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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 fithess for a specific purpose, or that
the use of the material contained herein is free from patent infringement. IEEE Standards documents areAsipplied “

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 cautioked to chec
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 acti@réo prep
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.

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 08855-1331

USA

Note: Attention is called to the possibility that implementation of this standard may require use of subjgct mat-
ter 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
for which a license may be required by an IEEE standard or for conducting inquiries into the legal validity 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.
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Introduction

(This introduction is not part of IEEE Std 114-2001, IEEE Standard Test Procedure for Single-Phase Induction Motors.)

This introduction provides some background on the rationale used to develop this standard and is meant to
aid in the understanding and usage of this document.

This standard describes laboratory tests conducted to evaluate the performance of certain single-phase
induction motors. It is intended for the following:

Individuals or organizations who use electric motors and purchase electric motors from
manufacturers.

Individuals or organizations who acquire electric motors for resale to other individuals or
organizations.

Individuals or organizations who influence how electric motors are purchased from manufacturers.

Manufacturers interested in providing high-quality electric motors to the consumer.

This standard is designed to help organizations and individuals:

Incorporate quality considerations during the design, evaluation, selection, and acceptance of single-
phase induction motors for operational use.

Determine how single-phase induction motors should be evaluated, tested, and accepted for delivery
to end users.

This standard is intended to satisfy the following objectives:

a)

b)
c)

d)
e)

Promote consistency among electric motor manufacturers in the performance evaluation of single-
phase induction motors.

Provide useful practices for evaluating performance during the design of electric motors.

Provide useful practices for evaluating and qualifying manufacturer capabilities to meet user
requirements.

Provide useful practices for evaluating and qualifying manufactured electric motors.

Assist individuals or organizations judging the quality of single-phase induction motors delivered to
end users.

Participants

The following is a list of participants in the Motors Working Group.

Kenneth L. Stricklett, Chair

Bruce G. Bohren Morry T. Goldin Joseph L. Parker
Ahmed El-Antably Ziba Kellum James Raba
Roger H. Daugherty Jerry D. Lloyd Dan Threlkel

Thomas L. Nelson

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

Copyright © 2002 IEEE. All rights reserved.

Thomas Bishop Franklin Emery Innocent Kamwa
Frederick Brockhurst Jorge Fernandez James Michalec
James Edmonds Nirmal Ghai Jesus Martinez
Ahmed El-Antably Gary Heuston Madan Rana
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When the IEEE-SA Standards Board approved this standard on 6 December 2001, it had the following

membership:

Donald N. Heirman, Chair

James T. Carlo,Vice Chair

Judith Gorman, Secretary
Satish K. Aggarwal James H. Gurney James W. Moore
Mark D. Bowman Richard J. Holleman Robert F. Munzner
Gary R. Engmann Lowell G. Johnson Ronald C. Petersen
Harold E. Epstein Robert J. Kennelly Gerald H. Peterson
H. Landis Floyd Joseph L. Koepfinger* John B. Posey
Jay Forster* Peter H. Lips Gary S. Robinson
Howard M. Frazier L. Bruce McClung Akio Tojo
Ruben D. Garzon Daleep C. Mohla Donald W. Zipse

*Member Emeritus

Also included is the following nonvoting IEEE-SA Standards Board liaison:

Alan CooksonNIST Representative
Donald R. VolzkaTAB Representative

Noelle D. Humenick
IEEE Standards Project Editor
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IEEE Standard Test Procedure for
Single-Phase Induction Motors

1. Overview

This standard test procedure is divided into 13 Clauses. This overview as well as the scope and purpose of
this standard test procedure are presented in Clause 1. References to other standards that are useful in
applying this standard test procedure as provided in Clause 2. This standard test procedure covers a broad
range of basic models of single-phase induction motors; common types of single-phase motors and the tests
that are applicable to each apecified in Clause 3. Requirements for test instrumentation and other general
testing facilities are presented in Clause 4. General procedures for electrical, mechanical, and temperature
measurements are presented in Clause 5. General test procedures and safety requirements are presented in
Clause 6. A general discussion of loss is presented in Clause 7. Test methods for determination of motor
efficiency and power factor are presented in Clause 8. Methods for determination of other performance are
presented in Clause 9. Temperature tests are presented in Clause 10. Miscellaneous tests are described in
Clause 11. Typical forms for the reporting the results of routine test, complete test, and a determination of
efficiency are provided in Annex A. Bibliographic references are provided in Annex B.

1.1 Scope

This standard covers instructions for conducting and reporting the more generally applicable and acceptable
tests to determine the performance characteristics of single-phase induction motors, including non-excited
synchronous motors. It is not intended that this standard shall cover all possible tests used in production or
tests of a research nature. The standard shall not be interpreted as requiring the making of any or all of the
tests described herein in any given transaction.

1.2 Purpose

This standard test procedure is meant to provide tests for use in evaluating the performance of single-phase
induction motors.

2. References

This standard shall be used in conjunction with the following standards. If the following standards are
superseded by an approved revision, the revision shall apply.
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IEEE Std 11-1986 (Reaff 1992), IEEE Standard General Principles for Temperature Limits in the Rating of
Electric Equipment and for the Evaluation of Electrical Insulation.

IEEE Std 41-1995, IEEE Standard Techniques for High-Voltage Testing.
IEEE Std 481-2000, IEEE Recommended Practice for Testing Insulation Resistance of Rotating Machinery.

IEEE Std 851-1973 (Reaff 1986), IEEE Test Procedure for Airborne Sound Measurements on Rotating
Electric Machinery

IEEE Std 1181-1978 (Reaff 1992), IEEE Standard Test Code for Resistance Measurement.

IEEE Std 1191-1974, IEEE Recommended Practice for General Principles of Temperature Measurement as
Applied to Electrical Apparaths.

IEEE Std 1201-1989 (Reaff 1997), IEEE Standard for Electrical Measurements in Power Circuits.

ANSI/NEMA MG 1-1998 (Revision 1, 2000), Motors and Generators.

3. General tests

Single-phase induction motors are normally given a routine test. A routine test includes measurement of
input power and input current at no-load, measurement of input current with locked rotor, and a high-

potential test. Measurements of input power and input current at no-load and with locked rotor are obtained
at rated voltage and frequency. A typical form for reporting the results of a routine test is shown in Form 1,

Annex A.

Additional tests may be conducted for a determination of efficiency, power factor, starting torque, pull-up
torque, breakdown torque, rated-load slip, and load temperature rise. A typical form for reporting these
additional test data is shown in Form 2, Annex A. Tests to determine locked-rotor temperature rise, speed-
torque characteristics, noise, and vibration may also be conducted.

3.1 Schedule of tests

Common types of single-phase induction motors are listed in Table 1 together with tests applicable to each
motor type. Test types in Table 1 correspond to the following as defiffdaiAuthoritative Dictionary of
IEEE Standards TermS§eventh Edition®:

a) Locked-rotor current
b) Locked-rotor torque
c) Pull-up torque

1The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics Engineers,
Incorporated.

2IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 18®8&yPisca
NJ 08855-1331, USA (http://standards.ieee.org/).

SIEEE Std 85-1973 has been withdrawn; however, copies can be obtained from Global Engineering, 15 Inverness Way East, Engle-
wood, CO 80112-5704, USA, tel. (303) 792-2181 (http://global.ihs.com/).

4EEE Std 119-1974 has been withdrawn; however, copies can be obtained from Global Engineering, 15 Inverness Way East, Engle-
wood, CO 80112-5704, USA, tel. (303) 792-2181 (http://global.ihs.com/).

5ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floo
New York, NY 10036, USA (http://www.ansi.org/).

5The numbers in brackets correspond to those of the bibliography in Annex B.
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SINGLE-PHASE INDUCTION MOTORS

d) Switching torque
e) Pull-in torque

f)  Breakdown torque

g) Pull-out torque

h) Speed
i) Power factor
j)  Efficiency

k) Temperature rise

IEEE
Std 114-2001

Tests for speed, power factor, efficiency, and temperature rise are usually conducted at rated load; however,
these tests may be conducted at any load, as required.

Table 1—Tests applicable to single-phase motors

Test types

Locked- | Locked- o : Pull-

rotor | rotor Itp(;]rl(lqgg S\{gﬁgﬂgg E)l#gl:g Br(teglacljf;wn out |Speed ]I?;Cvtv(;err Efficiency Tem?izgature

current | torque torque
Capacitor X X X X X X X X
(permanent
split)
Capacitor X X X X X X X X X
(two-value)
Capacitor- X X X X X X X X X
start
Split-phase X X X X X X X X X
Shaded-pole X X X X X X X X
Repulsion X X X X X X X
Repulsion- X X X X X X X X
induction
Repulsion- X X X X X X X X X X
start-
induction
Reluctance X X X X X X X X X X
(synchronous)
Universal® X X X X X X

8The tests listed apply to operation on alternating current only.

3.2 Tests with load

Tests with load are made for the purpose of determining efficiency, power factor, speed, and temperature
rise. Some of the miscellaneous tests outlined in Clause 11 are also made with load. For all tests with load,
the motor shall be properly aligned and securely fastened. For readings to be used in performance
determinations, the motor temperature rise shall be between 50% and 100% of rated temperature rise. The
usual procedure is to take readings at higher loads first and follow with readings at lower loads.

Copyright © 2002 IEEE. All rights reserved.
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3.3 Tests with rotor locked

It should berecognized that the testing of induction motors under locked-rotor conditions involves high
mechanical stresses and high rates of heating. Therefore, the following precautions are necessary:

a) The mechanical means of locking the rotor must be of adequate strength to prevent possible injury to
personnel or damage to equipment.

b) The direction of rotation must be determined prior to test so that methods of fastening and of mea-
suring torque can be properly applied.

c) The motor is at approximately ambient temperature before the test is started.

Current and torque readings should be taken as quickly as possible after voltage is applied. The period of
time between application of voltage and current and torque readings shall not exceed 5 seconds. The motor
temperature should not exceed the rated temperature rise plgs 40

3.4 Precautions

Inasmuch as the performance of a single-phase motor depends not only upon the voltage and frequency, but
also upon the wave shape of the voltage, correct data can be obtained only by careful measurement and the
use of a suitable source of power (see 4.2).

CAUTION

Many of the tests described in these procedures subject the motor to thermal and/or mechanical stresses
beyond normal operating limits. To minimize the risk of damage to the motor, it is recommended|that all
tests be performed either under the manufacturer’s supervision or in accordance with the manufacturer’s
recommendations.

4. Testing facilities

4.1 Instrument selection

Calibrated, high-accuracy instrumentation and accessory equipment shall be used. Either analog or digital-
type instruments may be used in testing. Factors affecting accuracy, particularly with nonelectronic analog
instruments, are

a) Range, condition, and calibration of the instrument;
b) Loading of the signal source; and
c) Lead calibration.

Since instrument accuracy is generally expressed as a percentage of full scale, the range of the instrument
chosen shall be as low as practical.

The indicating instrument shall bear record of calibration, within 12 months of the test, indicating limits of
the error no greater than0.5% of full scale for general testing and no greater tha2% for a
determination of efficiency. When several instruments are connected in the circuit simultaneously, additional
corrections of the instrument indication may be required.
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Electronic instruments are generally more versatile and have much higher impedances than passive (non-
electronic) instruments. Higher input impedance reduces the need to make corrections for the current drawn
by the instrument. However, high-input impedance instruments are more susceptible to noise.

Common sources of noise are

a) Inductive or electrostatic coupling of signal leads to power systems;
b) Common impedance coupling or ground loops;

c) Inadequate common mode rejection; and

d) Conducted interference from the power line.

Good practice requires the use of shielded twisted pairs for signal leads, grounding the shield at only one
point, and keeping signal cables as far away as possible from power cables. All exposed metal parts of
instruments should be grounded for safety.

Instrument calibration requirements are similar to those of nonelectronic instruments. When suitable auto-
matic data acquisition systems or high-speed recorders are available, they may be used. Further information
regarding the use of instruments is given in IEEE Std 120-1989.

4.1.1 Instrument transformers

When current and potential instrument transformers are used, corrections shall be made for ratio errors in
voltage and current measurements and for ratio and phase angle errors in power measurements. The use of

instrument transformers shall be avoided if possible (see IEEE Std 120-1989).

The errors of the instrument transformers used shall not be greater the 0.5%.

4.2 Power supply

The power supply voltage shall closely approach a sinusoidal waveform. The voltage waveform deviation
factor, as defined in IEEE 100, shall not exceed 10%. The frequency shall be maintained witid6 of

the value required for the test being conducted, unless otherwise specified. Any departure from the assumed
frequency directly affects the efficiency. For a determination of efficiency, the average frequency shall be
within £0.1% of the required test value.

4.2.1 Frequency stability
Rapid changes in frequency cannot be tolerated in input-output tests because such changes in frequency

cause changes in speed and the variations are transmitted to the output-measuring device. Variations in fre-
guency during a test shall not exceed 0.33% of the average frequency.

5. Measurements

5.1 Electrical measurements
5.1.1 RMS quantities

All voltage and current measurements are rms values, unless otherwise indicated.

For information on references, see Clause 2.
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5.1.2 Voltage

The line voltage shall be measured with signal leads connected to the motor terminals whenever possible. If

local conditions will not permit such connections, the error introduced shall be evaluated and the readings
shall be corrected.

Means should be provided whereby the voltage can be adjusted to the desired value. This control can be
effected by the use of a continuously variable transformer or auto-transformer, by an induction regulator, or
by a controlled motor-generator set.

5.1.3 Current

The line current shall be measured by an ammeter or current transducer. The preferred arrangement of
meters is shown by the circuit diagram in Figure 1.

LINE
VOLTAGE

A = ammeter W = wattmeter
V = voltmeter

Figure 1—Preferred meter arrangement

The motor net current, is the true current input to the motor. It is obtained from the measured line current
by subtracting the voltmeter and wattmeter shunt currents, and may be computed by using Equation (1):

2P
I:JIi _“Pw, OEQD 1)

Ia is the measured line current (A);

Pw is the power indicated by wattmeter (W);

E is the line voltage measured at the motor terminals (V);

Ry is the resistance of the voltmeter and wattmeter voltage coils in pa@llel (

Alternatively, the motor net current may be computed by using Equation (2):

|:)W
Ry )

| =1 ,—

provided the conditiohy = 7E/Ry, holds.
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5.1.4 Power
A single-phase wattmeter or power transducer shall be used. The total watts read on the wattmeter, which

shall be connected according to 6.1.1, shall be reduced by the amount of the power lost in the voltage circuit
of the instruments. Where a properly selected power transducer is used, the transducer loss shall be shown to

be negligible.

5.1.5 Resistance

The procedures given in IEEE Std 118-19K8uld be used to obtain dc resistance measurements of the stator.
5.1.5.1 Reference ambient temperature

All performance determinations should be corrected to an ambient temperaturf€of 25

5.1.5.1.1 Correction to a specified temperature

When the resistance of a winding has been determined by test at winding tempethriresistance may
be corrected to a specified temperatyras follows:

_ R(ts+k)
SRCERY ©

where

Ry  is the corrected winding resistan€®)(

R is the measured winding resistand®), (at temperaturg;
ts is the specified temperature for resistance correctio) (
t is the measured temperature of the windRt);

k is a constant selected according to the wire type,

kis 234.5 for 100% International Annealed Copper Standard (IACS) conductivity copper
kis 225 for aluminum, based on a volume conductivity of 62%.

5.2 Mechanical measurements

5.2.1 Torque

The torque may be measured by dynamometer, with a brake or beam, with a rotating-shaft torque sensor, or
by stator reaction.

5.2.2 Rotational speed

The instrumentation used to measure rotational speed shall not have an error greateOthiamin.

5.2.2.1 Stroboscopic methods

Stroboscopic methods are recommended when a motor of approximately 40 W or less is tested, due to the
load added by the tachometer. Either an electronic or a mechanical stroboscope is satisfactory.

When measuring rotational speed using a stroboscope, the stroboscope should first be set at the synchronous
speed of the motor under test and then reduced until the first sharp image is achieved. When the flash rate is
set to zero and then increased, sharp images may be seen at rational intervals of the rotational speed.
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