1 OVEIVIBW ...ttt ettt ettt ettt ettt e b et s ot e s bt e bt e bt e bt e bt eb e et e eat e et eb e e bt satenbeebbesbeenaesbeenbeebnenteene 1
Lol S0P ettt h et et eh et bt et bbbt et s bt et at et ene 1
1.2 PUIPOSE. .ottt ettt ettt ettt e b e e bbbttt eb et e bt et eb e et sbe e bt sbe e bt e bt et ebt e e eaneaeeae 1
2 RETEIEIICES ...ttt ettt s h ettt ebt ettt et ebe st sbeenaenbeas 1
3 GEINETAL. ...ttt ettt sttt b et bbbt et h e st be et e at e bt et sbeenaenbeas 2
3.1 POWET SUPPLY -ttt ettt ettt ettt s e ettt saee s 2
3.2 TYPES OF LESES .ttt ettt ettt ettt ettt ettt s e bt et e s bt e st e bt e st et e e st et e eneesseeseesaeemtesaeeseenbeententeens 3
3.3 Standardized EMPETALUIES..........eoveertirrtieriierttertte ettt set et et e steebeesbeesabeesbeeebeebeesaeeenbeenneens 4
3.4 Use Of this StANAAIA .......cccuieeiieiiieiieeeie ettt ettt et steesbe e beesteesbeesbeessseeseesssesssaessesensaenseens 4
3.5 PIECAULIONS . ....viitiieiieetie et eeite et e st e et e eteeeabeesbeestbeesseeseeesse e saeasse e saaesseensaassseensaessseesseesseensaesenns 5
4. IMEASUTEIMEILES ....ovveerenteeirentieitente ettt etesaeeasesteese st e eas e teeasesaeessesaeessesueesneeanenseessenseessenseeneenseennesaeennenens 5
4.1 EIECHICAL ...ouiiiiiiciieieeee ettt sttt st st s 5
4.2 RESISTANCE ..c.eeuveiieiieiteite ettt et ettt ettt et b et s bt eaeesaeeanesaeeas e b e esnesaeensesaeennesaeennenneen 6
4.3 MeChaNICAL ...c...oouiiiiiiieiiiii ettt et st 7
4.4 TEIMPETALUTE......eeiuieeiiieteeeiteete ettt et te st et e sate e bt esate st e e bte st e e bt e sabeeabeessbesaseenbteenbeebeesabeesaeenaees 7
4.5 PIOCEAUIR ......oouiiiiiiiiiieeett ettt ettt et s sae ettt et eaeeanesaeennesnees 9
4.0 SAFCLY ettt ettt bt ettt e bt et e e b e e s abe e bt ebae et e enbae st e eaeesabeenaeennts 9
5 Machine 10sses and tests fOr IOSSES .....co.eeuiriiririiiiriiieieteete ettt s 9
5.1 TYPES OF LOSSES .euuieuiieiieeiiieiterte et erite st ette sttt ete e ttesbeeaeesateesseesaseenbeenasesaseenssesnseenseesnsesnseenes 10
5.2 SHALOT FPRLOSS coooeveoeeeoeeee oo eeee e ee e es s 10
5.3 ROLOT PR L0SS ..o s e 11
5.4 Winding resiStance—COLd.......cocuiiriiiiiiiiieiie ettt ettt et ettt e saeesteesbeesabeeane 12
5.5 NOLOAA LEST..cuiiiieiiiieeit ettt eb ettt bbbt b e bbb s h ettt et e 12
5.0 LOAA EOST ettt ettt ettt b e s bbbt b e bt et b et e e ebe et e 13
5.7 SHAY-10AA L0SS.cuveitiiiiiiiiiiieitete ettt ettt ettt et b ettt et 15
5.8 TEMPETALUIE LEST ....euveiieititienienieett ettt ettt et ettt et e bt et e e e sbeesbe s bt enbesbeenbeebt et e sbeenteeneenbesaee 19
5.9 EQUIVAIBIE CITCUIL c..eetieiiitieititieteeteeitente ettt ettt ettt st e et e b bt ea bt et saeeaeesae e saee 24
5.10 BrusSh-CONtACE 10SS....uiiiiuiiiiiiiieeiie ettt e et ee et e et e et e e st e e s aeeesabeeeenbaeessteesnneaeenseennes 32
S.11 POWET FACLOT ....tiiiiiciiieiieetteiteete ettt e et et e st e e te e taeeteebeessbeessaeesseessaesaassseensaesssaessessssensseenes 32
6. Determination Of effiCIENCY .....cc.eeiuiruiiiiiiieiee et 33
(O B € 1< 1 1< v 1 U UUSRUSUUSTRPRRPRRNt 33
6.2 Efficiency test MEthOAS ........coouiiiiriiiieie ettt s 33
6.3  Efficiency Test Method A—Input-OUutPul .........ccueeiiriiiiiriieiese e 34
6.4 Test Method B—Input-output with 10Ss SEZIegation ............cccevverierienenienienieneneeeeeeeee 35
6.5 Test Method B1—Input-output with loss segregation and assumed temperature.................... 39
6.6 Test Method C—Duplicate MaChines ..........cccceirieriieiiinieiinieienecere e 41
6.7 Test Method E or E1—Electrical power measurement with loss segregation ...........cc.ceeueene. 46
6.8  Test Method F or F1—EqQuivalent CITCUIL .........eevueriierieiiiieiieiieeiterieeitesiie ettt 48
6.9 Test Method C/F, E/F, or E1/F1—Equivalent circuit calibrated with one load point ............. 49
7. Other PEITOITNANCE LESES ....vievierrieiierieeteeitieeteeteestteeteeteesteesbeesteesabeesseesssesnseenseesaseeseensseessaesssesne 50

Copyright © 2004 IEEE. All rights reserved. \%



7.1 ROTOT VOIEAZE. ...ttt ettt ettt et a et sa et s b et e e bt e e e bt et e eaeenteeaeenaeeaee 50

7.2 LOCKEA-TOLOT TESES ..veeuvieereereeiiesteesteestteeteesteeseseesseessseessaesseesssaesseesssessseesssesssessssesssesssessssenssennes 50
7.3 Tests for speed-torque and SPEEd-CUITENE CUIVES.......ccueruieiirierierieeienteeiesteententeeeeseeeeeseeenee e 51
8. IMISCEIIANEOUS LESES ...uvvieeerieeirieesitieesteeesteeesteeeeseeesseeeassseeessseesssseeassseesssseeessseessssessasssessssseenssseennsns 54
8.1 INSUIALION TESISTANCE ....uvvieeueiieeiiieeiieeesteeeereeereeesbeeesseeesseeesssaeessssaessseeeassseesnssesassseeenssseenssees 54
8.2 High-POtENtial tESt.....eoiiiuiiiiiiieie ettt ettt e ere e e 55
8.3 Shaft current and VOILAZE........cccueeviiiriiiriiiiienieeie ettt ettt et ebe et e s beesbeesabeenne 56
8.4 Bearing inSUlation TESISTANCE .......eevuterieriiieriieeieeieerte et ettt et et e sbe et e st e ebeesaeesebeenbeesaneenne 57
8.5 INOISL ..t iutiiiuiieite ettt ettt ettt et ettt e b e st h e s a bt et e sh bt e bt e abe et e e et e e bt e sateebeesabesnbeenhaennbeeate 57
8.6 Balance and VIDTAION .........eevuiiiiiiiieiieiiieiteete ettt sttt ettt ettt e st e bt e st e e beesanesnbeenee 57
8.7 OVEISPEE ..ottt ettt et sttt bt ettt b et h et e be et be et bt et e b s 57
9. FFOTTIIS ..ttt ettt et bt bbbt et e bbb s bt et sb et sbe e saee 58
9.1 Test forms and sUPPOIt iINFOIMATION .....c.eeruirieriiriirieriiiteniiee ettt 58
0.2 FOrm A—MEthOd A ... ..o et ete et e st e et e e sabee e e steesnaeeeeabeeeanes 59
9.3  Form A2-Method A CalCUlAtioNS.........cccveeriieriieiiiecie ettt e eie et e e eteesteesbeeaeessaesseeseessneens 60
9.4 Form B—IMEthOA B .......ooioiiiiiieiieeiecteceee sttt ettt e e e st e e aeesaaeesbaessaeesbeessnaenseenns 61
9.5 Form B2—Method B CalCUIAtioNS ..........cceeriiieiieeiieniiesieeeieeieeeee e esieesteeveeseaeeaeebeeseseenseenes 62
9.6 Form BI-Method Bl ......cccuiiiiiieeie ettt ettt e et e e setae e esbe e s nraeesnseeenns 63
9.7 Form B1-2—Method B1 calculations..........cccccociiieiiiieeiiieeiie et e sieee e eereeevee e eee e e 64
0.8  FOrm C—MEthOd C ........ooiiiiieiie ettt stte e eee e stte e et e e e sae e e saseeesssaeesnsseessseaeassseennnes 65
9.9 Form C2-Method C CalCulations  ....cceerieriierienieenieeniie st eeesite et e site st e ebeesieesbeesbeesaseeane 67
9.10 Form E-Method E-E1 .......ccciiiiiiiiiiie ettt sttt s s s 69
9.11 Form E2-Method E-E1 calCulations ..........cccceviiiriierieniieniienie et eteeiee st eieesiee e eieesine s 70
9.12 Form F-Methods F, F1, C/F, E/F, and E1/F1 .......ccccooiiiiiiiiiieieeetee et 71
9.13 Form F2-Methods F, F1, C/F, E/F, and E1/F1 calculations .............cceveveiiiiiiimiiieieiiiiieeeeeeenens 72
9.14 Test and equivalent CIrCUIt TESULES .......evuiriiririiieniieterteete ettt ettt 73
Annex A (informative) BIDHOZIaphy .......cccociiiiiiiiiiiiiiteee ettt 74
Annex B (informative) Typical report of test form for routine tests ...........coeceereriererienenieninee e 75
Annex C (informative) Typical report of test TOIM ........ccoeoieiiiriiiiiiee e 76
Annex D (informative) UNItS Of MEASUIE ......c.eecvieriieiieeiiieiieeseesteeieeeeeeteeseeesteestaesaeesteessseeseessseesseessenns 77
Vi Copyright © 2004 IEEE. All rights reserved.



IEEE Standard Test Procedure for
Polyphase Induction Motors and
Generators

1. Overview

1.1 Scope

This standard covers instructions for conducting and reporting the more generally applicable and acceptable
tests of polyphase induction motors and generators. Many of the tests described may be applied to both
motors and generators, as needed, and no attempt is made to partition the test procedure into clauses and
subclauses that separately apply to motors or to generators. Whenever the term motor is used, it is to be
understood that it may be replaced by the term generator, if applicable. Likewise, whenever machine is
used, it may be replaced by either motor or generator, if applicable. Since polyphase power systems are
almost universally three-phase systems, the equations in this standard have been written specifically for
three phases. When the test is performed on other than three-phase power, the equations shall be modified
appropriately.

1.2 Purpose
Instructions for conducting and reporting the more generally applicable and acceptable tests are covered to
determine the performance and characteristics of polyphase induction motors and generators. Additional

tests, not specified herein, may be required to satisfy specific research or application needs. These proce-
dures shall not be interpreted as requiring the performing of any specific test in a given transaction.

2. References

This standard shall be used in conjunction with the following standards. When the following standards are
superseded by an approved revision, the latest revision shall apply.

IEEE Std 43™-2000, IEEE Recommended Practice for Testing Insulation Resistance of Rotating
Machinery.l’ 2

EEE publications are available from the Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.ieee.org/).
2The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
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